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Figure 1. Y5 leads (in vitro data are the average of at least two experiments).
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Figure 2. Amines used for the combinatorial library.
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Figure 3. Isocyanates used for the combinatorial library.
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Figure 4. Additional potent Y5 antagonists

ZORER, A rA 2 R UAEEE AT 2EMBEN RS 7 Y5 2R MRE &G TR R~ 91k
G A1 (Figure 4) . FRR71 5, RAOBRMEZ RIALEMITHR OB oTomi,
NoON, {LEY 2e lTIM~DBATHEIZENL TV o, 7 I U OEV TR~ DBATIED
AL LI Z LIZHEH L, MA~OBATIEZHERF LT F £ 2 O O WINMEDOUE T X G %
BT DD, BT 2=V OERAE LTz, VL7 HEK6anlL, isT 57
I8 n&t V=)V —RF—Fdan kb L7k, AR UFEEARE LN
FNT IV OFIE FRIEE®E 5 Z L TH7- (Scheme 1) . VLT HiG %7 X KA ~DZE
$aL7-7 X RiFEIK 6o-q DA DI Z 72 -7 (Scheme 2) .
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Scheme 1. Synthesis of urea analogs 6a-n.
(a) PhOCOC], pyridine, room temperature; (b) Et,N, CHCl,, reflux.
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Scheme 2. Synthesis of amide analog 60 and two isomers of spiro(indoline-3,4'-cyclohexane)- 1'-carboxamide,
6p and 6q. (a) WSC-HC], pyridine, room temperature; (b) 5% Rb/C (wet), 50atm H,, 1,4-dioxane/MeOH
(5/4); (c) Me,S-BH,, THF, 0 °C -> room temperature; (d) PCC, Celite, CH, Cl,, room temperature; (€)
phenylhydrazine, TF A, toluene/acetonitrile (39/1), 0 °C -> room temperature; (f) NaBH,, MeOH, 0 °C; (g)
MeSO,Cl, Et,N, THF, 0 °C; (h) separation on silica gel, hexane/ethyl acetate (3/1 -> 4/3); (i) 4N NaOH,
MeOH, room temperature.
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IVBEARZR T SR XD T v a— VR L, £0%, Zrn s LR Y=y
LAPCONZLVERL LT VT b RiFEk8 L Lz, 7TATEt NFEK8 27 =2=/Lt KT
UULRIRERETE (T4 v —DA 2 R—VARR) %, AR LT SHA V R—/VvEKHE
bR TFRF P TATETLL, AERA L R UFERIZ T ABLIO N7 v ZABYERD
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12%. 20%36 KT 24% D PRRE DR ORI EZ ZNZ IR LT2A, o bEIi3re 0k
WHEZ RS R o7,



Table 1
Y5 binding affinities2

Compounds Structure hY5 binding ICs0 (nM)

}—NH

- off,

S) Q
NH
N

6a @/(Y) O 430
N
6b @g) O 1.3
et
60 @g/ 180
O:P?S‘:O O
NH
6p @@ 200
O

6q @Q 1.5
0:2‘:0 O

a In vitro data in nM are the average of at least two experiments.
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Table 2

Y5 binding affinities and their oral bioavailability/brain penetration data in rat

0

%H—Ar
oS
N
O:Sl:O
hY5 binding Brain/plasma ratio,
Compounds -Ar Rat F*, % rat, ive
ICs0 (nM)2 ) .
10 min 30 min
2e 0.85 0 1.3 1.93
N=
6c H ) 3.0 12 0.23 0.24
=N
6d H ) 2.1 47 0.13 0.11
6e HOOp 4.1 53 0.12 0.12
N
6f H ) 0.96 0 NT NT
N
6g g—@—@ 0.82 0 NT NT
N—N
6h ) 3.0 20 0.42 0.32
N
. 7
6i %—Q—@ 3.0 0 NT NT
N
6] & 0.86 0 NT NT
j %—CNF@
N
6k & 0.57 24 0.14 0.07
H O~
B
6l N/)\Q 7.5 NT NT NT
6m oS 23 NT NT NT
=N
N =
6n \(QN’ 9.8 NT NT NT

NT, not tested. 2 In vitro data in nM are the average of at least two

experiments. P 3 mg/kg iv (n = 2) versus 10 mg/kg po (n =2).¢n = 2.
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&I % o) L2 AH) 6c-e, 6h 8L UN6k (7 ~ MT 3 mglkg OFARNTES CTORNN
BATHICOWTEHEE L7z, b DIbEWIE. WICH DRRERBATLIZA, 20 LT 2 &
BRWRRTH o7z, BEAUINME R OMNBATHERSHEGRE SN2 &b 2 b bEamid,
Y5 ZRRORINETIR TH 5 7 VAR U <7 F K (bPP) R EAIK 25 I 1EH
7w MZ 30 mg/kg TRIOE L TRHMEiL7z, O Zhb{bE&WD 55, &bIRNICE
BAEZIE L baW 6e D HEKIFEEZ G LIE 2A, m/ARIHE 10 mg/kg Zn LT

(Figure 5) ., Z ORF, ABREMIITEFR R ERE RITE A0 S Z S RoTclod, Mk
A4 6e O bPP FFFIERIT 2 IIHIEMAIL Y5 ZREFEHERICL D £ B2 b,

A -

ek
2 N W

Food Intake (g/2 hr)

vehicle 3 10 30
Compound 6e, mpk, PO

bPP (5 ng, ICV)
Figure 5. Inhibitory effect of compound 6e on bPP induced food intake in rats

(™P < 0.01 vs vehicle treated group. n = 13-16).

UbFEn &, MmARYs ZREMEGEEZAT 56 2e TRESNDAERA R
VYR a e ) b TR L 2 EEWE K LAl S R Lz, (LEWY 2 (X
e L RIUEZ TR S 7RI 7oy, BRIFAOFEANILY | 5RO NEETE 2 Lol
R EOWREZ A L7 Y5 A2 AH Lz, 205 b LAWY 6e 135f% 1 I
K OWRNBATIEDR DY . T v MZBT S bPP iFREE MG W T, HEEAARHE
L, R/ANAE R 10 mglkg ORA#KEGTHNTH -T2,
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Figure 6. Spiroindoline-3,4'-piperidine Y5 leads. * At 10 min after 3 mg/kg iv. n=2.

mL
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o] 11c N N
HoN \>-—H o 2/7\
Ar > @O Ar > N=
a b O
|
13a-o0, 14a-l

Scheme 3. Synthesis of urea derivatives of spiropiperidines 11a-h and 12a-h. (a)
PhOCOC], pyridine, room temperature; (b) Et ;N, CHCI ,, reflux or 10N aqueous NaOH,

DMSO, room temperature.

-14-



Table 3
hY5R binding affinities, bioavailability and plasma/brain/CSF exposure data in rats

0
S—NH
N

>

N=

hY5binding RatF»  Brain, plasma and CSF levels

C q Structure at 2 h after 10 mpk po in ratse
ompounds
P "W; ICs02 (nM) (%) Plasma Brain CSF
s’i\Y' (M)  (nmol/g tissue) (uM)
-1
12a ,&‘(”“ﬂ >10004 NT NT NT NT
o]
-1
12b /\WNH 3.7 8 0.36 0.029 ND
@]
;A;(wg
12¢ 2.4 49 2.98 2.92 0.10
O
Y
12d Jap. >10004 NT NT NT NT
KNH
12¢ 1.7 3% NT NT NT
MO
12f /SZ’NH >10004 NT NT NT NT
0]
,,r'<o
12g 5.7 NT NT NT NT
MO
A
12h MO >10004 NT NT NT NT

NT, not tested. ND, not detected. 2 In vitro data in nM are the average of at least two

experiments. » 3 mg/kgiv(n=2) vs 10 mg/kgpo (n=2).cn=3.dn =1,
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TP, AbEY 12a-h 2GR L Y5 ZRIRRE S TEMEZ R4t L 72, 991659 12b, 12¢. 12e
B LN 12g (TR T) 72 Yb ZAEKEAIEMEA R L7y, OFPRITIER ICT VR L 2o
7z, [privileged structure] OZEHIZ LY | FITEBEOA R B U BKEHT S
Y5 AW EERA RMT Z LR T&E e, MORMAEEEZ R L72/bEY 12b, 12¢. 12e
Z 7w OO AR Lz, L&Y 12g ©iR I ETEEZ R L7es, [RIRHC RIS,
& L TEFATE 2 CYP3A4 OIFHKAFAYPHLETENE 109 &R Lz, Tl EoFHiliix
LTV, 3{bamD 55 {bEW 12¢ 73, b BWERAINME (49%) Z/RL., &6
2. T v MRS 2R TE WML ~L & & CSF L~V &R LT (Table 3) .
LEW12¢ 13, 7 v PRIV~ T R Y5 228K 10126 LT H W STEME ICs EIXZ 4
ZN1L7TaMBLER1.7nM) ZRrT—HTE b Y1, Y2 BIONYLZEERSOHEATEHE
(ICso fEIZZNZEN>10 uM) 1FIEFICH H T XA TR TH > 72, (LEW 12¢ D
Y5 AR EENEL, B b Y5 AR A i g Bl S 7z LMtk MfdiZ 4% NPY #%6M:
O Ca IRIE LA OHERIIC L - TRl L7z, 101 Z 0 Y5 AR EFEETIE, 1k
&% 12¢ 13 6.1 nM @ ICs0 THEfIN Ca JRfE LA ZHE LD T, LEW 12¢ 1T Y5 2%
RBRINABLERITH D Z &R ST, Y5 BIRM 7T 2 =X F CTh 5 D-Trp3NPY |2 &
57y MERFHERET L TILEW 12¢ 1T OB G L0 /AR & 3 mgkg THRVWHE
EMZ R LTz, 10—J5, NPYICXL 25T v MEEFHHEET /L TIE 10 mgkg TIE & A LTEE
BRI oTe, NPYIZEDT vy MERFHIIYL ZHEEEN LI/EANIZEAETHY
Y5 SR EI LTAERIE 20% R E L B2 6N TNL 2 enb, B 121285 Z 0
FERIZ, Y6 SRMEBIRIAFEERICL 26D ThDH EEZ NS, (Figure 7) 60.101

4 - D-Trp**NPY 1 pg

7 hNPY 0.3 pug
-|- Compound 12¢ (mg/kg)

|Compound 12¢ (mg/kg)
T

Food Intake (g/2hr)
[Rw]

Food Intake (g/2hr)
[ T R % T ol Y S | B

vehicle 1 3 10 vehicle 10

Figure 7. Inhibitory effect of compound 12¢ on D-Trp34NPY-or NPY-induced food intake

in rats. *P < 0.05 versus vehicle treated group. n = 13-16.
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Table 4
Human Y5 binding affinities and solubility data

O H
%N—Ar
N
O
0]
Structure hY5 binding Solubility (ug/mL)
Compounds
-Ar ICs02 M) JPlatpH 1.2 JP2atpH 6.8
N
12¢ % 2.4 1.9 1.2
N
13a H/N}—C@ 1.4 >100 85
N
13b H/Nmm 1.1 2.6 0.2
N
13c H/N}O 0.9 7.1 0.7
N
13d H/Nmm 3.9 NT NT
(0]
N
13e \ 1.1 3.1 0.1
13f < }O 1.8 NT NT
-
N
13¢ H/Nmo\ 14 NT NT
F
N
13h ¢ m 0.99 5.9 0.6
N= F
N
13i = w 1.1 43 4.5
-
N
13] ¢ WF 2.4 48 4.0
N=r F
F
13k i—</N:\>j%:> FF 1.3 0.8 0.1
N= N F
181 H/N) 0.85 4.4 0.3
N \ F
13m H/NWF 20 NT NT
N
13n %Q@ 2.2 0.6 0.2
N—N
130 ) 6.1 NT NT
(continued)
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Table 4 (continued)

Structure hY5 binding Solubility (ug/mL)
Compounds
-Ar ICs02 mM) JP1latpH 1.2 JP2atpH 6.8

O—N

14a N 0.84 0.1 0.2
o-n ¢

14b N\@ 0.83 NT NT
0*';‘ cl

14c N 1.0 NT NT
2N

14d N 0.69 <0.1 <0.1
HN—N c

14e %/l\v»\\(i:) 1.9 2.5 17

14f \NN\(:) 2.9 27 23
=N

14g %4VM<) 2.3 0.8 0.7
N=\

14h %/4§/N\(i:) 3.5 >100 4.3
N

14i %4§k<) 1.8 0.4 <0.1
S

14 }Jx}\(:> 7.9 NT NT
l;J*S

14k ‘(ﬁ( 1.2 0.6 0.5
» N

141 %*g)\(:> 3.4 NT NT

NT, not tested. a In vitro data in nM are the average of at least two experiments.
Borld, Avu34F VA YRV T T -18H),4-ERY DUIBERE NS | 5o
B Y5 R EREZ KRS D 2 ENTE R, (LAY 12¢ 13 in vivo THEHZA, K
OEREE IS TRV R (1.9pg/ml, 1.2pg/ml, T ZFH pH1.2 ® JP1 & pH6.8 D
JP2) M1 CTh o7, in vivo TOIEHEOEGEEDT=DOIZIX, Y5 ZFEFEETEMEIC A E & KE
PEDE EMMBELEZ ALEW 120 D 7 ==V BTV VA S E S ERET U — LIS
oM UREIETE EFABE A2 Hufs L7z (Table 4) o Y5 SAMKRAEATEIEOBLENGIX, SEIF
RET U —IVENTR SN, 1TE A EDEMITRNKEEZ R LIz, £OHT, 7
= =VE Y XU UHERIR 18a DA, BAFREMMEA R LTs, (LG 183a DIMUID 7 = =
MR EIZZ eV A RRVE TAF BN N A e AFAREZEAL, B
HNRAEPT NIz, TRTOHEITBNT, NRINA~OEWRIGE AL Y5 SRR G 2
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BRI 8 DA, AL MEETILA ZRL~OEHIE AT, MR E 72 13535 T O S i )
DRO BT, 7 =AY FFH Y — LFHEK 14a b Y5 /IR ATEMEIXUGE S e
e, SMUD T = = VEEA~D 7 )V EOBEANIZ LD BN R 2R L2y, Y5 /K
f A TEPEICIIR & 228 372 < 7 v (K 14b-d (THEHO(LEY) 14a L [FIFRE TH
. 7x==AEY) I VUBERIROSG LT | NTALA~OBEHHE AT b IEMEIIMERT
Lo BBMONBRIMEEZ R LY = =LA YV AFH Y —LHEKR 17d 1L 7 v b TROEKS:
A[RETH o 72h, LB 1da-c ITRBLEER AR +53 T 5 72 O HRIPEX 727> 72

(F—42IkER) . LAEW18a B LV 14d IZBAL T, D-Trp#NPY IZ L5 7 v MEAEFHH
E7 /L CRMI L. 10 mg/kg #% A5 2 BefEltc O Mg, B, CSF OFRER T v kY5
SRARAEBTEME A JIE LIRS % Table 5 12~ L7,

Table 5
Rat Y5 receptor binding affinities, inhibitory effect in D-Trp34NPY-induced food

intake, and plasma/brain/CSF exposure data in rats

Brain, plasma and CSF levels

Lo Minimum .
rY5 binding . at 2 h after 10 mpk po in ratse
Compounds effective dose -
ICs02 (nM) (me/ke po)® Plasma Brain CSF
mg/ikg po

(M)  (nmol/g tissue) (uM)

12¢ 1.7 3 2.98 2.92 0.1
13a 0.67 3 3.86 0.26 0.13
14d 1.3 >30 1.42 1.09 <0.01

a In vitro data in nM are the average of at least two experiments. b Inhibitory effect
in D-Trp34NPY-induced food intake. ¢ n = 3.

AW 12¢, 18a B LN 14d 1%, & MAKRIZT » M THIRI172 Yo R ATEMEE R L
oo BEMEIERTIZ, FHELAD OO EG% 1 KEH%IC D-Trp3NPY & M= NIZHEA
L. 20t 2 RO BB REZNE Lz, ERIMHEIERICHT258E T —2 & LT,
A 2 K% ORIEM AR Lc, (bE% 18a 13k IRV L~V 2R L7y, ke
12¢ L [F UL 3 2O H TiEE W CSF L~ULE /R Lz, RN, {LEM 14d 1X
bEW 12¢ D 357D 1, LG 18a D 4 fi5EWIN L~V AR L7223, CSF LU EIER T
K< 0.01p M K THo72, D-TrpHNPY 2L 5T v MEBFRKET LTI, LAY 14d
1% 80 mg/kg THREWBEZ I Leo 7223, L&Y 18a 13bEW 12¢ & [FIFICH 172
PHIERZ R Lz, b k0, Yh Z4 L7 SEBMER I L O Y5 Z /IR HAFEO T
ZiE, L~k b CSF LA NEBNTIE CTH D B2 b5, LEaW 12¢ 13, &
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AR~ 7 ATV (DIO D7 AET /L) IZHWT 10 mgkg © 1 A 1RO TH
HThoT=p 12 XA, LAWY 18a 1X[FEET LAV T 30 mglkg TE 2 HRTix7e
ol (F—HHRR) . vV ATORABLGHOMN Y5 ZHKEHEE 2 >OEWT

b2 & 13, (LG 12¢ 13X 10 mg/kg #2154 16 R £ TIRITERRZ AR L A=

R LE LIS, RIS, {bEW 18a 1X[A U4 T TR AR GG LAvi S 7220
o, ZOFEND, DIO v 7 AET/VTHIEMZIR 2R3 72012, FrerIcMN Y5 %
REEHETHERLETHDZ LNy ir-7- (Figure 8) .

—O—-compound 12¢

£ 100 - O —4—compound 13a
=
= 80 A
©
2,
2 60 -
o
§ 40 A
2,
E 20 -
¥
=
0 I I I
0 8 16 24

Time after Administration (hr)

Figure 8. Receptor occupancy data in mice.

VIEERT AL, HiAE 34X VA4 YRV T 5 -18H) 4B DUy LT i
REAR L, B, TR OURIUED & 2 3R NPY Y5 Z A BILERTH D Z &
R LU, 8o, (LAY 12¢ (X, D-Trp#NPY 12k %5 T v MEBBREET MITHNT,
3 mg/kg D/ NN ETHEICHEI L7z, CSF L~y RETFILOHMEE PRI 54
H7RBETH D Z L &2 A Ui, {EAY 12¢ 13, OG5 TR e~ o AN Y5 %
KEFZRL, DIO 7 2EF /LT, 10 mgkg ® 1 H 1 [H#E O #%5 CEM 2R 4R
L7z, AET NV CTHIMEZ RT 2D, BRI im Y6 X/ R L2 HH T2 2 &0
ThorZlailLiz, E660FTFTNTHAMELR LILEY 12¢ 13, FRIRBHIE DO
HibE L 7oz,
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FTEEH FSIURN-[1-Q2-7/407z=)L)-3-EZ Y1) IL]-3-
AXVREQG6-THAIYRYTS-1GH), - anxtd]-
-AIRFH I K MK-0557), s&8AHhDROEEDH S NPY Yo 2F&

HREMEDEHRE

AIEICHRE LA R [3-AF VA VYR 75 0-1(8H),4-E_0 DUy L 7 aEE R
(12¢. Figure 9) %, "7 Y5 R EEME, 7> b, A X, B, 75V %
GUEREY CROWIE, 7y MBI~ 2 THNBITHEZ A L TRY . RPIOEEK
REBROBEMLEY & 7o o7z, LB 121X, DIO ~ 7 A CHEIEIRIICIRE 280 <87
B, BREZRHFAFTIE, SO G E 10 mgkg S0LETH o7, 12 113

o)

A4
of 5
\ (0]

12¢
hY5 IC,,:2.4 nM
Figure 9. Structure of compound 12¢

B AR CHMER SR A/ D72 0ITiE, KV BARMbEmBInEE L 2 b L& % EIKNT
KRN ZMEM 2~ TIbamEGZ B L. 1bEW 12¢ D S 57 58RO E %
Fihe L7z, RN TE VD RIEREZRTI20I2IE, K072 Y5 X RAE AR ETE M
Nz, EEE T v 7 7 A VR OS> CSF ~OBITOSER KD HND, A a (3
FXVA VR 75 -18H) -6 DUy LT EERER ORI OMEBEE T, in vivo TD
ARMEZ TIT 5412 L LT, CSF LUV IR L~ L L0 BERIEIE Th 5 2 L & L
Liz, £, AN vy L7 ahBRORMEE VA BEBASHIZE DR T, v LT
BET I NEAAERTDHZEICE0BLNDT 2 RiFEEIL, Y5 AU HIE A I3
FFLIZEE, S T20 L7 FERLD SOMABAITHEAZ RT Z L2 R LTz, [
ZHEEPED NG 5 & CSFIMDOIREIL RIS 2D Z L b AL TWe, 2F Y, UL
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THERND T I RIFERA~OEW TG OISR T 572, @y CSF L
N BEETTeOIIEZIAFTHY . IBEMERES RV REL 2L 2T O NERH L, T
XD, e Y5 A MEEHUER & RV INE LUV CSF BATHE A 5 5 72 ic A e r [3-4
XVA YRV T T 1BH)A-EARY DUl R RFEREGRERT 28 E Licnd, 2
DA, TREMEITEY R LNV 2 iR T 2 K9 b EMRGI R B L D, LT
TR DT I RIFEIRASOLHTENINT D IR R Y ~ DR 0O A K

O, ET7 V= ~T 0B BOERTHD S L H# 27T, SESER 3 AF /AR
[THA YRy 75 -1@H), Uy 7 a~F Y U4 VR 2 RiFERET A L)
AL TZAER, RICERIRDIZE TREBR S L&) 24) IR S D —@#OIEF TR 172 Y5
TR EZ BB L2, 1mg LAWY 24) & MSROEEGT 2 & 24 FEFILL ECLE
FFERITMND Y5 K% A L, SatFRNIEAIR BRI L2 BR Bid+
SIER TV Il S 7z, WORETTIR, mA0OR HIRINMED & 5 NPY Yb 52 &K
FEHHE RN T o A-N-[1-@- 7 A r 7 2 =))-3- 7V U L]-3-FF Y A r[6-7 AV~
V75 -18H), 1Y 7 a Y -4V RFY I R (24)) OBIREORFRIZE L Tl
T

SAx AL ul[(TH)A RV T T -18H), -V 7 usF -4 VR F R R
EOHRIZ, N7 A3 FXyA2en[(TH)A Yy 7T 0-18H),1-v 7 maFi o]
LTIV (20af) DERB L OZDRDOEEFERT IV LOMEINICE I RoT, 2
ToERAER (15a) BLION-AFL-2-'Y DU HARFH I K (16b) % n-Buli
(21 %8) LRGSET, PT7=Fradmkl, £, 147~ odr E
JZF Lo A=V ERIES R, fil T BET 2 — v ENKG LAY R T S
V-16H),1-v 7 a~nX ]84T F (17a, 38%) BLOAER[4-THFRU 7T -
1BH),I-v 7 m~XxH#]-34-UF L (1Tb, 62%) &5/, 2-7RE-3-v T /I Vv
(15e) % 1.1 ¥ &ED n-Buli ERIS L, ERLTIZE ) 7 =4 ZRBRKICAEE LT, AR
[7-7 R 75 -18H),1-3 7 u~FH]-34-04 0 (1Te, 39%) %157z, U
V3 HVRUEE (16e) BLOE U Vv -4-hVR U (16d) 2 F 7L 2,2,6,6-7 b5
AFNERY VR (21 858) EORSET, ERLEYT =AU 2 RKICAEL T, X
a7 R 7T - 1BH), -V 7 s Y u]-34-U 4 (17, 30%) BLUOA Y
ale- 7R 77 18H), -V a kP u]-8.4- U4y (11, <27%) #1537, 1k
EW 17d DA OHEIE IR . BEMESMED - 72,
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| Yle forg Y:Z/ h, i Yle
—> X — X
N7 AN XW (0] W 0] W ()
(0]
1ib / 17a- © 18a-e © 19a-¢ ©
EJW’ A j
15¢ O
N7 X (0] (o] H
| _J_ oH }§—0H \\—N
o d,e N N Ar
15d v=2 k v-Z
1 )
N\ Br X / O X’ / (o)
| w w
CN 0 o
15e 2a-e 21, 22a-, 23a-c, 24a-, 25a-d
o O/w ) ] s s
cl 0
NN c 17a, 18a, 19a,20a and 21: W, X, Y and Z= CH
| o > N// 17b, 18b, 19b, 20b and 22a-£ W =N, X, Y and Z = CH
Z X 0] 17¢c, 18c¢, 19¢, 20c and 23a-c: X =N, W, Y and Z= CH
15 O % 0 17d, 18d, 19d, 20d and 24a-: Y =N, W, X and Z= CH

17e, 18e, 19¢, 20e and 25a-d: Z=N, W, X and Y = CH

Scheme 4. Synthesis of 3-oxospiro[(aza)isobenzofuran-1(3H),1'-cyclohexane]-4'-carboxamide
derivatives.

