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W &

ACECI

AcOEt

AcOH

ag.

AUC

Boc

calcd

cAMP

cat.

Chbz

CH,ClI,

Cmax

conc.

DAMGO

1-chloroethyl chloroformate

ethyl acetate

acetic acid

aqueous

area under the concentration-time curve

tert-butoxycarbonyl

calculated

cyclic adenosine monophosphate

catalytic amount

benzyloxycarbonyl

dichloromethane

maximum concentration

concentrated

(2S)-2-({2-[((2R)-2-{[(2S)-2-amin0-3-(4-hydroxyphe
nyl)propanoyl]lamino}propanoyl)amino]acetyl}-methylamino)
-N-(2-hydroxyethyl)-3-phenylpropanamide
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DIPEA N,N-diisopropylethylamine

DMAP 4-dimethylaminopyridine

DMF N,N-dimethylformamide

DMSO dimethyl sulfoxide

EDCI 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide

hydrochloride

Etl iodoethane

EtsN triethylamine

Et,O diethyl ether

EtOH ethanol

h hour(s)

HATU O-(7-azabenzotriazol-1-yl)-N,N,N*,N'-tetramethyluronium

hexafluorophospate

HCI hydrochloric acid

hERG human Ether-a-go-go Related Gene
HRMS high-resolution mass spectrometry
H,SO, sulfuric acid



K,CO;

KO'Bu

Mel

MeOH

min

MnO,

MS

m/z

NaBH,

NaBH(OAc),

NaOH

NaH

NH,CI

n-BuLi

NMR

Pd/C

po

potassium carbonate

potassium tert-butoxide

iodomethane

methanol

minute(s)

manganese dioxide

mass spectrometry

mass to charge ratio

sodium borohydride

sodium triacetoxyborohydride

sodium hydroxide

sodium hydride

ammonium chloride

n-butyllithium

nuclear magnetic resonance

palladium on carbon

oral administration



SAR structure activity relationship

tert tertialy
TFA trifluoroacetic acid
THF tetrahydrofuran
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Y.bERrEALT X UERLDL, INHIE - FAEA A FZRET A= BV
(Figure 2) L b FEITH, FHEAIIL D E LT, KRR EICHELET D
p-AEFA FPZREI~OERICE Y FEFICRVERDIRZ R L, FHEN
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RIEAITH D,
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ZOEREF X, BARN - A FZHEE~MEAT 22 LICXY, Gi
AR TEENH LT, TT7=NBY 7 7 —F (AC) OMEZMx 5, ZhiZ
T 7erA o F—BoEERILEMRT Y A7 U v 7 AMP (cAMP) O PE 4 73
mHEhsZLichd, SHCEIITVLATFYRILOBARE, Ly L
FyxNVORAMEE VoSBT ZLEAMOENLT WS, BT
LAF ¥y X NVORAREZIMHREMAROBIBEIEEIL, WV T AF v X
N AIENITEICHRBRER»OImEDEEMDRHZ S EZ T 2085
NTEBY, Zhb0EFRARGLI > TEHBIERAZRT LD TWNEDY, L
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DT ZNEICTHERTLELD, ZOX A EAA FpFEIEIE, 58772
ERER zHBET 208, AL ORER 2RO BIK ToMMH 5

LWEATH & D1,

o,

B RKARM= 2 VY2 0EMOR

AV RNREREOY a2 EMEINDLsFXa VT 7 U R OMKAKRO R ITE ok
FOHESH A TRABFERLE L CHEMA S CT& 7z (Figure 3) 'V, Z O
Wi 61366b D7 Vv m A RN HEEESHLTRBY, ToORKRHREME L
THEBAEN, SUREIER., FUBESG/EMN . #EREMN. = U SAFEME o 85k 7
EnRgEEIR TS, FTha s UV rEERA Y R—AT AV huA K (&
Foxo 7R )y 7RUS Y RT7THIVE) ICEEFERRSD - &
DREINTVDLIN  Z2DOHKE 2 OHAERIERITOWTIEIRERNH 2 SR L 0,
TDO—D2ODOFHMMEy E L THBES N2 ) U Y id. 0 F8E266E FEFIC/HE
W TThHDHIZLELPDLLT ., AV F—LABREMBRT H1-THF LTI
[(4.2.21F H o BH., ERO=X Y F L 7 40 BEODIGAIZ SHE & DR F R
ReATLHRE FFZ2a=2—I REENREEZbSDT VI A R THD

(Figure 4) .
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AEREBEL HRBERCE - THEAPREL S TWD p-FELA R

BRECESBRDLIEAORA L Z BFEE L, AN LT -7,

B TIE, a2 Vo 0Q G ISR (SAR) BF70 4 i@ L T
KRB 2 FE 4 L, DS39201083% L L = iEic>WTik~%5, =2/ U
PORIERICET 2 A=A L3R AHATHLIED, KO 1RAI Y —=27
L LTinvivoikBRA CH DL~ U AFEWE T A2 7B (FEMIZ DWW TIT®%R)
CTHtAEORKER o, TOMRE, a2/ VP ~0OMrxOBEBRED
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EARCHELHBOMRE LY 2% VAL 7400 %BEL.CILICAFLES
MATHZ LT, I A Y 7HRBRICBWVWTa 2 VY X0 b 48R0
BERmIEMEE AT A LS. DS39201083 % A4+ 4 = L2k 3h L -

(Figure 5)2%,

N
| N
_ N
H
o}
(-)Conolidine DS39201083
Mouse writhing test Mouse writhing test

Figure 5 DS39201083 D % 15

% TlL. DS39201083 DM EA N TH HhERGH V U LA A F ¥ XV E
OREEEZ BB ELEHRERIZONWTIERSD, Log D; ,2 21K < § 5 Z & ThERGH
VLA T Fry 2 VHEZRBTELLEVIBMICERL, B 7 nFik
DM (scaffold hopping) A Tm, ZORBR., #FRICT I FEGEE
FH, Em VT UBRBLEY I aBERETK LB OE KA AT 5DS54360155
ARG 5 Z Ll L, Z ?DDS54360155(x e 7 A ¥ > VRBRICEB T 5
PAJR $K % 11 DS39201083 L ZITRIEFE TH Y ¥ 6, Log Dy, KIFIZIK (Log
D;y:0.7) LTEBY, TOKE, H W@ Y ERCHT U U A A 4 v F v X VE

O LI-bamTchH b (14%inhibition at 10u M) (Figure 6) 29
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DS39201083

Mouse writhing test

EDsp 7.8 mg/kg

LogD : 2.5

hERG : 49% inhibition at 10 pM

Figure 6 DS54360155® % 15

BoE TR, BEREM Z L
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N [ —
H
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N N
/ H

DS54360155

Mouse writhing test

EDsp 8.7 mg/kg

LogD : 0.7

hERG : 14% inhibition at 10 pM

PORTEMEO LV VLSRG D 2O O

BB A E i L, DS34942424% S L 2RI HOVW T RDE, ZHETOD

EEE oAV R— L EBERXRV P UB~NLEWT A LT, M~

—Vr (= maE— ¥ —RBRID,ME / BEEET A U 7 RRED ) 2k kT

LZEMICH D EEEA, TRy EBrREOoBEBREZKELLT S & T

DS34942424 % 15+ 5 Z L ITHTh L 7=, DS349424241% u -4 A4 A4 RZHIK

(MOR) IZ/ERH L7 WnWZ &, v~ 2FA~<U U RBIZCBWTY HEKEMHICIHE

WA TR E L) (EDsoff : 16 mg/kg) Z /9 2 & & HEi® L 7= (Figure 7)2%%,

N N N
d l D(f '
N N N N
/ o H /B /0

DS54360155 DS34942424
Mouse writhing test Mouse writhing test Mouse writhing test
EDs, 8.7 mg/kg EDs 25 mg/kg EDs; 6.4 mglkg

Safety margin 2.1 Safety margin >3.4 Safety margin 10.3
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RZ2= 6a
6b
6¢C
6d

A

: 4-OMe
- 5.OMe 7b : 5-OMe
;6-0Me 7c : 6-OMe
- 7.-0Me 7d : 7-OMe
R? 4_5R?
b N
6
I _— R
N = N
0 H o H *H,SO,
4-OMe R2= 3a:4-OMe
5-OMe 3b : 5-OMe
. 6-OMe 3c: 6-OMe
. 7-OMe 3d : 7-OMe

. R SO,Ph - - H
- . N HO N
HO™™y ) W
3 3=
= 10c " e
=
Lod f 11d f
. N N
h,i,j | A b | N
— 3 =R N
R N R H
e} H (0] H,SO,
3
RS— 120 \/ R 4C



Scheme 1 Reagents and conditions: (a) Pd-C, EtOH, H,, 97%; (b) H,SO4aq, EtOH,
68-98%; (c) Mel, NaH, DMF, 54%; (d) BrCH,CH,OAc, NaH, DMF, 58%; (e)
NaOH, THF/MeOH, 80%; (f) n-BuLi, benzenesulfonyl indole, THF, 62-94%; (g)
Cs,C0O3/MeOH, THF, 82-92%; (h) MnO,, CH,Cl,; (i) ACECI, 1,2-dichloroethane,
then MeOH; (j) paraformaldehyde, TFA, 1,2-dichloroethane, 25-38% from 7a-d or

1llc,d.
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It&2la, 21bF X N21ciEScheme 22T X 9 I2EH& K L 7-,

H+ 57 /5t KNlba,

Parikh-Doering®fb SRV THER L 72,

15bi%. VA U 13a,

4 ¥R R R %

13bD it L

DT INF E Klba, 15b & ik ®

7 VT b R15c/)> 5 Scheme LI/ R LA FELIFIIEEICL THENICT

NX ILVEBAREZ AT HFEEAR2la-c F N ENE K L 7= (Scheme 2),

4
%OH & . %OH L
a b
N N
BN

PhO,S

4

?ﬁo

N
00 o006
= : R4= 15a: Me
R4= 13a: Me R4= 14a: Me
13b : Et 14b : Et 15b : Et
. 15c : n-Pr
(0]
.

(0]
-0
ueleYs
c [
E—— N\ OH
SO,Ph
R4=16a: Me
16b : Et
16¢ : n-Pr

o)
0 -0 H
N )L N :{ ) N
d R . = ; R
g \,\} —_— B — \,\} 5 “HCl
OH
H N © H

R4= 17a: Me
17b : Et
17c¢c: n-Pr

g | N
N
rR" o H
R4= 20a: Me
20b : Et

20c : n-Pr

R4= 18a: Me
18b : Et
18c : n-Pr

N
h | N
N
]t OH +H,SO,

R4= 2la: Me
21b: Et
21c: n-Pr

R4=19a: Me
19b: Et
19c : n-Pr

Scheme 2. Reagents and conditions: (a) LiAlH,4, THF, 72-90%; (b) SOs/pyridine,

DMSO, (i-Pr),EtN, CH,CI,; (c) n-BuLi, benzenesulfonyl indole, THF, 60-89%

from 14a, b or 15c; (d) Cs,C0O3/MeOH, THF, 69-85%; (e) MnO,, CH,Cl,; (f) HCI,

EtOAc; (g) paraformaldehyde, TFA, 1,2-dichloroethane, 29-40% from 17a-c; (h)

H,SO,4 aq., EtOH, 68-90%.
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B a2 ) USRI E B

2V COEBIEHICET2A D=L FAHTHLI =, Eo g
A== T OEWENDL, invivoD iR TH DL~ AFEBRT 4 Vv 7Rk
e E L C IbEMoRKEEZRE IR 2 LI L, 20RABRITddY~ 7 X (H
ARSLC HEME, 4-5l ) (CHi 2z EEAKREG T 52 THALIWMAIZLDOBA
DIAVT (AL XD RER) THORKENET 22 LITXo> TH
WERZFMT 2, ARBRIIFEFICHECKRERNS VD, IO 7 U —
=V ELTHFEFICENZFMRELEZLOND ddYv T R L7/ 7B —X K=

H=—¢ LTHFINTWLIIOEREYTAT, BHENDPELS, BEDLE
CThsrld, e, EE, o BREzIILHE LT, s FJFEFRHR
BRAFRICIES VDTS, EF T ZOMMEREERT A ¥ VBRI
MWEREE N E R TG EREKE L, RENICA A A FEREDOEYZ R
T EHMTEL, v ALY CvERBREER TS EICLE, (U
AW T AP TR, KO~ 2R~ UvRBRIT., Bk EHt

BYEREERICL o TRRBINTZHTECHERL, £l )

Table LIZ/R T L 912, {EEWZ30 mg/kgR A HE LT DT A4 7 H
OB EMEST S L THER (% inhibition) ZH M L. #%HEMH O
i z1T o7, EFEEEIC, ADMEA 27 U — =2 7 O T4 FICHFERORH L
EPE (Metabolic stability) . Log D; JE®HIE % 1T\, /L& O WIER 72
BEBOMbIs o7, Log Dy, & X0 FOREBMHOEETH . pH, ,®
U U BREEEE (B ARRRH2K) L1-4 2 % ) — OB % & Lzl
DHERAHETH D,
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ZORER, A F— VEBRICEHRLZEALZ2a, 2b, 3a, 3b, 3¢, 3d (I =
JUV D EHBRLTETEENEBETL2HMICHL LR bholz, £,
TRYAVT 4 Uy OEBTIEIM - BRAZRELL4a0B N2 Y
v ARTHRWIEEL (T3%E) -, ZAbOfRE. WIEOMEEM
L TEZDE, RO EICER T 2B L EMEDET 2 EMEOHYIC
MR- TWD RSN, XYL L7 00, EHom EicHEE L

TWZawneEWw) aAEdEb @ISk,
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Table 1 =/ U ¥ 78 (K o 3 A (1)

4 S5 R
N 6
| N
R’ N !
o R
(-)-1 Conolidine
writhin Lo
Comp. R R2 RS tost Dr?b MS (%)°

(+)-1 H H %‘ 49 N.T. N.T.¢
(-)-1 H H % 49 2.8 78
2a Me H %‘ 30 3.5 40
2b  CH,CH,OH H ﬁ* 27 2.7 38
3a H 4-OMe %\ 42 3.4 22
3b H 5-OMe %\ 3 3.1 45
3¢ H 6-OMe %» 31 3.1 54
3d H 7-OMe %» 34 3.3 N.T.
4a H H H 73 1.8 97
4b H H r\ 50 N.T. N.T.
4c ¢ H H N 18 3.3 56
4d H H )/\ 0 N.T.¢ N.T.¢

%% inhibition at 30 mg/kg

Y The distribution coefficients (Log D7.4) were measured between 1-octanol and

phosphate buffered saline (pH 7.4).
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¢ MS (Metabolic stability) : Percentage of the tested compound remaining after

0.5 h of incubation with mouse liver microsome (0.1 mg/mL).

¢ Not tested, ® Ervaticine 3

BEWDTIEME DR > 7 4aD HEEA (CI60L) ICEHIE (RY) ZEA LA
Y o7l 2 1T o 7= (Table 2), £ OfE R, RUEHIL & L TMelk 2 K> 21ah fix
bHWEREMEZ R T 2 DR bholc Me L IV & REWT L F L E A (Et
$. sec-Bult) OFENITIMRMLEEMEOK TFICENY, b LELE DL

FEABLND,

Table 2 =2/ U U FEAKO KL (2)

N
| A\
N
RY o
Compound R* writhing test® Log D7 4" MS (%)°
4a H 73 1.8 89
21a Me 90 2.5 92
21b Et 48 3.0 43
21c sec-Bu 51 3.7 0

® % inhibition at 30 mg/kg

b The distribution coefficients (Log D7.4) were measured between 1-octanol and

phosphate buffered saline (pH 7.4).

24



¢ MS (Metabolic stability) : Percentage of the tested compound remaining after

0.5 h of incubation with mouse liver microsome (0.1 mg/mL).

wizilbAEWm2lad 7 a7 7 A L% Table 312”7, 2laliu-4 A4 A4 FZR
& (MOR) 1Z%F4 5 Bindingik B3 & O'cAMP assayD#ER LV u-F E A A K%
BRT A=A MEHEEZRIRVWEN) 2R bhoTe, £, 2laldfk &
H5CRIFRPKTa 7 v A vERL, HOBEB T A4 Vv 7R BRICB W Tl
AN (EDse: 7.8 mg/kg) Zm LTz, 2/ VYV VOREBT A Yy 7 BRICB T
L PRI E DED E 32 mg/kgTH DT b, 2/ U Py bl L TR
BREEENBRS Kol itz ALY — FE&%21a(DS39201083) %

BHET DL ENTE,
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Table 3 1{t& ¥ 21a(DS39201083) D 7' 1 7 7 A b

N
| N
N
H
0]
21a (DS39201083)
writhing test EDso (mg/kg)® AUC (uM*h) " Crmax (LM) ° Tup (h)°®
7.8 3.21 1.25 2.33
MOR binding test MOR cAMP assay MOR cAMP assay
ICs0 (M) © ECso (uM) * Emax (%) °©
71 >100 12

® The EDso value was calculated from the dose response curve of analgesic

activity at 3, 10 and 30mg/kg

® Average of three values dosed at 10 mg/kg orally (p.o.) in ddY mice (0.5 w/v%

methylcellulose suspension)

°Binding affinities (1Cso) were obtained by the competitive displacement of
radiolabeled [*H] diprenorphinee. Morphine, with an 1Cs 0.41 pM, was used as a

positive control

¢ cAMP assays were carried out using human MOR-expressed CHO cells.