Reagents and conditions: (a) n-BuLi, 1,4-cyclohexanedione monoethyleneketal, THF, -70°C; then
concd HCI, H,O, acetone, 80°C, 38-62%; (b) n-BuLli, 2,2,6,6-tetramethylpiperidine, 1,4-
cyclohexanedione mono-ethylene ketal, THF, -40°C; then 6N HCIl, 80°C, 30% for the step from 15c,
10-27% for the step form 15d; (c) n-BuLi, 2,2,6,6-tetramethylpiperidine, 1,4-cyclohexanedione
monoethyleneketal, THF, -50°C, 49%; (d) H,, Pd/C, Et;N, THF, quant.; (e) TsOH, H,O, acetone,
80°C, 91%; (f) NaBH,, THF, H,O, 0°C, 76-77% for the step from 17a and 17d; (g) LiAl(OtBu),H,
THF, 0°C, 87-98% for the step from 17b, 17¢ and 17e; (h) MsCl, Et;N, 0°C; (i) Et,NCN, DMF,
100°C, 31-70% over all yield for the steps (h) and (1); (j) 30% H,SO,, 100°C, 90-92%; (k) Ar-NH,, 1-
(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride, pyridine.

ZHUE, HREIYT =AU OEMEMRW e LB BFEERE Lz, RO VAR
BeOVRER EF57-ic7aaz8 AL 2-7an ) U4 R ik (15 (12
EEL, FERIZ, VF U L2266 7 hT7AFLERY TR (21 4E) &S E, Hil
Tl4->7ua~nFhoroFy B/ FLUrZ—LEeREEE, AT 7 Uikl
16 (49%) %%3, KRFE(SMIT] EHEWME TIAKSRIZED 20 F AR 17d (91%) %
72, ZON— MEFIZEB W T, [ERUGEITH0 TlER o720, BEEEm L L7290
AT ATV IA N —=OAIIEFREMNTH -7, 7 bR 17Ta B L0 17d 13

NaBH4 |Z X 0 SEASERIEGICE L E NS AT L2 —)L 18a 33 L1V 18d & Z 1121 76% K O
TT%DWFHETHIZ, 77 FAR1Tb, 17c, BLV 17e DiEstix, LIAIOBu)sH TIZAIER
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FATWENEI ST DY A7 L 1— 1 18b, 18c. 18e & 87%. 94%. 98% DILR TH

oo 7va— b 18a-e X, hUZF LT I UAFEFHEILA XV ANVHF= )V ERIGL, 55
NIEAVT— R NeT RITZFAT UE=U LY T = RERIGSE, ZD%, BIKSRIC
T, F70 A2 (TP A IRV T T 0-106H), 1= 7 a~F P-4 VR g

(20a—e) ZULHE 31-70% Tz, DARVBIIEI D oH, 1-G-VAFALTI /) Fur

M) 3= FNANKRYA I RERREZ v, SFEFERT IV efia L, TEO 3-FF% Y
A (T A YR T7F0-106H), V-7 o~ ¥ o ]-4-F VR x4 I RFEkx 5
7= (Scheme 4) .

AR LIALEMIE. RANCE b Y5 AR S B 0 2T L. K2, T v M
TORHLZENEROIREMEZ TG L, " BOWRERZ R LIZIEEWIT, 6127 > M T
B ENCSEFBATHEIZ DWW TEHI L 72, ZDfER% table 6 IR LET, kAW 12c DT L
THEBET 2 REAICERLIZ N TV A-N[6-7 2= V-2-¥' T VA =)L]-3-FF VAL
YR TT 10, V-7 anF o ]-4- AR 7 IR (21) X, ik
N Y5 ZREAEABRIMEA R LI, 7y M TIEIALZE CTh o7z, ZORWMREL
T, ZOmWIEENE (LogDra>4) RN TH Y | JeartEz TiIFuE, a2 Eid s
K TeBEBz, RBEMEZETIEL720DIT, 33X VA YR T T UG OR B U
WCERIFFAEA LT 4-, 5, 6-B XV 7-7 PHixRIK 22a, 23a, 24a 35 L1 26a A5k L
oo ZHLHDOIEEWIE. BnM & @ Y5 SRR GTEEZ R L, (B 22a 5 L1242 T
X, R OHEANCLY | IREME (224 LogDra = 3.10 3 L 18 3.39) 23SZhALAIIZI
D U7z, LAWY 22a TIEPARE Y L EENLE SN, B, 7 v N TRERKB IO
CSE BATIEZ R LIZZ e, Z O ~DERFEFOENIENRFETH D Z L1y
N0, BROIERICHFEDFFCOMRETH -7, 227/ -5-T7 =BTV 2-7 3

)57 2=V IV 3T )S5-T 2 AV FHRY = 3-T I )-5-T =
NET Y=V IREDANT 0 EFET I et LIcRER. iR72 Y5 SRR ERIE 6
N AT RBITEAS R SND ZENnhote, THA IR T T ) AR50 R
X, TRTTRBED Y6 SARMEGBANEL R LIZ), 5-T A YRy 7T ) UHk%
K 23a-c (ZEHKS & L TEFA TE 20 CYP3M BLEENE (>50% @10puM) %7 L7-7-

b, IR HERS LTz, 1P
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Table 6

hY5R binding affinities, hepatic availability and Log D7.4

Y I W N =N
A A A A A
= = N= =N
@21 gﬁizm Nﬁsa-c ﬁ%-l N 25a-d
o) o) o) o) o)
Metabolic
hY5 binding stability
Structure
Compounds Ar in rat Log D7.4
ICs02 (nM) hepatocy.tes
CLn (mL/min/kg)
21 1.5 35 >4
22a N 4.2 18 3.10
23a %—QX—@ 2.4 42 NT
24a —N 2.2 36 3.39
25a 3.9 39 NT
22b 2.1 49 2.32
23b g_%\l :\>_© 2.0 42 NT
24b N= 1.8 39 2.65
25b 2.9 49 2.71
22¢ N-O 2.8 3.30
24c¢ \/&)\@ 2.1 NT
25¢ 2.4 36 3.70
22d 5.4 2 NT
23¢c HAN-N 2.9 9 NT
24d W\Q 2.7 3.16
25d 26 NT NT
22e V(\:’\N 4.4 4 2.80
24g " 2.3 20 3.10
22f \(@NN 1.3 1 2.90
24h \© 2.2 <1 NT
(continued)
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Table 6 (continued)

Metabolic
hY5 binding stability
Compounds Structure in rat Log D7.4
hepatocytes
ICs02 (nM) P yt
CLx (mL/min/kg)
AR
24e / 2.1 14 NT

s
24f \([N//\\Q 1.2 12 NT
=N
24i \/[NNQ 0.89 21 3.40

F
24 VQN@ 1.3 9 3.20
= F
24k \NJN©/ 2.0 10 3.40
241 \/QNO 0.92 7 3.20
F

NT, not tested. ND, not detected. 2 In vitro data in nM are the average of at least two

experiments.

T-TWA IR T T ) R 26a-d 1X, T UE R UHEIE OO 4-, 5-, 6-T7
iR & i LT, BRIICT v MIFIRZ EEMED > Tole s, T-7 PERIEOE 2 5
FHEAITWTER LTz, 4-7 PR LU 6-7 VHaEfRiA (22a-d XU 24a-d) TiE, 7 I 00
W UM el 95 &, 6-7 WHEREDO TN L0 BN T2 m @ rand 7=, £
DIeDOIBRDT IV OBRBIX6-T A IR 7T ) vk EICHCER L, 5-7
T N2-E U UNABIN2-T 2 = -A-F 7 Y U VEERER (24e 35 LN 24F) 1RV Y5
SREKEEHINEE 7y MIFMl COREMNZ R LT, LLeRnb, ZhbidT7 v MZ
10 mg/kg THEA#G-H O MAEPIREIXTHRINARNRE LIRS ol 1-7 = =/b-
3-v' 7 Y U VIR 24g 13m0\ Y5 SZ ARG EIEIE L T o MATHIRZENE, 6 KOO
& CSF #A7E (/M= 1.06, CSF/fitt=0.088) %/~ L7-, MEIERIICIEF I B
K. 1-7 = = -4-E 7 Y U VERAK 24h 1380 Y5 RIS GBS 7 » MIFilaZ E
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MPEE R LN, MNBITHIIIE o7, 27 = =b—4- 8 7 U VEEBIA 241 & &0 Y5
ZREFEAHTIE L T v MR EVER OB T2 R L7=23, CSF #8471 (CSF/
fMEE=0.032) (% 24g 33 L1V 24h (CSF/fxtk 0.088 KX 0.115) (ZHi L TR » 7=,

BRI, mOATEE, BN ZENE. BRAFRIMB L ONCSF BT AR LIz 1-7 ==
NV=3-ET Y — VHEERE R L, 7= VHICFEREZE AL, 24g ONRBREEOE /25
AR ASREMA 245, 24k BL U241 2Bk L7c, ZHBIIHIFHER Y @V Y5 AR &
EEE T > MM &M O BATIE 2R LTz,

Table 7

plasma, brain and CSF exposure data in rats

Brain, plasma and CSF levels

at 2 h after 10 mpk po in rats?

Compounds

Plasma Brain CSF
(pM) (nmol/g tissue) (uM)
22a 3.75 2.5 0.174
22¢ 0.83 0.23 0.016
22e 6.46 2.79 0.416
22f 6.68 0.50 0.091

24c (0.29) NT NT
24d 6.1 0.50 0.059

24e (0.02)p NT NT

24f (0.19) NT NT
24g 2.94 3.13 0.276
24h 1.52 0.39 0.045
24i 0.68 1.33 0.042
24j 1.59 2.15 0.152
24k 1.09 1.36 0.077
241 0.89 1.24 0.081

NT, not tested. 2 n = 3. » Plasma exposure screening data using 2

animals.
67 FHERTRVEREZ 272 1-7 2= -3 53V I ABLIN1L- 7 ==/1-4-EF5 )
MMEET, 47 VHERTHOEAGDEBRT I LT L, 22e LUV 22f 12, WiFfF@Y
B Y5 AR EBIAIE L Ty MITHIIZ EMEZ R Lz, bEW 22e J5 LU 22f @ CSF
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BATME (CSF /Mitb=0.15 2 10 0.18) 1ZFEFIT R 7225, WA I3st s g5 6 -7 A
IR BIRWEERTH -T2,

MR L, PREZ 2 (P-gp) b TV AR—Z =TT D EMENE O KL 22 D
ZEHMBNTWD, £lo, ZNETORL OWIZENS | JREMERE < 25 &, CSFREE
KL 22T H D Z ENRHINTE 2, BT, CSFREMD in vivo FEHET LT
AONVEICEHEETHLZ LR L2 EAFIEITIME L TS, DFEY, P-gp N7 AKR—
BT D MR X OWRIEME S TR Z & 3E W CSFIRE 2155 1= OIZIINETH
%, LW 22e, 22f, 24g, 245 B LN 241 (X LT, D-Trp"NPY Ik 5T v MEAFHRT
FAZRT 2B E,. £ RBX O~ T 2D P-gp b T o AR—F — (2514 5 AR
W6 T 2 LT, LA 12¢ OF — 4 LA E T table 8 ICHERZ T,

Table 8
Rat Y5 receptor binding affinities, inhibitory effect in D-Trp34NPY-induced food

intake, and plasma, brain and CSF exposure data in rats and susceptibility to P-gp

transporters
Susceptibility to P-
oo . . gptransporters
rY5 binding  Minimum effective dose ]
Compounds B-to-A/A-to-B ratioc
ICs02 (M) (mg/kg po)»
Human Mouse
LMDR1¢d Lmdrlae
12¢ 1.7 3 0.99 1.36
22e 4.7 10 1.97 6.05
22f 2.2 >10 6.13 21.1
24g 2.1 3 1.05 1.74
24j 2.1 1 1.29 1.57
241 2.5 >10 1.28 2.41

a In vitro data in nM are the average of at least two experiments. P Inhibitory effect
on D-Trp34NPY-induced food intake. ¢ Transcellular transport across the
monolayers of L-MDR1 or L-mdrla. Values represent the ratio of basal-to-apical (B-
to-A) versus apical-to-basal (A-to-B) at 3 h. ¢ Human MDRI1 transfectants. ¢ Mouse
mdrla transfectants.

IRHOEEWIE. B hET N THR%D Y5 ZREBKEGEMEL R L, 1-7 = =/b-4-

v U VEERBAR 22f (X, D-Trp3NPY I L 5 T v MERFEIRE T VIRV TIWIIHIZD
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BULIVRERNoTZ, SUADP-gp h TV AKR—F—7 vt A DFERIZ, B-to-A/A-to-B
=211 %¢, ZOLEVNRBEH R~ T APgp TV AR—F—DHEETHDL I LERL
T, (LB 22e 1X, 4-E 7 YV UVEERRIK 22f OIS T 5 3-E7 V' U VERIRTZN, B
PRI TADP-gp b T UV AR—=F—~DREEMITIREER>TW e, 61T, 4
— 7 WHHRRIR 22 LxtinT D 6 — 7 IR 24g DT H P-gp O h T U AR—H —ITkf
TOEEMRICREREPBEIN., ZOKIT/NSBRBEZIZE 20D 5T, Pgp b7
VAR Z =TT D IEE IR E S BT D08, TR (226, 22f B LU 24g TN T
LogD7.4=2.80, 2.90 53X 3.10) IZITREAREWIENS72, B FP-gp N T UV AKR—X
—~DOIEEMEPME LAY 22e, 24g. 24] B L1241 DN, 24j 28 D-Trp#NPY I2 L % 5
v MERFHFRET VTR, B0 1 mgkg & &b iROIIHIER 2R~ Lz, NPY 12
157y MEEFRET N TO 245 OMEHWERIL, MREICIEFICHN-T272D, D-
TrpNPY |2 L 2 BAREFIHE~D 245 OMHIZNRIL, Y5 ZAMERAEEHUERIC L 5 & iR

7= (Figure 10) .

. 6 7 D-Trp#NPY-induced Feeding 7 NPY-induced
= - | o H Feedi
E.E.! CJ T 27% ﬁ 3 e 0
by Eﬂ T 22%
. (1K)
3 22
= i
= 2 4 =
o o1
S 14 g
=
0 1l == 0
aC3SF Vehicle 0.3 1 3 10 Vehicle 10
- Cmpd 245
Compound 24j (mg/kg. po) (mefke, po)
D-Trp*NPY 1 pg/head NPY 0.3 pg/head

Figure 10. D-Trp34NPY-induced food intake of compound 24j in SD rats. Compound 24j
was orally administered 2 h before the 3rdV-injection of the agonists. **p <0.01 versus

vehicle-treated group (Dunnett). n = 8-18.

in vitro P-gp N7V AR—Z—7T v&A TiX, 24) D B-to-A/A-to-B tb# It h&~TU AT
ZNEN1.29 & 157 T, B hEKO~ T A Pgp b7V AR—HF—DIEFIZFTHVIEE TH
ST, AbAW 245 £ 12¢ 1, i, B FBLU~T A P-gp F 7 AR—Z —DH I
THY, DTrp*NPY 12 L 2T v MERFHET L THROMHIZIET L, KIZ, v 7 A
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TORK Y5 Z RN EAHRT 24) & 12¢ #LL#EE L7z 13, Figure 11 (/83 X 9512, 12¢ K
24J 1 XMHE L~V &K YE Z AR A RIS R b, 1ZEERICZRRE SAT
572, LA 12¢ 1% 100-200 ng/ml O MLE L~V MEETIH - 7275, 24j 13 10~20
ng/mL O MAEL~L & 10 fERRERVIBER W2 EX D07, MEL~WT el RE %
L TRY, 2 BEIINREEZR EORWERORRKE 2D L& x5 L, 10~20 ng/mL
& AR MAE LN L TIRIE AR ARG A 4 U 2166 245 1, Rk 8721k
B Th%, LEno>T, LAWY 245 13 Y5 ZRIKIEHUIK & U CHRRIISE 21T 5 ks
SRR Aoy

100 -
050 Fa Fos B
80 - N
O *
g o
& 60 - *
g ] **
]
S 40 - ¢
O O Compound 245
920 - 4+ Compound 1Z2c
D I a1l I o1 il I o1l I 1ol i
0.1 1 10 100 1000

Plasma Cone. (ng/mL)

Figure 11. Receptor occupancy and plasma level data of compounds 12¢ and 24;j.

UbFELHrE, —#HD F 72 X3-FF AR [TH A YRV T7F50-18H),1-3 7 1
XYL NARFY I RFEREAR LT, 2o b, A7 R N[1-2- 7 v e
T x=)3E TV UNSAF Y A6 T VA YRV T T -1BH), -7 msF
AR IR (24)) 1T REHNCLENOMFS KON CSF BATHEICE L - IE I
72 Yh R AERTHY . BOFEIZEY ., D-Trp¥NPY IZ L% 7 v MEET
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FBET VT, 1 mgkg DERNMADHETHNTH -7, Y5 RIRWT T =X FTH S D-
Trp#NPY 2 L5 T v MERFHKETT AL TIIANTH S 5T, FERIWT I=2 FTh
% NPY IZ K2 BARFHET LTI, BWMEH LAVRI R o TeFEN D, 24) OIHIZNRIT
Y5 IR FIER 5D = & DR TX 72, b hBL O~ AD P-gp b T AE—2—0
FENRZ LU MBS 24 1%, 10~20 ng/mL O ML~ L TIRIF 2L~ 7 2NN Y5 245
HREEELE L, LA 24 13, (LAY 12¢ L0 bR Y5 Z ARG AHLEAE L
T, HRARBAFEEGEMLEY L TIRS T,

R VEFAPE D FRAI OPRFE TlE, 5B ED 7= DIVERENL T dH 5 IMNIEAIRE 2D =
LITHETH DN, NTHNEERRE 2 EHH1D 2 L I3RS TIERV, 20720, MAE
FIREE 2 T3 2 FIENPEAEINTWD, £0 5 LO—DZRY hr kiEikPET,
Positron emission tomography)73d %, PET (&, FEfk~D % A — 372\ BB i
T HRIET T L SN E AV T, ARNORRERIETE 2 HETH Y, BAkh
272 ETHRKICH SN TWAHIEFETH 5, AFE T HILEY 24) O¥ERxIA PET k
L——OER G FIRFICE N L, BRARBFR T A O M ERIE I MK-0233 Z Al L
7o (Figure 12) 15{b5W) 24j 13, ZaMRBRA T MK-0557 & L CERIRFZEBRDM T DI
2o ZORRZ, [MCIMK-0233118 % FIU T A DI IR EERIE A3 72 S U7 fE R, MK-0557 1%
1.25 mg O M #H-T, 24 KLU ETIRITERICADIMAND Y5 /¥ Kz KA T 55080
M ERREGEOREN Z bz, 10

(0] H
XN
5\7/N
h /\
N/ F
NS
| (0]
Z
O

Figure 12. PET tracer MK-0233
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EE EEROIR

R OIS, TGRS 2 Z R L., W76 u<x T 7 4—I28D
KR /yEfEIC X Wakogel C 300 (mesh 45 75 pm) & VW72, £7-ME/7u~ 777 1 —
121X Mereck silica gel 60 F254 pre coated plates Z H\ 7z, H NMR A~X7 ~/L{iZ,
JEOL JNM AL 400 spectrometer, Varian Gemini 300 spectrometer X |{% Varian
Gemini 200 spectrometer Z{iH L7-, HEZ v n RV ABEOGEEIET KT ATF LT
(TMS, § 0.00 ppm), HEA ¥/ —/WEBEOEEIEA % 7 —/ (CDsOD, § 38.30 ppm) .
HIOAFNLANKRF Y FEEOGAEIIATF L ZLEAFT R (DMSOds, § 2.49 ppm)
F2ET T AFALT T A(TMS, § 0.00 ppm)Z NERERE L L CHIE L ppm HAL Ttk
L7z, EHEAZ ML, Waters micromass ZQ. micromass Quattro IT, 3,
micromass Q Tof 2 %z T electronspray ionization (ESI) % 7= 1% atmospheric pressure

chemical ionization (APCI) CHlllE L7~

General procedure for the synthesis of compound 2a-2f.

To a stirred solution of 1-methylsulfonyl-spiro[indoline-3,4'-piperidine] or 1-sulfamoyl-
spirolindoline-3,4"-piperidine] (1 mmol) in dichloromethane (5 mL), was added the
appropriate isocyanate (1 mmol) at room temperature. The resulting Solution was
stirred for four hours during which time precipitation occurred. The mixture was
evaporated to remove dichloromethane, and then was suspended in methanol (20 mL),

filtration followed by washing with cold methanol gave 2a-2f.

1-Sulfamoyl-N-(3,4-dichlorophenyl)spiro[indoline-3,4"-piperidine]-1'-carboxamide (2b)

1H-NMR (DMSO-d6, 400 MHz) &: 8.84 (s, 1H), 7.87 (s, 1H), 7.47 (s, 2H), 7.31-7.25 (m,
4H), 7.18 (t, J=7.6 Hz, 1H), 6.98 (t, J=7.6 Hz, 1H), 4.13 (d, J=13.6 Hz, 2H), 3.81 (s, 2H),
3.02-2.94 (m, 2H), 1.79-1.74 (m, 2H), 1.65 (d, J=13.2 Hz, 2H); ESI-MS: 455 (M+1)
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1-Sulfamoyl-N-(4-phenoxyphenyl)spiro[indoline-3,4'-piperidine]-1'-carboxamide (2a)

ESI-MS: 479 (M+1)

1-Sulfamoyl-N-(2-chlorophenyl)spiro[indoline-3,4'-piperidine]-1'-carboxamide (2c)

ESI-MS: 421 (M+1)

1-Methylsulfonyl-N-(8,4-dichlorophenyl)spirolindoline-3,4'"-piperidine]-1'-carboxamide
@2d

ESI-MS: 454 (M+1)

1-Methylsulfonyl-N-(4-phenylphenyl)spirolindoline-3,4'-piperidine]-1'-carboxamide( 2e)

ESI-MS: 462 (M+1)

1-Methylsulfonyl-N-(4-butylphenyl)spirolindoline-3,4'-piperidine]-1'-carboxamide (2f)

ESI-MS: 442(M+1)

Phenyl N-(5-phenyl-2-pyrazinyl)carbamate (3i)

Phenyl chloroformate (0.64 mL, 5.1 mmol) was added to a vigorously stirred solution of
2-amino-5-phenylpyrazine (2i, 794 mg, 4.64 mmol) in pyridine (10 mL) at room
temperature. After being stirred at room temperature overnight, the mixture was
diluted with EtOAc to give a suspension, in which the desired compound precipitated
out. The suspension was successively washed with 1N KHSO4, brine and dist. water.

The precipitate was collected by filtration and dried to give phenyl N-(5-phenyl-2-
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pyrazinyl)carbamate (3i, 847 mg, 63%). The filtrate was concentrated under reduced
pressure to produce precipitate, which was collected and dried to give the second crop

(340 mg, 25%).
g,

General procedure for the synthesis of the phenyl carbamate 3a-3h and 3j-3n.

To the solution of the corresponding amine 2a-2h and 2j-2n (2.00 mmol) in pyridine
(5.00 mL) was added phenyl chloroformate (274 pL, 2.20 mmol) at room temperature.
After stirring overnight, AcOEt and 10% aqueous citric acid were added and the
mixture was extracted with AcOEt. The organic layer was washed with saturated
aqueous NaHCOs3 and brine, dried over NazSOs, and filtered. The solvent was removed
under reduced pressure to give crude phenyl carbamates 3a-3h and 3j-3n, which were

used in the next reaction without further purification.

1-Methylsulfonyl-N-(5-phenyl-2-pyrazinyl)spirolindoline-3,4'-piperidine]-1'-

carboxamide (6i)

A mixture of phenyl N-(5-phenyl-2-pyrazinyl)carbamate (8i, 7.350 mg, 1.20 mmol), 1-

methylsulfonylspiro[indoline-3,4'-piperidine] hydrochloride (5, 400 mg, 1.32 mmol) and

EtsN (0.5 mL, 3.6 mmol) in CHCI3 (6 mL) was heated under reflux for 3 h. After
cooling, the mixture was diluted with EtOAc, washed with 10% citric acid, sat.
NaHCOs and brine, dried over MgS0Q4, and concentrated under reduced pressure to
start precipitation. The precipitate was collected by filtration and dried in vacuo to give
6i (517 mg, 93%) as a white powder.; m.p.: 201-203°C; 1HNMR(300 MHz;DMSO-d6) §:
9.67 (1H, brs), 9.13 (1H, d, J = 1.4 Hz), 8.90 (1H, d, J = 1.5 Hz), 8.08 (2H, dd, J = 8.3,
1.4 Hz), 7.53-7.39 (6H, m), 7.34 (1H, d, J = 7.3 Hz), 7.30-7.19 (2H, m), 7.05 (1H, td, J =
7.5, 1.5 Hz), 4.23 (2H, d, J = 14.8 Hz), 3.93 (2H, s), 3.09-3.00 (2H, m), 3.05 (3H, s),
1.84-1.67 (4H, m); HRMS (ESI*) m/z [M+H]* 464.1750 (C24H26N503S requires:
464.1756).
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1-Methylsulfonyl-N-[4-(2-pyridyl)phenyllspirolindoline-3,4’-piperidine]-1-carboxamide
(60).

To a solution of phenyl N-[4-(2-pyridyl)phenyllcarbamate (8¢ (130 mg, 0.450 mmol) and
1-methylsulfonylspiro[indoline-3,4'-piperidine] hydrochloride (5, 136 mg, 0.490 mmol)
in DMSO (2.00 mL) was added aqueous 10M NaOH (50.0 uL, 0.500 mmol). After
stirring vigorously for 2 h, H2O was added and the mixture was extracted with AcOEt.
The organic layer was washed with brine, dried over Na2SQO4, and filtered. The solvent
was removed under reduced pressure and the residue was purified by flash
chromatography on silica gel (Hexane/EtOAc: 1/2) to give (123 mg, 70%) as a white
solid. compound 6¢ was treated with 4 N HCl in AcOEt to afford compound 6c HCI salt:
1H-NMR (300 MHz; CD30D) 6: 8.75 (1H, d, J = 5.4 Hz), 8.62 (1H, t, J = 7.7 Hz), 8.38
(1H, d, J = 8.1 Hz), 7.98-7.93 (1H, m), 7.92 (2H, d, J = 9.0 Hz), 7.78 (2H, d, J = 9.0 Ha),
7.39 (1H, d, J = 8.3 Hz), 7.22-7.29 (2H, m), 7.09 (1H, t, J = 7.7 Hz), 4.26 (2H, d, J = 13.2
Hz), 3.99 (2H, s), 3.18 (2H, t, J = 13.0 Hz), 2.99 (3H, s), 2.05-1.94 (2H, m), 1.83 (2H, d, J
= 13.6 Hz); HRMS (ESI*) m/z [M+H]* 463.1806 (C25H27N403S requires: 463.1804).

1-Methylsulfonyl-N-[4-(3-pyridyl)phenyllspirolindoline-3,4’-piperidine]-1-carboxamide
(6d).

To the solution of N-[4-(2-pyridyl)phenyllcarbamate (3d, 2.94 g, 10.1 mmol) and 1-
methylsulfonylspiro[indoline-3,4'-piperidine] hydrochloride (5, 3.37 g, 11.1 mmol) in
1,2-dichloroethane (6.00 mL) was added EtsN (5.70 mL, 40.9 mmol). After reflux for 1.5
h, diluted aqueous NaOH was added and the mixture was extracted with CHCls. The
organic layer was washed with brine, dried over Na2SO4, and filtered. The solvent was
removed under reduced pressure, and the residue was collected by filtration and
washed with EtOH to give compound 6d (2.86 g, 61%) as a yellow solid. Compound 6d
was treated with 4 N HCI in AcOEt to afford compound 6d HCI salt: 1H NMR (300
MHz; DMSO-dé) 6: 8.86 (1H, d, J = 1.8 Hz), 8.51-8.49 (1H, m), 8.05-8.01 (1H, m), 7.64
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(4H, s), 7.44 (1H, dd, J = 7.9, 4.4 Hz), 7.37-7.21 (3H, m), 7.05 (1H, td, J = 7.3, 1.4 Hz),
4.18 (2H, br d, J = 13.6 Hz), 3.93 (2H, s), 3.06 (3H, s), 3.06-2.97 (2H, m), 1.85-1.68 (4H,
m); HRMS (ESI*) m/z [M+H]*+ 463.1795 (C25H27N403S requires: 463.1804).

Synthesis of the piperidine-1-carboxamide 6a, 6b, 6e-6h, 6j-6n, 12a-h, 13a-o, and 14a-1.

Compounds 6a, 6b, 6e-6h, 6j-6n, 12a-h, 13a-0, and 14a-1 were prepared from the
corresponding piperidine 5 and 11a-h with the corresponding phenyl carbamate

according to the procedure described in synthesis of compounds 6¢, 6d or 6i.

N-3-Biphenyl-1-methylsulfonylspiro[indoline-3,4'-piperidinel-1'-carboxamide (6b)

m.p.: 211-212°C.

1-Methylsulfonyl-N-[4-(pyridin-4-yl)phenyllspiro[indoline-3,4’-piperidine] -1

carboxamide (6¢e).

1.65g (97%). Compound 6e was treated with 4 N HCl in AcOEt to afford compound 6e
HCl salt: 1H NMR (300 MHz; DMSO-d6) &: 8.78 (1H, s), 8.57 (2H, d, J = 5.3 Hz), 7.76—
7.66 (6H, m), 7.35-7.02 (4H, m), 4.19 (2H, d, J = 13.5 Hz), 3.94 (2H, s), 3.07 (3H, s),
3.07-2.99 (2H, m), 1.89-1.73 (4H, m); HRMS (ESI*) m/z [M+H]* 463.1802
(C25H27N4038S requires: 463.1804).

1-Methylsulfonyl-N-(5-phenylpyridin-2-yl)spirolindoline-3,4-piperidine]-1’-

carboxamide (6f).

200 mg (84%). 1H NMR (300 MHz; CDC13) &: 8.45 (1H, d, J = 1.8 Hz), 8.13 (1H, d, J =
8.2 Hz), 7.91 (1H, dd, J = 8.7, 2.5 Hz), 7.57 (2H, d, J = 8.6 Hz), 7.49-7.37 (4H, m), 7.30—
7.23(1H, m), 7.17 (1H, dd, J = 7.6, 1.0 Hz), 7.09 (1H, dd, J = 7.4, 1.0 Hz), 4.21 (2H, d, J
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=13.4 Hz), 3.90 (2H, s), 3.20-3.05 (2H, m), 2.94 (3H, s), 2.05-1.93 (2H, m), 1.82 (2H, d,
J =13.8 Hz); HRMS (ESI*) m/z [M+H]+ 463.1794 (C25H27N403S requires: 463.1804).

1-Methylsulfonyl-N-(6-phenylpyridin-3-yDspirolindoline-3,4 -piperidine]-1’-

carboxamide (6g).

180 mg (87%). 1H NMR (300 MHz; CDCI13) &: 8.52 (1H, d, J = 2.6 Hz), 8.15-8.10 (1H,
m), 7.95 (2H, dd, J = 7.6 Hz), 7.71 (1H, d, J = 8.6 Hz), 7.50-7.38 (4H, m), 7.30-7.23 (1H,
m), 7.18-7.17 (1H, m), 7.09 (1H, t, J = 7.5 Hz), 6.58 (1H, s), 4.20-4.10 (2H, d), 3.90 (2H,
s), 3.20-3.05 (2H, m), 2.95 (3H, s), 2.05-1.93 (2H, m), 1.90-1.80 (2H, m); HRMS (ESI*)
m/z [M+H]+ 463.1813 (C25H27N403S requires: 463.1804).

1-Methylsulfonyl-N-(6-phenylpyridazin-3-yl)spiro[indoline-3,4-piperidine]-1’-

carboxamide (6h).

177 mg (76%). 1H NMR (400 MHz; CDC13) 6: 8.37 (1H, brs), 8.00 (2H, d, J = 7.3 Hz),
7.85 (1H, d, J = 9.3 Hz), 7.54-7.45 (4H, m), 7.42 (1H, d, J = 7.8 Hz), 7.16 (1H, d, J = 7.3
Hz), 7.08 (1H, t, J = 7.6 Hz), 4.29 (2H, brs), 3.91 (2H, s), 3.17-3.07 (2H, m), 2.94 (3H, s),
1.99 (2H, td, J = 13.2, 4.4 Hz), 1.84 (2H, d, J = 13.2 Hz); HRMS (ESI*) m/z [M+H]*
464.1764 (C24H26N503S requires: 464.1756).

1-Methylsulfonyl-N-(2-phenylpyrimidin-5-yDspirolindoline-3,4 -piperidine]-1’-

carboxamide (6j).

161 mg (54%). 1H NMR (300 MHz; DMSO0-d6) &: 9.02 (2H, s), 8.34-8.30 (2H, m), 7.53—
7.45 (3H, m), 7.36 (1H, d, J = 7.2 Hz), 7.30-7.20 (2H, m), 7.05 (1H, td, J = 7.1, 1.4 Hz),
4.19 (2H, d, J = 14.8 Hz), 3.94 (2H, s), 3.12-3.01 (2H, m), 3.06 (3H, s), 1.98-1.70 (4H,
m); HRMS (ESI*) m/z [M+H]* 464.1754 (C24H26N503S requires: 464.1756).
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1-Methylsulfonyl-N-(5-phenylpyrimidin-2-yl)spirolindoline-3,4 -piperidine]-1’-
carboxamide (6k).

165 mg (80%). 1H NMR (300 MHz; DMSO-d6) §: 9.68 (1H, brs), 8.88 (2H,s), 7.73 (2H, d,
J=8.1Hz), 7.49 2H, d, J = 7.4 Hz), 7.43-7.40 (6H, m), 7.38-7.20 (3H, m), 7.06(1H, td,
J=17.5,1.5Hz), 4.11 (2H, d, J = 13.8 Hz), 3.92 (2H, s), 3.09-2.98 (2H, m), 3.05 (3H, s),
1.87-1.66 (4H, m); HRMS (ESI¥) m/z [M+HI+ 464.1745 (C24H26N503S requires:
464.1756).

1-Methylsulfonyl-N-(2-phenylpyrimidin-4-yl)spirolindoline-3,4 -piperidine]-1’-

carboxamide (61).

134 mg (78%). 1H NMR (300 MHz, CDCI3) &: 8.66 (1H, d, J = 5.9 Hz), 8.36 (2H, td, J =
5.2, 2.6 Hz), 7.92 (1H, d, J = 5.9 Hz), 7.50-7.41 (5H, m), 7.30-7.25 (1H, m), 7.18 (1H,
dd, J =17.8,1.0 Hz), 7.09 (1H, td, J = 7.6, 1.0 Hz), 4.22 (2H, d, J = 13.7 Hz), 3.91 (2H, s),
3.14 (2H, td, J = 13.3, 2.3 Hz), 2.95 (8H, s), 1.98 (2H, td, J = 13.2, 4.2 Hz), 1.85 (2H, d, J
=13.7 Hz); HRMS (ESI*) m/z [M+H]* 464.1750 (C24H26N503S requires: 464.1756).

1-Methylsulfonyl-N-[3-(pyridin-4-yl)phenyllspirolindoline-3,4’-piperidine] -1

carboxamide (6m).

315 mg (99%). Compound 21 was treated with 4N HCl in AcOEt to afford 6m HCI salt
(240 mg, 75%): 1H NMR (300 MHz; DMSO0d6) §: 8.97-8.92 (3H, m), 8.26-8.19 (3H, m),
7.76-7.72 (1H, m), 7.58-7.47 (2H, m), 7.34-7.21 (3H, m), 7.06 (1H, t, J = 7.2 Hz), 4.28—
4.20 (2H, m), 3.95 (2H, s), 3.07 (3H, s), 3.10-2.99 (2H, m), 1.88-1.70 (4H, m); HRMS
(ESI*) m/z [M+H]+ 463.1811 (C25H27N403S requires: 463.1804).

1-Methylsulfonyl-N-(4-phenylpyrimidin-2-yl)spiro[indoline-3,4 -piperidine]-1’-

carboxamide (6n).
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167 mg (75%). 1H NMR (300MHz; DMSO-d6é) §: 9.53 (1H, s), 8.61 (1H, d, J = 5.2 Hz),
8.18-8.14 (2H, m), 7.59-7.52 (4H, m), 7.29-7.19 (3H, m), 7.07-7.01 (1H, m), 4.12 (1H, d,
J=13.9Hz), 3.92 (2H, s), 3.09-3.00 (2H, m), 3.04 (3H, s), 1.88-1.77 (2H, m), 1.71-1.66
(2H, m); HRMS (ESI*) m/z [M+H]* 464.1764 (C24H26N503S requires: 464.1756).

trans-1'-methylsulfonyl-N-(4-phenylphenyl)spirolcyclohexane-4,3"-indoline]-1-

carboxamide (6q).
Step 1: Preparation of 4-methoxycarbonylcyclohexanecarboxylic acid.

A mixture of terephthalic acid monomethylester (7, 40.0 g, 0.222 mol) and 5% Rh-C
(wet, 40 g) in 1,4-dioxane (200 mL) and MeOH (160 mL) was stirred under Hs at 50
atm for 18 h. The catalyst was then filtered off and the filtrate was concentrated to give

41.0 g (99%) of the corresponding carboxylic acid.
Step 2: Preparation of methyl 4-(hydroxymethyl)cyclohexanecarboxylate.

To a stirred solution of 4-methoxycarbonylcyclohexanecarboxylic acid (41.0 g, 0.220
mol) in THF (200 mL) cooled at 0°C, was added Me2S-BH3 (27.4 mL, 0.289 mol). The
solution was stirred at room temperature. After 3 h, AcOH (6 mL) was added. The
resulting mixture was diluted with H2O and extracted with EtOAc. The organic layer
was washed with brine, dried (Na2S0), and concentrated to give 36.1 g (95%) of 4-

(hydroxymethyl)cyclohexanecarboxylate.
Step 3: Preparation of methyl 4-formylcyclohexanecarboxylate (8).

To a stirred mixture of Celite (10 g) and methyl 4-(hydroxymethyl)cyclohexane-
carboxylate (3.00 g, 17.4 mmol) in CH2Clz (60 mL), was added PCC (11.3 g, 52.3 mmol).
The mixture was stirred at room temperature for 3 h. After 3 h, hexane (100 mL) was
added. The resulting mixture was filtered and the filtrate was concentrated to give

methyl 4-formylcyclohexanecarboxylate (8, 2.65 g, 90%).
Step 4: Preparation of methyl spirolcyclohexane-4,3"-indoline]-1-carboxylate (9).
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To a stirred solution of methyl 4-formylcyclohexanecarboxylate (8, 2.65 g; 15.6 mmol) in
35 mL of PhMe-MeCN (39:1) cooled at 0°C, were added phenylhydrazine (1.54 mL, 15.6
mmol) and TFA (3.61 mL, 46.8 mmol). The mixture was stirred at room temperature
for 16 h and MeOH (35 mL) was added. The mixture was cooled to 0°C and NaBH. (885
mg; 23.4 mmol) was added and the mixture was stirred at 0°C for 1 h. The reaction
mixture was poured into sat. NaHCOs3 and extracted with EtOAc. The organic layer
was washed with H20 and brine, dried (Na2SO4) and concentrated to give the crude

methyl spirolcyclohexane-4,3'-indoline]-1-carboxylate (9, 3.60 g).

Step 5: Preparation of methyl cis-1'-methylsulfonylspiro[cyclohexane-4,3'-indoline]-1-
carboxylate (10a) and methyl trans-1'-methylsulfonylspiro[cyclohexane-4,3'-indoline]-1-
carboxylate (10b)

To a stirred solution of crude methyl spirolcyclohexane-4,3'"-indoline]-1-carboxylate (9,

3.65 g) in THF (50 mL) cooled at 0°C, were added EtsN (6.52 mL, 46.8 mmol) and

MsCl (2.41 mL, 31.2 mmol). The mixture was stirred at 0°C for 1 h then poured into
10% citric acid. The resulting mixture was extracted with EtOAc. The organic layer
was washed with sat. NaHCOs and brine, dried (NazSO4), and concentrated. The
residual oil was purified by Silica gel column chromatography (100 g, hexane-EtOAc
3:1->2:1->4:3) to give methyl cis-1'-methylsulfonylspirolcyclohexane-4,3"-indoline]-1-
carboxylate (10a) and methyl trans-1'-methylsulfonylspiro[cyclohexane-4,3'-indoline]-1-

carboxylate (10b).

Step 6: Preparation of trans-1'-methylsulfonyl-N-(4-phenylphenylspiro[cyclohexane-

4,3"-indoline]-1-carboxylic acid.

To a stirred solution of methyl trans-1'-methylsulfonylspiro[cyclohexane-4,3"-indoline]-
1-carboxylate (1.18 g; 3.65 mmol) in MeOH (10 mL), was added 4N NaOH (3.7 mL; 14.8
mmol). The solution was stirred at room temperature for 3 h and the MeOH was
concentrated. 1IN HC1 (15 mL) was added and extracted with EtOAc. The organic layer

was washed with brine, dried (Na2SQOa4), and concentrated. The residual oil was purified
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by silica gel column chromatography (60 g, CHCls-MeOH 1:0 200:1100:1) to give trans-

1'-methylsulfonyl-N-(4-phenylphenyl)spiro[cyclohexane-4,3'-indoline]-1-carboxylic acid.

Step 7: Preparation of trans-1'-methylsulfonyl-N-(4-phenylphenyl)spiro[cyclohexane-

4,3"-indoline]-1-carboxamide (6q).

To a stirred solution of trans-1'-methylsulfonylspiro[cyclohexane-4,3'-indoline]-1-
carboxylic acid (100 mg; 0.323 mmol) and 4-biphenylamine (55 mg; 0.323 mmol) in
pyridine (1 mL), was added WSC-HCI (124 mg; 0.647 mmol). The solution was stirred
at room temperature overnight. H2O was added and extracted with EtOAc. The organic
layer was washed with brine, dried (Na2SO4), and concentrated. The residual oil was
purified by silica gel column chromatography (10 g, hexane-EtO Ac 3:1->2:1->1:1) to
give trans-1'-methylsulfonyl-N-(4-phenylphenyl)spirolcyclohexane-4,3'"-indoline]-1-

carboxylic acid. m.p.: 119.8-120.5 °C.

cis-1'-methylsulfonyl-N-(4-phenylphenyl)spiro[cyclohexane-4,3'-indoline]-1-
carboxamide (6p) and 1-{2-(4-biphenylacetyl}-1-methylsulfonylspiro[indoline-3,4'"
piperidine] (6o) were prepared from the corresponding aime and the corresponding

calboxylic acid according to the procedure described in synthesis of compounds 6q.

3H,4’H-Spiro[4-aza-2-benzofuran-1,1-cyclohexane]-3,4’-dione (17b)

n-Butyllithium (1.5 M in hexane, 500 mL, 750 mmol) was added dropwise to a solution
of N-methylpyridine-2-carboxamide (15b, 48.6 g, 357 mmol) in anhydrous
tetrahydrofuran (1.5 L) below -50 °C under a nitrogen atmosphere. A solution of 1,4-
cyclohexanedione mono-ethylene ketal (55.7 g, 357 mmol) in anhydrous
tetrahydrofuran (0.25 L) was added to the solution at -50 °C to -10 °C. The mixture was
poured into water (1 L), which was washed with hexane (1 L) and ether (0.5 L). The
aqueous layer was adjusted to pH 3 with concd HCI, and the mixturewas stirred for 1

h. The mixture was adjusted to pH 7 with K2COs, and the produced solid was collected
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by filtration. The solid was taken into a mixture of 2N HCI and acetone, and the
mixture was refluxed for 15 h. After being cooled to room temperature, the mixture was
extracted with CHCls. The organic layer was washed with brine, dried over Na2SOx,
and concentrated. The residue was crystallized (EtOAc/hexane) to yield 28.3 g (62%) of
the desired compound. 1H NMR (300 MHz, CDCI3) 6: 2.11-2.22 (m, 2H), 2.37-2.58 (m,
4H), 2.93-3.08 (m, 2H), 7.60 (dd, J = 7.9, 4.7 Hz, 1H), 7.83 (d, J = 7.9 Hz, 1H), 8.97 (d, J
= 4.7 Hz, 1H); MS (ESD) m/z = 218 [M+H]+.