DAMGO, with an ECso 0.088uM, was used as a positive control

® Emax Was calculated as the response (in %) obtained with DAMGO
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HIUE NS

EHETRAYW =2 2 Vo0 RKBWNRMMFERERLEHR L, £7
XY F VLT U aERETHZET, =2/ U Y (49% inhibition at 30
mg/kg, ED;o:32 mg/kg) £ ¥ s EEHJm K 2 Rm & ¥4a (73% inhibition at
30 mg/kg) Z MR Lo, H\»T4aDFHEA ICMeEZHE AT 5 2 LT, HITH
VN B9 4R %) &2 R 97 21a (DS39201083, 90% inhibition at 30 mg/kg, EDs:7.8
mg/kg) B/ T HZ LI LI, Z0EWIE A EFA RZRET I =
ANEMEZRET ROEZLETa 2 )Y 0 &l L TRAMER SR KD % R

THEEMTOHL Z Lo,
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= B AEA T 5DS54360155 0 JE 5

B8 hERGH U U LA AT v R/ ERREODOAKRTE

MECIERAORE L TERLEPKY e 7 7 A2 F L, SO ERES 2 RT
DS39201083AI - £ COMME AL B X7, L2 L7220 b S L 7-DS392010831% .,
ZTO%OIEHm T T A Y U TICBWT, BB WKERCGH U ¥ A A 4
F v xNVHEEEEZHET D EN Do TE 72 (49% inhibition at 10 uM),
hERGA U U A A F v F v 2O FIL, BIEMEANEIRO KK & & 5 QTHE K JE

R B XEB T LN 5 LTV 53230

FZTEHRIT, RERGH IV UV AL A F v X VHEFRBEOLZDIC, A LT
ETfbEMBHECOVWTOT — Rt EMT 22 &1Lz, ZhE TORE
WF2e DO RBRA) 72 %k 7 & . Log Dy G hERGH VU U7 A A 4 v F ¥ RV EICIT
FHEN LN DD TIE RV E W IR &7 Tle, £ 2 T, Figure 10(Z/R
T LI LA DLog D; ,OfEZ &V | HEEHIZ10 uM (2317 D5 hERGA
VLA F L F R NVOHEFER (%) TFuy T2 &, Log Dy A/hE W
(EEhERGH U VA A A F v X NVAELBHLSRDIBERBH D Z B> T
e, Flo, BlEEMOTm Yy POREIVRENVIFIENBMLEELR W Z
EERLTRBY, 20777 L0 Log Dy BN/ IWIEEMRBREMENEL A

STWBARZ EHLbnb,
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Figure 10 Log D, ;&L hERGH U 7 KA F > F ¥ /L E O HH BB 1%

ZOMFERE R D %EH1EDS392010830 5 O E KA KD SFEE L T, Log
D, ,ZIK TS DL RAEMBEBREZEMT 52 LI L, LrLR2Rnb, 2
NETOEMERICENT, AV F—LE~OBEERLOBEANTIZEALL
WERIEEOBER TIZo2RRNY, BIURERZ2HELAR VW EREEITDLN-> T
Wic, TZTAROEEGEIZT LR LN, EXV TP UVREZZLEY 7 B KO
7 (scaffold hopping) #4795 Z & Tlog D; & FIF 2R AZEMT 5 2 &
{2 L7z (Figure 11) . Z OB OFEKREHIC L Z2hERCH UV U A A & F v XL

FLEE RO BAEfE & LT, BB 2 0EMEE OBMENDS 1<20% inhibition at
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10 pM) EBRE L 72,

BREIEZ I TOERKRDOAE
® LogDZ 1% (LogD<2.5)

Biazif
(Challenge)

B IREODE A (FFFE TR

Figure 11 DS39201083 7 & @ #F H ALK A Bk D F7 &

B/ FHEARDE K

b=

{EAaW29D & pk /v — K % Scheme 312373, fifkoibEHTHL T Va2 — b
227 HERELE LT, 7 a— v oli{b, A2 F—= /20O KA IS 2
BTTNVa—N24% G, TOHBNVVEORIRE, 7 va— Lok,
< Bockk D3 & & T, RACATEIK O 7 I VHMIE2TE L, AL ATV
TEREHWES FAMannich X S i2 X 2 8RIB X OmEEE/LIC LY BB

B9 /D N TE T,
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25

Scheme 3. Reagents and conditions: (a) SOz/pyridine, DMSO, (i-Pr),EtN, CH,ClI5;
(b) n-BuLi, THF, 80% from 22; (c¢) Cs,CO3/MeOH, THF, 85%; (d) MnO,, CH,ClI5;
(e) HCI, EtOAc; (f) paraformaldehyde, TFA, 1,2-dichloroethane, 55% from 25; (g)

H,SO,4 aq,, EtOH, 89%.

Jlefix vy vn%ad bl 3ba, 35bD &k /L — b % Scheme 41277 L 72,
Tt EH DO ZANVAR T I R0 HEFEEE LT, 4 F—A2f0REA
MW X277 2 20RERISZHET, 7 Fr3laflle, TO®R ALK
TIR~DTAFL (Me, Et) b, ML, ALK T I FOMA% KT, B
{LRIBEIR D 7 /v 22— 32a, 32b%F57=, AL T VT B KZ MV i=Mannich
iz & 28RBS, fe< Mgl L v Bk A%W3ba, 36ba 55 2 &0

T& 7z,
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SO,Ph SOzPh b
32a: R=Me
30 31 32b: R=Et
R
N
L o) o
N oH N o N
H H H (6]
33a: R=Me 34a: R=Me 35a; R=Me
33b: R=Et 34b: R=Et 35b: R=Et

Scheme 4. Reagents and conditions: (a) n-BuLi, THF, 28%; (b) Alkyl halide,
K,CO3;, DMF, 60 °C; (c) NaBH,4, EeOH; (d) Mg, NH4CI, MeOH, 52-61% from 31;
(e) paraformaldehyde, TFA, 1,2-dichloroethane, 68-73%; (f) MnO,, CH,ClI;

73-81%; (g) H,SO4 aq, EtOH, 90-100%.

WAL B39, 39a. 39b. 40, 41, 42, 438 L 044D A k1% % Scheme 5(C
R~ L7, bA %39, 39a, 39b, 40, 42, 431%X36a-c, 36Ff% HFIFE & L T,
7 2 v &ENosyl PV CIRE LK, TAX L (Me, Et, n-Pr) {b. Nosyllk
OWREERT, 7T I MK3Ta-fEGK LI, ZhObDOT I E AR
—)L=2-H VAR EECIE A WTT X FfbL, 38a-f& 7z, &5 IZBock
O #EER T, BRILATEBEAEO 7 I U HEBIEE L, RLAT LT E FEHWL
7eMannichS G IZ & 5 2 FWNEBRAL RS e < B LiIc L W HLEW TH 2
39, 39a, 39b, 40, 42, 432 /L5 LN TE o, T EWAL, 44b KD
T UPRHAETH H3Tg, 3ThA MR EE LT, FHEOEGHMTIEIZTERL
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36b (R): R=H
36¢ (rac): R2=H
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37a (S): R?=H, R3=Me
37b (R): R=H, R®=Me
37c (rac): R2=H, R3=Me
37d (rac): R?=H, R3=Et
37e (rac): R?=H, R3=n-Pr
37f (rac): R2=Me, R3=Me
379 (rac): R?,R3= -(CH
37h (rac): R?=H, R3=c-Pr

2)3'

¢
Y
N

Q

R°.N
R3 /

\ZI

38a (S): R=H, R3=Me
38b (R): R2=H, R3=Me
38c (rac): R2=H, R3=Me
38d (rac): R?=H, R3=Et
38e (rac): R?=H, R3=n-Pr
38f (rac): R>=Me, R®=Me
38g (rac): R?,R3= -(CH
38h (rac): R?=H, R3=c-Pr

2)3'

39a (S): R%=H, R3=Me
39b (R): R2=H, R3=Me
39 (rac): R?=H, R3=Me
42 (rac): R2=H, R3=Et
43 (rac): R2=H, R3=n-Pr
40 (rac): RZ=Me, R3=Me
41 (rac): R?,R3= -(CH,).-
44 (rac): R2=H, R3=c-Pr

9

5

43

40

§0 Qxp

44

N N N
<0 0 )’Q

¢ x - LQ

/OH /OH 0

41

H

0
39a

Scheme 5. Reagents and conditions: (a) 2-Nitrobenzenesulfonyl chloride, EtsN,
THF, 95-100%; (b) Alkyl halide, K,CO3, DMF, 60 °C, 95-99%; (c)
2-Fluorothiophenol, K,CO3, MeCN, 94-100%; (d) EDCI, THF, 88-99%; (e) HCI,
1,4-dioxane/AcOEt; (f) paraformaldehyde, TFA, 1,2-dichloroethane, 4-35% 2

steps from 38a-h; (g) 1 M H,SO,4 aqg., EtOH, 0 °C, 80-99%.
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BNTHFRNICEXY P UREE AT 521G %48a, 48bD & il 5 % Scheme 6
\Z/R L7-, 45a, 45b& B FEEIE LT, 7 I U 2 Cbz ik CHRE LK IT, A
Fofb, Coz DO Bifr#EERE T, 7 M k46a, 46bE AR LT, 2D
DT IvEA v R—==2=-F VAR ELEECIEZ HWTT I R{E L., 47a, 47b
AT, S HICBoc kD BifriE 2R T, RAGAIIK DO 7 I VM L L, &
AT VT B REHWZMannich KIS IZ & 55 WL KIGIZ THM{EAEY T

% 48a, 48b%x 157~

N
R
N N N
o} / o
e f

Y X N 48a (S)
a, Cc N 0
N d H
- . - H _—

O;N H Q NH Q'}‘ W, N

RorS 2 I Q |

N
45a (S) 46a (S) 47a (S) s H
45b (R) 46b (R) 470 (R) 48b (R)

Scheme 6. Reagents and conditions: (a) carbobenzoxy chloride., EtsN, CH,Cl>,;
(b) Mel, NaH, THF; (c¢) Pd/C, H,, MeOH, 82-88% from 45a, 45b; (d) EDCI, THF,
88-92%; (e) HCI, 1,4-dioxane/AcOEt; (f) paraformaldehyde, TFA,

1,2-dichloroethane, 4-8% from 47a, 47b.
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o = E1 AT BLEE B IR o BB AT AR & B

B ORI THRRIZLSIC, ETE Y7 rBKOBKERIC

R0 k<MmaonilbaWwoakzirv, £ Ol #1417 > 72, Table 4
. B L7-{t& w29, 35a, 35b, 39, HJHAL ., WM (Log Dy ,. MS)
BEOGhERGH VU AA F v F v XV EFERICOWVWTART, MiELHEMELEZ
ft & ¥35a, 35bDLog D; TV Y | 1.1B X VL.3E W< MA BT
N, HEBE T A V7R B (30 mg/kg) WCRBITHERIEMENFHL 2o TLE-
72 (35a: 31% inhibition, 35b: 36% inhibition) ., —JF. 7 A& H
T2t EW391FLog D ,DIEHO0.TEIHEFHITHES . hERGH U U LA A > F ¥ X
JVILE 3 W EZ2r L7z (39:26% inhibition at 10 uM) , L A% 30 mg/kg
IR LEEEME L MVWIEL 2R Lz (83% inhibition) . T O{bLAEWIE S
FTHIZTIFEAEZEAR, ErIVUVREE VI RERMR L, #FIC=
== RFHERTOLY, MENICHLEKRWHETHLI LD, ZolkEeaw

MO DOEMEREEKT DI LT,

35



Table 4 7 BLa% &K O FKEEE Al (1)

8-membered ring

\
N
x— N
O
8-membered writhing b ¢ hERG channel
Comp. ring (R, X) test? Log D7.a”  MS(%)"  ihnibition (%)
N
(-)-1 ] | 49 2.8 34 63
-
O
N
29 gm 21 15 91 88
(0]
\
N
35a (J:) 31 1.1 53 50
(0]
ﬁ
N
35 (Jj 36 1.3 49 73
(0]
N
39 _‘b 83 0.7 >100 26
N
/0

® % inhibition at 30 mg/kg

b The distribution coefficients (Log D7 4) were measured between 1-octanol and

phosphate buffered saline (pH 7.4).

¢ MS (Metabolic stability) : Percentage of the tested compound remaining after
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0.5 h of incubation with mouse liver microsome (0.1 mg/mL).

4 9% inhibition at 10 pM

Table 5(Z39D /Al B> 7 v B ik 2 A L 7k &5¥W40, 41, 42, 43, 44, 39a,
39b. 48ais X U48bD HUIFIE M. W MEME (Log Dy ,. MS) 3 X UhERGAH U 7 A
A FryFALVHERIZCOVTRLE, EYZ7oFBKICT VX LVERLLZE
A, BEXOWR LA WA0, 41, 42, 43, 4413 AW39L il L T $H I
PEDm iAo holc, 2RI L, 39% 6% 0% L 7239a (SIK) . 39b
(RIE) TIX, SKD39aT RV MWERIEEZ RT 2 & RN o7 (39a: 95%
inhibition at 30 mg/kg vs 39b: 49% inhibition at 30 mg/kg) ., M X T
b E&39alThERGA U UV A A A F ¥ XV FIZBNTHHWEZ R L
(39a:14% inhibition at 10 uM) ., 72, Er U YV RE2ESNY VR~
LML 7-48a, 48b b HLEIATR WEIRIE A R L TR VW . RV SR TIEME
DSBRANE ] 3 2 & A f= (48a: 77% inhibition at 30 mg/kg vs 48b: 65%

inhibition at 30 mg/kg) .
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Table 5 7 Bl a% & (& O FKHE il (2)

Compound. writhing test? Log D7.4" MS (%)° i?]ilsb?ti%hnar(]&)e)ld
39 83 0.7 >100 26
40 37 0.7 93 36
41 47 1.2 82 13
42 43 1.1 91 14
43 44 1.6 72 43
44 55 1.1 92 19
39a 95 0.7 99 14
39b 49 0.7 >100 23
48a 77 1.0 74 38
48b 65 0.9 82 N.T.

® % inhibition at 30 mg/kg

b The distribution coefficients (Log D7 4) were measured between 1-octanol and

phosphate buffered saline (pH ;.4).

¢ MS (Metabolic stability) : Percentage of the tested compound remaining after

0.5 h of incubation with mouse liver microsome (0.1 mg/mL).

Y% inhibition at 10 uM
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K IZTable 5T b 7\ #1115 PE 4 7~ L 72k & # 39a (DS54360155) D 7' 1 7
7 A /L% Table 6IZ/° 3, 39ald u -4 B4 A4 FZAEMAK (MOR) (&% 9 % Binding
HER B L PeAMP assayDFER LV p-FEF A FZEKT =2 MGz R
SRV WnW)H) Z xR L, £72. 39l EEME D KiE 2K~ (Log Dy, :
0.7 bbb d | MAOKETRERPKI 0 7 7 AL 2RL, HOMM 7
AV ZRBRICE W TH VR 3D (EDy: 8.7 mg/kg) ZMEFFL TV D Z &

Hhho T,

3alIsSiEDO AR FHLEAL, " TATIFNEELZEL8EEN, Bul
PUBRERORVCPUREMEBLIEYZ o BKEER L, EFICa=—7
RiEEOFHRALEYW TH D, hERGH Y U AL F v F ¥ XAHEBICSONTH,
10 pMOD P BE T14% DO PR FE R & IEHF IR WEZ x L, 21a(DS39201083) THE /&
SN TWEZRH TOMEREZRRT L2 ENTEL, ZOLIHIT, EHIZ
212 (DS39201083) /» b DB A M (scaffold hopping) ([ZH Y A, HH D

FE U — A W39a(DS543601565) # A+ 5 =2 L N Tx /-,
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Table 6 1t & #39a(DS54360155) D 7' 1 7 7 A b

N
(/ ) Q
S
N N
/ 0 H

39a (DS54360155)

writhing test EDso (mg/kg)® AUC (uM*h) " Crmax (LM) ° Tup (h)°®
8.7 5.80 2.15 2.27
MOR binding test MOR cAMP assay MOR cAMP assay
ICs0 (uM) ° ECso (uM) ° Emax (%) °
>100 >100 19

® The EDso value was calculated from the dose response curve of analgesic

activity at 10, 30 and 100 mg/kg

® Average of three values dosed at 10 mg/kg orally (p.o.) in ddY mice (0.5 w/v%

methylcellulose suspension)

¢ Binding affinities (1Cso) were obtained by the competitive displacement of
radiolabeled [*H] diprenorphinee. Morphine, with an 1Cso 0.41 pM, was used as a

positive control

¢ cAMP assays were carried out using human MOR-expressed CHO cells.

DAMGO, with an ECsy 0.088 uM, was used as a positive control

® Emax Was calculated as the response (in %) obtained with DAMGO
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HIUE NS

% 13212 (DS39201083) TR & 72 > TW/AhERGH U 7 A A F > F v X b
P (49% inhibition at 10 pM) Z AR $ << | 21lan b OFF SR RH %2 E
fi L7=, Log D; & FIF B2y 7 aBKOLERH (scaffold hopping)
ERATERER, 2 THRECTIFREEEERA, Er ) UV rREE Y7 nEKkE
JE Rk U 72 87 Bl 4% 39a (DS543601565) 2 G T 5 Z & N T& e, ZDEWIX
21a(DS39201083) THWE SN TW7hERGH U U A A A v F ¥ XV EFEIC OV
TOMBEAZ AR L (14% inhibition at 10 pM) . H >3 > 855 3£ %) (ED,,: 8.7

mg/kg) xR T HELEMTHDLDZ ENRDMhoT-,
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B EEMEHE RSN O E \DS34942424 D S

-t REFAEWOLEMNE T 7 7 4L

BHOEICBWT, ARG THROVEBMEMN LR L. HOhERCH Y 7 A A F
YF oy xVHEAREE L, FIHOE Y7 2B A A T 5 DS54360155 % 15
L7, L22L7Z2 5, DS543601656x e, TN E THLAL T LAELEY
IZ DWW T, Locomotor activity (ra®E—%—) BBRE2EM LA, &
TOREAAEY CHBENBRVEFBIERND D 2 L3P 5 0niC 72 o7z (Table
Ne raEt—2—R BT, kEWE~T A (ddY~ T A KEME 4-58 i)
WG LRI, ToRBEEHN (BREHE) 2METLHZ & TEMIZEX
LATEHMEIER ZH AN B TH Y, —RIZinvivoT O R &M Z 7MW 2R

KWL HABRARATH D,

CITHEEMICe ae—% —RBRDOIDE /writhing (FEfE T A ¥ 7))
B DED, f =Safety margin (Z&tk~—Tv) CE£ET D EICLE, T
% & Table 7L W ==/ U 2> DS39201083, 5 L U8DS54360155(% \F° 1 & %
M-V UDBUERE LNV ERHALNI R o, 2O XY RER LY
EEHIL, LVEREMOIEB > TZEERHOL R vbEW OB N LELE X |

Wb @FEKREMRICETFITI LI EITLTE,
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Table 7 RFLEMOLZEMNLE T T 7 AL

L Safety
Compound writhing test EDso Locomotor activity test
(mg/kg) b margin °
IDso (Mg/kg)
32 69 2.2
(-)-conolidine
N
| N\ 7.8 16 2.1
H
o
(DS39201083)
/N
(N [\ 8.7 19 2.1
N
/ o H
(DS54360155)

® The EDso value was calculated from the dose response curve of the analgesic

activity of the acetic acid writhing test at 3, 10, 30, and 100 mg/kg.

> The IDsq value was calculated from the dose response curve of the reduction of

the spontaneous activity at 10, 30, and 100 mg/kg.

“Locomotor activity test IDso/acetic acid writhing test EDsp
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O BAEAM~—Y RO D g

Ri#8Table TO R FAL AV OEEICHOWVWTHEFTRESELZLTWVWS &, 22T
DILEM N A F— A ELEBEBFKELTATLIRICKREDPWVWE, £Z2TZ
DAY R—=NVREEHRTDHZLET, BEMET e 77 A VDB RELLENMT DO
TERWNEEBEZ, AV = VRZETITHMARAN VB UVBREAEEHRT L Z
LWL FR . ZDOA Y F—VEREZEBRT L2 L TYMHOSREDS HfF T,

FHEAERBBEOWNRELIENDLZDO TIIRVWhEEXT,

Table 8IZ T X912, AV F—ILEERXVEBUVRB~NEEBRLZILEWA9
O A 15 PE 1L DS54360155 L th#s L T3 D 1 EICHB T 5L 00, #2tE
v — VR RERICHD I ERN Do, FIT, T OXRE UFFEMK N

LEUFEMES L 0L etom Lz BE L FEREMEZERT 5 LI Lk,
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Table 8 b&WA9DO LM77 v 4 )L

o Safety
Compound writhing testaEDso Locomotor activity test
(mg/kg) b margin °
IDso (Mg/Kkg)
/N
e
N N 8.7 19 2.1
/ o H
(DS54360155)
N
@
”N 25 >85 >3.4
/0
49

® The EDso value was calculated from the dose response curve of the analgesic

activity of the acetic acid writhing test at 3, 10, 30, and 100 mg/kg.