3H,4’H-Spiro[2-benzofuran-1,1-cyclohexane]-3,4-dione (17a)

Compound 17a was prepared from the corresponding starting material 15a in a
manner similar to that described for 17b as a yellow solid in 38% yield. 1H NMR (300
MHz, CDC13) §: 2.08-2.21 (m, 2H), 2.34-2.58 (m, 4H), 2.92-3.07 (m, 2H), 7.40 (d, J =
7.1 Hz, 1H), 7.59 (t, J = 7.1 Hz, 1H), 7.72 (t, J = 7.1 Hz, 1H), 7.96 (d, J = 7.1 Hz, 1H);
MS (ESD m/z = 217 [M+H]+.

3H,4’'H-Spiro[7-aza-2-benzofuran-1,1-cyclohexane]-3,4’-dione (17¢)

Compound 17e was prepared from the nitrile 15e in a manner similar to that described
for 17b as a yellow solid in 39% yield. 1H NMR (300 MHz, CDCI13) 6: 2.09-2.11 (m, 2H),
2.52-2.70 (m, 4H), 2.82-2.98 (m, 2H), 7.53 (dd, J = 7.9, 4.7 Hz, 1H), 8.32 (d, J = 7.9 Hz,
1H), 8.88 (d, J = 4.7 Hz, 1H); MS (ESID) m/z = 218 [M+H]+.

3H,4’H-Spiro[5-aza-2-benzofuran-1,1-cyclohexane]-3,4"-dione (17c)

n-Butyllithium (1.6 M in hexane, 500 mL, 800 mmol) was added to a solution of 2,2,6,6-
tetramethylpiperidine (81 mL, 480 mmol) in anhydrous tetrahydrofuran (1.6 L) at -
40 °C under a nitrogen atmosphere, and nicotinic acid (15¢c, 39.4 g, 320 mmol) was

added to the solution after 5 min. The mixture was stirred at the same temperature for

-42.



1 h. To the mixture was added dropwise a solution of 1,4-cyclohexanedione mono-
ethylene ketal (50 g, 320 mmol) in anhydrous tetrahydrofuran (370 mL) at -40 °C. After
being stirred at -40 °C for 30 min, the mixture was allowed to warm to room
temperature and poured into water, which was extracted with diethyl ether. The
aqueous layer was acidified (about pH 3) with 6N hydrochloric acid. The mixture was
stirred at room temperature for 15 h to produce precipitate. The precipitate was
collected by filtration, taken into satd sodium hydrogencarbonate, which was extracted
with chloroform. The organic layer was dried over magnesium sulfate and concentrated

in vacuo. The residual solid was washed with ethyl acetate/hexane = 1/1 to afford

28.45 g of crude 3H-dispiro[5-aza-2-benzofuran-1,1-cyclohexane-4’,2”-[1,3]dioxolan]-3-
one as a pale brown solid. 1H NMR (300 MHz, CDCI3) §: 1.77-1.89 (m, 4H), 2.09-2.31
(m, 4H), 3.98-4.08 (m, 4H), 7.42 (d, J = 5.1 Hz, 1H), 8.84 (d, J = 5.1 Hz, 1H), 9.15 (S,
1H); MS (ESD) m/z = 296 [M+H]+.

2 N Hydrochloric acid (109 mL, 218 mmol) was added to a mixture of the ketal (28.45 g,
109 mmol) in acetone (31 mL). The mixture was stirred under reflux for 2 days, cooled
to room temperature, neutralized with potassium carbonate, and extracted with
chloroform. The organic layer was dried over magnesium sulfate and concentrated in
vacuo. The residual solid was washed with ethyl acetate/hexane = 1/1 to afford 21.17 g
of the title compound as pale brown solid in 30% yield. 1H NMR (200 MHz, CDCI13) &:
2.09-2.23 (m, 2H), 2.31-2.62 (m, 4H), 2.89-3.08 (m, 2H), 7.40 (d, J = 5.1 Hz, 1H), 8.90
(d, J = 5.1 Hz, 1H), 9.21 (s, 1H); MS (ESD) m/z = 218 [M+H]+.

7-Chloro-3H-dispiro[6-aza-2-benzofuran-1,1’-cyclohexane-4'0,2"-[1,3]dioxolane]-3-one
(16)

n-Butyllithium (2.46 M in hexane, 427 mL, 1.05 mol) was added to a solution of 2,2,6,6-
tetramethylpiperidine (177 mL, 1.05 mol) in anhydrous tetrahydrofuran (1.25 L) at -50
to -45 °C under a nitrogen atmosphere, and 2-chloroisonicotinic acid (15f, 78.8 g, 0.500

mol) was added to the mixture after 20 min. The mixture was stirred at the same
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temperature for 3.5 h. To the mixture was added dropwise a solution of 1,4-
cyclohexanedione mono-ethylene ketal (78.1 g, 0.500 mol) in anhydrous
tetrahydrofuran (0.25 L) at -55 to -50 °C. After being stirred at -50 °C for 10 min, the
mixture was allowed to warm to -30 °C, and 2N hydrochloric acid (525 mL, 1.05 mol)
was added dropwise. The mixture was stirred for additional 30 min at 15 °C, poured
into water (0.50 L), which was extracted with ethyl acetate (0.75 L, twice). The
combined organic layers were washed with 1 N hydrochloric acid (1.2 L), saturated
aqueous NaHCOs (1.0 L) and brine (0.50 L) successively, dried over magnesium sulfate,
filtered and concentrated in vacuo. The residual solid was stirred in ethanol/hexane =
1/3 (0.4 L) at room temperature overnight. The solid was collected by filtration and
washed with ethanol/hexane = 1/3 (0.4 L) to afford 72.4 g (49%) of the title compound
as a white solid. 1H NMR (300 MHz, CDC13) &: 1.64-1.72 (m, 2H), 1.81-1.89 (m, 2H),
2.14 (dt, J = 13.5, 4.5 Hz, 2H), 2.86 (dt, J = 13.5, 4.5 Hz, 2H), 4.03 (s, 4H), 7.73 (d, J =
4.9 Hz, 1H), 8.62 (d, J = 4.9 Hz, 1H); MS (ESD m/z = 296 [M+HI+.

3H,4’H-Spiro[6-aza-2-benzofuran-1,1-cyclohexane]-3,4"-dione (17d)

To a solution of 7-Chloro-3H-dispiro[6-aza-2-benzofuran-1,1’-cyclohexane-4’,2"-
[1,3]dioxolane]-3-one (16, 72.4 g, 245 mmol) and triethylamine (51 mL, 367 mmol) in
tetrahydrfuran (0.5 L) was added 10% palladium on activated carbon (7.2 g, type M,
water 50%, Pd 10%, dry weight basis) under a nitrogen atmosphere. The reaction
mixture was stirred for 5.5 h under a hydrogen atmosphere at room temperature,
diluted with ethyl acetate (0.5 L) and filtered through a celite pad to remove the

catalyst and triethylammonium chloride. The filtrate was concentrated in vacuo to

afford 64.0 g (100%) of 3H-dispiro[6-aza-2-benzofuran-1,1’-cyclohexane-4’,2"-
[1,3]dioxolane]-3-one as a pale yellow solid. 1H NMR (300 MHz, CDCI3) 6: 1.80—1.89
(m, 4H), 2.14 (dt, J = 14.0, 4.0 Hz, 2H), 2.34 (dt, J = 14.0, 4.0 Hz, 2H), 4.00-4.06 (m,
4H), 7.76 (dd, J = 4.9, 1.3 Hz, 1H), 8.85 (d, J = 4.9 Hz, 1H), 8.89 (d, J = 1.3 Hz, 1H); MS
(ESD m/z = 262 [M+H]+.
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A solution of 3H-dispiro[6-aza-2-benzofuran-1,1-cyclohexane-4’,2”-[1,3]dioxolane]-3-one
(64.0 g, 245 mmol) and p-toluenesulfonic acid monohydrate (9.3 g, 49.0 mmol) in
acetone (0.70 L) and water (0.70 L) was heated overnight at 70 °C, and then acetone
was removed in vacuo. The residual aqueous solution was neutralized by addition of
NaHCOs; (4.2 g, 50 mmol) and extracted with ethyl acetate (0.60 L + 0.30 L x 2). The
combined organic layers were washed with brine (0.30 L) dried over magnesium
sulfate, filtered and concentrated in vacuo to afford 48.3 g (91%) of the title compound
as a white solid. 1H NMR (300 MHz, CDCI3) &: 2.14-2.24 (m, 2H), 2.49 (dt, J = 14.0, 5.0
Hz, 2H), 2.51-2.60 (m, 2H), 2.95 (dt, J = 14.0, 5.0 Hz, 2H), 7.82 (d, J = 5.0 Hz, 1H), 8.88
(s, 1H), 8.91 (d, J = 5.0 Hz, 1H); MS (ESD m/z = 218 [M+H]+.

cis-40-Hydroxy-3H-spirol6-aza-2-benzofuran-1,1-cyclohexan]-3-one (18d)

Sodium borohydride (6.73 g, 178 mmol) was added slowly to a suspension of 3H,4’H-
Spirol6-aza-2-benzofuran-1,1’-cyclohexane]-3,4’-dione (10d, 48.3 g, 222 mmol) in
anhydrous ethanol (0.4 L) below -10 °C. The reaction mixture was stirred for 1 h at

0 °C, and then saturated aqueous ammonium chloride (400 mL) was added slowly to
the mixture at 0 °C. The mixture was diluted with water and extracted with chloroform
(0.80 L + 0.40 L x 2). The combined organic layer was dried over magnesium sulfate,
filtered and concentrated in vacuo. The residual solid was stirred in ethanol/hexane =
1/2 (0.30 L) overnight at room temperature. The solid was collected by filtration and
washed with ethanol/hexane = 1/2 (0.3 L) to afford 37.5 g (77%) of the title compound
as a white solid. 1H NMR (300 MHz, DMSO0-d6) &: 1.56 (dq, J = 13.5, 3.6 Hz, 2H), 1.70—
1.82 (m, 2H), 1.84-1.94 (m, 2H), 2.15 (dt, J = 13.5, 4.0 Hz, 2H), 3.66 (tt, J = 10.7, 4.3
Hz, 1H), 7.81 (dd, J = 5.0, 1.3 Hz, 1H), 8.84 (d, J = 5.0 Hz, 1H), 9.10 (d, J = 1.3 Hz, 1H);
MS (ESI) m/z = 220 [M+H]+.

cis-4-Hydroxy-3H-spiro[2-benzofuran-1,1-cyclohexan]-3-one (18a)
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Compound 18a was prepared from 17a in a manner similar to that described for 18d as
a white solid in 76% yield. 1H NMR (300 MHz, DMSO-d6) 6: 1.59 (d, J = 6.1 Hz, 1H),
1.78-2.11 (m, 8H), 3.77-3.89 (m, 1H), 7337 (d, J = 7.1 Hz, 1H), 7.52 (t, J = 7.1 Hz, 1H),
7.67 (t, J = 7.1 He, 1H), 7.89 (d, J = 7.1 Hz, 1H); MS (ESD m/z = 219 [M+H]+.

cis-4-Hydroxy-3H-spiro[5-aza-2-benzofuran-1,1’-cyclohexan]-3-one (18c)

Lithium tri-tert-butoxyaluminohydride (1.0 M in tetrahydrofuran, 117 mL, 117 mmol)
was added dropwise to a suspension of 3H,4’'H-Spiro[5-aza-2-benzofuran-1,1’-
cyclohexane]-3,4’-dione (17¢c, 21.17 g, 97.4 mmol) in anhydrous tetrahydrofuran (500
mL) at 0 °C under a nitrogen atmosphere. The mixture was stirred at 0 °C for 30 min
and quenched with 2N hydrochloric acid. Tetrahydrofuran was evaporated in vacuo.
The residue was adjusted to pH 3 with potassium carbonate and extracted with
chloroform. The organic layer was dried over magnesium sulfate. The solvent was
evaporated to give 20.20 g (94%) of the title compound as a pale brown solid. 1H NMR
(300 MHz, CDC13) &: 1.80-2.15 (m, 8H), 3.80-3.90 (m, 1H), 7.38 (d, J = 5.1 Hz, 1H),
8.86 (d, J = 5.1 Hz, 1H), 9.15 (s, 1H); MS (ESD) m/z = 220 [M+H]+.

cis-4-Hydroxy-3H-spiro[4-aza-2-benzofuran-1,1-cyclohexan]-3-one (18b)

Compound 18b was prepared from ketone 17b in a manner similar to that described for
18c¢ as a yellow solid in 87% yield. 1H NMR (300 MHz, CDC13) §: 1.81-2.11 (m, 8H),
3.78-3.90 (m, 1H), 7.55 (dd, J = 7.8, 4.8 Hz, 1H), 7.78 (d, J = 7.8 Hz, 1H), 8.90 (d, J =
4.8 Hz, 1H); MS (ESI) m/z = 220 [M+H]+.

cis-4-Hydroxy-3H-spiro[7-aza-2-benzofuran-1,1’-cyclohexan]-3-one (18¢)

Compound 18e was prepared from ketone 17e in a manner similar to that described for

11c as a yellow solid in 98% yield. 1H NMR (300 MHz, CDCI3) §: 1.55-1.62 (m, 2H),
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1.80-1.98 (m, 3H), 2.09-2.31 (m, 3H), 3.81-3.96 (m, 1H), 7.49 (dd, J = 7.9, 4.7 Hz, 1H),
8.30 (d,J =7.9 Hz, 1H), 8.90 (d, J = 4.7 Hz, 1H); MS (ESI) m/z = 220 [M+H]+.

trans-3-Oxo-3H-spirol6-aza-2-benzofuran-1,1’-cyclohexanel-4’-carbonitrile (19d)

Methanesulfonyl chloride (16.1 mL, 207 mmol) was added dropwise to a solution of cis-
4’-hydroxy-3H-spiro[6-aza-2-benzofuran-1,1’-cyclohexan]-3-one (18d, 37.5 g, 171 mmol)
and triethylamine (34.1 mL, 244 mmol) in anhydrous dimethylformamide (0.40 L)

below 4 °C. The mixture was stirred at 0 °C for 10 min, diluted with ethyl acetate (0.80

L) and washed with water (0.80 L). The aqueous layer was extracted with ethyl acetate

(0.40 L + 0.40 L). The combined organic layers were washed with water (0.40 L),
saturated aqueous NaHCOs (0.40 L) and brine (0.30 L) successively, dried over
magnesium sulfate and silica gel (40 g, Wakogel C-300, WAKO), filtered and
concentrated in vacuo to afford 41.3 g (81%) of cis-3-oxo-3H-spiro[6-aza-2-benzofuran-
1,1’cyclohexan]-4’-yl methanesulfonate as a pale brown solid. 1H NMR (300 MHz,
CDC13) &: 1.92-2.00 (m, 2H), 2.11 (dt, J = 12.0, 4.3 Hz, 2H), 2.15-2.32 (m, 4H), 3.07 (s,
3H), 4.89 (tt, J = 10.0, 5.0 Hz, 1H), 7.77 (dd, J = 5.0, 1.0 Hz, 1H), 8.84 (d, J = 1.0 Hz,
1H), 8.87 (d, J = 5.0 Hz, 1H); MS (ESI) m/z = 298 [M+H]+.

Tetraethylammmonium cyanide (28.2 g, 180 mmol) was added to a solution of the
methanesulfonate (41.3 g, 139 mmol) in anhydrous dioxane (0.30 L). The mixture was
heated at 100 °C for 3 h, and then ca. 150 mL of dioxane was removed in vacuo. The
mixture was diluted with ethyl acetate (0.60 L) and washed with water (0.60 mL). The
aqueous layer was extracted with ethyl acetate (0.30 L x 2). The combined organic
layers were washed with water (0.50 L) and brine (0.30 L) successively, dried over
magnesium sulfate, filtered through a short pad of silica gel column (40 g, Wakogel C-
300, WAKO) and concentrated in vacuo. The residual solid was stirred in methanol (80
mL) overnight at room temperature. The solid was collected by filtration and washed
with methanol (80 mL) to afford 18.6 g (59%) of the title compound as a pale yellow
solid. 1H NMR (300 MHz, CDCI3) §: 1.80-1.88 (m, 2H), 2.08-2.19 (m, 2H), 2.20 (tt, J =
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13.5, 3.5 Hz, 2H), 2.37 (dt, J = 13.5, 4.5 Hz, 2H), 3.15-3.21 (m, 1H), 7.78 (dd, J = 5.0,
1.2 Hz, 1H), 8.90 (d, J = 5.0 Hz, 1H), 8.95 (d, J = 1.2 Hz, 1H); MS (ESI) m/z = 229
[M+H]+.

trans-3-Oxo-3H-spiro[2-benzofuran-1,1-cyclohexane]-4-carbonitrile (19a)

Compound 19a was prepared from the corresponding alcohol 18a in a manner similar

to that described for 19d as a white solid in 79% yield.

trans-3-Oxo-3H-spirol[4-aza-2-benzofuran-1,1-cyclohexanel-4’-carbonitrile (19b)

Compound 19b was prepared from the corresponding alcohol 18b in a manner similar

to that described for 19d as a white solid in 45% yield.

trans-3-Oxo-3H-spiro[5-aza-2-benzofuran-1,1-cyclohexanel-4’-carbonitrile (19c)

Compound 19¢ was prepared from the corresponding alcohol 18¢ in a manner similar to
that described for 19d as a white solid in 58% yield. 1H NMR (300 MHz, CDCI3) &:
1.78-1.86 (m, 2H), 2.06-2.36 (m, 6H), 3.15-3.21 (m, 1H), 7.49 (d, J = 5.1 Hz, 1H), 8.91
(d, J =5.1 Hz, 1H), 9.185 (s, 1H); MS (ESD) m/z = 229 [M+H]+.

trans-3-Oxo-3H-spirol7-aza-2-benzofuran-1,1-cyclohexanel-4’-carbonitrile (19¢)

Compound 19e was prepared from the corresponding alcohol 18e in a manner similar to

that described for 19d as a white solid in 33% yield.

trans-3-Oxo-3H-spiro[6-aza-2-benzofuran-1,1-cyclohexane]-4’-carboxylic acid (20d)
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A solution of trans-3-oxo-3H-spiro[6-aza-2-benzofuran-1,1-cyclohexanel-4-carbonitrile
(19d, 18.5 g, 81.1 mmol) in 47% sulfuric acid (90 mL, 548 mmol) and water (30 mL) was
heated at 100 °C for 48 h. After cooling to room temperature, the mixture was adjusted
to pH 4 with 5N sodium hydroxide to produce precipitate. The precipitate was collected
by filtration and washed with water to afford 18.4 g (92%) of the title compound as an
off-white solid. 1H NMR (300 MHz, DMSO-d6) §: 1.76-1.85 (m, 2H), 1.90-2.11 (m, 6H),
2.68-2.74 (m, 1H), 7.84 (dd, J = 5.0, 1.0 Hz, 1H), 8.87 (d, J = 5.0 Hz, 1H), 9.06 (d, J =
1.0 Hz, 1H), 12.35 (brs, 1 H); MS (ESD m/z = 248 [M+H]+.

trans-3-Oxo-3H-spirol[2-benzofuran-1,1-cyclohexane]-4-carboxylic acid (20a)

Compound 20a was prepared from the corresponding carbonitrile 19a in a manner
similar to that described for 20d as a white solid in 92% yield. 1H NMR (300 MHz,
CDCI13) 6: 1.68-1.87 (m, 2H), 2.03-2.37 (m, 6H), 3.13-3.20 (m, 1H), 7.49 (d, J = 7.1 He,
1H), 7.56 (t, J = 7.1 Hz, 1H), 7.73 (t, J = 7.1 Hz, 1H), 7.91 (d, J = 7.1 Hz, 1H); MS (ESD)
m/z = 247 [M+H]+.

trans-3-Oxo-3H-spirol4-aza-2-benzofuran-1,1-cyclohexanel-4’-carboxylic acid (20b)

Compound 20b was prepared from the corresponding carbonitrile 19b in a manner
similar to that described for 20d as a white solid in 90% yield. 1H NMR (300 MHz,
DMSO0-d6) &: 1.64-1.82 (m, 2H), 1.90-2.06 (m, 6H), 2.64-2.74 (m, 1H), 7.72 (dd, J = 7.9,
4.7 Hz, 1H), 8.20 (d, J = 7.9 Hz, 1H), 8.85 (d, J = 4.7 Hz, 1H); MS (ESI) m/z = 248
[M+H]+.

trans-3-Oxo-3H-spiro[5-aza-2-benzofuran-1,1-cyclohexane]-4’-carboxylic acid (20c)

Compound 20c was prepared from the corresponding carbonitrile 19¢ in a manner

similar to that described for 20d as a white solid in 92% yield. 1H NMR (300 MHz,
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DMSO-d6) §: 1.67—1.81 (m, 2H), 1.86-2.10 (m, 6H), 2.68-2.75 (m, 1H), 7.77 (d, J = 5.1
Hz, 1H), 8.86 (d, J = 5.1 Hz, 1H), 9.06 (s, 1H); MS (ESI) m/z = 248 [M+H]+.

trans-3-Oxo-3H-spirol7-aza-2-benzofuran-1,1-cyclohexanel-4’-carboxylic acid (20e)

Compound 20e was prepared from the corresponding carbonitrile 19e in a manner
similar to that described for 20d as a white solid in 90% yield. 1H NMR (300 MHz,
DMSO0-dé) 6: 1.73-1.85 (m, 2H), 1.85-1.99 (m, 2H), 1.99-2.13 (m, 2H), 2.14-2.27 (m,
2H), 2.64-2.73 (m, 1H), 7.65 (dd, J = 7.8, 4.8 Hz, 1H), 8.30 (d, J = 7.8 Hz, 1H), 8.90 (d, J
= 4.8 Hz, 1H); MS (ESI) m/z = 248 [M+H]+.

trans-N-[1-(2-Fluorophenyl)-1H-pyrazol-3-yll-3-oxo-3H-spiro[6-aza-2-benzofuran-1,1’-

cyclohexanel-4’-carboxamide (24j)