® The IDs, value was calculated from the dose response curve of the reduction of

the spontaneous activity at 10, 30, and 100 mg/kg.

° Locomotor activity test IDso/acetic acid writhing test EDsp
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MG Zz@# TR E L Ta

L, filibams0x HBEFEREE LT, Pal P rEnT I v &2ChziET

=

RELEZBIC, b)) FOEFZEOAF LI, Chz kO BiR#ELZR T, Bl ¥

VARSI E AR Lz, 2o EIE E2-R L I LV EZ B FEB A F L NaBH(0Ac) ,
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ZHWTELHWT I KIS ZITWVWATF A= AT 2% &2, fi < K7 E
BOIS . Bock D iR 2 % TH O NI BALAIRIK Z . 2 F N T I FMERISIZ &
STRILT D2 ZETHMILAM TH 5492 "=, "B, 2O T+WNT I Rk
FOSIZ £ 2 BAL BSOS 1T 43 7 T RO 5 O Bl )OS 2 811 2 5 72 3 12 & A RS A

(0.0IM~0.05M) # LT 5, LoLIoRILFELZRNLEZET, 2
NETERBERR DT ZL OFEREZERTL2ILENTEDLLIITRY,

5 R R B D W AN IR S o T2

1,
(@)
s
=)

Scheme 7. Reagents and conditions: (a) benzyl chloroformate, EtsN, THF; (b) Mel,
KO'Bu, THF; (c) Pd/C, EtOH, H,, 59%; (d) NaBH(OAc)s, CH,Cl,, 85%; (e) NaOH
aq., THF; (f) HCI, 1,4-dioxane/AcOEt; (g) HATU, DIPEA, CH,CIl,, 57% three

steps.

it & 56, 57. 58, 623 L 1865|LScheme 8IZ RT L HIcEk L, (L&YW

56, 57. 58. 62X Hil{k & ®b3a. 53¢c. 59% ¥ JF B & L T, Scheme 7& [A
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BRICT I v % Chz i CRELT-BIC, 7 fb, Chz o BifR#ELR T, ©
m Y Y fkbda-c, 60 G LIz, ZOPRRKICKED U U LZEHWT,
T 2o rr7a I RERIEES®EEZ LT 2T L {K%55a-c, 61
AF T, e < MK 53 i BOIS . Boo Bk o iR 3 2 #% T3 b 7o BRAL AT BRIk & | 4y
FHNT7 I FERIBICE>TRILT 22 & CHRLAEH TH 556, 57, 58, 62
e, EibEmesiTiilibE W63 L VD REEED FIEIZTT v F ik, Cbz
HEOBRE., MARKZHOEZRHE T, mARFMETOSFHAT I FMEKISIT &

S>THKLTE,
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N a, b, c N
1 ;_\‘ S O _— 1 0
R7R? ﬂ—q R N~A4
/
o+ o
53a: Rl=H, R?=H 54a: R=H, R?=H, R3=Me
53c: RY, R%=-(CH,),- 54b: Rl=H, R?=H, R3=Et
54c: R, R?=-(CH,),-, R%=Me
3
Br %—o}_ R i
N 1
R4 (0] R 4
o) . R
- N R N
o, ) e fg R2>(\\/
—_— R -_— S -‘N
/O R3/ e}
0
55a: R!=H, R?=H, R3=Me, R*=Me 56: R1=H, R2=H, R3=Me, R4=Me
55b: R=H, R?=H, R3=Et, R*=H 57: R1=H, R?=H, R3=Et, R*=H
55¢: RY, R?=-(CH,),-, R3=Me, R*=H 58: RY, R?=-(CH,),-, R®%=Me, R*=H
H
H a, b c N
N o)
o —— [ X
o N“ O
s |

Scheme 8. Reagents and conditions: (a) benzyl chloroformate, EtzN, THF; (b) Mel
or Etl, KO'Bu, THF; (c) Pd/C, EtOH, H,, 59%-88%; (d) K,CO3, CH,Cl,, 78%-96%:;
(e) NaOH aq., THF; (f) HCI, 1,4-dioxane/AcOEt; (g) HATU, DIPEA, CH,ClI,,

43%-67% three steps.
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Scheme 9127 v FEHAL AW ThH 56Ta-dDH L STk % ~r L7z, Scheme 8
THERLZPEAEScEHNT, I TL5_Xr Y r7mr I FERESED D
LT AT VK Z66a-dx 57, Z O FEAK DMK RIS, Bockkd
ik Z R CHONTRILAEARZ, 2FAT7 I FMERISIZ X - TEILT D

L TCHMIEEY TH D6Ta-dEH T,
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(0]
F N
7

N 2
N o) R b(‘/ °
F b, c,d S\ F
0 a 0 N
_« —_— 4
0 5

Y ——> I 05 4
/ o_é
66a: 2-F 67a: 2-F
66b: 3-F 67b: 3-F
S4c 66¢: 4-F 67c: 4-F
66d: 5-F 67d: 5-F

Scheme 9. Reagents and conditions: (a) K,CO3, CH,CIl,, 76%-96%; (b) NaOH ag.,
THF; (c) HCI, 1,4-dioxane/AcOEt; (d) HATU, DIPEA, CH,Cl,, 55%-70% three

steps.
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S VUET H B A B R o SEBE AT A & B

RyPrEFEEEKOEe Y 7 aBRE S E2 TR L 7-{LAW56. 57. 58, 621 &
U650 ¥ Al A B (S IEPE, Log Dr oy MS) (221 CTTable 923, £~
VB UFBEERIT A R A BEAR SR, 2K Log D N FEIZ TR ST

BO., TR TRBLZEEbEWEZR LTS ERDND, £,

i

B/ n g RICERLETEALTLEWb6, 57, B8R KT L L, BEAXNY Y
VBRIV /e u eV EEBEANLTALAEWESTHEIR T A Y VBRI W

T, ARV BEE K gh A R L2 (84% inhibition at 30 mg/kg) . F 7.
By gk e AR LI bE e, 65BN TIE, ErY Y UVREEANY Y
VERASCEEW LA A W62 IR IR WV EIRIEE S A B v (TT%

inhibition at 30 mg/kg) .
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Table 9 7 Bla% & K O FKEEE Al (1)

8-membered ring

R
N
Compound [ writhing test® Log D7.4° MS (%)°
X
o)
N
d
49 97 0.3 82
N
/0
N
Jd
56 & 31 0.3 81
N
/70
N
d
57 ~ 45 0.4 80
N
— 5
N
Jd
58 R 84 0.5 81
N
/0

N
62 :\)@ 77 0.3 62
N
/0
N
65 () 24 0.6 78
N
0

%% inhibition at 30 mg/kg

Y The distribution coefficients (Log D7 4) were measured between 1-octanol and

phosphate buffered saline (pH ;.4).

¢ MS (Metabolic stability) : Percentage of the tested compound remaining after

0.5 h of incubation with mouse liver microsome (0.1 mg/mL).
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ZZTIHEMHOBD o (LA WHE8, 6212 DWW T HIZFEM A Rt (S5 IGHED
EDsofi. PKZ 11 7 7 A L) % 4T - 7= (Table 10), = O fE 8. Wit 7 A4 ¥ v /&
BR OEDfEIC BT, (LA WVW TR bBWESEZ RT Z &N bho -
(EDsof : 15 mg/kg) o F7PKT B 7 7 A MIZOWVWTHHRBAHRERTH

ST, TITWICY 7 v u Vi EIKE80 b O EKENZIT -2,

Compound writhing test EDsg AUC (uM*h) ® Cmax (M) b
P (mg/kg)® (uM*h)
49 25 7.79 3.74
58 15 5.24 4.13
62 23 1.97 2.82

Table 10 H ZAb & W O 5/ AF M

® The EDso value was calculated from the dose response curve of analgesic

activity at 3, 10 and 30 mg/kg

® Average of three values dosed at 10 mg/kg orally (p.o.) in ddY mice (0.5 w/v%

methylcellulose suspension)

Table 112> 7 v o B ILFHEEKRBOR P rB FOBHREL B LI
RERT, TNETCORBFERLYD, R BUR EICHBHRE REHRIL S

BATD EHEMEERBBH L TCLESBMICH LD T, WBH/NERT v
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AR FOBEANEZRALT (67a-d) . TORK, ik 7 A ¥ > 7 B DED; fH (2

BWT, RUVBUVROMIIWC 7 v FEIRFE2EHEALTALAEMETDIZ B W Thi b 98

WHEIBIEMEZ RT 2 Db o7n (EDsffi: 6.4 mg/kg). & HIT/LAEW6TbIL

hERGH VU O A A F v F v XNV HEICBWVTHHH WHEZ R L7 (2% inhibition

at 30 pM).

Table 11 #r L& &K o B FE A (2)

N 2
D{? ° ithi hERG channel
R  writhing test b ERG channe
Compound N . EDso (mg/kg)® Log D7.4 inhibition®
/% s
R =
58 H 15 0.5 15
67a 2-F 14 0.9 0
67b 3-F 6.4 0.9 2
67c 4-F 36 0.9 14
67d 5-F 35 1.0 0

® The EDso value was calculated from the dose response curve of analgesic

activity at 3, 10 and 30 mg/kg

Y The distribution coefficients (Log D7 4) were measured between 1-octanol and

phosphate buffered saline (pH 7.4).
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4 9% inhibition at 30 pM

K IZTable 11CTH & iR WEIRIEME 2~ L7 7 E1 & W67b (DS34942424) D
BV 17 7 A4 2o CTable 12127% L 72, 67b(DS34942424) O 1 = &
— X —IEMEDIDfED 66 mg/kg/e o7 2 &b, et~ —T 1310.3L K
EHER LI, SHOFBREI . ERIER (BF8 7 A ¥ 2 73R B OED;fH)
CHEBIER (mat—4 —RBROIDME) FE_XUErFEAKICTsZLTK
S EHEST DM H D EBHEIZR T, E-> T, EFMEMNZL &
FTRAI =R LFHEBEREFZTAI=RALLEWNTHY ., TOERITA 7 X

By N THHERTEBRSRD,

Table 12 {4 ¥ 6Tb(DS34942424) D&M T a7 7 A )L

L Safety
writhing test EDsg Locomotor activity test
Compound (mg/kg) ° e
b margin
IDso (Mmg/kg)
/N
@s
N N 8.7 19 2.1
/ o H
(DS54360155)
N
ML Y
"‘N 6.4 66 10.3
/70
67b(DS34942424)

® The EDso value was calculated from the dose response curve of the analgesic

activity of the acetic acid writhing test at 3, 10, 30, and 100 mg/kg.
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® The IDso value was calculated from the dose response curve of the reduction of

the spontaneous activity at 10, 30, and 100 mg/kg.

° Locomotor activity test IDse/acetic acid writhing test EDs,

RIZH LA G W67 (DS34942424) DFEMAL T v 7 7 A LIZHOWVWTHKA L -
it B % Table 1312777, 67b(DS34942424) 1310 mg/kg® & 1 # 5 T B if 72 PK
T 7 A NERL, FEG51IKBE%OKp brainfEifl.40& 1L ETH -
ol bBITEL RV LA THDL E VWX D, E. A EA AR
Z A (MOR) 2% 9 5 Bindingik 3 & ONcAMP assayD fE R LV u -F A A

FZRET7T A=A PFMEEEZ TSIV E NS T L HHER TS,
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Table 13 L& #67b(DS34942424) DPK7> 1 7 7 A4 L ¥ X ’\MORVE M

N
‘\\/ F
/0
67b (DS34942424)
AUC (pM*h) * Cmax (M) *® Ti2 (h) Kp_brain °
5.80 2.15 2.27 1.40
MOR binding test MOR cAMP assay MOR cAMP assay
ICs0 (LM) © ECso (uM) * Emax (%) ©
>100 >100 19

® Average of three values dosed at 10 mg/kg orally (p.o.) in ddY mice (0.5 w/v%

methylcellulose suspension)

® Kp brain : brain to plasma concentration ratio at 1h

¢ Binding affinities (1Cso) were obtained by the competitive displacement of
radiolabeled [*H] diprenorphinee. Morphine, with an 1Cs 0.41 pM, was used as a

positive control

¢ cAMP assays were carried out using human MOR-expressed CHO cells.

DAMGO, with an ECsq 0.088 uM, was used as a positive control

® Emax Was calculated as the response (in %) obtained with DAMGO
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5l & fE & . 67b (DS34942424) D EREIHEMEICHOWTH AT 20, A4 A F
ERIZFEDOEENE I D EFMT 27200 RBEATHL, v UAF AL~ UK
BROOPD & g2 Lm, ARBRITddY~ 7 2 (HASLC #ME, 4-5Hip) O %R
W FloAv~ ) v EEATDHZ L TAL D Licking/Biting fTEH A BLE L |
ZoATERMAZNEST S Z L THEIRMEM 25 5, FriZinitial phase & I
Eh2F30~) v OFEENPOHNIONETICREIDMBEME~DOERL~ Y O
HEMNRBEMBRICEIVELLZEFBIA A, FEOLAPDREZRT L SR
T 53939 Figure 12(267b(DS34942424) D~ 7 AR )b~ U ik o fE R %
RT ., 67b(DS34942424) 1T B K FHIICIEF IR WEL) 278 L. & DED, [ 1T
16 mg/kg T -T2, 2/ VT D~ Ak~ R BIZEH T 5ED, fE1337
mg/kgTdh D Z &5, 67b(DS34942424) X =/ UV v &g L T, 2f5LL b
LERE DR BN N Do, ZOLIIC, EHITLEMEEORMME % fiE
L (Bet~—Y v >10) | A4 A RIBHEIEICITHT 2 38\ 808 35

EHET L. HHOALEAESW6T (DS34942424) ARG H Z LN T X -,
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160 . Formalin test (initial phase)

] EDso: 16 mg/kg, po

7]

w120 -

0 18% inh.

o 100 -

_::’; 80 - 42% inh.

@ 60 - 60% inh.

-]

> 40

a

b 20 -

8 0

2 Vehicle 3 | 10 | 30
D$34942424 (mgikg, p.o. -30min)

Figure 12 Formalin test (initial phase) of 67b(DS34942424)

The hind paw pad of the ddY mice was injected with 3.5% formalin (20 pL) (n =
8) 30 min after the compound 67b (DS34942424) was administered (p.o.). The
reduction in the sum of time spent in paw licking and biting responses was

measured for the first 10 min (the initial phase) following the formalin injected.
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BOLER NS

EHIZENE T T 74Ol L& B L., 39a(DS54360155) D 1 > F— b
RAENVEBUVRANALEEBRLICILEWAIT AR LT EZ A, BRME~Y—T N
mRTLEVO I HmERHB LA, 22T, \EEWAID O H - I HKkELIZED
MATRER, v /7 oRICAERO3IHAR, "UVEVRIC7yFE2HEALL
67b (DS34942424) NEFEE 7 4 Vv v V7B Tl bW E B A2 R L (EDy, : 6.4
mg/kg) \ KM~ —T b1 EICIERT A EEZRM LA, 2L T, 2
DOALEWIThERCH UV U LA A F ¥ X NVHFICEBNTHH WEZ AL (2%
inhibition at 30 pM), vV XA AL~V VREBICEBWNTHL HEKGFHIZHES
WIS 2 R Lo (EDgofli1%16 mg/kg) o F7o, RfbkEmR=a s ) vk
I - A A A FZAEME (MOR) ITIFEHA LARWVWZ &4, MORE ®Binding
RBR, KO, cAMP assaylC KW HER L TWDH, TS OFER LD %EH IZMOR
EAhSTIC, AEAA FICEBT 2BOVEFBEENE AT 2LEW

67b (DS34942424) * G+ 5 Z L ITk B L 7=,
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&
i
w
Pl
it

AWRICBWT, £EH I XK ) )V OBKIEWEIERICEHR L.
2 VU EFERERTLSZ LT, u -4 A NEBHEICICE T % 8#E%m
AR MV EH L, u-AEA4A REBKEA ORBIER Z [B# L 72 JE kKM

EREZARS L) o a v M aBT. FRICEY M AT,

FTREWa ) Vb 0BRBN LN FERERZERL, =% V4
L7 4 v ERETAHZET, UV LBV EFEEDERTILAEY
4a% 115 L 7= (73% inhibition at 30 mg/kg) . ft\> CT4adD fFHEENL ICMedk &
BATHZ LT, BIZHMWVEEES A R 921a(DS39201083, ED;,: 7.8 mg/kg)
AT HLICH I L, 20 EWIT u - A F A RZRET T =2 ME
MErrasF BOoEkhETca VU L TRHAMGEROVERIED 2 s T H Y

ke THLZ ENbhhol,

L L7228 521a(DS39201083) D727 7 4 U v 7 &{fo T @<, =
DAL G H) TR VKERGT U U A A F v F ¥y XV ERH D Z LR b2 o
T&h, ZOMELmRT A, R LEELY DILEMT — % ORAEE AT -
kR, Log D; ,Z1&< ¥+ 52 & ThERGH U 7 A A 4 v F ¥ FIVILE %2 (K
TEH VIO HmEEZ &N TE, £ T21a(DS39201083) 7> 5 Log D,
R o Y7 nEkoOL# (scaffold hopping) Z i A 2 35 E K&
FERTDHELICLE, TOMR, HFNIECTIFEEEEHR, Er ) Ur

BL vy u i & Bk L7 B i 39a (DS54360155) 2 #1392 = L 8 T
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7, ZoEWIL21a(DS39201083) THEA SN CTW/ZhERGH U 7 A A 4
Fr xNVBEEIZCOWTOMBELSAZ R L (14% inhibition at 10 pM) . H -

5RO B ) (BDs: 8.7 mg/kg) Z R T HEILEMTH - 72,

INETHLNALTEEALNLAWITONT, invivoTCOREMRBR TH S
PaE— X - BRAEERLIZLE A, BRTOREKMEWIT LB 3V 8§ (F
AR5 BN TR, T TEFIMENRELENL, RENLE
Mo@EEKR THLIA Y F—VREEBTLL T, XEMETa T 7 A LR
AT 5O TIERNMEE T, ZLOIC, 39a(DS54360155) D A > K — /b
BAENRVEVRANEEBLAEMLAWIIZAEKRLIZEZ A, o~ —Y B
IRTDEVIHMmMAERE L, ZOMBEEZZT T, LAY B H 21Tk
BWALICHRYMALERE, B 70RICAERED3IER, RVEUVRICTY v #H
Z N L 7267b(DS34942424) i 7 A4 ¥ v 7R T b W 2R L