1-[3-(Dimethylamino)propyll-3-ethylcarbodiimide hydrochloride (14.0 g, 0.073 mol) was
added to a mixture of trans-3-oxo-3H-spiro[6-aza-2-benzofuran-1,1-cyclohexane]-4’-
carboxylic acid (20d, 15.9 g, 0.064 mol) and 3-amine-1-(2-fluorophenyl)-1H-pyrazole
(12.0 g, 0.068 mol) in pyridine (100 mL), and the mixture was stirred overnight. The
reaction mixture was poured into a mixture of H2O (1 L) and EtOAc (250 mL), and the
mixture was stirred for 30 min. Precipitate was collected by filtration to yield 17.45 g
(67%) of the title compound as a white solid. The filtrate was separated, and the
organic layer was washed with 10% citric acid (300 mL + 200 mL), satd NaHCOs (200
mL) and brine (200 mL), dried over MgSQO4 and concentrated in vacuo. The residue was
purified by flash chromatography on silica gel (EtOAc/hexane), and crystallized from
EtOAc to yield 4.34 g (17%) of the title compound as a white solid. Mp: 238-239 °C
(EtOAc); 1H NMR (300 MHz, DMSO-d6) 6: 1.8-2.2 (m, 8H), 2.7-2.9 (m, 1H), 6.91 (d, J
= 2.6 Hz, 1H), 7.3-7.5 (m, 3H), 7.7-7.8 (m, 1H), 7.87 (dd, J = 4.9, 1.1 Hz, 1H), 8.11 (t, J
=2.6 Hz, 1 H), 8.89 (d, J = 4.9 Hz, 1H), 9.13 (d, J = 1.1 Hz, 1H), 10.82 (brs, 1H); HRMS
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(ESID) m/z = 407.1517 [M+H]+ (C22H19FN403 requires: 407.1519). Elemental Anal.
Calced: C, 65.02; H, 4.71; N, 13.79. Found: C, 64.88; H, 4.59; N, 13.70.

trans-3-Oxo-N-(5-phenylpyrazin-2-yl)-3H-spiro[2-benzofuran-1,1-cyclohexane]-4’-

carboxamide (21)

Compound 21 was prepared from the corresponding acid and amine in a manner
similar to that described for 24j as a white solid in 73% yield. Mp: 223-225 °C; 1H
NMR (300 MHz, DMSO-d6) &: 1.75-2.30 (m, 8H), 2.93-2.95 (m, 1H), 7.30-7.90 (m, 9H),
8.20-8.60 (m, 3H), 9.05 (d, J = 1.2 Hz, 1H), 9.46 (d, J = 1.2, 1H), 10.93 (s, 1H); HRMS
(ESD m/z = 400.1655 [M+H]+ (C24H21N3083 requires: 400.1661).

trans-3-Oxo-N-(5-phenylpyrazin-2-yl)-3H-spiro[4-aza-2-benzofuran-1,1’-cyclohexane]-4-

carboxamide (22a)

Compound 22a was prepared from the corresponding acid and amine in a manner
similar to that described for 24j as a white solid in 58% yield. Mp: 237-239 °C; 1H
NMR (300 MHz, DMSO-d6) &: 1.84-1.92 (m, 2H), 2.12-2.20 (m, 6H), 2.93-2.97 (m, 1H),
7.45-7.55 (m, 3H), 7.76 (dd, J = 7.9, 4.7 Hz, 1H), 8.09 (dd, J = 8.0, 1.3 Hz, 2H), 8.25 (dd,
J =8.0, 1.3 Hz, 1H), 8.89 (dd, J = 4.6, 1.3 Hz, 1H), 9.01(d, J = 1.5 Hz, 1H), 9.46 (d, J =
1.5 Hz, 1H), 10.94 (s, 1H); HRMS (ESD m/z = 401.1607 [M+H]+ (C23H20N403

requires: 401.1614).

trans-3-Oxo-N-(5-phenylpyrimidin-2-yl)-38H-spirol4-aza-2-benzofuran-1,1-cyclohexane]-
4’-carboxamide (22b)

Compound 22b was prepared from the corresponding acid and amine in a manner
similar to that described for 24j as a white solid in 35% yield. Mp: 237-239 °C; 1H
NMR (300 MHz, DMSO-d6) &: 1.82-1.89 (m, 2H), 1.97-2.06 (m, 4H), 2.12-2.19 (m, 2H),
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2.99-3.04 (m, 1H), 7.43—7.54 (m, 3H), 7.73-7.80 (m, 3H), 8.21 (dd, J = 7.9, 1.2 Hz, 1H),
8.88 (dd, J = 4.7, 1.2 Hz, 1H), 9.00 (s, 2H), 10.77 (s, 1H); HRMS (ESI) m/z = 401.1610
[M+H]+ (C23H20N403 requires: 401.1614).

trans-3-Oxo-N-(5-phenylisoxazol-3-yl)-3H-spiro[4-aza-2-benzofuran-1,1’-cyclohexane]-

4’-carboxamide (22¢)

Compound 22¢ was prepared from the corresponding acid and amine in a manner
similar to that described for 24j as a white solid in 84% yield. Mp: 260-262 °C; 1H
NMR (300 MHz, CDC13) &: 1.87-2.00 (m, 2H), 2.19-2.50 (m, 6H), 2.96-3.08 (m, 1H),
7.37 (s, 1H), 7.48-7.64 (m, 4H), 7.78-7.88 (m, 2H), 8.01 (d, J = 7.2 Hz, 1H), 8.91 (dd, J =
4.8, 1.5 Hz, 1H), 10.00 (brs, 1H); HRMS (ESI) m/z = 390.1460 [M+H]+ (C22H19N304

requires: 390.1454).

trans-3-Oxo-N-(3-phenyl-1H-pyrazol-5-y)-3H-spiro[4-aza-2-benzofuran-1,1*

cyclohexanel-4’-carboxamide (22d)

Compound 22d was prepared from the corresponding acid and amine in a manner
similar to that described for 24j as a white amorphous solid in 24% yield. 1H NMR (300
MHz, DMSO-d6é) 6: 1.83-1.90 (m, 2H), 1.97-2.02 (m, 4H), 2.10-2.17 (m, 2H), 2.78-2.79
(m, 1H), 6.97 (d, J = 1.7 Hz, 1H), 7.33-7.37 (m, 1H), 7.42-7.48 (m, 2H), 8.22 (d, J = 7.3
Hz, 1H), 8.87-8.90 (m, 1H), 10.50 (s, 1H); HRMS (ESI) m/z = 401.1610 [M+H]+
(C23H20N403 requires: 401.1614).

trans-3-Oxo-N-(1-phenyl-1H-pyrazol-3-yl)-3H-spiro[4-aza-2-benzofuran-1,1-

cyclohexane]-4’-carboxamide (22e)

Compound 22e was prepared from the corresponding acid and amine in a manner

similar to that described for 24j as a white solid in 71% yield. Mp: 204—206 °C; 1H
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NMR (300 MHz, DMSO-d6) &: 1.8-2.2 (m, 8H), 2.75-2.85 (m, 1H), 6.86 (d, J = 2.4 Hz,
1H), 7.2-7.3 (m, 1H), 7.4-7.55 (m, 2H), 7.7-7.8 (m, 3H), 8.23 (d, J = 8.0 Hz, 1H), 8.41 (d,
J =2.4 Hz, 1H), 8.85-8.9 (m, 1H), 10.78 (brs, 1H); HRMS (ESI) m/z = 389.1609 [M+H]+
(C22H20N403 requires: 389.1614).

trans-3-Oxo-N-(1-phenyl-1H-pyrazol-4-y)-3H-spiro[4-aza-2-benzofuran-1,1*-

cyclohexanel-4’-carboxamide (22f)

Compound 22f was prepared from the corresponding acid and amine in a manner
similar to that described for 24j as a white solid in 63% yield. Mp: 225-227 °C; 1H
NMR (300 MHz, DMSO-d6) &: 1.8-2.2 (m, 8H), 2.7-2.8 (m, 1H), 7.25-7.3 (m, 1H), 7.4
7.55 (m, 2H), 7.7-7.8 (m, 3H), 8.21 (d, J = 7.2 Hz, 1H), 8.56 (s, 1H), 8.88 (d, J = 4.6 Hz,
1H), 10.22 (brs, 1H); HRMS (ESI) m/z = 389.1611 [M+H]+ (C22H20N403 requires:
389.1614).

trans-3-Oxo-N-(5-phenylpyrazin-2-yl)-3H-spiro[5-aza-2-benzofuran-1,1’-cyclohexane]-4-

carboxamide (23a)

Compound 23a was prepared from the corresponding acid and amine in a manner
similar to that described for 24j as a pale yellow solid in 43% yield. Mp: 269-271 °C; 1H
NMR (300 MHz, DMSO-d6) &: 1.80-1.96 (m, 2H), 1.98-2.22 (m, 6H), 2.95 (m, 1H), 7.40—
7.56 (m, 3H), 7.82 (dd, J = 5.2, 1.0 Hz, 1H), 8.06-8.13 (m, 2H), 8.91 (d, J = 5.2 Hz, 1H),
9.00 (d, J = 1.5 Hz, 1H), 9.09 (d, J = 1.0 Hz, 1H), 9.46 (d, J = 1.5 Hz, 1H), 10.93 (s, 1H);
HRMS (ESI) m/z = 401.1609 [M+H]+ (C23H20N403 requires: 401.1614).

trans-3-Oxo-N-(5-phenylpyrimidin-2-yl)-38H-spiro[5-aza-2-benzofuran-1,1-cyclohexane]-
4’-carboxamide (23b)
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Compound 23b was prepared from the corresponding acid and amine in a manner
similar to that described for 24j as a white solid in 20% yield. Mp: 219-221 °C; 1H
NMR (300 MHz, DMSO-d6) &: 1.80-1.92 (m, 2H), 1.93-2.22 (m, 6H), 3.02 (m, 1H), 7.40—
7.56 (m, 3H), 7.72-7.81 (m, 3H), 8.90 (d, J = 5.2 Hz, 1H), 9.00 (s, 2H), 9.08 (d, J = 1.0
Hz, 1H), 10.77 (s, 1H); HRMS (ESID m/z = 401.1607 [M+HI+ (C23H20N403 requires:
401.1614).

trans-3-Oxo-N-(3-phenyl-1H-pyrazol-5-y1)-3H-spiro[5-aza-2-benzofuran-1,1*-

cyclohexanel-4’-carboxamide (23c)

Compound 23c was prepared from the corresponding acid and amine in a manner
similar to that described for 24j as a white amorphous solid in 24% yield. 1H NMR (300
MHz, DMSO-dé) 6: 1.80-2.20 (m, 8H), 2.79 (m, 1H), 6.97 (brs, 1H), 7.34 (m, 1H), 7.40—
7.50 (m, 2H), 7.72 (d, J = 7.3 Hz, 2H), 7.78 (dd, J = 5.2, 1.0 Hz, 1H), 8.91 (d, J = 5.2 Hz,
1H), 9.09 (d, J = 1.0 Hz, 1H), 10.49 (brs, 1H), 12.82 (brs, 1H); HRMS (ESD) m/z =
401.1608 [M+H]+ (C23H20N403 requires: 401.1614).

trans-3-Oxo-N-(5-phenylpyrazin-2-yl)-3H-spiro[6-aza-2-benzofuran-1,1’-cyclohexane]-4-

carboxamide (24a)

Compound 24a was prepared from the corresponding acid and amine in a manner
similar to that described for 24j as a white solid in 44% yield. Mp: 239-241 °C; 1H
NMR (300 MHz, CDC13) &: 1.88-1.94 (m, 2H), 2.25-2.45 (m, 6H), 2.84-2.88 (m, 1H),
7.46-7.54 (m, 3H), 7.78 (dd, = 5.0, 1.1 Hz, 1H), 7.99-8.01 (m, 3H), 8.70 (d, J = 1.5 Hz,
1H), 8.89 (d, J = 4.9 Hz, 1H), 9.05 (d, J = 0.8 Hz, 1H), 9.63 (s, 1H); HRMS (ESI) m/z =
401.1621 [M+H]+ (C23H20N403 requires: 401.1614).
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trans-3-Oxo-N-(5-phenylpyrimidin-2-yl)-3H-spiro[6-aza-2-benzofuran-1,1-cyclohexane]-
4’-carboxamide (24b)

Compound 24b was prepared from the corresponding acid and amine in a manner
similar to that described for 24j as a white solid in 13% yield. Mp: 193—-195 °C; 1H
NMR (300 MHz, CDC13) &: 1.81-1.90 (m, 2H), 2.04-2.30 (m, 4H), 2.47-2.58 (m, 2H),
3.22 (m, 1H), 7.45-7.58 (m, 5H), 7.77 (dd, J = 5.0, 1.3 Hz, 1H), 8.18 (brs, 1H), 8.85 (s,
2H), 8.87 (d, J = 5.0 Hz, 1H), 9.03 (d, J = 1.3 Hz, 1H); HRMS (ESI) m/z = 401.1615
[M+H]+ (C23H20N403 requires: 401.1614).

trans-3-Oxo-N-(5-phenylisoxazol-3-yl)-8H-spiro[6-aza-2-benzofuran-1,1’-cyclohexane]-

4’-carboxamide (24c)

Compound 24c was prepared from the corresponding acid and amine in a manner
similar to that described for 24j as a white solid in 76% yield. Mp: 262264 °C; 1H
NMR (300 MHz, CDCI3) §: 1.89-1.99 (m, 2H), 2.23-2.49 (m, 6H), 2.95-3.03 (m, 1H),
7.40 (s, 1H), 7.50-7.58 (m, 3H), 7.78-7.88 (m, 3H), 8.88 (d, J = 5.1 Hz, 1H), 9.04 (d, J =
0.9 Hz, 1H), 9.86 (brs, 1H); HRMS (ESD m/z = 390.1456 [M+H]+ (C22H19N304

requires: 390.1454).

trans-3-Oxo-N-(3-phenyl-1H-pyrazol-5-yl)-8H-spiro[6-aza-2-benzofuran-1,1’-

cyclohexane]-4’-carboxamide (24d)

Compound 24d was prepared from the corresponding acid and amine in a manner
similar to that described for 24j as a white solid in 33% yield. Mp: 196-198 °C; 1H
NMR (300 MHz, DMSO-d6) §: 1.87-2.26 (m, 8H), 2.72-2.79 (m, 1H), 6.98 (s, 1H), 7.34—
7.36 (m, 1H), 7.42-7.48 (m, 2H), 7.71-7.73 (m, 2H), 7.87 (dd, J = 5.0, 1.1 Hz, 1H), 8.89
(d, J =5.0 Hz, 1H), 9.12 (s, 1H), 10.50 (brs, 1H), 12.82 (brs, 1H); HRMS (ESI) m/z =
401.1609 [M+H]+ (C23H20N403 requires: 401.1614).
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trans-3-Oxo-N-(5-phenylpyridin-2-yl)-3H-spirol6-aza-2-benzofuran-1,1-cyclohexane]-4’-

carboxamide (24¢)

Compound 24e was prepared from the corresponding acid and amine in a manner
similar to that described for 24j as a white solid in 54% yield. Mp: 238-239 °C; 1H
NMR (300 MHz, CDC13) &: 1.80—1.98 (m, 2H), 2.14-2.51 (m, 6H), 2.73-2.88 (m, 1H),
7.41(d, J =6.9 Hz, 1H), 7.48 (dd, J = 7.5, 6.9 Hz, 1H), 7.58 (d, J = 7.5 Hz, 1H), 7.77 (dd,
J=5.1,0.9 Hz, 1H), 7.97 (dd, J = 8.8, 2.4 Hz, 1H), 8.15 (brs, 1H), 8.33 (d, J = 8.7 Hz,
1H), 8.52 (d, J = 2.4 Hz, 1H), 8.88 (d, J = 5.1 Hz, 1H), 9.04 (d, J = 0.9 Hz, 1H); HRMS
(ESD m/z = 400.1664 [M+HI]+ (C24H21N303 requires: 400.1661).

trans-3-Oxo-N-(2-phenyl-1,3-thiazol-4-yl)-3H-spiro[6-aza-2-benzofuran-1,1’-

cyclohexanel-4’-carboxamide (24f)

Compound 24f was prepared from the corresponding acid and amine in a manner
similar to that described for 24j as a pale yellow solid in 65% yield. Mp: 288-289 °C; 1H
NMR (300 MHz, DMSO-d6) &: 1.82-2.23 (m, 8H), 2.80-2.91 (m, 1H), 7.44-7.56 (m, 3H),
7.71 (s, 1H), 7.83-7.97 (m, 3H), 8.88 (d, J = 5.0 Hz, 1H), 9,12 (s, 1H), 11.2 (s, 1H);
HRMS (ESD m/z = 406.1232 [M+H]+ (C22H19N303S requires: 406.1225).

trans-3-Oxo-N-(1-phenyl-1H-pyrazol-3-yl)-3H-spiro[6-aza-2-benzofuran-1,1

cyclohexane]-4’-carboxamide (24g)

Compound 24g was prepared from the corresponding acid and amine in a manner
similar to that described for 24j as a white solid in 86% yield. Mp: 249-250 °C; 1H
NMR (300 MHz, DMSO-d6) §: 1.85-2.2 (m, 8H), 2.75-2.85 (m, 1H), 6.86 (d, J = 2.5 Hz,
1H), 7.2-7.3 (m, 1H), 7.4-7.55 (m, 2H), 7.7-7.8 (m, 2H), 7.87 (dd, J = 4.9, 1.0 Hz, 1H),
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8.42 (d, J = 2.5 Hz, 1H), 8.89 (d, J = 4.9 Hz, 1H), 9.13 (s, 1H), 10.79 (brs, 1H); HRMS
(ESD m/z = 389.1612 [M+H]+ (C22H20N403 requires: 389.1614).

trans-3-Oxo-N-(1-phenyl-1H-pyrazol-4-yl)-3H-spiro[6-aza-2-benzofuran-1,1*-

cyclohexane]-4’-carboxamide (24h)

Compound 24h was prepared from the corresponding acid and amine in a manner
similar to that described for 24j as a white amorphous solid in 98% yield. 1H NMR (300
MHz, DMSO-dé) 6: 1.85-2.2 (m, 8H), 2.8-2.9 (m, 1H), 7.28 (t, J = 7.3 Hz, 1H), 7.45-7.50
(m, 2H), 7.75-7.85 (m, 3H), 7.87 (d, J = 5.1 Hz, 1H), 8.59 (s, 1H), 8.89 (d, J = 5.1 Hz,
1H), 9.11 (s, 1H), 10.23 (s, 1H); HRMS (ESD m/z = 389.1606 [M+H]+ (C22H20N403

requires: 389.1614).

trans-3-Oxo-N-(2-phenyl-2H-1,2,3-triazol-4-yl)-3Hspirol6-aza-2-benzofuran-1,1

cyclohexanel-4’-carboxamide (24i)

Compound 24i was prepared from the corresponding acid and amine in a manner
similar to that described for 24j as a white solid in 89% yield. Mp: 231-232 °C; 1H
NMR (300 MHz, CDC13) &: 1.80-1.90 (m, 2H), 2.15-2.50 (m, 6H), 2.80-2.90 (m, 1H),
7.30-7.40 (m, 1H), 7.45-7.55 (m, 2H), 7.78 (dd, J = 1.2 Hz, 4.9 Hz, 1H), 7.95-8.00 (m,
2H), 8.07 (brs, 1H), 8.30 (s, 1H), 8.88 (d, J = 4.9 Hz, 1H), 9.03 (d, J = 1.0 Hz, 1H);
HRMS (ESI) m/z = 390.1554 [M+H]+ (C21H19N5083 requires: 390.1566).

trans-N-[1-(4-Fluorophenyl)-1H-pyrazol-3-yll-3-oxo-3Hspiro[6-aza-2-benzofuran-1,1’-

cyclohexane]-4’-carboxamide (24k)

Compound 24k was prepared from the corresponding acid and amine in a manner
similar to that described for 24j as a white solid in 60% yield. Mp: 257-259 °C; 1H
NMR (300 MHz, DMSO-d6) &: 1.80-2.25 (m, 8H), 2.70-2.90 (m, 1H), 6.86 (d, J = 2.5 Hz,
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1H), 7.33 (t, J = 8.8 Hz, 2H), 7.71-7.83 (m, 2H), 7.88 (dd, J = 10.5, 4.9 Hz, 1H), 8.38 (d,
J=2.5Hz, 1H), 8.88 (d, J = 4.9 Hz, 1H), 9.13 (s, 1H), 10.8 (s, 1H); HRMS (ESI) m/z =
407.1516 [M+H]+ (C22H19FN403 requires: 407.1519).

trans-N-[1-(3-Fluorophenyl)-1H-pyrazol-3-yl]-3-oxo-3Hspiro[6-aza-2-benzofuran-1,1’-

cyclohexanel-4’-carboxamide (241)

Compound 241 was prepared from the corresponding acid and amine in a manner
similar to that described for 24j as a white solid in 75% yield. Mp: 247-249 °C; 1H
NMR (300 MHz, DMSO-d6) &: 1.78-2.25 (m, 8H), 2.70-2.90 (m, 1H), 6.90 (d, J = 2.6 Hz,
1H), 7.03-7.18 (m, 1H), 7.43-7.59 (m, 1H), 7.59-7.70 (m, 2H), 7.87 (dd, J = 5.0, 1.1 Hz,
1H), 8.49 (d, J = 2.6 Hz, 1H), 8.83 (d, J = 5.0 Hz, 1H), 9.13 (d, J = 1.1 Hz, 1H), 10.81 (s,
1H); HRMS (ESID m/z = 407.1514 [M+H]+ (C22H19FN403 requires: 407.1519).

trans-3-Oxo-N-(5-phenylpyrazin-2-yl)-3H-spiro[7-aza-2-benzofuran-1,1’-cyclohexane]-4-

carboxamide (25a)

Compound 25a was prepared from the corresponding acid and amine in a manner
similar to that described for 24j as a pale yellow solid in 7% yield. Mp: 246-248 °C; 1H
NMR (300 MHz, CDC13) &: 1.93-2.01 (m, 2H), 2.20-2.37 (m, 4H), 2.47-2.58 (m, 2H),
2.76-2.80 (m, 1H), 7.45-7.54 (m, 4H), 7.98-8.05 (m, 3H), 8.19 (dd, J = 7.8, 1.6 Hz, 1H),
8.68 (d, J = 1.6 Hz, 1H), 8.88 (dd, J = 4.9, 1.6 Hz, 1H), 9.66 (d, J = 1.5 Hz, 1H); HRMS
(ESD m/z = 401.1614 [M+H]+ (C23H20N403 requires: 401.1614).

trans-3-Oxo-N-(5-phenylpyrimidin-2-yl)-38H-spiro[7-aza-2-benzofuran-1,1-cyclohexane]-
4’-carboxamide (25b)

Compound 25b was prepared from the corresponding acid and amine in a manner

similar to that described for 24j as a white solid in 45% yield. Mp: 201-203 °C; 1H
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NMR (300 MHz, DMSO-d6) &: 1.80-2.01 (m, 4H), 2.10-2.22 (m, 2H), 2.23-2.37 (m, 2H),
2.96 (m, 1H), 7.43 (m, 1H), 7.47-7.55 (m, 2H), 7.65 (dd, J = 7.8, 4.9 Hz, 1H), 7.75-7.80
(m, 2H), 8.29 (dd, J = 7.8, 1.6 Hz, 1H), 8.92 (dd, J = 4.9, 1.6 Hz, 1H), 9.00 (s, 2H), 10.71
(s, 1H); HRMS (ESID) m/z = 401.1607 [M+H]+ (C23H20N403 requires: 401.1614).

trans-3-Oxo-N-(5-phenylisoxazol-3-yl)-3H-spiro[7-aza-2-benzofuran-1,1’-cyclohexane]-

4’-carboxamide (25¢)

Compound 25¢ was prepared from the corresponding acid and amine in a manner
similar to that described for 24j as a white solid in 86% yield. Mp: 253-255 °C; 1H
NMR (300 MHz, CDC13) &: 1.90-2.02 (m, 2H), 2.20-2.44 (m, 4H), 2.46-2.60 (m, 2H),
2.86-2.96 (m, 1H), 7.40-7.59 (m, 5H), 7.78-7.83 (m, 2H), 8.19 (dd, J = 7.5, 1.5 Hz, 1H),
8.87 (dd, J = 4.8, 1.5 Hz, 1H), 9.60-9.70 (m, 1H); HRMS (ESI) m/z = 390.1458 [M+H]+
(C22H19N304 requires: 390.1454).

trans-3-Oxo-N-(3-phenyl-1H-pyrazol-5-yl)-3H-spiro[7-aza-2-benzofuran-1,1

cyclohexanel-4’-carboxamide (25d)

Compound 25d was prepared from the corresponding acid and amine in a manner
similar to that described for 24j as a pale white solid in 2.7% yield. Mp: 245-247 °C; 1H
NMR (300 MHz, DMSO-d6) &: 1.18-1.96 (m, 4H), 2.15-2.34 (m, 4H), 2.71-2.75 (m, 1H),
6.89 (s, 1H), 7.30-7.35 (m, 1H), 7.41-7.46 (m, 2H), 7.64 (dd, J = 7.8, 4.9 Hz, 1H), 7.72—-
7.74 (m, 2H), 8.29 (dd, J = 7.8, 1.5 Hz, 1H), 8.91 (dd, J = 4.9, 1.5 Hz, 1H); HRMS (ESI)
m/z = 401.1609 [M+H]+ (C23H20N403 requires: 401.1614).
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FZE MCH1 ZBMFHEMEDORFE

E—E mAsnOBRMAMCHR BEHREELTOIZZILEY FUFEHKD
ok

N E TITHE & PR AEIERED TR 7 72K 5y - MCHIR F5FTHE A2 < O SCHRSCRFFF TS ST
Do MRS TS X0 BNC WG 72584 7 MCHIR #5538 T-226296 (1)

IX. 7> b MCH #H#ERIEH % 30 mg/kg THIHIL7 (Figure1) . GSK it 7 ==

I VRFY I REERE 2 73 A7 MCHIR S5 BRE L 5 vk CHRLE O MNEITIE

(Wi - 1) Ry 2 e a2 R Lz, 7Ry ME, A& —/L 37 invitro 83X Win
vivo TBHERR N & md Z L2 R Lz, AR T L EEM DN A—T |k
A7 V== 7 THLNE v MEEYOFHELH B O MCHIR iz i L Tx

7L: 73-75
o

oo, POee s

o/\/N\/
1:Takeda (T- 226296) 2: GlaxoSmithKline
hMCH1R IC . 5.5 nM hMCH1R p Ki: 7.7

0 N
N
©/\ O N>_ \
H
3: Abbott 4: Bunyu
hMCHIRIC .;: 1.4 nM hMCH1RIC : 2.7 nM

Figure 1. Structure of MCH1R antagonists.

Zi b MCHIR 2% L T A e S TEME 2 (b &, ko kHic3>od@md s>
TN AT F TR TH D  RIGBKIET U — e (A) NV EICT U = dhs g
L= AREY I Rar7 B) KON U h—IZfEE L EET S v E#EL () .
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W STV D55 MCHIR F5HU3IT) 3740 6 MCHIR ~DOFEHUEF TN Z hERG ~DIEE
IZEWBFIMEZ A LTV D A, T, SWIBETE &L iRWEEMEAZ A2 2 S ITER L T
WD EEBEZDND, LRI, REHZEESRRHEI~ BT E L RWEEL 52 TND
EEBEZOND, TG EZRIRFIRRT 5 720121%, &I 72 5 7= 72 MCHIR H#5HL/EH
ZFRFOU — ROFBRETHDH L% 2, Figure 2 1IZR”7 X918, FRODARFH I FE
DEEY FATEESMR DR LR AT, TOME, BG4 A L72@ R MCHIR 55t
HORAIHIZED Z LN TE, ZOWMETIEL, FriclC Al S 7212220 IRIY 72 MCHIR
TUAAZARNTHD N-7 == E Y RUFBEROTYA | B, BEEEHARE
(SAR) KU, HUIEmIEVECOWTHET 5,

N-Aryl carboxamide
2

Amine tail N-Phenylpyridone Amine tail

Figure 2. Design of the N-phenylpyridone scaffold.

Scheme 1-5 I[ZARIOIGRIZHE DS E T A LI -7 = =B RUFBEERO G Z R
To U =G, bbb, K7 U — ikl v Fra7 NE#E SRR -7
LB baid, HlRD 2-7 VA u-4-3— KUY (8) HAMLEZ, LAWS L 4-7
nAuaZz=Ra il DA v 7Y T RISIZE VLA 9 L L, W CEERE T T
MARHELTE Y FURFER10 21572, (LaW 101XV~ Ty 7V U TR, 1-
YIUNFHRLATRERCBR LRSS, M7 == FUGFEE 1 2157, B
ST, RUVUNVEEBREL Y = —AFER12 L L, 20%, 2- (EXRY D U-1-A
V) TH ) =) E ORIESSZ LY . LAY ba ZmINEETR7- (Scheme 1)

Scheme 2 [ZI3RME T V—/LEE L B U R a7 N LRI L TORNB 7268 5b DA R
EERT, BEERE (I1) fFEF., 43— F-2-v'VU F> (18) & 4~ (tert-7F /Ly AF)v
VUNAFRY) TR a Oy 7Y U RIGICE Y N7 ==V E Y R UFRER
14 %187, U~y TV TRET kB4 L 4-TNFdn T =) —NE kT v
Uo7 E&E, ZO%OMETHR#ESNIZ T = / —/ViHER 16 2 TREDINETHE, 5
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BN T = ) —VFHERE B 2- (ERYD-1-A L) =& ) — )L WS TGS H
5 L TIEAEY Bb 15T,

P,
O %0

Scheme 1. Reagents and conditions: (a) 4-Fluorophenylboronic acid, Pd(PPhs),, 2M Na,COj3, dimethoxyethane;
(b) aq. HCI; (¢) 1-benzyloxy-4-bromobenzene, Cul, K,CO3, DMF, 150 °C; (d) concd HCI, water, MeOH, reflux;
(e) diethyl azodicarboxylate, PPhs, 2-(piperidin-1-yl)ethanol, THF.

N

15

| o
X
NN a L b /©/ | \N
o= Yo, " Yo
0 0
i OTBDMS OH
13

(0]
P ORS
F O
(0] O/\/N
Sa

Scheme 2. Reagents and conditions: (a) 4-(tert-Butyldimethylsilyloxy)phenylboronic acid, Cu(OAc),,

molecular sieves 4A, pyridine, CH,Cl,; (b) 4-fluorophenol, Cul, K,CO5, DMF, 150 °C; (c) diethyl

azodicarboxylate, PPhs, 2-(piperidin-1-yl)ethanol, THF.
Scheme 3 23K T UV —I L BV RoaT7n 2 K10 L TORB - T2LEW DA RRE
oy, RO I vvH (1) FET, TRoOEY FUFER (16) & 2- 43— 7
=/ FY) ThIERR2 BT UERGSEDZ L TRFRETHL V7 =1
R UFFEMR 1T 2 PREOIER TR, AW 171X, & p- L= 2R R Y
V= ATEOH P L, 7=/ — Vi EHR 18 L L, LT 2-7 I/ =¥ ) —/UHHE
DRIEF S THEE S EALAH be—d 33 L WM bg-p & R D mIE TR,

Scheme 4 [Z1%, X P8 ELEZ AT OHER, Vo —DFE IR D FER
K ORB VPO T ) — VI TE# SN2 HE R & BRI DV &R
THEROERIEEZRT, /3T U0 AREFE T, KEFEHK T TILAY bd 2 KHELSy
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L, 7=/ —FHEIR19 &L, ZDO%, RIERKISZE V{EEY be-f B LN Ta-j =45
7=

s
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16
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o Yoot P

0 "
c @ \Q\‘ R= \(\/'O \(\/NO NJ \(\/N\/
e A I

Sc 5d 5 Sh 51

Sc, 5d, 5g-p > \\/\/T/ \/\/‘\/O \)\/‘

5p

5m

Scheme 3. Reagents and conditions: (a) 2-(4-Iodophenoxy)tetrahydro-2H-pyran, Cul, K,CO3, DMF, 150 °C;
(b) pyridinium p-toluenesulfonate, EtOH, reflux; (c) diethyl azodicarboxylate, PPh;, ROH, THF.

?moH ?\@N@H Bo o

Se, 51, 7a-j

AQt Qi Qs
Se 5f F 7a 7b Tc Cl 7d
-] g
s D T x@w g
Cl
7e 7t 7g 7h 7i 7i

Scheme 4. Reagents and conditions: (a) Pd on carbon, H,, MeOH, THF; (b) 1,1'-(azodicarbonyl)dipiperidine,
PBus, ROH, THF.

Scheme 5 (213, 7 I DY U — ORRIFT & R E S TALEH O G R
PoRT, AEEM16 L 4- (A RXUHAR=N) TR L BOIN~ Ly Y v
RO LY . ALEW 20 1572, THENKGREL VR R 21 & L7z, MeOH-THF /1
DT AT T 2 =R AR Y IV E RS E- AN A — NEEK 22 215, Fhlifi 2-

(P FN-7 /) =2FATuI FEDOOETIRE 6 L L, A MFTINVR= V%
Bri U LA 6a 245, S5, NIBLLAT LT E RICX5EIMT 2 /gL b N-2
FABALE) 6b Z 45T,
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CO,R NHCO,Me
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16 20 R = Me
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6¢ R'= CO2Me
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|

6b R'= Me

Scheme 5. Reagents and conditions: (a) 4-(Methoxycarbonyl)phenylboronic acid, Cu(OAc),, molecular sieves
4A, pyridine, CH,Cl,; (b) 4N NaOH, MeOH, THF; (c) diphenylphosphoryl azide, triethylamine, MeOH, THF;
(d) 2-(diethylamino)ethyl bromide hydrobromide, potassium tert-butoxide, THF; (¢) LiAlH4, THF; (f)
paraformaldehyde, ZnCl,, NaB(CN)H;, MeOH.

22

{EEMO—KAZ V) —=227L LT, & kMCHIR 25835 CHO Ml HFFHE Lz A v~
Ly ~OPTIMCH 2 L7 ek a7 v A TRABBUFMEZFHME L2, 20k, H#PE
L, B R % MCHIR %3192 CHO AT MCH 12 £ 0 #5% S A MIRAN Vo o ARt
T EWOAEFEL I % FLIPR JIE LMl L7z, QTc IERREZ 7 2 728 [*SIN-[ (4R) -
-[@2R-6-v7 /-1,2,3,4-7 kTt kr-2-F 7% L =1]-3,4-Vk Ku-4-k k¥
AEa-[20F1-_U BT -2, 8- D U]6-A V] A X AR T 2R (MK-499) fif

M L72 hERG # U 7 AF v A HEEEZFHm L7, 8

BN T == R L RKT U — VO i g% #GE L 7= (Table 1) , {LA&%) ba
EMEED b DX HIZT7 == VL ) R ERES L < ITMEF 7O E L7CHE
HARIT MCHIR 12k L TR EIFIME 2 R S 2o e, BIRENZ &I, U h—ELTDR
FL oA x LA RONTALEY be 38 LUMEEY) bd 13, MCHIR 12 L CTHEHIZ BAF RS E
BAWE (ZENZN1C=4. 4 BEDE.8 nM) &R L7z, 612, (kG bc LG bd 1X%
NEN IC=19 BLV 27T nM &5 & & BAF2 eV TOMEFEEZ R LIz, L LR

O, A=Y —=NILIHUD &, (LEY be BLUMLEW bf THIRSHLD K D12, 10
B 650 B LTNI50 MDD LR TF L7z, TRHDRIRED . AF Lo AFVETHA L
Tz VEE T 2= Y R, BELZEMHIR D7 7 —~a 747 & —H L2

LEREL TS,
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Table 1
hMCHIR binding affinity of compounds 5a—5f

e

Compound R X (Linker) NRiR2

o~ NRiR,

binding FLIPR
ICs02 MM)  ICso2 (nM)

ba F Null O >1000 nt

5b F 0 O >1000 nt
5e H CH:0 O 4.4 19

5d H CH:0 z{'@ 5.8 27

<

Be F CH:CH:0 ;,{D 650 nt

5f

=

OCH:CH:0 K{D 150 nt

2 Values are means of two experiments. Compounds competed with ['?*I]-MCH for

binding at the human MCH1 receptor. nt = not tested.
K7 V—WENR AT LA VTS LTEEBER B W BRI Z S5 72DiI@ L T b
BN olzlzd, Vo —%AF Lo AFVRICEE LT 4 VxR -N-T = =

NMEY RATK L, BOT I U ES DL EIT o 72,
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Table 2
Profiles of compounds 5¢c—d, 5g—p and 6a—c

S
Yo

. 1 R hMCH1R FLIPR hERG
ompoun
P ICsr M)  ICs2 M)  ICscb (uM)
5¢ O 4.4 19 5.8
K{O/\/N
5d f’f\o ~ N@ 5.8 27 8.1
5 ? 24 34 10
g >
go/\/N\)
|
5h ;\O/\/ N 9.5 18 >10
5 K 6.6 24 9.8
! fio/\/N M
54 AgN W/ 5.1 22 4.3
5k | 3.8 nt 0.81
;\O/\/N
51 ;\O JV;L\ 51 nt nt
Am *’f\o></'\|l\ 180 nt nt
cotinued
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Table 2 (cotinued)

hMCH1R FLIPR hERG
ICs02 (M) ICs02 M)  ICsob (uM)

Compound R

N
5n AO/\Q 18 nt 5.8

/
50 f;\o/\i\‘) 12 23 9.3

5p ;\O/C — 18 nt >10

6a AN 6.8 nt 7
H
6b ;QN/\/NKV 16 nt 1.7
|
6c AN >1000 nt nt
dAD/

a Values are means of two experiments. Compounds competed with [1251]-MCH for
binding at the human MCH1 receptor. b Inhibition of [35S]N-[(4R)-1-[(2R)-6-cyano-
1,2,3,4-tetrahydro-2-naphthyl]-3, 4-dihydro-4-hydroxyspiro[2H-1-benzopyran-2,4’-
piperidin]-6-yllmethanesulfonamide binding to hERG in HEK293 cells. nt = not
tested.

Table 2 (2 V-7 = =/L &' FURBEERDO S E & E 2T I 43Ik F 5 MCHIR B LW
hERG OFLEIEMEICBET 2 SAR &2 % &z, B XU Y UH (Be) HE/NHRY Vi (Bg) T
B3 % & hERG FHEIEEAZ KT (160 >10 M) T& 72723, MCHIR #EG#FMES 5 £
gz, YAFAT IV (Bh) . YZFAT IV (5i) BIOWA Y TRELT IV
(55) 72 EIFBRAT I L FFEIRD MCHIR A G BURTE  (ICs I LI 9.5 D 6.6 KT}
5.1 nM) (&, BT I MEEW be KMEEW bd LAFTH T, S HIT, FhTHLHY
AFNT I M Bh 13, hERG OLEEMEZAR T C &z, LB Bk D X 5 ITEHRE T
(ZRE a2V EE S MCHIR R EBUPEICIERFR L7228, hERG LG IEIIAECHINL
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7o (ICs = 0.81 uM) o =F LU H— RICAFNANEIT ATFNAVIEELENLTALEY
51 35 L OMLEH bm (300 MCHIR BIFNME (£ 1050 fE=51 I8 XL TV 180 nM) 1T K& <K
L7ce LU, N Eo@E#IELE Y U — ETRILLZEXY =)L (6n) Bt RrY Y
=)VEERRIR (ILB% 5o B L OMEEM Bp) D K 5 7227 2 AUBH~DZE AT MCHIR BRE
AT EET208, BHARY o —~DAFALIIFEE TIER) -T2, LB 5d D
TIVENLE T 2 = VEED Y ) — E ORI T 2 BRI ~EH LI ALE 6a 13, (b
G4 6d & [AFED MCHIR K5G8 & hERG HEEMEZ R Lz, BT, (LEW 6a DR
T I ATV EEALTALEY 6b O MCHIR Fi AU T IZK T L7223, hERG i
VI LT uM ERIMER Z R LT, ATV —R"A A NEBALTALEY) 6c D
MCHIR #&BFIEIR TR L7z,

Table 3

Profiles of compounds 7a—7j

R/O | X
N
0 [ :LO/\/ID

Compound R hMCHIR FLIPR hERG
ICs0* (nM) ICso* (nM) ICs0° (M)

T7a o-F-Bn- 8.7 30 4.3
7b m-F-Bn- 5.9 22 2.9
7c p-F-Bn- 5.6 23 9

7d 0-CI-Bn- 12 nt nt

Te m-Cl-Bn- 4.2 nt 1.9
7f p-CI-Bn- 1.4 17 1.7
7g p-MeO-Bn- 7 11 1.2
7h p-CF3-Bn- 6.7 49 2.4
7i p-Ph-Bn- 640 nt nt

7j 2-Naphtyl-CHo- 7.7 175 0.67

2 Values are means of two experiments. Compounds competed with ['?*I]-MCH for binding
at the human MCH1 receptor. ® Inhibition of [*S]N-[(4R)-1-[(2R)-6-cyano-1,2,3,4-
tetrahydro-2-naphthyl]-3,4-dihydro-4-hydroxyspiro[2H-1-benzopyran-2,4’-piperidin]-6-
yl]methanesulfonamide binding to hERG in HEK293 cells. nt = not tested.
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Table 3 (Z/8k L7z Y . MCHIR @ in vitro 7B 7 7 A /L& S HIZ&kFET H720H, EHl7 =
ZVEED SRR B LT, 7 == VRIZT vy R T I3ERFR 28 A LTLEW

(7Ta-7£) 1%, BWMCHIR FEGBIRMEA R LTz, 2o DLEMD S B, VI ER: L
T AL B Te KOMEE TE (165 = 5.6 BE VL. 4 nM) 1E, HEIZE W MCHIR A5 &BLF1M: %
RUTz, &6, LAY Te LbE¥ 7f @ MCHIR BHEEMEIX, (LA 5d LHZETH -
oo PEHREN S TR BB A BN LT 7 VA B §FEAK Te @ hERG PHETEMEIE, (XA

(9.0 uM) ThHol=2S, Z7ouiFER T Tix, 8 (1.7 uM) L7, 74 oiBEk
Te LITRAIZEFHEGED A M0k (Tg) BRLOEFUSIMED N 7 A m A F /LR

(Th) D ANFPLA~OEANTIE, W LAY & B MCHIR PLETEME CITRFR S L7728, hERG [
WEMEITEM L7, 7 2=k (Ti) OBEANTHFEET, F7F 08 (7)) OEANIL,
MCHIR & &R 2 PRds L7225, hERG BHETE PRI IEE LTz, REMELEY) be. Te
BIOTT DTy bOCSFRBITHEZREL L=,

Table 4

Biological properties of the representative phenylpyridone compounds

Brain penetration in SD rats 2 h @10 mpk

Compound
Plasma (uM) Brain (nmol/g) CSF (uM) Brain/plasma ratio
5¢ 0.2 0.76 nd 3.8
Tc 1 2.4 0.055 2.4
7f 0.47 1.67 0.01 3.6

nd = Not detected.
SD 7w FTHE CS FiRE (10 mg/kg, #HA&G#% 2 Kl ZRIE L7-# R % table 4
FE&0DH, N7 ==Y Frv U —=X0EWIE, be, Te I8 LU TF O/ RN T
T 3.8, 2.4BKV3.6 & NTREFQIMBATIEEZ R LT, be O HHRIYERV M fE L~ L
X, Te lZHARTT v FORBREENBENFITER T2 L B2 55 (F—XIETERTR) .
LG Te 13, MR 2.4 u M EENTZINBITIEE R L. ALEW TE K0 I35 20T @ WV CSF
WREZR LTz, 512, LAY Te 1%, hERG FETEMEZ T T2 < 150 FEO/ SR LT vk
AR L THENTCBIWEZ G2 2 LR INTe (W THh . MCHIR FEABIAIME L Y
500 fHERWBIFIECTH o T2)
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Figure 3. Effect of 7c on spontaneous food intake in DIO mice.
Food intake was measured 24 h after 7c was orally
administrated. #P <0.05 versus vehicle treated control group.