(EDsp: 6. 4mg/kg) . oM~ —Y 0 b 10U EICHERT D22 L2 RH Lz,
% L T, 67b(DS34942424) (ThERGH YV U LA F U F ¥ X VA EFEICB VT H 5
WAE Z 77 L (2% inhibition at 30 pM), ¥~V A AL~V U RKERIZEB WL THH
HAKAFICIR VIR D 2 0k U 7o (EDgff 1516 mg/kg) o F72. RIEAEWM u-F
B A RZREME MOR) ITIFEERH LW &b  MORE DA T ¢ v TR BR
K OAMPRBEICE VR LTCWD, ThOOELY, EHIAEL A FE
rEFIC, AFA FICEBT 28mEDZ AT 215 %67b(DS34942424)

RIS 22 LIk L T,

AEHORYLE L LT, DS34942424D1EH A = X LA DT # #E D TV & 720
LEZL5, —HOBEEKOXZ—F v MIFTHRICHDILEWVWI T =2 R"ELND

61



OBHDHIENSL, A= N T 4 TEOFEICL S TH—F v bDFHE
ErRAHT-NEEZEZTWVD,

. rAREEES (LogD )
N &l N hERGF ¥ /L IR ESEE jN
VI [ D ( [
NS H H N ﬁ
/
o o Breakthrough 0

(-)-conolidine DS39201083 DS54360155
-BFEESIJEE (EDso 32 mafkg) EEES {55 (ED. 7.8 ma/k BRI (EDso 8.7 mo/kg)
RILYUEREE (EDs 3750mg/kg) ﬁ%é;;;i@g 549542 inhil:m?én%)t 10 uM) *hERGFrJLFAZE (149 inhibition at 10 pM)

-Safety margin 2.1

SR

N = ‘E N
S=RLTP-XATAY (:] R Eﬁ?} F
) N R N
o] /0

49

BFEEST I EE (EDg 25 mo/kg)
+Safety margin >3.4

DS34942424
BFEESA U EEE (EDy 6.4 mo/ka)
*hERGFr#ILIBZE (2% inhibition at 30 pM)
«Safety margin 10.3
FL¥UEEE (EDs, 16 mg/kg)

Fizgure 13 AW DHRIE
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General information

Unless otherwise noted, commercial reagents and solvents were obtained from
suppliers and used as purchased. Normal-phase column chromatography was
performed on silica gel (SiO,) or amino-silica gel using prepackaged cartridges.
The 'H NMR and **C NMR spectra were recorded on a Varian 400-MHz
spectrometer or Bruker AVANCE |1l 500 spectrometers, and chemical shifts are
given in ppm from tetramethylsilane (TMS) as an internal standard. The mass
spectra were obtained on an Agilent Technologies system. High-resolution mass
(HRMS) spectra were recorded on a JEOL JMS-100LP spectrometer under
electron spray ionization conditions (ESI). Elemental analyses were conducted
by using a Microcorder JM10 and a Dionex ICS-1500. Optical rotations were
recorded on a Rudolph Autopol V plus or a Jasco P-1030 polarimeter. All
experimental procedures for the animals were performed in accordance with the
guidelines of the Institutional Animal Care and Use Committee of Daiichi

Sankyo Co., Ltd.
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(4E)-4-ethylidene-7-methyl-1,4,5,7-tetrahydro-2,5-ethanoazocino[4,3-b]indo

I-6(3H)-one sulfuric acid salt (2a)

To the mixture of conolidine (0.0300g, 0.113mmol) in DMF (1.0 mL), 60%
sodium hydride (0.0090g, 0.225 mmol) was added. After the mixture was stirred
for 1 h, iodomethane (0.0077 mL, 0.124 mmol) was added and stirred overnight.
The mixture was poured into water and extracted with ethyl acetate. The organic
layer was washed with brine, dried over sodium sulfate, and concentrated in
vacuo. The residue was purified by column chromatography using silica gel to
obtain

(4E)-4-ethylidene-7-methyl-1,4,5,7-tetrahydro-2,5-ethanoazocino[4,3-b]indol-6
(3H)-one (0.017 g, 54%). This compound was treated with 1 mol/L hydrosulfonic
acid (0.062 mL, 0.062 mmol) in ethanol (1 mL) at 0 °C. The resulting solid was
collected and dried using a pump to obtain 2a (0.020 g, 88%) as a solid. *H NMR
(400 MHz, DMSO-dg) &: 10.83 (1H, br s), 7.70-7.61 (2H, m), 7.49-7.41 (1H, m),
7.26-7.18 (1H, m), 5.90-5.80 (1H, m), 5.06 (1H, d, J =17.0 Hz), 4.62 (1H, d, J =
17.0 Hz), 4.23-4.14 (1H, m), 4.04-3.98 (1H, m), 3.60-3.57 (3H, br m), 2.53-2.50
(3H, br m), 2.44-2.30 (2H, m), 1.54 (3H, d, J = 5.5 Hz); MS (ESI) m/z: 281

(M+H)".

(4E)-4-ethylidene-7-(2-hydroxyethyl)-1,4,5,7-tetrahydro-2,5-ethanoazocino[

4,3-blindol-6(3H)-one sulfuric acid salt (2b)
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To the mixture of conolidine (0.0300g, 0.113mmol) in DMF (1.0 mL), 60%
sodium hydride (0.0135g, 0.338 mmol) was added. After the mixture was stirred
for 1 h, 2-bromoethyl acetate (0.0248 mL, 0.150 mmol) was added and stirred
overnight. The mixture was poured into water and extracted with ethyl acetate.
The organic layer was washed with brine, dried over sodium sulfate, and
concentrated in vacuo. The residue was purified by column chromatography
using silica gel to obtain
2-[(4E)-4-ethylidene-6-0x0-3,4,5,6-tetrahydro-2,5-ethanoazocino[4,3-b]indol-7(
1H)-yl]ethyl acetate (0.021 g, 58%). This compound was treated with 2 mol/L
sodium hydroxide (1 mL) in THF / methanol (1 mL / 1 mL) at 0 °C and the
mixture was stirred overnight. The mixture was poured into 2 M HCI (1 mL) and
extracted with ethyl acetate. The ethyl acetate layer was washed with water and
brine, dried over sodium sulfate, and concentrated in vacuo to give
(4E)-4-ethylidene-7-(2-hydroxyethyl)-1,4,5,7-tetrahydro-2,5-ethanoazocino[4,3
-bJindol-6(3H)-one (0.014 g, 80%). This alcohol was treated with 1 mol/L
hydrosulfonic acid (0.045 mL, 0.045 mmol) in ethanol (1 mL) at 0 °C. The
resulting solid was collected and dried in vacuo to obtain 2b (0.016 g, 91%) as a
solid. '"H NMR (400 MHz, DMSO-ds) &: 11.18 (1H, br s), 7.70-7.23 (2H, m),
7.40-7.21 (1H, m), 7.24-7.11 (1H, m), 5.67-5.55 (1H, m), 5.01 (1H, d, J = 17.2
Hz), 4.32 (1H, d, J = 17.2 Hz), 4.31-4.10 (1H, m), 4.00-3.87 (1H, m), 3.74-3.59
(5H, br m), 2.65-2.52 (2H, br m), 2.44-2.30 (2H, m), 1.51 (3H, d, J = 5.5 Hz);

MS (ESI) m/z: 310 (M+H)".

[1-(benzenesulfonyl)-7-methoxy-1H-indol-2-yl]-{(3E)-3-ethylidene-1-[(4-met

hoxyphenyl)methyl]-piperidin-4-yl}methanol (6a)
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To a solution of lithium diisopropylamide in n-hexane-THF (13.3 mL, 14.3
mmol) at =78 °C, 1-(phenylsulfonyl)indole (4.12 g, 14.3 mmol) in THF (40 mL)
was added dropwise. After stirring for 1 h,
(3E)-3-ethylidene-1-[(4-methoxyphenyl)methyl]piperidine-4-carbaldehyde 5
(2.48 g, 9.56 mmol) in THF (20 mL) was added dropwise. The mixture was
allowed to warm up to 0 °C and stirred overnight. Then, the mixture was poured
into water and extracted with ethyl acetate. The ethyl acetate layer was washed
with brine, dried over sodium sulfate, and concentrated in vacuo. The residue
was passed through silica gel and eluted with 50%—-100% ethyl acetate in hexane
to give 6a (5.23 g, 62%) as a solid. "H NMR (400 MHz, CDCl3) &: 7.71 (2H, d, J
= 8.0 Hz), 7.50-7.46 (1H, m), 7.39 (2H, t, J = 7.8 Hz), 7.26-7.23 (3H, m),
7.12-7.09 (1H, m), 7.04 (1H, d, J = 8.0 Hz), 6.90-6.85 (2H, m), 6.63 (1H, d, J =
8.4 Hz), 5.55 (1H, d, J = 5.4 Hz), 5.35-5.34 (1H, m), 3.81 (3H, s), 3.62 (3H, s),
3.58-3.53 (1H, m), 3.49 (2H, brs), 3.19 (1H, d, J = 13.2 Hz), 2.88 (1H, d, J =
13.4 Hz), 2.62-2.58 (1H, m), 2.35-2.30 (1H, m), 1.83-1.80 (1H, m), 1.64 (3H, s),

1.27-1.25 (1H, m); MS (ESI) m/z: 547 (M+H)".

{(3E)-3-ethylidene-1-[(4-methoxyphenyl)methyl]-piperidin-4-yl}-(7-methoxy

-1H-indol-2-yl)methanol (7a)

A mixture of 6a (0.472 g, 0.914 mmol) and cesium carbonate (1.19 g, 3.65
mmol) in THF (8 mL) and methanol (4 mL) was refluxed for 2 h and then poured

into brine and extracted with ethyl acetate. The ethyl acetate layer was washed
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with water and brine, dried over sodium sulfate, and concentrated in vacuo. The
residue was passed through silica gel and eluted with 10%-60% ethyl acetate in
hexane, to give 7a (0.282 g, 82%) as a solid. *H NMR (500 MHz, CDCl;) §: 8.37
(1H, brs), 7.12 (2H, d, J = 8.0 Hz), 7.15-7.07 (1H, m), 6.92 (1H, d, J = 8.0 Hz),
6.880-6.82 (2H, m), 6.50 (1H, d, J = 5.8 Hz), 6.37-6.34 (1H, m), 5.31-5.28 (1H,
m), 5.21 (1H, d, J = 4.6 Hz), 3.90 (3H, s), 3.78 (3H, s), 3.50-3.43 (2H, m), 3.20
(2H, t, J = 10.3 Hz), 2.82 (1H, d, J = 136 Hz), 2.70-2.62 (1H, m), 2.36-2.25 (1H,
m), 1.99-1.95 (1H, m), 1.68-1.60 (1H, m), 1.51 (3H, d, J = 6.6 Hz) ; MS (ESI)

m/z: 407 (M+H)".

(4E)-4-ethylidene-11-methoxy-1,4,5,7-tetrahydro-2,5-ethanoazocino[4,3-b]in
dol-6(3H)-one (8a)

A mixture of alcohol 7a (0.282 g, 0.689 mmol) and manganese oxide (0.898 g,
10.3 mmol) in dichloromethane (10 mL) was stirred at room temperature for 4 h.
The insoluble portion was removed, and the filtrate was concentrated in vacuo to
give
[(3E)-3-ethylidene-1-[(4-methoxyphenyl)methyl]-piperidin-4-yl]-(7-methoxy-1
H-indol-2-yl)methanone as a yellow solid, which was used for the next reaction
without further purification. The mixture of ketone and chloroformic acid
1-chloroethyl ester (1.81 mL, 1.78 mmol) in 1,2-dichloroethane (15 mL) was
reflux for 1 h and then concentrated in vacuo.The residue was dissolved in

methanol(15mL) and heated to 80°C for two hours. The mixture was
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concentrated in vacuo and the residue was washed with diisopropyl ether to give
[(3E)-3-ethylidene-piperidin-4-yl]-(7-methoxy-1H-indol-2-yl)methanone
hydrochloride as a solid. A mixture of amine HCI salt, paraformaldehyde (0.0386
g, 1.16 mmol), and trifluoroacetic acid (0.0737 mL, 0.963 mmol) in
1,2-dichloroethane (64 mL) was stirred at 80 °C for 6 h. The mixture was poured
into saturated sodium bicarbonate solution and extracted with dichloromethane
(x3). The dichloromethane layer was washed with brine, dried over sodium
sulfate, and concentrated in vacuo. The residue was purified by column
chromatography on silica gel and eluted with 20% methanol in dichloromethane
to give 8a (0.0776 g, 38%) as a foam. *H NMR (400 MHz, CDCl3) §: 8.94 (1H, s),
7.20 (1H, t, J = 8.0 Hz), 6.89 (1H, d, J = 8.0 Hz), 6.39 (1H, d, J = 8.0 Hz),
5.44-5.43 (1H, m), 5.06 (1H, d, J = 19.6 Hz), 4.49 (1H, d, J = 19.6 Hz),
3.95-3.93 (1H, m), 3.87 (3H, s), 3.85-3.83 (1H, m), 3.43-3.40 (1H, m), 3.33 (1H,
d, J = 15.7 Hz), 3.14-3.10 (1H, m), 2.11-2.07 (2H, m), 1.49 (3H, d, J = 6.9 Hz):

297 (M+H)".

(4E)-4-ethylidene-11-methoxy-1,4,5,7-tetrahydro-2,5-ethanoazocino[4,3-b]in
dol-6(3H)-one sulfuric acid salt (3a)

Compound 8a (0.0776 g, 2.62 mmol) was treated with 1 mol/L hydrosulfonic
acid (2.4 mL, 2.62 mmol) in ethanol (5 mL) at 0 °C. The resulting solid was
collected and dried in vacuo to obtain 3a (0.0721 g, 86%) as a solid. *H NMR (400

MHz, DMSO-dg) &: 8.81 (1H, s), 7.23 (1H, t, J = 8.0 Hz), 6.92 (1H, d, J = 8.0 Hz),
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6.30 (1H, d, J = 8.0 Hz), 5.49-5.47 (1H, m), 5.00 (1H, d, J = 19.7 Hz), 4.43 (1H, d,
J =19.7 Hz), 3.94-3.90 (1H, m), 3.79 (3H, s), 3.85-3.84 (1H, m), 3.42-3.39 (1H,
m), 3.31 (1H, d, J = 15.7 Hz), 3.14-3.11 (1H, m), 2.10-2.02 (2H, m), 1.45 (3H, d, J

= 6.6 Hz): 297 (M+H)".

[1-(benzenesulfonyl)-6-methoxy-1H-indol-2-yl]-{(3E)-3-ethylidene-1-[(4-met
hoxyphenyl)methyl]-piperidin-4-yl}methanol (6b)

6b was prepared as a solid in a similar manner described for 6a. 75% yeild: 'H
NMR (400 MHz, CDCls) &: 7.61-7.55 (2H, m), 7.40-7.35 (1H, m), 7.34-7.30 (2H,
m), 7.26-7.23 (3H, m), 7.15-7.10 (1H, m), 7.14 (1H, d, J = 8.2 Hz), 6.91-6.80
(2H, m), 6.61 (1H, d, J = 8.2 Hz), 5.65 (1H, d, J = 5.2 Hz), 5.35-5.30 (1H, m),
3.82 (3H, s), 3.52 (3H, s), 3.50-3.46 (1H, m), 3.66 (2H, brs), 3.06 (1H, d, J =
13.0 Hz), 2.92 (1H, d, J = 13.0 Hz), 2.55-2.49 (1H, m), 2.35-2.31 (1H, m),

1.93-1.81 (1H, m), 1.76 (3H, s), 1.27-1.22 (1H, m); MS (ESI) m/z: 547 (M+H)".

{(3E)-3-ethylidene-1-[(4-methoxyphenyl)methyl]-piperidin-4-yl}-(6-methoxy
-1H-indol-2-yl)methanol (7b)

7b was prepared as a solid in a similar manner described for 7a. 88% yeild: 'H
NMR (500 MHz, CDCl3) &: 8.37 (1H, brs), 7.12 (2H, d, J = 8.0 Hz), 7.15-7.07
(1H, m), 6.92 (1H, d, J = 8.0 Hz), 6.880-6.82 (2H, m), 6.50 (1H, d, J = 5.8 Hz),

6.37-6.34 (1H, m), 5.31-5.28 (1H, m), 5.21 (1H, d, J = 4.6 Hz), 3.90 (3H, s),
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3.78 (3H, s), 3.50-3.43 (2H, m), 3.20 (2H, t, J = 10.3 Hz), 2.82 (1H, d, J = 136
Hz), 2.70-2.62 (1H, m), 2.36-2.25 (1H, m), 1.99-1.95 (1H, m), 1.68-1.60 (1H, m),

1.51 (3H, d, J = 6.6 Hz) ; MS (ESI) m/z: 407 (M+H)".

(4E)-4-ethylidene-10-methoxy-1,4,5,7-tetrahydro-2,5-ethanoazocino[4,3-b]in
dol-6(3H)-one (8b)

8b was prepared as a foam in a similar manner described for 8a. 37% yeild: *H
NMR (400 MHz, CDCls) &: 8.90 (1H, brs), 7.27-7.25 (1H, m), 7.01 (1H, dd, J =
8.8, 2.3 Hz), 6.89 (1H, d, J = 2.3 Hz), 5.47-5.45 (1H, m), 4.69 (1H, d, J = 18.4 Hz),
4.24 (1H, d, J = 18.4 Hz), 3.96 (1H, d, J = 5.9 Hz), 3.87-3.86 (1H, m), 3.85 (3H, s),
3.42-3.38 (1H, m), 3.31 (1H, d, J = 16.0 Hz), 3.11-3.07 (1H, m), 2.16-2.01 (2H, m),

1.51 (3H, d, J = 6.8 Hz); MS (ESI) m/z: 297 (M+H)".

(4E)-4-ethylidene-10-methoxy-1,4,5,7-tetrahydro-2,5-ethanoazocino[4,3-b]in
dol-6(3H)-one sulfuric acid salt (3b)

3b was prepared as a solid in a similar manner described for 3a. 87% yeild: 'H
NMR (400 MHz, DMSO-ds) 8: 7.25-7.20 (1H, m), 7.00 (1H, d, J = 8.6 Hz), 6.69
(1H, d, J = 2.1 Hz), 5.45-5.43 (1H, m), 4.75 (1H, d, J = 18.0 Hz), 4.20 (1H, d, J =
18.0 Hz), 3.92 (1H, d, J = 6.0 Hz), 3.83-3.81 (1H, m), 3.82 (3H, s), 3.45-3.39 (1H,
m), 3.30 (1H, d, J = 16.4 Hz), 3.13-3.08 (1H, m), 2.16-2.11 (2H, m), 1.43 (3H, d, J

= 6.4 Hz); MS (ESI) m/z: 297 (M+H)".
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[1-(benzenesulfonyl)-5-methoxy-1H-indol-2-yl]-{(3E)-3-ethylidene-1-[(4-met
hoxyphenyl)methyl]-piperidin-4-yl}methanol (6¢)

6¢c was prepared as a solid in a similar manner described for 6a. 64% yeild: *H
NMR (400 MHz, CDCl3) &: 7.79 (2H, d, J = 7.8 Hz), 7.51-7.40 (1H, m), 7.28-7.24
(2H, m Hz), 7.20-7.14 (3H, m), 7.12-7.06 (1H, m), 7.04 (1H, d, J = 8.2 Hz),
6.88-6.80 (2H, m), 6.72 (1H, d, J = 8.2 Hz), 5.40 (1H, d, J = 5.5 Hz), 5.34-5.29
(1H, m), 3.66 (3H, s), 3.57 (3H, s), 3.55-3.50 (1H, m), 3.44 (2H, br s), 3.24 (1H, d,
J = 12.8 Hz), 2.98 (1H, d, J = 12.8 Hz), 2.71-2.59 (1H, m), 2.40-2.31 (1H, m),

1.80-1.73 (1H, m), 1.66 (3H, s), 1.31-1.28 (1H, m); MS (ESI) m/z: 547 (M+H)".