##P <0.01 versus vehicle treated control group.
TR, BIRYE, B XLOEN T MBATIHEO T R T TERIERD B ONT-D T, BHEmE
BE T M BT 21668 Te OFHEIZ FEfi LTz, &% Tc OBEMEZIRIL, =227
v a2 DI0~ 7 ACTaHli L7z, (LAWY Te D@t N b51%, Figure 3 [Z/Rx34£Z, DIO
~ U AT 24 e o B RER BYHE R A FI SR ARSIl L7z (3. 100 30 mg/kg TENLEIL
6%. 13%. 19%) . "MbAEY Tc ITEYEIRET LV TOENT in vivo [EMEZ R LTZ7
W, S HITEMEETEEE T VTR L 72, 3. 10, 30mg/kg DILEM Te % 1.5 2L 1
Hilll, #&O0%5325E, =mZXAZ 7V via2 D0~ T 2AORYEBERE & RENED L,
B G TREOREOWRANE, 3, 10, 30 mpk, q.d, TENZIRED 4%, 1%, 21% &
MERFOIZED L. (Figured4) . 2O~ U AZFH LA LA, ZOKRERD
. EIEIRE TEH R ORAITRD b hole, BIZMF L 7T URE S H &K
D LCWie (F—ZI3FERTR)
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Figure 4. Body weight change in DIO mice with administration of compound 7¢ for 1.5

months (q.d). Data are mean. #P <0.05 versus vehicle treated control group. ##P <0.01

versus vehicle treated control group.

fbam & LC, 907770 MCHIR FLESEOAIH & hERG HEM#EZ B E LT, -7 ==L ]
NGz f.La 7 & UTRGEH L, M Ol bAFIE 21TV, B LWMEA i %
MCHIR BEEH & L CTRH L7z, ZOFBULEWIEE, ZhE TR L STV 72 hERG FHFE
HEREET 2 HENTE 2, Ak L7 LB ORETEYERR & £ OB OMHTIC LY . (LEW Te
IFENTNBATIEZ RS DI IR 72 MCHIR BAEIR TH L5 Z LB LR 5T,
{b& Te 1X, DIO ~ 7 AE T /L THEKFIIEN T ARERD 2R LIcEND, -7 ==
YRR, NERTEHE O BIRBIFE Bl & L C o rIaerE DR & 7 2 PRERIFFE A

FEh S 37z,
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FEHE XEROA

R OIS, TGRS 2 Z R L., W76 u<x T 7 4—I28D
K8 3 BEIZ 13X Wakogel C 300 (mesh 45 75 pm) 1% Biotage silica gel columns (KP-Sil
silica) & A\ 7=, 47HUH HPLC (1 X 2 K%, 4Bl2i% YMC-Pack Pro C18 (YMC, 50 _ 30
mm id.) %> CHsCN/aqueous CFsCOzH (0.1%) 10:90 »>5 50:50 (8 437 7 = b,
JiEl 40 mL/min) & W7o, 2@ 7 v~ 7T 7 4 —IZ1% Merck silica gel 60 F254
pre coated plates # A\ 7=, TH NMR A7 ki, JEOL JNM AL 400

spectrometer, Varian Gemini 300 spectrometer X | Varian Mercury 400 spectrometer
R L, B nafRV AEEOSAEITT 8 AF L7 (TMS, 6 0.00 ppm), A
H ) — VRO EI1IA % 7 —/ (CD3OD, 6 3.30 ppm) . BV AFIILALKRF Y RE
BEOLGAIIT AF L ANLE XL K (DMSOds, § 249 ppm) F/IET FTAF LT
(TMS, § 0.00 ppm) % NEFZEHRE L L CHIE L ppm HAL CRodl L7z, TEEAY hUIT,
Waters micromass ZQ. micromass Quattro II, X|X, micromass Q Tof 2 % T

electronspray ionization (ESI) & 723 atmospheric pressure chemical ionization (APCI)

THIE L7z, @iE, Yo @l e s MP-S3 THIE L7,

1-[4-(Benzyloxy)phenyll-4-(4-fluorophenyl)pyridin-2(1H)-one (11)

A mixture of 2-fluoro-4-iodopyridine (8, 2.0 g, 8.97 mmol), (4-fluorophenyl)boronic acid
(1.4 g, 10.0 mmol), tetrakis(triphenylphosphine) palladium (270 mg, 0.234 mmol), 2 M
Na2COs (10 mL) in DME (20 mL) was stirred at 80 °C overnight. The mixture was
cooled and diluted with EtOAc (20 mL), then washed with water (20 mL) and brine (20
mL). The organic fraction was dried over MgSO4 and the solvent was evaporated under
reduced pressure. The residue was purified by flash chromatography on silica gel
(EtOAc/hexane) to give compound 9 (1.70 g, 99%) as a white solid. A mixture of 2-
fluoro-4-(4-fluorophenyl)pyridine (9, 1.70 g, 8.97 mmol) in coned HCI (5 mL) and water
(10 mL) was refluxed for 4 h and stirred at room temperature overnight. The
precipitate was collected and washed with water and acetone to afford compound 10

(1.46 g, 87%) as a white solid. Compound 10 was used without further purifications.
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A mixture of 4-(4-fluorophenyl)pyridin-2(1H)-one (10, 300 mg, 1.58 mmol), 1-
(benzyloxy)-4-bromobenzene (500 mg, 1.90 mmol), Cul (90 mg, 0.48 mmol), K2CO3 (440
mg, 3.17 mmol) in DMF (6 mL) was stirred at 150 °C overnight. Furthermore, 1-
(benzyloxy)-4-bromobenzene (180 mg, 0.684 mmol) and Cul (150 mg, 0.80 mmol) were
added to the mixture and stirred at 150 °C for 6 h and then cooled. The mixture was
diluted with CHCls (200 mL), then washed with water (200 mL) and brine (100 mL).
The organic fraction was dried over MgS0O4 and the solvent was evaporated under
reduced pressure. The residue was purified by flash chromatography on silica gel
(EtOAc/hexane) and crystallized (EtOAc/hexane) to provide compound 11 (458 mg,
78%) as a white solid. 1H NMR (300 MHz, DMSO0-d6) &: 5.18 (s, 2H), 6.64 (dd, J = 7.2,
2.0 Hz, 1H), 6.75 (d, J = 2.0 Hz, 1H), 7.12 (d, J = 8.9 Hz, 2H), 7.28-7.51 (m, 9H), 7.69 (d,
J =17.2 Hz, 1H), 7.83 (dd, J = 8.9, 5.4 Hz, 2H).

4-(4-Fluorophenyl)-1-(4-hydroxyphenyl)pyridin-2(1H)-one (12)

A mixture of 1-[4-(benzyloxy)phenyll-4-(4-fluorophenyl)pyridin-2(1H)-one (11, 200 mg,
0.539 mmol) in concd HCI (2 mL) water (2 mL) MeOH (2 mL) was refluxed for 1 h.
Concd H2S04 (0.5 mL) was added to the mixture and the mixture was refluxed for 3 h.
The mixture was diluted with water (5 mL) and cooled to room temperature with
stirring. The precipitate was collected and washed with water and MeOH to afford
compound 12 (141 mg, 93%) as a pale yellow solid. The solid was used without further

purifications.

4-(4-Fluorophenyl)-1-{4-[2-(piperidin-1-yl)ethoxylphenyl}pyridin-2(1H)-one (5a)

To a solution of 4-(4-fluorophenyl)-1-(4-hydroxyphenyl)pyridin-2(1H)-one (12, 40 mg,
0.142 mmol), PPhs (56 mg, 0.213 mmol), 2-(piperidin-1-yl)ethanol (0.025 mL, 0.170
mmol) in THF (2 mL) was added diethyl azodicarboxylate (37 mg, 0.213 mmol). The

mixture was stirred at room temperature for 4 h and concentrated under reduced
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pressure. The residue was purified by flash chromatography on silica gel
(MeOH/CHC1s) and crystallized (EtOAc/hexane) to give compound 5a (41 mg, 73%) as a
white solid. 1H NMR (300 MHz, DMSO-d6) §: 1.32-1.42 (m, 2H), 1.43-1.54 (m, 4H),
2.38-2.46 (m, 4H), 2.66 (t, J = 5.9 Hz, 2H), 4.11 (t, J = 5.9 Hz, 2H), 6.63 (dd, J = 7.2, 2.0
Hz, 1H), 6.74 (d, J = 2.0 Hz, 1H), 7.05 (d, J = 8.9 Hz, 2H), 7.29-7.37 (m, 4H), 7.68 (d, J
=17.2 Hz, 1H), 7.83 (dd, J = 8.9, 5.5 Hz, 2H); MS (ESD) m/z = 393 [M+H]+; HRMS (ESD);
caled for C24H26FN202 393.1978; found 393.1977 [M+H]+.

1-[4-(tert-Butyldimethylsilyloxy)phenyll-4-iodopyridin-2(1H)-one (14)

A mixture of 4-iodepyridin-2(1H)-one (18, 2.0 g, 9.05 mmol), 4-(tert-
butyldimethylsilyloxy)phenylboronic acid (6.8 g, 27.1 mmol), Cu(OAc): (2.46 g, 13.6
mmol), pyridine (0.73 mL, 27.1 mmol), molecular sieves 4A (2.0 g) in CH2Cl2 (40 mL)
was stirred at room temperature for 2.5 days. The mixture was filtrated and washed
with brine (100 mL). The organic fraction was dried over MgSO4 and the solvent was
evaporated under reduced pressure. The residue was purified by flash chromatography
on silica gel (EtOAc/hexane) and crystallized (hexane) to give compound 14 (439 mg,
11%) as a white solid. 1H NMR (300 MHz, DMS0-d6) &: 0.22 (s, 6H), 0.96 (s, 9H), 6.60
(dd, J = 7.0, 1.8 Hz, 1H), 6.93 (d, J = 8.8 Hz, 2H), 7.01 (d, J = 1.8 Hz, 1H) , 7.26 (d, J =
8.8 Hz, 2H) , 7.38 (d, J = 7.0 Hz, 1H).

4-(4-Fluorophenoxy)-1-(4-hydroxyphenyl)pyridin-2(1H)-one (15)

A mixture of 1-[4-(tert-butyldimethylsilyloxy)phenyll-4-iodopyridin-2(1H)-one (14, 100
mg, 0.23 mmol), 4-fluorophenol (29 mg, 0.26 mmol), Cul (50 mg, 0.26 mmol), K2COs (65
mg, 0.27 mmol) in DMF (1 mL) was stirred at 150 °C for 1.5 h. CHCls (20 mL) and
water (20 mL) were added to the mixture, and then the mixture was filtrated. The
organic layer was washed with brine (10 mL). The organic fraction was dried over

MgSO4 and the solvent was evaporated under reduced pressure. The residue was
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purified by flash chromatography on silica gel (EtOAc/hexane) and crystallized
(EtOAc/hexane) to provide compound 15 (18 mg, 26%) as a white solid. 1H NMR (300
MHz, CDCls) &: 5.84 (d, J = 2.6 Hz, 1H), 6.19 (dd, J = 7.5, 2.6 Hz, 1H), 6.61 (d, J = 8.8
Hz, 2H), 6.98 (d, J = 8.8 Hz, 2H), 7.07-7.15 (m, 4H), 7.32 (d, J = 7.6 Hz, 1H); MS (ESID)
m/z = 298 [M+H]+.

4-(4-Fluorophenoxy)-1-{4-[2-(piperidin-1-yl)ethoxylphenyl}pyridin-2(1H)-one (5b)

Compound 5b was prepared from 15 and 2-(piperidin-1-yl)ethanol using the procedure
described for 5a with 55% as a white solid.1H NMR (300 MHz, DMSO-d6) §: 1.31-1.40
(m, 2H), 1.42-1.52 (m, 4H), 2.36-2.43 (m, 4H), 2.65 (t, J = 6.0 Hz, 2H), 4.09 (t, J = 6.0
Hz, 2H), 5.45 (d, J = 2.9 Hz, 1H), 6.14 (dd, J = 7.6, 2.9 Hz, 1H), 7.01 (d, J = 8.9 Hz, 2H),
7.24 (d, J = 8.9 Hz, 2H), 7.27-7.37 (m, 4H), 7.65 (d, J = 7.6 Hz, 1H); MS (ESI) m/z = 409
[M+H]+; HRMS (ESI) calcd for C24H26FN203 409.1927; found 409.1922 [M+H]+.

4-(Benzyloxy)-1-[4-(tetrahydro-2H-pyran-2-yloxy)phenyllpyridin-2(1H)-one (17)

A mixture of 4-(benzyloxy)pyridin-2(1H)-one (16, 26.06 g, 129.5 mmol), 2-(4-
iodophenoxy)tetrahydro-2H-pyran (50.3 g, 165.4 mmol), Cul (7.78 g, 40.85 mmol),
K2COs (38.12 g, 275.8 mmol) in DMF (500 mL) was stirred at 150 °C for 24 h. The
mixture was cooled and poured into water (3.0 L) to appear a precipitate. The
precipitate was collected and then the precipitate was dissolved in CHCIs (1 L). The
organic layer was washed with brine (500 mL) and dried over MgSO4. The solvent was
evaporated under reduced pressure and the residue was crystallized (EtOAc) to give
compound 17 (28.12 g, 60%) as a white solid. 1H NMR (300 MHz, DMSO-d6) &: 1.46—
1.58 (m, 3H), 1.58-1.93 (m, 3H), 3.50-3.60 (m, 1H), 3.70-3.81 (m, 1H), 5.12 (s, 2H), 5.52
(s, 1H), 5.95 (d, J = 2.7 Hz, 1H), 6.06 (dd, J = 7.7, 2.7 Hz, 1H), 7.09 (d, J = 8.8 Hz, 2H),
7.25 (d, J = 8.8 Hz, 2H), 7.32-7.49 (m, 5H), 7.53 (d, J = 7.7 Hz, 1H); MS (ESI) m/z = 378
[M+H]+.
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4-(Benzyloxy)-1-(4-hydroxyphenyl)pyridin-2(1H)-one (18)

A mixture of 4-(benzyloxy)-1-[4-(tetrahydro-2H-pyran-2- yloxy)phenyllpyridin-2(1H)-
one (17, 982 mg, 2.60 mmol), pyridinium p-toluenesulfonate (65 mg, 0.26 mmol) in
EtOH (16 mL) was refluxed for 1 h. The mixture was cooled and water (60 mL) was
added to the mixture to appear a precipitate. The precipitate was collected and washed
with water and EtOAc to afford compound 18 (746 mg, 98%) as a white solid. 1H NMR
(300 MHz, CDCls) 6: 5.06 (s, 2H), 6.08-6.15 (m, 2H), 6.73 (d, J = 8.8 Hz, 2H), 7.07 (d, J
= 8.8 Hz, 2H), 7.23 (d, J = 7.5 Hz, 1H), 7.38-7.44 (m, 5H); MS (ESD) m/z = 294 [M+H]+.

4-(Benzyloxy)-1-{4-[2-(piperidin-1-yl)ethoxylphenyl}pyridin-2(1H)-one (5¢c)

Compound 5¢ was prepared from 18 and 2-(piperidin-1-yl)ethanol using the procedure
described for 5a with 72% as a white solid. 1H NMR (300 MHz, DMSO-d6) §: 1.32—1.42
(m, 2H), 1.43-1.55 (m, 4H), 2.38-2.47 (m, 4H), 2.66 (t, J = 5.5 Hz, 2H), 4.09 (t, J = 5.9
Hz, 2H), 5.12 (s, 2H), 5.94 (d, J = 2.6 Hz, 1H), 6.05 (dd, J = 7.7, 2.6 Hz, 1H), 7.00 (d, J =
8.9 Hz, 2H), 7.23 (d, J = 8.9 Hz, 2H), 7.32-7.47 (m, 5H), 7.50 (d, J = 7.6 Hz, 1H); MS
(EST) m/z = 405 [M+H]+ HRMS (ESI) calcd for C25H29N203 405.2178; found
405.2177 [M+H]+.

4-(Benzyloxy)-1-{4-[2-(pyrrolidin-1-yl)ethoxylphenyl}pyridin-2(1H)-one (5d)

Compound 5d was prepared from 18 and 2-(pyrrolidin-1-yl)ethanol using the procedure
described for 5a with 85% as a white solid. 1H NMR (300 MHz, DMSO-d6) §: 1.80-1.85
(m, 4H), 2.62-2.67 (m, 4H), 2.93 (t, J = 6.3 Hz, 2H), 4.15 (t, J = 6.3 Hz,2H), 5.03 (s, 2H),
6.03 (dd, J = 7.8, 2.4 Hz, 1H), 6.06 (d, J = 2.4 Hz, 1H), 6.99 (d, J = 8.6 Hz, 2H), 7.21 (d, J
=17.8 Hz, 1H), 7.25 (d, J = 8.6 Hz, 2H), 7.40 (dd, J = 13.7, 4. 3 Hz, 5H); MS (ESD) m/z =
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391 [M+H]+; HRMS (ESI) calcd for C24H27N203 391.2022; found 391.2021 [M+H]+;
mp 109-111 °C.

4-(Benzyloxy)-1-{4-[2-(morpholin-4-yl)ethoxylphenyl}pyridin-2(1H)-one (5g)

Compound 5g was prepared from 18 and 2-(morpholin-4-yl)ethanol using the procedure
described for 5a with 82% as a white solid. 1H NMR (300 MHz, DMSO-d6) &§: 2.40-2.55
(m, 4H), 2.70 (¢, J = 5.6 Hz, 2H), 3.53-3.60 (m, 4H), 4.12 (t, J = 5.6 Hz, 2H), 5.12 (s, 2H),
5.94 (d, J = 2.6 Hz, 1H), 6.06 (dd, J = 7.6, 2.6 Hz, 1H), 7.01 (d, J = 8.8 Hz, 2H), 7.23 (d, J
= 8.8 Hz, 2H), 7.32-7.48 (m, 5H), 7.50 (d, J = 7.6 Hz, 1H); MS (ESI) m/z = 407 [M+HI+;

HRMS (ESD caled for C24H27N204 407.1971; found 407.1974 [M+H]+.

4-(Benzyloxy)-1-{4-[2-(dimethylamino)ethoxylphenyl}pyridin-2(1H)-one (5h)

Compound 5h was prepared from 18 and 2-(dimethylamino)ethanol using the
procedure described for 5a with 60% as a white solid. 1H NMR (300 MHz, DMSO-d6) &:
2.21 (s, 6H), 2.63 (t, J = 5.8 Hz, 2H), 4.08 (t, J = 5.8 Hz, 2H), 5.12 (s, 2H), 5.94 (d, J =
2.6 Hz, 1H), 6.06 (dd, J = 7.6, 2.6 Hz, 1H), 7.01 (d, J = 8.9 Hz, 2H), 7.23 (d, J = 8.9 Hz,
2H), 7.32-7.48 (m, 5H), 7.51 (d, J = 7.6 Hz, 1H); MS (ESI) m/z = 365 [M+H]+; HRMS
(ESD caled for C22H25N203 365.1865; found 365.1863 [M+H]+.

4-(Benzyloxy)-1-{4-[2-(diethylamino)ethoxylphenyl}pyridin-2(1H)-one (51)

Compound 5i was prepared from 18 and 2-(diethylamino)ethanol using the procedure
described for 5a with 73% as a white solid. 1H NMR (300 MHz, DMSO-d6) §: 0.97 (t, J
=17.1 Hz, 6H), 2.54 (q, J = 7.1 Hz, 4H), 2.78 (t, J = 5.9 Hz, 2H), 4.04 (t, J = 5.9 Hz, 2H),
5.12 (s, 2H), 5.94 (d, J = 2.7 Hz, 1H), 6.05 (dd, J = 7.6, 2.6 Hz, 1H), 7.00 (d, J = 8.9 Hz,
2H), 7.23 (d, J = 8.9 Hz, 2H), 7.32-7.48 (m, 5H), 7.51 (d, J = 7.6 Hz, 1H); MS (ESI) m/z
=393 [M+H]+; HRMS (ESI) calcd for C24H29N203 393.2178; found 393.2171 [M+H]+.
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4-(Benzyloxy)-1-{4-[2-(diisopropylamino)ethoxylphenyl}pyridin-2(1H)-one (5;)

Compound 5j was prepared from 18 and 2-(diisopropylamino)ethanol using the
procedure described for 5a with 73% as a white solid. 1H NMR (300 MHz, DMSO-d6) &:
0.98 (d, J = 6.5 Hz, 12H), 2.79 (t, J = 6.9 Hz, 2H), 3.01 (h, J = 6.5 Hz, 2H), 3.90 (t, J =
5.9 Hz, 2H), 5.12 (s, 2H), 5.94 (d, J = 2.7 Hz, 1H), 6.05 (dd, J = 7.6, 2.7 Hz, 1H), 6.98 (d,
J =8.9 Hz, 2H), 7.23 (d, J = 8.9 Hz, 2H), 7.32— 7.48 (m, 5H), 7.50 (d, J = 7.6 Hz, 1H);
MS (ESD m/z = 421 [M+H]+; HRMS(ESI) calcd for C26H33N203 421.2491; found
421.2490 [M+H]+.

1-(4-{2-[Benzyl(methyl)aminolethoxy}phenyl)-4-(benzyloxy)pyridin-2(1H)-one (5k)

Compound 5k was prepared from 18 and 2-[benzyl(methyl)aminolethanol using the
procedure described for 5a with 70% as a white solid. 1H NMR (300 MHz, DMSO-d6) &:
2.23 (s, 3H), 2.75 (t, J = 5.9 Hz, 2H), 3.57 (s, 2H), 4.13 (t, J = 5.9 Hz, 2H), 5.12 (s, 2H),
5.94 (d, J = 2.8 Hz, 1H), 6.06 (dd, J = 7.6, 2.8 Hz, 1H), 7.00 (d, J = 8.9 Hz, 2H), 7.23 (d, J
= 8.9 Hz, 2H), 7.20-7.48 (m, 10H), 7.51 (d, J = 7.6 Hz, 1H); MS (ESD) m/z = 441

[M+H]+; HRMS (ES]) calcd for C28H29N203 441.2178; found 441.2180 [M+H]+.

4-(Benzyloxy)-1-(4-{[1-(dimethylamino)propan-2-ylloxy}phenyl)pyridin-2(1H)-one (51)

Compound 51 was prepared from 18 and 1-(dimethylamino)propan-2-ol (racemate)
using the procedure described for 5a with 9% as a white solid. 1H NMR (300 MHz,
DMSO0-d6) &: 1.24 (d, J = 6.0 Hz, 3H), 2.19 (s, 6H), 2.36 (dd, J = 12.7, 5.5 Hz, 1H), 2.45—
2.55 (m, 1H), 4.61 (m, 1H), 5.12 (s, 2H), 5.95 (d, J = 2.7 Hz, 1H), 6.05 (dd, J = 7.5, 2.7
Hz, 1H), 7.00 (d, J = 8.9 Hz, 2H), 7.22 (d, J = 8.9 Hz, 2H), 7.32—7.48 (m, 5H), 7.52 (d, J
= 7.5 Hz, 1H); MS (ESI) m/z = 379 [M+H]+; HRMS (ESI) calcd for C23H27N203
379.2022; found 379.2031 [M+H]+.
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4-(Benzyloxy)-1-(4-{[1-(dimethylamino)-2-methylpropan-2-ylloxy}phenyl)pyridin-2(1H)-

one (5m)

Compound 5m was prepared from 18 and 2-(dimethylamino)-2-methylpropan-1-ol using
the procedure described for 5a with 61% as a white solid. 1H NMR (300 MHz, DMSO-
d6) 6: 1.27 (s, 6H), 2.29 (s, 6H), 2.47 (s, 2H), 5.12 (s, 2H), 5.96 (d, J = 2.8 Hz, 1H), 6.06
(dd, J =17.6, 2.8 Hz, 1H), 7.04 (d, J = 8.8 Hz, 2H), 7.23 (d, J = 8.8 Hz, 2H), 7.32—7.48 (m,
5H), 7.54 (d, J = 7.6 Hz, 1H); MS (ESD m/z = 393 [M+H]+ HRMS (ESI) calcd for
C24H29N203 393.2178; found 393.2181 [M+H]+.

4-(Benzyloxy)-1-{4-[(1-methylpiperidin-2-yl)methoxylphenyl}pyridin-2(1H)-one (5n)

Compound 5n was prepared from 18 and (1-methylpiperidin-2-y)methanol (racemate)
using the procedure described for 5a with 16% as a white solid. 1H NMR (300 MHz,
DMSO0-d6) &: 1.10-1.85 (m, 6H), 2.00-2.90 (m, 6H), 3.90-4.15 (m, 2H), 5.12 (s, 2H), 5.94
(d, J =2.7 Hz, 1H), 6.06 (dd, J = 7.6, 2.6 Hz, 1H), 7.01 (d, J = 8.7 Hz, 2H), 7.24 (d, J =
8.7 Hz, 2H), 7.32-7.48 (m, 5H), 7.51 (d, J = 7.6 Hz, 1H); MS (ESI) m/z = 405 [M+H]+;
HRMS (ES]) calcd for C25H29N203 405.2178; found 405.2177 [M+H]+.

4-(Benzyloxy)-1-{4-[(1-methylpyrrolidin-2-yl)methoxylphenyl}pyridin-2(1H)-one (50)

Compound 50 was prepared from 18 and (1-methylpyrrolidin-2-yl)methanol (racemate)
using the procedure described for 5a with 17% as a white solid. 1H NMR (300 MHz,
DMSO0-d6) &: 1.50-1.75 (m, 3H), 1.90-2.05 (m, 1H), 2.13-2.28 (m, 1H), 2.37 (s, 3H),
2.53-2.63 (m, 1H), 2.92-3.00 (m, 1H), 3.82-3.90 (m, 1H), 3.97-4.05 (m, 1H), 5.12 (s,
2H), 5.94 (d, J = 2.9 Hz, 1H), 6.06 (dd, J = 7.6, 2.9 Hz, 1H), 7.01 (d, J = 8.9 Hz, 2H), 7.23
(d, J = 8.9 Hz, 2H), 7.32-7.48 (m, 5H), 7.51 (d, J = 7.6 Hz, 1H); MS (ESI) m/z = 391
[M+H]+; HRMS (ES]) calcd for C24H27N203 391.2022; found 391.2022 [M+H]+.
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4-(Benzyloxy)-1-{4-[(1-methylpyrrolidin-3-yloxylphenyl}pyridin-2(1H)-one (5p)

Compound 5p was prepared from 18 and 1-methylpyrrolidin-3-ol (racemate) using the
procedure described for 5a with 28% as a white solid. 1H NMR (300 MHz, DMSO-d6) &:
1.70-1.85 (m, 1H), 2.25 (s, 3H), 2.25-2.40 (m, 2H), 2.53-2.81 (m, 3H), 4.85-4.95 (m,
1H), 5.12 (s, 2H), 5.94 (d, J = 2.7 Hz, 1H), 6.05 (dd, J = 7.6, 2.7 Hz, 1H), 6.94 (d, J = 8.9
Hz, 2H), 7.22 (d, J = 8.9 Hz, 2H), 7.32-7.48 (m, 5H), 7.51 (d, J = 7.6 Hz, 1H); MS (ESI)
m/z = 377 [M+H]+; HRMS (ESI) caled for C23H25N203 377.1865; found 377.1866
[M+H]+.

4-Hydroxy-1-{4-[2-(pyrrolidin-1-yl)ethoxylphenyl}pyridin-2(1H)-one (19)

To a solution of 4-(benzyloxy)-1-14-[2-(pyrrolidin-1-yl)ethoxylphenylipyridin-2(1H)-one
(5d, 395 mg, 1.01 mmol) in THF (5 mL) and MeOH (5 mL) was added Pd (10 wt % on
activated carbon, 200 mg). The mixture was stirred at room temperature under Hs
atmosphere for 2 h. The mixture was filtrated and washed with MeOH. The filtrate
was concentrated to give compound 19 (303 mg, 99%) as a white solid. 1H NMR (400
MHz, DMSO-d6é) §: 1.82-1.87 (m, 4H), 2.68-2.74 (m, 4H), 2.96 (t, J = 5.8 Hz, 2H), 4.12
(t,J =5.8 Hz, 2H), 5.84 (d, J = 2.4 Hz, 1H), 5.92 (dd, J = 7.8, 2.4 Hz, 1H), 6.98 (d, J =
8.8 Hz, 2H), 7.07 (d, J = 7.8 Hz, 1H), 7.17 (d, J = 8.8 Hz, 2H); MS (ESD m/z = 301
[M+H]+.

4-[2-(4-Fluorophenyl)ethoxyl-1-{4-[2-(pyrrolidin-1-yl)ethoxylphenyl}pyridin-2(1H)-one
(5e)

To a solution of 4-hydroxy-1-14-[2-(pyrrolidin-1-yl)ethoxylphenylipyridin-2(1H)-one (19,
30 mg, 0.10 mmol), PBus (0.075 mL, 0.30 mmol), 2-(4-fluorophenyl)ethanol (0.025 mL,
0.20 mmol) in THF (1 mL) was added 1,10-(azodicarbonyl)dipiperidine (76 mg, 0.30
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mmol). The mixture was stirred at room temperature overnight. The mixture was
concentrated under reduced pressure. The residue was purified by flash
chromatography on silica gel (MeOH/CHCI3) to give compound 5e (24 mg, 57%) as a
white solid. 1H NMR (400 MHz, CDCls) §: 1.82-1.86 (m, 4H), 2.65-2.71 (m, 4H), 2.95 (¢,
J =5.9 Hz, 2H), 3.07 (t, J = 6.7 Hz, 2H), 4.12-4.18 (m, 4H), 5.92-5.96 (m, 2H), 6.97—
7.04 (m, 4H), 7.27-7.16 (m, 5H); MS (ESI) m/z = 423 [M+H]+; HRMS (ESD) calcd for
C25H28FN203 423.2084; found 423.2081 [M+H]+.

4-[2-(4-Fluorophenoxy)ethoxyl-1-{4-[2-(pyrrolidin-1-yl)ethoxylphenyl}pyridin-2(1H)-one
(59)

Compound 5f was prepared from 19 and 2-(4-fluorophenoxy)ethanol using the
procedure described for 5e with 7% as a white solid. 1H NMR (400 MHz, CDCls) &:
1.32-1.43 (m, 2H), 1.44-1.55 (m, 4H), 1.82-1.93 (m, 2H), 2.28-2.47 (m, 6H), 4.05 (t, J =
6.3 Hz, 2H), 6.64 (dd, J = 7.2, 2.0 Hz, 1H), 6.75 (d, J = 2.0 Hz, 1H), 7.03 (d, J = 8.9 Hz,
2H), 7.29-7.37 (m, 4H), 7.69 (d, J = 7.2 Hz, 1H), 7.83 (dd, J = 7.8, 5.3 Hz, 2H); MS (ESI)
m/z = 439 [M+H]+; HRMS (ESI) caled C25H28FN204 439.2033; found 439.2025
[M+H]+.

4-[(2-Fluorobenzyl)oxyl-1-{4-[2-(pyrrolidin-1-yl)ethoxylphenyl}pyridin-2(1H)-one (7a)

Compound 7a was prepared from 19 and 2-fluorophenylmethanol using the procedure
described for 5e with 41% as a white solid. 1H NMR (400 MHz, CDC13) 6: 1.93-1.99 (m,
4H), 2.88-3.04 (m, 4H), 3.14-3.20 (m, 2H), 4.28-4.33 (m, 2H), 5.10 (s, 2H), 6.04 (dd, J =
7.8,2.4 Hz, 1H), 6.08 (d, J = 2.4 Hz, 1H), 6.95-7.49 (m, 9H); MS (ESI) m/z = 409
[M+H]+; HRMS (ESD caled for C24H26FN203 409.1927; found 409.1932 [M+H]+.

4-[(8-Fluorobenzyl)oxyl-1-{4-[2-(pyrrolidin-1-yl)ethoxylphenyl}pyridin-2(1H)-one (7b)
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Compound 7b was prepared from 19 and 3-fluorophenylmethanol using the procedure
described for 5e with 29% as a white solid. 1H NMR (400 MHz, CDCls) §: 1.90-1.94 (m,
4H), 2.82-2.90 (m, 4H), 3.08 (t, J = 5.3 Hz, 2H), 4.26 (t, J = 5.3 Hz, 2H), 5.04 (s, 2H),
6.01 (d, J = 2.7 Hz, 1H), 6.05 (dd, J = 7.7, 2.7 Hz, 1H), 6.97-7.41 (m, 9H); MS (ESD m/z
=409 [M+H]+; HRMS (ES]) calcd for C24H26FN203 409.1927; found 409.1931
[M+H]+.

4-[(4-Fluorobenzyl)oxyl-1-{4-[2-(pyrrolidin-1-yl)ethoxylphenyl}pyridin-2(1H)-one (7c)

Compound 7c¢ was prepared from 19 and 4-fluorophenylmethanol using the procedure
described for 5e with 48% as a white solid. 1H NMR (400 MHz, CDCls) 6: 1.81-1.86 (m,
4H), 2.64-2.70 (m, 4H), 2.95 (t, J = 5.9 Hz, 2H), 4.16 (t, J = 5.9 Hz, 2H), 4.99 (s, 2H),
6.01 (dd, J = 7.4, 2.9 Hz, 1H), 6.04 (d, J = 2.9 Hz, 1H), 6.99 (d, J = 8.6 Hz, 2H), 7.10 (¢, J
= 8.6 Hz, 2H), 7.21 (d, J = 7.4 Hz, 1H), 7.25 (d, J = 8.6 Hz, 2H), 7.40 (dd, J = 8.6, 5.5 Hz,
2H); MS (ESD m/z = 409 [M+H]+; HRMS (ESI) caled for C24H26FN203 409.1927;
found 409.1933 [M+H]+; mp 124-126 °C.

4-[(2-Chlorobenzyl)oxyl-1-{4-[2-(pyrrolidin-1-yl)ethoxylphenyl}pyridin-2(1H)-one (7d)

Compound 7d was prepared from 19 and 2-chlorophenylmethanol using the procedure
described for 5e with 42% as a white solid. 1H NMR (400 MHz, DMSO-d6) &: 1.66—1.69
(m, 4H), 2.45-2.55 (m, 4H), 2.79 (t, J = 5.9 Hz, 2H), 4.10 (t, J = 5.9 Hz, 2H), 5.17 (s, 2H),
5.98 (d, J = 2.6 Hz, 1H), 6.06 (dd, J = 7.6, 2.6 Hz, 1H), 7.01 (d, J = 9.0 Hz, 2H), 7.25 (d, J
=9.0 Hz, 2H), 7.39-7.45 (m, 2H), 7.51-7.55 (m, 2H), 7.61 (d, J = 7.6 Hz, 1H); MS (ESI)
m/z = 425 [M+H]+; HRMS (ES]) calcd for C24H26CIN203 425.1632; found 425.1628
[M+H]+.

4-[(3-Chlorobenzyl)oxyl-1-{4-[2-(pyrrolidin-1-yl)ethoxylphenyl}pyridin-2(1H)-one (7e)
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Compound 7e was prepared from 19 and 3-chlorophenylmethanol using the procedure
described for 5e with 45% as a white solid. 1H NMR (400 MHz, DMSO-d6) §: 1.64—1.70
(m, 4H), 2.44-2.54 (m, 4H), 2.78 (t, J = 5.9 Hz, 2H), 4.09 (t, J = 5.9 Hz, 2H), 5.12 (s, 2H),
5.93 (d, J = 2.8 Hz, 1H), 6.05 (dd, J = 7.6, 2.8 Hz, 1H), 7.00 (d, J = 8.9 Hz, 2H), 7.23 (d, J
= 8.9 Hz, 2H), 7.40-7.48 (m, 3H), 7.52 (m, 2H); MS (ESI) m/z = 425 [M+H]+; HRMS
(ESD caled for C24H26CIN203 425.1632; found 425.1630 [M+H]+.

4-[(4-Chlorobenzyl)oxyl-1-{4-[2-(pyrrolidin-1-yl)ethoxylphenyl}pyridin-2(1H)-one (7f)

Compound 7f was prepared from 19 and 4-chlorophenylmethanol using the procedure
described for 5e with 46% as a white solid. 1H NMR (400 MHz, DMSO-d6) §: 1.62—1.73
(m, 4H), 2.45-2.55 (m, 4H), 2.78 (t, J = 6.0 Hz, 2H), 4.09 (t, J = 6.0 Hz, 2H), 5.14 (s, 2H),
5.94 (d, J = 2.9 Hz, 1H), 6.08 (dd, J = 7.8, 2.9 Hz, 1H), 7.00 (d, J = 9.0 Hz, 2H), 7.23 (d, J
= 9.0 Hz, 2H), 7.39-7.48 (m, 3H), 7.50-7.56 (m, 2H); MS (ESD) m/z = 425 [M+H]+;
HRMS (ESD caled for C24H26CIN203 425.1632; found 425.1630 [M+H]+.

4-[(4-Methoxybenzyl)oxyl-1-{4-[2-(pyrrolidin-1-yl)ethoxylphenyl}pyridin-2(1H)-one (7g)

Compound 7g was prepared from 19 and 4-methoxyphenylmethanol using the
procedure described for 5e with 34% as a white solid. 1H NMR (400 MHz, DMSO-d6) §:
1.64-1.70 (m, 4H), 2.44-2.54 (m, 4H), 2.78 (t, J = 5.9 Hz, 2H), 3.76 (s, 3H), 4.09 (t, J =
5.9 Hz, 2H), 5.03 (s, 2H), 5.94 (d, J = 2.8 Hz, 1H), 6.02 (dd, J = 7.8, 2.8 Hz, 1H), 6.96 (d,
J = 8.8 Hz, 2H), 7.00 (d, J = 8.8 Hz, 2H), 7.23 (d, J = 8.8 Hz, 2H), 7.38 (d, J = 8.8 Hz,
2H), 7.38 (d, J = 7.8 Hz, 1H); MS (ESD m/z = 421 [M+H]+ HRMS (ESI) calcd for
C25H29N204 421.2127; found 421.2130 [M+H]+.

1-{4-[2-(Pyrrolidin-1-yl)ethoxylphenyl}-4-{[4-(trifluoromethyl)benzylloxy}pyridin-2(1H)-
one (7h)
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Compound 7h was prepared from 19 and 4-trifluoromethylphenylmethanol using the
procedure described for 5e with 54% as a white solid. 1H NMR (400 MHz, CDCls) §:
1.83-1.88 (m, 4H), 2.68-2.75 (m, 4H), 2.98 (t, J = 5.5 Hz, 2H), 4.18 (t, J = 5.5 Hz, 2H),
5.10 (s, 2H), 6.02 (d, J = 2.4 Hz, 1H), 6.05 (dd, J = 7.8, 2.4 Hz, 1H), 6.99 (d, J = 9.4 Hz,
2H), 7.22-7.27 (m, 3H), 7.54 (d, J = 7.8 Hz, 2H), 7.67 (d, J = 7.8 Hz, 2H); MS (ES]) m/z
=459 [M+H]+; HRMS (ES]) calcd for C25H26F3N203 459.1896; found 459.1904
[M+H]+.

4-(Biphenyl-4-ylmethoxy)-1-{4-[2-(pyrrolidin-1-yl)ethoxylphenyl}pyridin-2(1H)-one (7i)

Compound 7i was prepared from 19 and biphenyl-4-ylmethanol using the procedure
described for 5e with 38% as a white solid. 1H NMR (400 MHz, DMSO-d6) §: 1.81-1.86
(m, 4H), 2.64-2.70 (m, 4H), 2.95 (t, J = 5.9 Hz, 2H), 4.16 (t, J = 5.9 Hz, 2H), 5.08 (s, 2H),
6.05 (dd, J = 7.8, 2.3 Hz, 1H), 6.09 (d, J = 2.3 Hz, 1H), 7.00 (d, J = 8.6 Hz, 2H), 7.22 (d, J
= 7.8 Hz, 1H), 7.26 (d, J = 8.6 Hz, 2H), 7.35-7.40 (m, 1H), 7.43-7.51 (m, 4H), 7.65-7.59
(m, 4H); MS (ESI) m/z = 467 [M+H]+; HRMS (ESI) calcd for C30H31N203 467.2335;
found 467.2326 [M+H]+.

4-(Naphthalen-2-ylmethoxy)-1-{4-[2-(pyrrolidin-1-yl)ethoxyl phenyl}pyridin-2(1H)-one
(79

Compound 7j was prepared from 19 and naphthalen-2-ylmethanol using the procedure
described for 5e with 43% as a white solid. 1H NMR (400 MHz, DMSO-d6) §: 1.66—1.69
(m, 4H), 2.47-2.53 (m, 4H), 2.78 (t, J = 6.1 Hz, 2H), 4.09 (t, J = 5.9 Hz, 2H), 5.30 (s, 2H),
6.01 (d, J = 2.6 Hz, 1H), 6.10 (dd, J = 7.6, 2.6 Hz, 1H), 7.00 (d, J = 8.9 Hz, 2H), 7.23 (d, J
= 8.9 Hz, 2H), 7.51-7.58 (m, 4H), 7.91-8.01 (m, 4H); MS (ESD) m/z = 441 [M+HI+;
HRMS (ESID) caled for C28H29N203 41.2178; found 441.2170 [M+H]+.
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Methyl 4-[4-(benzyloxy)-2-oxopyridin-1(2H)-yllbenzoate (20)

Compound 20 was prepared from 16 using the procedure described for 14 with 80% as
a white solid. 1H NMR (300 MHz, CDCls) d: 3.93 (s, 3H), 5.05 (s, 2H),6.04—6.13 (m,
2H), 7.21-7.25 (m, 1H), 7.33-7.50 (m, 7H), 8.12-8.18 (m, 2H); MS (ESD) m/z = 336
[M+H]+.

4-[4-(Benzyloxy)-2-oxopyridin-1(2H)-yllbenzoic acid (21)

A mixture of methyl 4-[4-(benzyloxy)-2-oxopyridin-1(2H)-yllbenzoate (20, 0.39 g, 1.16
mmol), 4N NaOH (3.2 mL, 12.8 mmol), MeOH (20 mL) and THF (20 mL) was stirred at
90 °C for 5 h. The mixture was cooled and 1N HCI was added until the mixture was
adjusted to pH 2—-3. The mixture was extracted with EtOAc (100 mL). The organic
fractions were dried over MgSO4. The solvent was evaporated under reduced pressure
to afford compound 21 (0.31 g, 83%) as a white solid. 1H NMR (300 MHz, CDsOD) &:
5.15 (s, 2H), 6.08-6.10 (m, 1H), 6.25-6.30 (m, 1H), 7.30-7.56 (m, 8H), 8.11-8.16 (m,
2H); MS (ESD m/z = 322 [M+H]+.

Methyl N-{4-[4-(benzyloxy)-2-oxopyridin-1(2H)-yllphenyl}carbamate (22)

A mixture of 4-[4-(benzyloxy)-2-oxopyridin-1(2H)-yllbenzoic acid (21, 0.31 g, 0.97
mmol), diphenylphosphoryl azide (0.11 mL, 1.15 mmol), triethylamine (0.16 mL, 1.15
mmol), MeOH (0.2 mL) and DMF (5 mL) was stirred at 100 °C overnight. The mixture
was cooled and brine (20 mL) was added. The mixture was extracted with CHCls (40
mL). The organic fractions were dried over MgSO4. The solvent was evaporated under
reduced pressure. The residue was purified by flash chromatography on silica gel
(MeOH/CHC1s) to provide compound 22 (203 mg, 60%) as a white solid. 1H NMR (300
MHz, CDCls) &: 3.99 (s, 3H), 5.05 (s, 2H),6.04-6.08 (m, 2H), 6.86 (brs, 1H), 7.17-7.50
(m, 10H); MS (ESI) m/z = 351 [M+H]+.
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Methyl N-{4-[4-(benzyloxy)-2-oxopyridin-1(2H)-yllphenyl}-N-[2-

(diethylamino)ethyllcarbamate (6¢)

To a solution of methyl N-14-[4-(benzyloxy)-2-oxopyridin-1(2H)-yllphenyl}carbamate
(22, 90 mg, 0.257 mmol), potassium tert-butoxide (86 mg, 0.766 mmol) in THF (10 mL)
was added 2-(diethylamino)ethyl bromide hydrobromide (135 mg, 0.517 mmol) and the
mixture was stirred at room temperature for 1.5 h. The mixture was diluted with sat.
NaHCOs3 (20 mL) and extracted with CHCls (20 mL). The organic fraction was dried
over MgS0O4. The solvent was evaporated under reduced pressure. The residue was
purified by flash chromatography on silica gel (MeOH/CHCIs) to give compound 6¢ (107
mg, 93%) as a yellow oil. 1H NMR (300 MHz, CDCls) &: 1.00 (t, J = 7.1 Hz, 6H), 2.48—
2.60 (m, 4H), 2.62-2.74 (m, 2H), 3.71 (s, 3H), 3.68-3.80 (m, 2H), 5.05 (s, 2H), 6.02-6.10
(m, 2H), 7.21-7.48 (m, 10H); MS (ESI) m/z = 450 [M+H]+.

4-(Benzyloxy)-1-(4-{[2-(diethylamino)ethyllamino}phenyl)pyridin-2(1H)-one (6a)

To a solution of methyl N-14-[4-(benzyloxy)-2-oxopyridin-1(2H)-yllphenyl}-N-[2-
(diethylamino)ethyllcarbamate (6c, 100 mg, 0.222 mmol) in THF (10 mL) was added
lithium aluminum hydride (LiAlH4: 10 mg, 0.264 mmol), and the mixture was stirred
at room temperature for 1 h. Additional LiAlH4 (10 mg, 0.264 mmol) was added to the
mixture and stirred for 1.5 h. The reaction mixture was quenched by Na2SO4_10H:=0,
EtOAc were added to the mixture and stirred overnight. The precipitate was removed
by filtration and the solvent was evaporated under reduced pressure. The residue was
purified by preparative HPLC to give compound 6a (8 mg, 9%) as a white solid. 1H
NMR (300 MHz, CDCls) 6: 1.03 (t, J = 7.1 Hz, 6H), 2.57 (q, J = 7.1 Hz, 4H), 2.71 (t, J =
5.9 Hz, 2H), 3.08-3.19 (m, 2H), 4.50-4.67 (m, 1H), 5.03 (s, 2H), 6.00 (dd, J = 7.6, 2.6 Hz,
1H), 6.06 (d, J = 2.6 Hz, 1H), 6.66 (d, J = 8.7 Hz, 2H), 7.13 (d, J = 8.7 Hz, 2H), 7.22 (d, J
= 7.6 Hz, 1H), 7.30-7.48 (m, 5H); MS (ESI) m/z = 392 [M+H]+.
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4-(Benzyloxy)-1-(4-{[2-(diethylamino)ethyll (methyl)amino}phenyl)pyridin-2(1H)-one
(6b)

To a solution of 4-(benzyloxy)-1-(4-{[2-(diethylamino)ethyllamino}phenyl)pyridin-2(1H)-
one (Ba, 7 mg, 0.018 mmol) and paraformaldehyde (1 mg) in MeOH (1 mL) was added
ZnClz (41 mg, 0.3 mmol) and NaB(CN)Hs (23 mg, 0.6 mmol). The mixture was stirred
at room temperature for 1 h. The mixture was diluted with CHCl3 (20 mL), washed
with 1N NaOH (10 mL) and brine (10 mL). The organic fraction was dried over MgSO4
and the solvent was evaporated under reduced pressure to give compound 6b (2.8 mg,
39%) as a white solid. 1H NMR (300 MHz, CDCls) &: 1.06 (t, J = 7.1 Hz, 6H), 2.52—-2.72
(m, 2H), 2.61 (q, J = 7.1 Hz, 4H), 3.42-3.52 (m, 2H), 2.99 (s, 3H), 5.03 (s, 2H), 6.00 (dd,
J=1.6,2.7Hz, 1H), 6.06 (d, J = 2.7 Hz, 1H), 6.72 (d, J = 9.0 Hz, 2H), 7.17 (d, J = 9.0
Hz, 2H), 7.22 (d, J = 7.6 Hz, 1H), 7.32-7.45 (m, 5H); MS (ESD) m/z = 406 [M+H]+.

Biology
In vivo efficacy in diet-induced obese mice

C57BL/6J mice were fed moderately high-fat diet for about 10 months before the
experiment was initiated. The mice were then divided into three groups, and each
group was orally administrated either vehicle (0.5% methylcellulose in water) or
compound 7c at doses of 3, 10 and 30 mg/kg once-daily for 1.5 month. Compound 7c was
administered after measurement of daily food intake and body weight, 1-2 h before the

beginning of the dark period.
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