{(3E)-3-ethylidene-1-[(4-methoxyphenyl)methyl]-piperidin-4-yl}-(5-methoxy
-1H-indol-2-yl)methanol (7¢c)

7c was prepared as a solid in a similar manner described for 7a. 85% vyeild: 'H
NMR (500 MHz, CDCl3) &: 8.60 (1H, brs), 7.21 (2H, d, J = 8.2 Hz), 7.04-7.01
(1H, m), 6.90 (1H, d, J = 8.2 Hz), 6.94-6.88 (2H, m), 6.58 (1H, d, J = 5.8 Hz),
6.35-6.30 (1H, m), 5.38-5.33 (1H, m), 5.02 (1H, d, J = 4.8 Hz), 3.92 (3H, s),
3.76 (3H, s), 3.60-3.51 (2H, m), 3.21-2.98 (2H, m), 2.83 (1H, d, J = 13.6 Hz),
2.62-2.55 (1H, m), 2.28-2.22 (1H, m), 1.90-1.85 (1H, m), 1.68-1.60 (1H, m),

1.59 (3H, d, J = 6.8 Hz) ; MS (ESI) m/z: 407 (M+H)".
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(4E)-4-ethylidene-9-methoxy-1,4,5,7-tetrahydro-2,5-ethanoazocino[4,3-b]ind
ol-6(3H)-one (8c)

8c was prepared as a foam in a similar manner described for 8a. 37% vyeild: *H
NMR (400 MHz, CDCls) &: 8.95 (1H, brs), 7.31-7.26 (1H, m), 7.11 (1H, dd, J =
8.4, 2.2 Hz), 6.89 (1H, d, J = 2.2 Hz), 5.45-5.41 (1H, m), 4.55 (1H, d, J = 18.1 Hz),
4.32 (1H, d, J = 18.1 Hz), 3.91 (1H, d, J = 5.6 Hz), 3.85-3.83 (1H, m), 3.80 (3H, s),
3.45-3.30 (1H, m), 3.28 (1H, d, J = 15.6 Hz), 3.06-3.01 (1H, m), 2.19-2.11 (2H, m),

1.61 (3H, d, J = 6.5 Hz); MS (ESI) m/z: 297 (M+H)".

(4E)-4-ethylidene-9-methoxy-1,4,5,7-tetrahydro-2,5-ethanoazocino[4,3-b]ind
ol-6(3H)-one sulfuric acid salt (3c)

3c was prepared as a solid in a similar manner described for 3a. 84% yeild: *H
NMR (400 MHz, DMSO-ds) &: 7.35-7.21 (1H, m), 7.03 (1H, d, J = 8.4 Hz), 6.69
(1H, d, J = 2.2 Hz), 5.55-5.50 (1H, m), 4.65 (1H, d, J = 18.1 Hz), 4.21 (1H, d, J
= 18.1 Hz), 3.97 (1H, d, J = 6.2 Hz), 3.85-3.82 (1H, m), 3.77 (3H, s), 3.41-3.37
(1H, m), 3.21 (1H, d, J = 16.8 Hz), 3.15-3.11 (1H, m), 2.21-2.18 (2H, m), 1.43

(3H, d, J = 6.0 Hz); MS (ESI) m/z: 297 (M+H)".

[1-(benzenesulfonyl)-4-methoxy-1H-indol-2-yl]-{(3E)-3-ethylidene-1-[(4-met

hoxyphenyl)methyl]-piperidin-4-yl}methanol (6d)

6d was prepared as a solid in a similar manner described for 6a. 64% yeild: *H
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NMR (400 MHz, CDClg) 8: 7.75 (2H, d, J = 8.2 Hz), 7.51-7.46 (1H, m), 7.30 (2H, t,
J = 8.0 Hz), 7.26-7.22 (3H, m), 7.20-7.15 (1H, m), 7.07 (1H, d, J = 8.2 Hz),
6.85-6.79 (2H, m), 6.62 (1H, d, J = 8.2 Hz), 5.42 (1H, d, J = 5.3 Hz), 5.37-5.32
(1H, m), 3.77 (3H, s), 3.59 (3H, s), 3.50-3.43 (1H, m), 3.33 (2H, br s), 3.14 (1H, d,
J = 13.0 Hz), 2.76 (1H, d, J = 13.0 Hz), 2.50-2.45 (1H, m), 2.38-2.33 (1H, m),

1.94-1.85 (1H, m), 1.68 (3H, s), 1.43-1.33 (1H, m); MS (ESI) m/z: 547 (M+H)".

{(3E)-3-ethylidene-1-[(4-methoxyphenyl)methyl]-piperidin-4-yl}-(4-methoxy
-1H-indol-2-yl)ymethanol (7d)

7d was prepared as a solid in a similar manner described for 7a. 92% yeild: 'H
NMR (500 MHz, CDCI3) &: 8.67 (1H, brs), 7.22 (2H, d, J = 8.0 Hz), 7.08-7.03
(1H, m), 6.98 (1H, d, J = 8.0 Hz), 6.90-6.88 (2H, m), 6.51 (1H, d, J = 5.5 Hz),
6.35-6.34 (1H, m), 5.33-5.31 (1H, m), 5.02 (1H, d, J = 4.7 Hz), 3.94 (3H, s),
3.80 (3H, s), 3.55-3.46 (2H, m), 3.22 (2H, t, J = 10.6 Hz), 2.87 (1H, d, J = 13.7
Hz), 2.72-2.66 (1H, m), 2.34-2.28 (1H, m), 1.99-1.92 (1H, m), 1.68-1.64 (1H, m),

1.53 (3H, d, J = 6.7 Hz); MS (ESI) m/z: 407 (M+H)".

(4E)-4-ethylidene-8-methoxy-1,4,5,7-tetrahydro-2,5-ethanoazocino[4,3-b]ind

ol-6(3H)-one (8d)

8d was prepared as a foam in a similar manner described for 8a. 38% yeild: *H

NMR (400 MHz, CDCl;) §: 8.95 (1H, s), 7.21 (1H, t, J = 8.3 Hz), 6.86 (1H, d, J =
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8.3 Hz), 6.37 (1H, d, J = 8.3 Hz), 5.45-5.42 (1H, m), 5.00 (1H, d, J = 19.4 Hz),
4.45 (1H, d, J = 19.4 Hz), 3.94-3.91 (1H, m), 3.83 (3H, s), 3.82-3.80 (1H, m),
3.46-3.42 (1H, m), 3.32 (1H, d, J = 15.4 Hz), 3.14-3.11 (1H, m), 2.22-2.14 (2H, m),

1.41 (3H, d, J = 6.7 Hz): 297 (M+H)".

(4E)-4-ethylidene-8-methoxy-1,4,5,7-tetrahydro-2,5-ethanoazocino[4,3-b]ind
ol-6(3H)-one sulfuric acid salt (3d)

3d was prepared as a solid in a similar manner described for 3a. 86% yeild: 'H
NMR (400 MHz, DMSO-dg) &: 8.82 (1H, s), 7.25 (1H, t, J = 8.2 Hz), 6.99 (1H, d, J
= 8.2 Hz), 6.32 (1H, d, J = 8.2 Hz), 5.48-5.45 (1H, m), 5.05 (1H, d, J = 19.1 Hz),
4.44 (1H, d, J = 19.1 Hz), 3.94-3.92 (1H, m), 3.78 (3H, s), 3.85-3.81 (1H, m),
3.49-3.38 (1H, m), 3.33 (1H, d, J = 15.6 Hz), 3.14-3.13 (1H, m), 2.12-2.07 (2H, m),

1.44 (3H, d, J = 6.5 Hz): 297 (M+H)".

4-ethyl-1,4,5,7-tetrahydro-2,5-ethanoazocino[4,3-b]indol-6(3H)-one  sulfuric

acid salt (4b)

To the mixture of conolidine (0.200 g, 0.751 mmol) in ethanol (20 mL), 10%
palladium carbon (0.200 g) was added and stirred under hydrogen atmosphere for 9
h. The insoluble matter was removed, and then, the filtrate was concentrated in
vacuo. The residue was purified by column chromatography using silica gel and

eluted with 0%-18% methanol in dichloromethane to obtain
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4-ethyl-1,4,5,7-tetrahydro-2,5-ethanoazocino[4,3-b]indol-6(3H)-one  (0.195 g,
97%) as a solid. This compound was treated with 1 mol/L hydrosulfonic acid
(0.727 mL, 0.727 mmol) in ethanol (10 mL) at 0 °C. The resulting solid was
collected and dried using a pump to obtain 4b (0.242 g, 91%) as a solid. *H NMR
(400 MHz, DMSO-dg) &: 11.86 (1H, br s), 10.83 (1H, br s), 7.66 (1H, d, J = 8.2
Hz), 7.49 (1H, d, J = 8.0 Hz), 7.38-7.36 (1H, m), 7.16 (1H, t, J = 8.0 Hz), 5.12 (1H,
d, J = 17.2 Hz), 4.76 (1H, d, J = 17.2 Hz), 3.63-3.56 (2H, m), 3.42-3.40 (1H, m),
3.26-3.21 (1H, m), 2.97-2.94 (1H, m), 2.41-2.35 (3H, m), 1.15-1.11 (2H, m), 0.90

(3H, t, J = 7.0 Hz); MS (ESI) m/z: 269 (M+H)"

[1-(benzenesulfonyl)indol-2-yl]-{(3Z)-3-ethylidene-1-[(4-methoxyphenyl)met
hyl]-piperidin-4-yl}methanol (10c)

10c was prepared as a solid in a similar manner described for 6a. 84% yeild: 'H
NMR (400 MHz, CDCl3) &: 8.11 (1H, d, J = 8.6 Hz), 7.71-7.70 (2H, m), 7.47-7.43
(1H, m), 7.40-7.39 (1H, m), 7.35-7.32 (2H, m), 7.24-7.17 (4H, m), 6.89 (2H, d, J =
8.4 Hz), 6.79 (1H, s), 5.42 (1H, d, J = 5.1 Hz), 5.36-5.35 (1H, m), 3.82 (3H, s),
3.62 (1H, t, J = 5.5 Hz), 3.52 (2H, s), 3.24 (1H, d, J = 13.3 Hz), 2.86 (1H, d, J =
13.3 Hz), 2.67-2.64 (1H, m), 2.29-2.26 (1H, m), 1.76 (2H, d, J = 7.4 Hz),

1.61-1.60 (3H, m); MS (ESI) m/z: 517 (M+H)".
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{(32)-3-ethylidene-1-[(4-methoxyphenyl)methyl]-piperidin-4-yl}-(1H-indol-2
-yl)methanol (11c)

11c was prepared as a solid in a similar manner described for 7a. 88% yeild: *H
NMR (400 MHz, CDCl3) §: 8.42 (1H, br s), 7.50 (1H, d, J = 8.0 Hz), 7.32 (1H, d,
J =8.0 Hz), 7.29-7.24 (2H, m), 7.21-7.17 (1H, m), 7.10-7.05 (1H, m), 6.93-6.90
(2H, m), 6.20 (1H, brs), 5.52 (1H, d, J = 5.1 Hz), 5.34-5.32 (1H, m), 3.89 (3H,
s), 3.60 (1H, t, J = 5.5 Hz), 3.59 (2H, s), 3.22 (1H, d, J = 13.6 Hz), 2.88 (1H, d, J
= 13.6 Hz), 2.67-2.64 (1H, m), 2.29-2.26 (1H, m), 1.76 (2H, d, J = 7.4 Hz),

1.61-1.60 (3H, m); MS (ESI) m/z: 377 (M+H)".

(4Z)-4-ethylidene-1,4,5,7-tetrahydro-2,5-ethanoazocino[4,3-b]indol-6(3H)-o0
ne (12c)

12c was prepared as a solid in a similar manner described for 8a. 35% yeild: 'H
NMR (400 MHz, CDCls) &: 9.00 (1H, brs), 7.57 (1H, d, J = 8.2 Hz), 7.36-7.33 (2H,
m), 7.13-7.09 (1H, m), 5.48-5.46 (1H, m), 4.77 (1H, d, J = 14.4 Hz), 4.29 (1H, d, J
= 14.4 Hz), 3.98-3.97 (1H, m), 3.88-3.84 (1H, m), 3.42-3.39 (1H, m), 3.33-3.29
(1H, m), 3.14-3.05 (1H, m), 2.19-2.01 (2H, m), 1.51 (3H, d, J = 7.0 Hz); MS (ESI)

m/z: 267 (M+H)".
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(4Z2)-4-ethylidene-1,4,5,7-tetrahydro-2,5-ethanoazocino[4,3-b]indol-6(3H)-0
ne sulfuric acid salt (4c)

4c was prepared as a solid in a similar manner described for 3a. 82% yeild: *H
NMR (400 MHz, DMSO-dg) &: 8.92 (1H, brs), 7.71 (1H, d, J = 8.0 Hz), 7.56-7.42
(2H, m), 7.11-7.06 (1H, m), 5.55-5.48 (1H, m), 4.70 (1H, d, J = 14.2 Hz), 4.39 (1H,
d, J = 14.2 Hz), 3.97-3.95 (1H, m), 3.89-3.80 (1H, m), 3.55-3.42 (1H, m),
3.40-3.27 (1H, m), 3.14-3.06 (1H, m), 2.25-2.11 (2H, m), 1.61 (3H, d, J = 7.2

Hz) ; MS (ESI) m/z: 267 (M+H)".

[1-(benzenesulfonyl)indol-2-yI]-{(3E)-1-[(4-methoxyphenyl)methyl]-3-propyl
idene-piperidin-4-yl}methanol (10d)

10d was prepared as a solid in a similar manner described for 6a. 80% yeild: 'H
NMR (400 MHz, CDClg) &: 8.11 (1H, d, J = 8.0 Hz), 7.70 (2H, d, J = 8.0 Hz),
7.47-7.19 (8H, m), 6.91-6.89 (2H, m), 6.78 (1H, br s), 5.42-5.40 (1H, m),
5.27-5.25 (1H, m), 3.82 (3H, s), 3.57-3.54 (4H, m), 3.28 (1H, d, J = 13.0 Hz), 2.87
(1H, d, J = 13.0 Hz), 2.68-2.66 (1H, m), 2.27 (3H, s), 1.79-1.67 (1H, m), 0.93 (3H,

t, J = 8.0 Hz); MS (ESI) m/z: 531 (M+H)".

1H-indol-2-yl-{(3E)-1-[(4-methoxyphenyl)methyl]-3-propylidene-piperidin-4

-yl}methanol (11d)
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11d was prepared as a solid in a similar manner described for 7a. 92% yeild: 'H
NMR (500 MHz, CDCl3) §: 8.62 (1H, brs), 7.54 (1H, d, J = 8.0 Hz), 7.35 (1H, d,
J =8.0 Hz), 7.26-7.23 (2H, m), 7.13-7.12 (1H, m), 7.07-7.06 (1H, m), 6.90-6.90
(2H, m), 6.25 (1H, br s), 5.25-5.24 (1H, m), 5.03 (1H, d, J = 4.4 Hz), 3.82 (3H, d,
J = 2.0 Hz), 3.56-3.50 (2H, m), 3.29 (1H, d, J = 13.4 Hz), 3.21-3.19 (1H, m),
2.89 (1H, d, J = 13.4 Hz), 2.74-2.71 (1H, m), 2.31-2.29 (1H, m), 2.09-2.04 (1H,
m), 1.97-1.94 (2H, m), 1.69-1.63 (1H, m), 0.88 (3H, t, J = 7.4 Hz). ; MS (ESI)

m/z: 391 (M+H)".

(4E)-4-propylidene-1,4,5,7-tetrahydro-2,5-ethanoazocino[4,3-b]indol-6(3H)-
one (12d)

12d was prepared as a solid in a similar manner described for 8a. 32% yeild: 'H
NMR (400 MHz, CDCl3) é: 8.98 (1H, br s), 7.58 (1H, d, J = 8.2 Hz), 7.36-7.33 (2H,
m), 7.12-7.10 (1H, m), 5.37-5.35 (1H, m), 4.77 (1H, d, J = 18.8 Hz), 4.30 (1H, d, J
= 18.8 Hz), 3.98-3.96 (1H, m), 3.87 (1H, d, J = 16.0 Hz), 3.42-3.39 (1H, m), 3.31
(1H, d, J = 16.0 Hz), 3.12-3.06 (1H, m), 2.18-2.10 (1H, m), 2.06-2.01 (2H, m),

1.90-1.83 (1H, m), 0.81 (3H, t, J = 7.4 Hz).; MS (ESI) m/z: 281 (M+H)".

(4E)-4-propylidene-1,4,5,7-tetrahydro-2,5-ethanoazocino[4,3-b]indol-6(3H)-

one sulfuric acid salt (4d)
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4d was prepared as a solid in a similar manner described for 3a. 88% yeild: 'H
NMR (400 MHz, DMSO-dg) &: 8.90 (1H, brs), 7.68 (1H, d, J = 8.0 Hz),
7.48-7.43 (2H, m), 7.21-7.12 (1H, m), 5.35-5.30 (1H, m), 4.62 (1H, d, J = 18.4
Hz), 4.21 (1H, d, J = 18.4 Hz), 4.01-3.97 (1H, m), 3.85 (1H, d, J = 16.2 Hz),
3.44-3.38 (1H, m), 3.29 (1H, d, J = 16.2 Hz), 3.22-3.06 (1H, m), 2.19-2.15 (1H,
m), 2.06-2.00 (2H, m), 1.95-1.93 (1H, m), 0.88 (3H, t, J = 7.2 Hz).; MS (ESI)

m/z: 281 (M+H)".

tert-butyl 4-(hydroxymethyl)-4-methyl piperidine-1-carboxylate (14a)

To a suspension of lithium aluminum hydride (0.702 g, 18.5 mmol) in THF (10
mL) at 0 °C, 1-Boc-4-methyl-piperidine-4-carboxylic acid 13a (3.60 g, 14.8
mmol) in THF (30 mL) was added dropwise over 30 min. After stirring for 1 h,
the reaction was quenched with 700 pL of water, 700 pL of 15% NaOH, and 2.1
mL of water, and then stirred vigorously overnight. The reaction mixture was
passed through Celite, and the filtrate was concentrated in vacuo. The residue
was purified by column chromatography on silica gel (100 g) and eluted with
10%-70% ethyl acetate in hexane to give alcohol 14a (2.45 g, 72%) as an oil. *H
NMR (400 MHz, CDCls3) &: 3.72-3.58 (2H, m), 3.35 (2H, d, J = 5.9 Hz), 3.13—

3.06 (2H, m), 1.50-1.25 (4H, m), 1.38 (9H, s), 0.99 (3H, s).

tert-butyl 4-{[1-(benzenesulfonyl)-1H-indol-2-yl]-hydroxy-methyl}-4-methyl

piperidine-1-carboxylate (16a)

79



A mixture of alcohol 14a (2.45 g, 18.5 mmol), sulfur trioxide pyridine complex
(8.50 g, 53.4 mmol), dimethylsulfoxide (4.55 mL, 64.1 mmol), and
N,N-diisopropylethylamine (18.6 mL, 107 mmol) in dichloromethane (100 mL)
was stirred at room temperature for 30 min. The mixture was poured into 1 M
HCI and extracted with ethyl acetate. The ethyl acetate layer was washed with
water and brine, dried over sodium sulfate, and concentrated in vacuo to give
tert-butyl 4-formyl-4-methyl piperidine-1-carboxylate 15a as an oil, which was
used for the next reaction without further purification. To a solution of lithium
diisopropylamide in n-hexane-THF (17.0 mL, 19.0 mmol) at -78 °C,
1-(phenylsulfonyl)indole (5.00 g, 19.4 mmol) in THF (20 mL) was added
dropwise. After stirring for 1 h, aldehyde 15a (2.4 g, 11 mmol) in THF (20 mL)
was added dropwise. The mixture was allowed to warm up to 0 °C and stirred
overnight. Then, the mixture was poured into water and extracted with ethyl
acetate. The ethyl acetate layer was washed with brine, dried over sodium sulfate,
and concentrated in vacuo. The residue was passed through silica gel (100 g) and
eluted with 50%-100% ethyl acetate in hexane to give 16a (4.1 g, 80% from 14a)
as a solid. *H NMR (400 MHz, CDCls) §: 8.21 (1H, d, J = 8.2 Hz), 7.67 (2H, d, J
= 9.4 Hz), 7.52-7.44 (2H, m), 7.41-7.22 (4H, m), 6.74 (1H, s), 5.41 (1H, d, J =
4.7 Hz), 3.89-3.86 (2H, br m), 2.87-2.85 (2H, br m), 2.06-2.04 (1H, br m),

1.84-1.81 (1H, br m), 1.46 (9H, s), 1.09 (3H, s).

Synthesis of tert-butyl 4-Thydroxy(1H-indol-2-yl)methyl]-4-methyl

piperidine-1-carboxylate (17a)

A mixture of 16a (4.1 g, 8.5 mmol) and cesium carbonate (14 g, 42 mmol) in

THF (60 mL) and methanol (20 mL) was refluxed for 2 h and then poured into

80



brine and extracted with ethyl acetate. The ethyl acetate layer was washed with
water and brine, dried over sodium sulfate, and concentrated in vacuo. The
residue was passed through silica gel (90 g) and eluted with 10%-60% ethyl
acetate in hexane, to give 17a (2.3 g, 79%) as a solid. *H NMR (500 MHz,
CDCls) 8: 8.38 (1H, s), 7.56 (1H, d, J = 7.8 Hz), 7.35 (1H, d, J = 4.5 Hz), 7.18—
7.14 (1H, m), 7.11-7.07 (1H, m), 6.32 (1H, d, J = 1.6 Hz), 4.61 (1H, d, J = 3.5
Hz), 3.88-3.85 (2H, br m), 2.97-2.93 (2H, br m), 2.22 (1H, d, J = 3.5 Hz), 1.70—

1.24 (4H, m), 1.46 (9H, s), 1.00 (3H, s).

5-methyl-1,4,5,7-tetrahydro-2,5-ethanoazocino[4,3-b]indol-6(3H)-one (20a)

A mixture of alcohol 17a (2.3 g, 6.3 mmol) and manganese oxide (23 g, 270
mmol) in dichloromethane (100 mL) was stirred at room temperature for 4 h. The
insoluble portion was removed, and the filtrate was concentrated in vacuo to
give tert-butyl 4-(1H-indole-2-carbonyl)-4-methyl piperidine-1-carboxylate 18a
as a yellow solid, which was used for the next reaction without further
purification. Compound 18a was dissolved in 4 M HCl/ethyl acetate (28 mL) and
stirred at room temperature for 1 h. Then, the reaction mixture was concentrated
in vacuo to give 1H-indol-2-yl-(4-methyl-piperidin-4-yl)methanone
hydrochloride 19a as a solid. A mixture of amine HCI salt 19a,
paraformaldehyde (0.48 g, 16 mmol), and trifluoroacetic acid (1.5 mL, 19 mmol)
in 1,2-dichloroethane (420 mL) was stirred at 80 °C for 6 h. The mixture was
poured into saturated sodium bicarbonate solution and extracted with
dichloromethane (x3). The dichloromethane layer was washed with brine, dried
over sodium sulfate, and concentrated in vacuo. The residue was purified by

column chromatography on silica gel (50 g) and eluted with 20% methanol in
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dichloromethane to give 20a (510 mg, 30% from 10) as a foam. '"H NMR (400
MHz, CDClI3) &: 9.05 (1H, br s), 7.59-7.58 (1H, m), 7.38-7.36 (2H, m), 7.17-
7.10 (1H, m), 4.52 (2H, s), 3.39-3.33 (2H, m), 3.08-2.97 (2H, m), 2.10-2.03 (2H,

m), 1.77-1.67 (2H, m), 1.29 (3H, s).

5-methyl-1,4,5,7-tetrahydro-2,5-ethanoazocino[4,3-b]indol-6(3H)-one

sulfuric acid salt (21a, DS39201083)

Compound 20a (510 mg, 2.01 mmol) was treated with 1 mol/L hydrosulfonic
acid (2.2 mL, 2.21 mmol) in ethanol (5 mL) at 0 °C. The resulting solid was
collected and dried in vacuo to obtain 21a (480 mg, 68%). '"H NMR (400 MHz,
DMSO-dg) 8: 11.58 (1H, brs), 7.65 (1H, d, J = 8.2 Hz), 7.48 (1H, d, J = 8.2 Hz),
7.34 (1H,t,J=7.6 Hz), 7.12 (1H, t, J = 7.4 Hz), 4.72 (2H, s), 3.42-3.37 (2H, m),
3.22-3.19 (2H, m), 2.11-2.04 (2H, m), 1.88-1.86 (2H, m), 1.28 (3H, s). MS
(ES1) m/z: 255 (M+H)*. Anal. Calcd. for C;6H15N,0.H,SO,4. 1/3C,HsOH: C,

54.43; H, 6.03; N, 7.62; S, 8.72. Found: C, 54.16; H, 5.80; N, 7.89; S, 8.73.

tert-butyl 4-{[1-(benzenesulfonyl)-1H-indol-2-yl](hydroxy)methyl}-4-ethyl
piperidine-1-carboxylate (14b)

14b was prepared as a solid in a similar manner described for 14a. 89% yeild:
'H NMR (400 MHz, CDCl3) 6: 3.51-3.45 (4H, m), 3.32-3.26 (2H, m), 1.45 (9H, s),
1.44-1.41 (4H, m), 1.32-1.22 (2H, m), 0.88-0.82 (3H, m).; MS (ESI) m/z: 244

(M+H)".

82



tert-butyl 4-{[1-(benzenesulfonyl)-1H-indol-2-yl](hydroxyl)methyl}-4-ethyl
piperidine-1-carboxylate (16b)

16b was prepared as a solid in a similar manner described for 16a. 89% yeild:
'H NMR (400 MHz, CDCl;) §: 8.19 (1H, d, J = 8.2 Hz), 7.66 (2H, d, J = 8.2 Hz),
7.52-7.45 (2H, m), 7.31-7.15 (5H, m), 6.76 (1H, s), 5.63 (1H, s), 3.80 (2H, s), 2.87
(2H, t, J = 12.3 Hz), 1.95 (1H, s), 1.74-1.70 (4H, m), 1.46 (1H, s), 1.38 (9H, s),

0.96 (3H, s).; MS (ESI) m/z: 499 (M+H)".

tert-butyl
4-ethyl-4-[hydroxy(1H-indol-2-yl)methyl]piperidine-1-carboxylatel (17b)
17b was prepared as a solid in a similar manner described for 17a.85% yeild:
'H NMR (500 MHz, CDCls) &: 8.36 (1H, brs), 7.57 (1H, d, J = 7.8 Hz), 7.37 (1H,
d,J=28.2Hz),7.18-7.16 (1H, m), 7.11-7.09 (1H, m), 6.33 (1H, s), 4.89 (1H, d, J
= 3.5 Hz), 3.80-3.77 (2H, m), 3.02-2.99 (2H, m), 1.68-1.61 (4H, m), 1.54-1.46

(2H, m), 1.41 (9H, s), 0.90 (3H, t, J = 7.6 Hz); MS (ESI) m/z: 359 (M+H)".

5-ethyl-1,4,5,7-tetrahydro-2,5-ethanoazocino[4,3-b]indol-6(3H)-one (20b)

20b was prepared as a solid in a similar manner described for 20a. 40% yeild:
'H NMR (400 MHz, CDCl3) 10.32 (1H, brs), 7.52 (1H, d, J = 8.2 Hz), 7.43 (1H, d,
J =8.2 Hz), 7.32-7.30 (1H, m), 7.16-7.10 (1H, m), 4.86 (2H, br s), 3.57-3.49 (2H,

m), 3.35-3.31 (2H, m), 2.11-2.03 (4H, m), 1.74-1.70 (2H, m), 0.95 (3H, t, J = 7.0
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Hz); MS (ESI) m/z: 269 (M+H)".

5-ethyl-1,4,5,7-tetrahydro-2,5-ethanoazocino[4,3-b]indol-6(3H)-one sulfuric
acid salt (21b)

21b was prepared as a solid in a similar manner described for 21a. 89% vyeild:
'H NMR (400 MHz, DMSO-dg)8: 11.77 (1H, br s), 10.68 (1H, br s), 7.63 (1H, d,
J=8.2 Hz), 7.48 (1H, d, J = 8.2 Hz), 7.36-7.34 (1H, m), 7.15-7.13 (1H, m), 4.91
(2H, brs), 3.57-3.55 (2H, m), 3.38-3.36 (2H, m), 2.08-2.06 (4H, m), 1.74-1.73

(2H, m), 0.88 (3H, t, J = 7.2 Hz); MS (ESI) m/z: 269 (M+H)".

tert-butyl
4-{[1-(benzenesulfonyl)-1H-indol-2-yl](hydroxy)methyl}-4-propylpiperidine-
1-carboxylate (16¢)

16b was prepared as a solid in a similar manner described for 16a. 89% yeild:
'H NMR (400 MHz, CDCl;) &: 8.21 (1H, d, J = 8.6 Hz), 7.66 (2H, d, J = 8.2 Hz),
7.50-7.41 (2H, m), 7.11-7.09 (5H, m), 6.54 (1H, s), 5.21 (1H, s), 3.74 (2H, s), 2.55
(2H, t, J = 12.6 Hz), 1.94 (1H, s), 1.79-1.68 (4H, m), 1.40 (1H, s), 1.35 (9H, s),

1.14-1.06 (2H, m), 0.88 (3H, s).; MS (ESI) m/z: 513 (M+H)".

tert-butyl

4-[hydroxy(1H-indol-2-yl)methyl]-4-propylpiperidine-1-carboxylate (17c)
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17b was prepared as a solid in a similar manner described for 17a.85% yeild:
'H NMR (500 MHz, CDCl;) &: 8.55 (1H, brs), 7.97 (1H, d, J = 7.8 Hz), 7.30 (1H,
d, J = 8.4 Hz), 7.21-7.19 (1H, m), 7.09-7.04 (1H, m), 6.30 (1H, s), 4.91 (1H, d, J
= 3.6 Hz), 3.78-3.70 (2H, m), 2.93-2.82 (2H, m), 1.65-1.60 (4H, m), 1.44-1.38
(2H, m), 1.43 (9H, s), 1.14-1.06 (2H, m), 0.84 (3H, t, J = 7.6 Hz); MS (ESI) m/z:

373 (M+H)".

5-propyl-1,4,5,7-tetrahydro-2,5-ethanoazocino[4,3-b]indol-6(3H)-one (20c)

20b was prepared as a solid in a similar manner described for 20a. 40% yeild:
'H NMR (400 MHz, CDCl3) 10.43 (1H, brs), 7.76 (1H, d, J = 8.4 Hz), 7.32 (1H, d,
J = 8.4 Hz), 7.21-7.19 (1H, m), 7.14-7.10 (1H, m), 4.80-4.69 (2H, m), 3.59-3.55
(2H, m), 3.39-3.34 (2H, m), 2.17-2.09 (4H, m), 1.75-1.72 (2H, m), 1.15-1.11 (2H,

m), 0.85 (3H, t, J = 7.2 Hz); MS (ESI) m/z: 283 (M+H)".

5-propyl-1,4,5,7-tetrahydro-2,5-ethanoazocino[4,3-b]indol-6(3H)-one
sulfuric acid salt (21c)

21b was prepared as a solid in a similar manner described for 21a. 89% vyeild:
'H NMR (400 MHz, DMSO-dg)8: 11.85 (1H, br s), 10.45 (1H, br s), 7.43 (1H, d,
J=8.1Hz), 7.49 (1H, d, J = 8.2 Hz), 7.37-7.33 (1H, m), 7.17-7.12 (1H, m), 4.91
(2H, br s), 3.59-3.53 (2H, m), 3.44-3.38 (2H, m), 2.13-2.08 (4H, m), 1.68-1.66

(2H, m), 1.14-1.10 (2H, m), 0.97 (3H, t, J = 7.2 Hz); MS (ESI) m/z: 283 (M+H)".

85



B_E

tert-butyl
4-{[1-(benzenesulfonyl)-1H-indol-2-yl]-hydroxy-methyl}-4-methyl

azepane-l-carboxylate (24)

A mixture of tert-butyl 4-(hydroxymethyl)-4-methylazepane-1-carboxylate 22
(1.8 g, 7.4 mmol), sulfur trioxide pyridine complex (5.9 g, 37 mmol),
dimethylsulfoxide (3.2 mL, 44 mmol), and N,N-diisopropylethylamine (13 mL,
74 mmol) in dichloromethane (40 mL) was stirred at room temperature for 30
min. The mixture was poured into 1 M HCI and extracted with ethyl acetate. The
ethyl acetate layer was washed with water and brine, dried over sodium sulfate,
and concentrated in vacuo to give tert-butyl 4-formyl-4-methyl
azepane-1l-carboxylate 23 as an oil, which was used for the next reaction without
further purification. To a solution of lithium diisopropylamide in n-hexane-THF
(8.0 mL, 8.7 mmol) at =78 °C, 1-(phenylsulfonyl)indole (2.3 g, 9.1 mmol) in
THF (20 mL) was added dropwise. After stirring for 1 h, aldehyde 23 (1.8 ¢, 7.3
mmol) in THF (20 mL) was added dropwise. The mixture was allowed to warm
up to 0 °C and stirred overnight. Then, the mixture was poured into water and
extracted with ethyl acetate. The ethyl acetate layer was washed with brine,
dried over sodium sulfate, and concentrated in vacuo. The residue was passed
through silica gel (100 g) and eluted with 50%-100% ethyl acetate in hexane to
give 24 (2.9 g, 80% from 22) as a solid. *H NMR (400 MHz, CDCl3) §: 8.21 (1H,

d, J = 8.6 Hz), 7.66 (2H, d, J = 8.2 Hz), 7.53-7.41 (2H, m), 7.39-7.22 (5H, m),
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6.75 (1H, s), 5.50-5.42 (1H, m), 3.45-3.42 (3H, m), 3.27-3.24 (3H, m), 1.88-1.60

(5H, m), 1.60-1.50 (2H, m), 1.50-1.34 (9H, m); MS (ESI) m/z: 499 (M+H)".

tert-butyl

4-[hydroxy(1H-indol-2-yl)methyl]-4-methylazepane-1-carboxylate (25)

A mixture of 24 (2.9 g, 5.8 mmol) and dicesium carbonate (9.5 g, 29 mmol) in
THF (40 mL) and methanol (15 mL) was refluxed for 6 h and then poured into
brine and extracted with ethyl acetate. The ethyl acetate layer was washed with
water and brine, dried over sodium sulfate, and concentrated in vacuo. The
residue was passed through silica gel (90 g) and eluted with 10%-60% ethyl
acetate in hexane, to give 25 (2.1 g, 85%) as a solid. 'H NMR (400 MHz, CDCls)
8:9.12 (1H, brs), 7.70 (1H, d, J = 8.2 Hz), 7.42 (1H, d, J = 8.2 Hz), 7.33 (1H, t,
J=17.6 Hz), 7.22 (1H, s), 7.15 (1H, t, J = 7.6 Hz), 3.77-3.44 (2H, m), 3.36-3.12
(5H, m), 2.55-2.43 (3H, m), 1.90-1.55 (7H, m), 1.47 (9H, s).; MS (ESI) m/z: 359

(M+H)".

6-methyl-1,3,4,5,6,8-hexahydro-7H-2,6-ethanoazonino[4,3-b]indol-7-one

(28)

A mixture of alcohol 25 (2.1 g, 5.9 mmol) and manganese oxide (20 g, 230
mmol) in dichloromethane (100 mL) was stirred at room temperature for 5 h. The
insoluble portion was removed, and the filtrate was concentrated in vacuo to
give tert-butyl 4-(1H-indole-2-carbonyl)-4-methylazepane-1-carboxylate 26 as a
yellow solid, which was used for the next reaction without further purification.

Compound 26 was dissolved in 4 M HCl/ethyl acetate (4.9 mL) and stirred at
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room temperature for 1 h. Then, the reaction mixture was concentrated in vacuo
to give 1H-indol-2-yl-(4-methylazepan-4-yl)methanone hydrochloride 27 as a
solid. A mixture of 27, paraformaldehyde (0.31 g, 10 mmol), and trifluoroacetic
acid (0.94 mL, 12 mmol) in 1,2-dichloroethane (500 mL) was stirred at 80 °C for
3 h. The mixture was poured into saturated sodium bicarbonate solution and
extracted with dichloromethane (x3). The dichloromethane layer was washed
with brine, dried over sodium sulfate, and concentrated in vacuo. The residue
was purified by column chromatography on silica gel (50 g) and eluted with 20%
methanol in dichloromethane to give 28 (510 mg, 55% from 25) as a foam. ‘H
NMR (400 MHz, CDClI3) &: 9.15-9.04 (1H, m), 7.66 (1H, d, J = 8.2 Hz),
7.39-7.32 (2H, m), 7.12 (1H, t, J = 8.0 Hz), 4.77 (1H, d, J = 17.4 Hz), 4.43 (1H,
d, J = 17.4 Hz), 3.43-3.03 (4H, m), 2.78-2.66 (1H, m), 2.14-2.04 (1H, m),

1.89-1.82 (3H, m), 1.75-1.61 (3H, m); MS (ESI) m/z: 269 (M+H)".

6-methyl-1,3,4,5,6,8-hexahydro-7H-2,6-ethanoazonino[4,3-b]indol-7-one

sulfuric acid (29)

Compound 28 (500 mg, 1.9 mmol) was treated with 3 mol/L hydrosulfonic acid
(0.68 mL, 2.1 mmol) in ethanol (9 mL) at 0 °C. The resulting solid was collected
and dried using a pump to obtain 29 (610 mg, 89%).'H-NMR (400 MHz,
DMSO-dg) 8: 11.82 (1H, br s), 8.57 (1H, brs), 7.59 (1H, d, J = 8.2 Hz), 7.51 (1H,
d,J=8.2Hz), 7.25 (1H, t,J =7.6 Hz), 7.13 (1H,t, J = 7.6 Hz), 4.78 (1H, d, J =
13.3 Hz), 4.32 (1H, d, J = 13.3 Hz), 4.05-3.97 (1H, m), 3.65-3.59 (1H, m),
3.52-3.49 (1H, m), 3.35-3.32 (1H, m), 2.06-2.01 (2H, m), 1.81-1.78 (1H, m),
1.71-1.66 (1H, m), 1.41-1.38 (1H, m), 1.37 (18H, s) ;**C NMR (100 MHz,

DMSO-dg) 6: 141.44, 137.18, 122.99, 121.88, 120.10, 119.55, 113.99, 113.20,
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106.53, 58.41, 57.62, 51.81, 43.77, 31.77, 30.13, 25.49, 21.11; HRMS (Positive
ESI) m/z 269.1659 (269.1649 calcd for Cy7H,oN,O + H); EA Anal. calcd for
Cq17H20N,0O. 9/8H,50,4. H,O: C, 51.47; H, 6.16; N, 7.06. Found: C, 51.33; H,

6.16; N, 6.80.

N-{4-[1-(benzenesulfonyl)-1H-indol-2-yl]-4-oxobutyl}benzenesulfonamide

(31)

To a solution of n-butyllithium, in n-hexane (3.8 mL, 49 mmol) at —78 °C,
1-(phenylsulfonyl)indole (12 g, 47 mmol) in THF (500 mL) was added dropwise.
After stirring for 1 h, sulfonamide 30 (9.7 g, 43 mmol) in THF (180 mL) was
added dropwise. The mixture was allowed to warm up to 0 °C and stirred
overnight. Then, the mixture was poured into water and extracted with ethyl
acetate. The ethyl acetate layer was washed with brine, dried over sodium sulfate,
and concentrated in vacuo. The residue was passed through silica gel (100 g) and
eluted with 50%-100% ethyl acetate in hexane to give 31 (5.7 g, 28%) as a solid.
'H NMR (400 MHz, CDCl;) &: 7.92-7.84 (4H, m), 7.58-7.42 (8H, m), 7.34-7.27
(4H, m), 7.05 (1H, s), 4.76 (1H, br s), 3.10 (2H, q, J = 6.6 Hz), 3.03 (2H, q, J =

6.6 Hz), 2.00-1.93 (2H, m).; MS (ESI) m/z: 483 (M+H)".

1-(1H-indol-2-yl)-4-(methylamino)butan-1-ol (32a)

To a solution of
N-{4-[1-(benzenesulfonyl)-1H-indol-2-yl]-4-oxobutyl}benzenesulfonamide 31
(2.5 g, 5.2 mmol), potassium carbonate (1.4 g, 10 mmol) in DMF (40 mL),

methyl iodide (1.3 mL, 21 mmol) was added. The mixture was stirred at 80 °C
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for 2 h. Then, the mixture was poured into water and extracted with ethyl acetate.
The ethyl acetate layer was washed with brine, dried over sodium sulfate, and
concentrated in vacuo to give
N-{4-[1-(benzenesulfonyl)-1H-indol-2-yl]-4-oxobutyl}-N-methylbenzenesulfona
mide, which was used for the next reaction without further purification. To a
solution of
N-{4-[1-(benzenesulfonyl)-1H-indol-2-yl]-4-oxobutyl}-N-methylbenzenesulfona
mide in EtOH (120 mL) at 0 °C, sodium tetrahydroborate (0.35 g, 9.3 mmol) was
added. The mixture was allowed to warm up to room temperature and stirred for
1.5 h. Then, the mixture was poured into saturated sodium bicarbonate solution
and extracted with ethyl acetate. The ethyl acetate layer was washed with brine,
dried over sodium sulfate, and concentrated in vacuo to give
N-{4-[1-(benzenesulfonyl)-1H-indol-2-yl]-4-hydroxybutyl}-N-methylbenzenesu

Ifonamide, which was used for the next reaction without further purification. To
a solution of
N-{4-[1-(benzenesulfonyl)-1H-indol-2-yl]-4-hydroxybutyl}-N-methylbenzenesu

Ifonamide in methanol (170 mL), magnesium (3.4 g, 140 mmol) and ammonium
chloride (3.4 g, 64 mmol) were added slowly. The mixture was stirred at room
temperature for 2 h. Then, the mixture was poured into water and extracted with
ethyl acetate. The ethyl acetate layer was washed with brine, dried over sodium
sulfate, and concentrated in vacuo. The residue was passed through silica gel
(100 g) and eluted with 0%—-25% methanol in dichloromethane to give 32a (0.45
g, 61%) as an oil. "H NMR (400 MHz, CDCI;) &: 8.65 (1H, brs), 7.55 (1H,d, J =
7.4 Hz), 7.34 (1H, d, J = 7.4 Hz), 7.16-7.03 (2H, m), 6.22 (1H, s), 4.92-4.90 (1H,

m), 3.48 (3H, q, J = 7.0 Hz), 2.77-2.68 (1H, m), 2.64-2.55 (1H, m), 2.22-2.12
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(1H, m), 2.05-1.95 (1H, m), 1.89-1.78 (1H, m), 1.72-1.62 (1H, m).; MS (ESI)

m/z: 219 (M+H)".

2-methyl-2,3,4,5,6,7-hexahydro-1H-azocino[4,3-b]lindol-6-0l (33a)

The mixture of 1-(1H-indol-2-yl)-4-(methylamino)butan-1-ol 32a (0.46 g, 2.1
mmol), paraformaldehyde (6.4 g, 210 mmol), and acetic acid (5.8 mL, 100 mmol)
in 1,2-dichloroethane (720 mL) was stirred at 50 °C for 1.5 h. The mixture was
poured into a saturated sodium bicarbonate solution and extracted with
dichloromethane. The dichloromethane layer was washed with brine, dried over
sodium sulfate salt, and concentrated in vacuo. The residue was purified by
column chromatography using silica gel (80 g) and eluted with 0-18% methanol
in dichloromethane to give the title compound 33a (0.36 g, 73%) as a white solid.
'H-NMR (400 MHz, CDCIl3) 8: 9.42 (1H, br's), 7.37-7.31 (2H, m), 7.20-7.01 (2H,
m), 5.43 (2H, dd, J = 32.1, 11.7 Hz), 5.09 (1H, br s), 3.79 (1H, d, J = 16.0 Hz),
3.61 (1H, d, J = 16.0 Hz), 2.73-2.62 (1H, m), 2.47 (3H, s), 2.44-2.35 (1H, m),

1.98-1.74 (2H, m).; MS (ESI) m/z: 231 (M+H)".

2-methyl-1,2,3,4,5,7-hexahydro-6H-azocino[4,3-b]indol-6-one (34a)

A mixture of alcohol 33a (0.36 g, 1.5 mmol) and manganese oxide (4.7 g, 54
mmol) in dichloromethane (120 mL) was stirred at room temperature for 2.5 h.
The insoluble portion was removed, and the filtrate was concentrated in vacuo
The residue was purified by column chromatography using silica gel (80 g) and
eluted with 0-18% methanol in dichloromethane to give the title compound (0.36

g, 73%) as a white solid. *H-NMR (400 MHz, CDCl3) 8: 9.36 (1H, brs), 7.73 (1H,
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d, J = 8.2 Hz), 7.43 (1H, d, J = 8.2 Hz), 7.37-7.35 (1H, m), 7.18 (1H, t, J = 7.8
Hz), 4.41 (2H, s), 3.08 (2H, t, J = 7.4 Hz), 2.57-2.52 (2H, m), 2.33 (3H, s),

2.11-2.02 (2H, m).; MS (ESI) m/z: 229 (M+H)".

2-methyl-1,2,3,4,5,7-hexahydro-6H-azocino[4,3-b]indol-6-one sulfuric acid

(35a)

Compound 20 (0.11 g, 0.47 mmol) was treated with 1 mol/L sulfonic acid (0.23
mL, 0.49 mmol) in ethanol (10 mL) at 0 °C. The resulting solid was collected
and dried in vacuo to obtain the title compound 35a (0.16 g, 100%). *H-NMR
(400 MHz, DMSO-dg) 6: 12.30 (1H, br s), 9.69 (1H, br s), 7.95 (1H, d, J = 8.2
Hz), 7.52 (1H, d, J = 8.6 Hz), 7.38 (1H, t, J = 8.6 Hz), 7.23 (1H, t, J = 8.2 Hz),
5.07 (1H, d, J = 14.8 Hz), 4.91 (1H, d, J = 14.8 Hz), 3.33-2.99 (6H, m),
2.26-2.18 (1H, m), 2.05-2.01 (1H, m), 1.32 (3H, t, J = 7.2 Hz) ; *3C NMR (100
MHz, DMSO-d6) 6: 190.84, 136.39, 128.14, 126.21, 121.16, 120.65, 113.06,
107.54, 56.05, 49.53, 47.06, 41.27, 38.13, 18.55; HRMS (Positive ESI) m/z
229.1350 (229.1336 calcd for C14H1¢N,O + H); EA Anal. calcd for Cy14H16N,0.
5/4H,S04. 3/20C4H100. 2H,0. C, 44.05; H, 6.08; N, 7.04; S, 10.07. Found: C,

43.93; H, 5.92; N, 6.88; S, 10.32.

2-ethyl-1,2,3,4,5,7-hexahydro-6H-azocino[4,3-b]lindol-6-one sulfuric acid

(35b)

The title compound was prepared by a similar method wusing
2-ethyl-1,2,3,4,5,7-hexahydro-6H-azocino[4,3-b]indol-6-one (34b), to produce

the desired product in 90% yield as a white solid. *H-NMR (400 MHz, DMSO-dg)
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§:12.29 (1H, br's), 10.01 (1H, brs), 7.97 (1H, d, J = 8.2 Hz), 7.52 (1H, d, J =
8.2 Hz), 7.38 (1H, t, J = 7.6 Hz), 7.22 (1H, t, J = 7.6 Hz), 5.10 (1H, d, J = 14.0
Hz), 4.88 (1H, d, J = 14.0 Hz), 3.27-3.15 (2H, m), 3.06-2.90 (2H, m), 2.82 (3H,
s), 2.25-2.12 (1H, m), 2.12-2.00 (1H, m); **C NMR (100 MHz, DMSO-ds) 5:
190.87, 136.31, 127.89, 126.19, 121.08, 120.61, 113.05, 107.84, 61.23, 56.02,
49.35, 46.85, 45.69, 38.27, 18.71; MS (ESI) m/z: 243 (M+H)"; EA Anal. calcd
for C1sH1gN,0. 11/10H,S0,. 1/4C4H00. 1/2H,0. C, 50.87; H, 6.32; N, 7.42; S,

9.34. Found: C, 50.58; H, 6.28; N, 7.18; S, 9.60.

tert-butyl (3S)-3-[(2-nitrophenyl)sulfonylamino]pyrrolidine-1-carboxylate

(37a)

To an ice-cooled solution of tert-butyl (3S)-3-aminopyrrolidine-1-carboxylate
(36a) (5.00 g, 26.8 mmol) and triethylamine (5.58 mL, 40.3 mmol) in THF (100
mL), 2-nitrobenzenesulfonyl chloride (7.14 g, 32.2 mmol) was added. The
mixture was stirred at room temperature for 6 h and concentrated under reduced
pressure. Further, ethyl acetate was added to the residue. The solution was
washed with water and brine, dried over anhydrous sodium sulfate salt, and
concentrated under reduced pressure. The residue was purified by column
chromatography using silica gel (200 g) and eluted with 20-45% ethyl acetate in
hexane to obtain tert-butyl
(3S)-3-[(2-nitrophenyl)sulfonylamino]pyrrolidine-1-carboxylate (10.0 g, 100%)
as a green amorphous. *H NMR (400 MHz, CDCls) &: 1.44 (s, 9H), 1.80-2.12 (m,
2H), 3.14-3.44 (m, 4H), 4.02 (br, 1H), 5.48 (d, 1H, J = 7.2 Hz), 7.77 (t, 2H, J =
4.4 Hz), 7.87-7.90 (m, 1H), 8.17-8.19 (m, 1H); **C NMR (100 MHz, DMSO-dg) )

o: 153.25, 147.63, 134.20, 132.81, 132.58, 129.53, 124.26, 78.37, 52.48, 51.68,
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50.84, 50.44, 43.59, 43.33, 28.06; HRMS (Negative ESI) m/z 370.1070
(370.1078 calcd for C15H21N30O4S - H) ; EA Anal. calcd for C;5H,1:N306S: C,
48.51; H, 5.70; N, 11.31; S, 8.63. Found: C, 48.34; H, 5.82; N, 11.08; S, 8.35;

[a]p®%: -11.287 (c=1.030, DMSO).

To a suspension of tert-butyl
(3S)-3-[(2-nitrophenyl)sulfonylamino]pyrrolidine-1-carboxylate (5.00 g, 13.5
mmol) and potassium carbonate (3.72 g, 26.9 mmol) in N,N-dimethylformamide
(50 mL), methyl iodide (1.68 mL, 26.9 mmol) was added. The mixture was
stirred at 60 °C for 5 h and concentrated under reduced pressure. Ethyl acetate
was added to the mixture. The solution was washed with saturated aqueous
sodium hydrogen carbonate and brine, dried over anhydrous sodium sulfate salt,
and concentrated under reduced pressure. The residue was subjected to column
chromatography using silica gel (200 g) and eluted with 0-40% ethyl acetate in
hexane to obtain tert-butyl
(3S)-3-[methyl-(2-nitrophenyl)sulfonyl-amino]pyrrolidine-1-carboxylate (5.10 g,
98%) as a yellow oil. *H NMR (400 MHz, CDCI3) &: 1.44 (s, 9H), 1.95 (br, 1H),
2.09 (br, 1H), 2.87 (s, 3H), 3.20-3.31 (m, 2H), 3.53 (br, 2H), 4.58 (br, 1H), 7.65

(br, 1H), 7.71 (br, 2H), 8.04 (br, 1H). MS (ESI) m/z: 386 (M+H)".

To a solution of tert-butyl
(3S)-3-[methyl-(2-nitrophenyl)sulfonyl-amino]pyrrolidine-1-carboxylate (5.10 g,
13.2 mmol) in acetonitrile (120 mL), potassium carbonate (5.49 g, 39.7 mmol)
and 2-fluorobenzenethiol (2.83 mL, 26.5 mmol) were added. The mixture was
stirred at room temperature for 12 h. Ethyl acetate was added to the mixture. The
solution was washed with saturated aqueous sodium hydrogen carbonate, water,

and brine, dried over anhydrous sodium sulfate salt, and concentrated under
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reduced pressure. The residue was subjected to column chromatography using
silica gel (80 g) and eluted with 0-20% ethyl acetate in hexane to obtain the title
compound (37a) (2.65 g, 100%) as a yellow oil. *H-NMR (400 MHz, CDCl;) :
3.57-3.33 (3H, m), 3.20-3.10 (2H, m), 2.44 (3H, s), 2.09-2.00 (1H, m), 1.73-
1.70 (1H, m), 1.44 (9H, s); **C NMR (100 MHz, DMSO-dg) &: 153.58, 77.94,
59.06, 58.21, 51.23, 50.99, 44.17, 43.94, 34.23, 28.15; HRMS (Positive ESI) m/z
201.1594 (201.1598 calcd for CyH,oN,0, + H); EA Anal. calcd for C1gH,9N,05:
C, 57.97; H, 10.07; N, 13.99. Found: C, 57.59; H, 9.94; N, 13.33; [a]p?": -14.45

(c=1.002, CHCI5).

tert-butyl

(3S)-3-[1H-indole-2-carbonyl(methyl)amino]pyrrolidine-1-carboxylate (38a)

To a solution of tert-butyl (3S)-3-(methylamino)pyrrolidine-1-carboxylate
(37a) (2.65 g, 13.2 mmol) in THF (60 mL), indole-2-carboxylic acid (3.20 g,
19.8 mmol) and 1l-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride
(3.80 g, 19.8 mmol) were added. The mixture was stirred at room temperature for
12 h. Ethyl acetate was added to the mixture. The solution was washed with
saturated aqueous sodium hydrogen carbonate, water, and brine, dried over
anhydrous sodium sulfate salt, and concentrated under reduced pressure. The
residue was subjected to column chromatography using silica gel (80 g) and
eluted with 20-60% ethyl acetate in hexane to obtain the title compound (38a)
(4.48 g, 99%) as an amorphous compound. *H-NMR (400 MHz, CDCl3) &: 9.32
(1H, brs), 7.67 (1H, d, J = 8.2 Hz), 7.43 (1H, d, J = 8.2 Hz), 7.30 (1H, t, J = 7.7
Hz), 7.15 (1H, t, J = 7.7 Hz), 6.86 (1H, s), 5.39-5.31 (1H, m), 3.75-3.55 (2H, m),

3.48-3.20 (5H, m), 2.23-2.09 (2H, m), 1.48 (9H, s) ;'*C NMR (100 MHz,
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DMSO-dg) o: 163.38, 153.44, 135.85, 130.15, 126.89, 123.27, 121.42, 119.64,
112.01, 104.30, 79.13, 78.46, 54.30, 46.82, 46.68, 44.31, 43.99, 28.11; HRMS
(Positive ESI) m/z 344.1972 (344.1969 calcd for CygH,5N303 + H); EA Anal.
calcd for C19H,5N303: C, 66.45; H, 7.34; N, 12.24. Found: C, 66.59; H, 7.35; N,

11.81; [a]p?®: -32.54 (c=1.020, CHCI3).

(5S)-6-methyl-1,3,4,5,6,8-hexahydro-7H-2,5-methano[1,5]diazonino[7,8-b]in

dol-7-one sulfuric acid salt (39a, DS54360155)

To a solution of 38a (4.48 g, 13.0 mmol) in 1,4-dioxane (30 mL), 4 M HCl/ethyl
acetate (30 mL) was added slowly and stirred at room temperature for 5 h. The
reaction mixture was concentrated in vacuo to obtain
N-methyl-N-[(3S)-pyrrolidin-3-yl]-1H-indole-2-carboxamide hydrochloride
(3.42 g) as a solid. The mixture of amine HCI salt, paraformaldehyde (1.46 g,
43.8 mmol), and trifluoroacetic acid (2.74 mL, 36.4 mmol) in 1,2-dichloroethane
(1200 mL) was stirred at 50 °C for 1.5 h. The mixture was poured into a
saturated sodium bicarbonate solution and extracted with dichloromethane. The
dichloromethane layer was washed with brine, dried over sodium sulfate salt,
and concentrated in vacuo. The residue was purified by column chromatography
using silica gel (80 g) and eluted with 0-18% methanol in dichloromethane to
give
(5S)-6-methyl-1,3,4,5,6,8-hexahydro-7H-2,5-methano[1,5]diazonino[7,8-b]indol
-7-one (0.972 g, 29% from 8) as a white solid. *H-NMR (400 MHz, CDCl;) &:
9.75 (1H, br s), 7.69 (1H, d, J = 8.2 Hz), 7.42 (1H, d, J = 8.2 Hz), 7.28 (1H, t, J
= 7.6 Hz), 7.15 (1H, t, J = 7.6 Hz), 4.61 (1H, d, J = 15.2 Hz), 4.09-4.04 (1H, m),

3.86 (1H, d, J = 15.2 Hz), 3.31 (3H, s), 3.21 (1H, d, J = 13.3 Hz), 3.12 (1H, dd, J
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= 13.7, 6.6 Hz), 2.93-2.86 (1H, m), 2.71-2.67 (1H, m), 2.00-1.88 (1H, m), 1.70—
1.62 (1H, m) ;**C NMR (100 MHz, DMSO-dg) &: 161.49, 135.25, 135.24, 130.98,
127.92, 123.15, 119.33, 119.16, 111.85, 62.52, 61.74, 51.42, 48.79, 38.20,
31.74; HRMS (Positive ESI) m/z 256.1448 (256.1445 calcd for Cy;5sH;7N3O + H);
EA Anal. calcd for C15H{7N3O: C, 70.56; H, 6.71; N, 16.46. Found: C, 70.42; H,

6.69; N, 16.43; [a]p?’: 66.35 (c=1.033, DMSO).

(5S)-6-methyl-1,3,4,5,6,8-hexahydro-7H-2,5-methano[1,5]diazonino[7,8-b]in
dol-7-one (0.405 g, 1.59 mmol) was treated with 1 mol/L sulfonic acid (1.59 mL,
1.59 mmol) in ethanol (20 mL) at 0 °C. The resulting solid was collected and
dried using a vacuum pump to obtain the title compound (39a) (0.450 g, 80%) as
a solid. "H-NMR (400 MHz, CD30D) &: 11.76 (1H, brs), 7.75 (1H, d, J = 8.0 Hz),
7.52 (1H, d, J = 8.0 Hz), 7.36-7.32 (1H, m), 7.25-7.21 (1H, m), 4.85 (5H, d, J =
14.5 Hz), 4.73 (1H, d, J = 14.5 Hz), 4.54-4.49 (1H, m), 3.94 (1H, d, J = 13.3 Hz),
3.59 (1H, dd, J = 13.3, 7.4 Hz), 3.39-3.37 (2H, m), 3.22 (3H, s), 2.62-2.59 (1H,
m), 2.02-1.93(1H, m); **C NMR (100 MHz, DMSO-dg) &: 160.85, 135.39, 132.96,
126.87, 124.11, 120.46, 119.23, 112.39, 103.26, 58.84, 56.92, 51.85, 46.68,
37.46, 29.85; HRMS (Positive ESI) m/z 256.1448 (256.1445 calcd for
CisH{7N3O + H); EA Anal. calcd for Cy;5sH;7N30. H,SO4. 1/2H,0: C, 49.71; H,
5.56; N, 11.60; S, 8.85. Found: C, 49.81; H, 5.60; N, 11.55; S, 8.55; [a]p°":

65.19 (c=1.022, MeOH).

tert-butyl (3R)-3-(methylamino)pyrrolidine-1-carboxylate (37b)

37b was prepared as a solid in a similar manner described for 37a. 99%
yeild:*H-NMR (400 MHz, CDCls) &: 3.80-3.25 (3H, m), 3.18-2.95 (2H, m), 2.42

(3H, s), 2.15-2.05 (1H, m), 1.83-1.60 (1H, m), 1.43 (9H, s); *3C NMR (100 MHz,
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DMSO-dg) 6: 153.50, 77.82, 58.80, 58.29, 52.15, 51.01, 44.14, 43.83, 33.65,
27.98; HRMS (Positive ESI) m/z 201.1597 (201.1598 calcd for C19H,9N,0; + H);
EA Anal. calcd for C,oH,)N,O,: C, 59.97; H, 10.07; N, 13.99. Found: C, 58.30;

H, 10.03; N, 13.50; [a]p?°: 15.794 (c=1.020, CHCIls3).

tert-butyl

(3R)-3-[1H-indole-2-carbonyl(methyl)amino]pyrrolidine-1-carboxylate (38b)

38b was prepared as a solid in a similar manner described for 38a. 95%
yeild:*H-NMR (400 MHz, CDCI;) &: 9.36 (1H, br s), 7.66 (1H, d, J = 8.0 Hz),
7.40 (1H, d, J = 8.0 Hz), 7.30 (1H, t, J = 7.6 Hz), 7.15 (1H, t, J = 7.5 Hz), 6.86
(1H, s), 5.36-5.31 (1H, m), 3.75-3.55 (2H, m), 3.45-3.22 (5H, m), 2.20-2.06
(2H, m), 1.48 (9H, s) ;*3C NMR (100 MHz, DMSO-dg) &: 164.10, 153.39, 136.01,
130.02, 126.77, 123.26, 121.33, 119.56, 111.89, 104.35, 79.10, 78.32, 54.21,
46.88, 46.59, 44.30, 44.11, 28.09; HRMS (Positive ESI) m/z 344.1970 (344.1969
calcd for C1gH,5N303 + H); EA Anal. calcd for C;gH,5N303: C, 66.45; H, 7.34; N,

12.24. Found: C, 66.54; H, 7.38; N, 11.98; [a]p?": 37.04 (c=1.020, CHClI5).

(5R)-6-methyl-1,3,4,5,6,8-hexahydro-7H-2,5-methano[1,5]diazonino[7,8-b]in

dol-7-one sulfuric acid salt (39b)

39b was prepared as a solid in a similar manner described for 39a. 99%
yeild."H-NMR (400 MHz, CD;0D) &: 11.60 (1H, br s), 7.72 (1H, d, J = 7.9 Hz),
7.45 (1H, d, J = 7.9 Hz), 7.39-7.30 (1H, m), 7.32-7.22 (1H, m), 4.83-4.77 (5H,

m), 4.70 (1H, d, J = 14.6 Hz), 4.52-4.43 (1H, m), 3.86 (1H, d, J = 13.0 Hz), 3.60
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(1H, dd, J = 13.0, 7.4 Hz), 3.40-3.32 (2H, m), 3.21 (3H, s), 2.70-2.59 (1H, m),
2.11-1.87 (1H, m); **C NMR (100 MHz, DMSO-d¢) &: 161.04, 135.28, 132.90,
126.95, 123.97, 120.31, 119.26, 112.44, 103.22, 58.89, 57.01, 51.81, 46.12,
37.47, 29.76; HRMS (Positive ESI) m/z 256.1447 (256.1445 calcd for
CisH7N3O + H). EA Anal. calcd for Cy5sH17N30O. 10/11H,S04. 3/2H,0: C, 48.49;
H, 5.92; N, 11.31; S, 7.85. Found: C, 48.47; H, 5.78; N, 11.32; S, 8.11. [a]p*":

-65.16 (c=1.005, DMSO).

6-methyl-1,3,4,5,6,8-hexahydro-7H-2,5-methano[1,5]diazonino[7,8-b]indol-7

-one sulfuric acid (39)

39 was prepared as a solid in a similar manner described for 39a. 95%
yeild."H-NMR (400 MHz, CD;0D) &: 11.75 (1H, br s), 7.73 (1H, d, J = 8.0 Hz),
7.52 (1H, d, J = 8.0 Hz), 7.36-7.30 (1H, m), 7.25-7.21 (1H, m), 4.85 (5H, d, J =
14.5 Hz), 4.73 (1H, d, J = 14.5 Hz), 4.54-4.49 (1H, m), 3.94 (1H, d, J = 13.3 Hz)
3.59 (1H, dd, J = 13.3, 7.4 Hz), 3.38-3.38 (2H, m), 3.22 (3H, s), 2.62-2.58 (1H,
m), 2.02-1.90 (1H, m) ;**C NMR (100 MHz, DMSO-dg) &: 160.56, 135.20,
132.45, 127.31, 123.97, 120.31, 119.18, 112.26, 103.77, 59.59, 56.73, 51.37,
47.42, 44.81, 30.22; HRMS (Positive ESI) m/z 256.1466 (256.1445 calcd for
CisH{7N3O + H); EA Anal. calcd for C;5H17N3O. 21/20H,S0,4. 3/5H,0: C, 49.46;

H, 5.94; N, 10.82; S, 8.66. Found: C, 49.55; H, 5.94; N, 10.66; S, 8.70.

5,6-dimethyl-1,3,4,5,6,8-hexahydro-7H-2,5-methano[1,5]diazonino[7,8-b]ind

ol-7-one sulfuric acid (40)
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40 was prepared as a solid in a similar manner described for 39a. 98%
yeild.*H-NMR (400 MHz, CD;OD) &: 11.86 (1H, brs), 7.74 (1H, d, J = 8.2 Hz),
7.52 (1H, d, J = 8.2 Hz), 7.33 (1H, t, J = 7.6 Hz), 7.21 (1H, t, J = 7.6 Hz), 5.02
(1H, d, J = 14.0 Hz), 4.52 (1H, d, J = 14.0 Hz), 4.11-4.07 (1H, m), 3.83-3.81 (2H,
m), 3.07-2.96 (2H, m), 3.07 (3H, s), 2.42-2.35 (1H, m), 1.64 (3H, s); **C NMR
(100 MHz, DMSO-dg) 6: 161.34, 136.12, 127.29, 126.78, 122.89, 122.01, 118.11,
115.67, 104.32, 58.70, 55.89, 50.52, 46.22, 43.81, 33.87, 24.01; HRMS (Positive
ESI) m/z 270.1619 (270.1601 calcd for Cy;gH;9N3O + H); EA Anal. calcd for
Ci16H19N30O. H,S0O,. 1/10C4H,,0. 9/8H,0: C, 49.43; H, 6.23; N, 10.42; S, 7.95.

Found: C, 49.44; H, 6.01; N, 10.66; S, 7.74.

2,3,4,5,7,12-hexahydro-1H,13H-3a,6-methanopyrrolo[2',1':4,5][1,5]diazonin

0[7,8-b]indol-13-one sulfuric acid (41)

41 was prepared as a solid in a similar manner described for 39a. 99%
yeild.'"H-NMR (400 MHz, DMSO-dg) &: 12.07 (1H, br s), 10.50 (1H, br s), 7.78
(1H, d, J = 8.2 Hz), 7.47 (1H, d, J = 8.2 Hz), 7.29 (1H, t, J = 7.8 Hz), 7.19 (1H, t,
J=7.8Hz), 4.95 (1H, d, J = 14.0 Hz), 4.53 (1H, d, J = 14.0 Hz), 3.97-3.88 (1H,
m), 3.79-3.67 (2H, m), 3.61-3.53 (1H, m), 3.39-3.27 (1H, m), 2.92-2.83 (1H, m),
2.32-2.12 (4H, m), 1.86-1.62 (2H, m); **C NMR (100 MHz, DMSO-d6) &: 164.43,
140.34, 127.83, 126.11, 121.58, 120.60, 117.64, 113.11, 104.58, 69.57, 64.37,
51.67, 47.94, 45.38, 36.40, 30.45, 22.63; HRMS (Positive ESI) m/z 282.1623

(2821601 calcd for C17H19N30 + H)

6-ethyl-1,3,4,5,6,8-hexahydro-7H-2,5-methano[1,5]diazonino[7,8-b]indol-7-0

ne sulfuric acid (42)
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42 was prepared as a solid in a similar manner described for 39a. 90%
yeild.*H-NMR (400 MHz, DMSO-dg) &: 12.01 (1H, br s), 9.94 (1H, br s), 7.77
(1H, d, J = 8.2 Hz), 7.45 (1H, d, J = 8.2 Hz), 7.27 (1H, t, J = 7.6 Hz), 7.17 (1H, t,
J = 7.6 Hz), 4.80 (1H, d, J = 14.9 Hz), 4.55-4.49 (2H, m), 3.69-3.63 (2H, m),
3.53-3.50 (2H, m), 3.15-3.12 (1H, m), 2.99-2.96 (1H, m), 2.40-2.34 (1H, m),
1.54-1.51 (1H, m), 1.22 (4H, t, J = 7.0 Hz); *C NMR (100 MHz, DMSO-dg) §:
160.56, 135.20, 132.45, 127.31, 123.97, 120.31, 119.18, 112.26, 103.77, 59.59,
56.73, 51.37, 47.43, 44.81, 30.22, 12.28; HRMS (Positive ESI) m/z 270.1614
(270.1601 calcd for Cy;sH19N3O + H); EA Anal. calcd for C1¢H1gN3O. 8/9H,S0y,.
1/10C4H.00. 4/5H,0: C, 52.06; H, 6.27; N, 11.04; S, 7.49. Found: C, 51.83; H,

6.01; N, 11.26; S, 7.56.

6-propyl-1,3,4,5,6,8-hexahydro-7H-2,5-methano[1,5]diazonino[7,8-b]indol-7

-one sulfuric acid (43)

43 was prepared as a solid in a similar manner described for 39a. 98%
yeild.'"H-NMR (CD;0OD) &: 11.71 (1H, brs), 7.66 (1H, d, J = 8.2 Hz), 7.43 (1H, d,
J=8.2Hz), 7.24 (1H, t, J = 7.6 Hz), 7.13 (1H, t, J = 7.6 Hz), 4.61 (1H, d, J =
15.2 Hz), 4.36-4.34 (1H, m), 3.86 (1H, d, J = 15.2 Hz), 3.78-3.75 (1H, m),
3.49-3.40 (1H, m), 3.21-3.17 (2H, m), 2.79-2.70 (1H, m), 2.66-2.57 (1H, m),
2.04-1.93 (1H, m), 1.84-1.72 (2H, m), 1.49-1.38 (1H, m), 1.01 (3H, t, J = 7.2
Hz); *C NMR (100 MHz, DMSO-dg) &: 160.02, 135.37, 128.29, 127.51, 123.45,
122.35, 118.44, 116.31, 105.06, 58.76, 55.54, 51.02, 46.36, 44.21, 21.45, 13.32;
HRMS (Positive ESI) m/z 284.1768 (284.1758 calcd for Cy7H,;N3O + H); EA
Anal. calcd for C{7H,1N3O. H,S0,4. 1/10C4H.100. H,0: C, 51.37; H, 6.52; N,

10.21; S, 7.79. Found: C, 51.34; H, 6.24; N, 10.35; S, 7.89.
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6-ethyl-1,3,4,5,6,8-hexahydro-7H-2,5-methano[1,5]diazonino[7,8-b]indol-7-0

ne sulfuric acid (44)

44 was prepared as a solid in a similar manner described for 39a. 94%
yeild.'H-NMR (CD;0OD) &: 11.86 (1H, brs), 7.67 (1H, d, J = 8.2 Hz), 7.45 (1H, d,
J =8.6 Hz), 7.26 (1H, t, J = 8.0 Hz), 7.13 (1H, t, J = 8.0 Hz), 4.66 (1H, d, J =
15.2 Hz), 4.53-4.48 (1H, m), 3.81 (1H, d, J = 15.2 Hz), 3.26-3.23 (1H, m),
3.05-3.01 (2H, m), 2.72-2.52 (2H, m), 2.06-1.96 (1H, m), 1.50-1.38 (1H, m),
1.08-0.98 (1H, m), 0.98-0.84 (2H, m), 0.76-0.66 (1H, m); **C NMR (100 MHz,
DMSO-dg) o: 161.12, 134.87, 131.44, 127.56, 122.81, 119.78, 117.18, 110.25,
103.53, 59.06, 55.21, 52.39, 46.81, 44.65, 25.20, 7.01, 6.95; HRMS (Positive
ESI) m/z 282.1598 (282.1601 calcd for Cy;7H;9N3O + H); EA Anal. calcd for

Ci17H19N3O : C, 72.57; H, 6.81; N, 14.94. Found: C, 64.44; H, 6.46; N, 12.96.

tert-butyl (3S)-3-(methylamino)piperidine-1-carboxylate (46a)

To a solution of tert-butyl (3S)-3-aminopiperidine-1-carboxylate 45a (2.0 g, 10
mmol) and triethylamine (1.5 mL, 15 mmol) in THF (60 mL), benzyl
chloroformate (1.7 mL, 12 mmol) was added. The mixture was stirred at room
temperature for 1 h. Then, the mixture was poured into water and extracted with
ethyl acetate. The ethyl acetate layer was washed with brine, dried over sodium
sulfate, and concentrated in vacuo to give tert-butyl
(3S)-3-{[(benzyloxy)carbonyllamino}piperidine-1-carboxylate, which was used
for the next reaction without further purification. To a solution of tert-butyl
(3S)-3-{[(benzyloxy)carbonyllamino}piperidine-1-carboxylate in THF (120 mL)

at 0 °C, 63% sodium hydride (0.35 g, 9.3 mmol) and iodomethane (1.5 mL, 15
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mmol) were added. The mixture was allowed to warm up to room temperature
and stirred for 5 h. Then, the mixture was poured into water and extracted with
ethyl acetate. The ethyl acetate layer was washed with brine, dried over sodium
sulfate, and concentrated in vacuo. The residue was passed through a short pad
of silica gel column to give crude tert-butyl
(39)-3-{[(benzyloxy)carbonyl](methyl)amino}piperidine-1-carboxylate. To a
solution of the compound prepared in the previous step in methanol (60 mL) was
added 10 percent palladium-activated carbon (2.0 g), and the resulting mixture
was stirred at room temperature for 5 hours under a hydrogen atmosphere. After
the catalyst in the reaction mixture was filtered off, and the filtrate was
concentrated in vacuo The residue was purified by column chromatography using
silica gel (80 g) and eluted with 0-18% methanol in dichloromethane to give the
title compound 46a (1.88 g, 88%) as an oil. '"H-NMR (400 MHz, CDClj) &:
3.50-3.92 (m, 2H) , 2.75-2.90 (m, 1H),. 2.18-2.27 (m, 3H), 1.71-1.90 (m, 2H),
1.38 (s, 9H) ;**C NMR (100 MHz, DMSO-dg) &: 153.90, 78.36, 55.39, 48.34,
44.15, 43.44, 33.34, 30.45, 28.03, 23.45, 22.87; HRMS (Positive ESI) m/z
215.1757 (215.1754 calcd for C;3;H,,N,0, + H); EA Anal. calcd for C;;H»,N,0,.
C, 61.65; H, 10.35; N, 13.07. Found: C, 61.09; H, 10.32; N, 12.57; [a]p*®: 9.56

(c=1.026, CHCI,).

tert-butyl
(3S)-3-[(1H-indole-2-carbonyl)(methyl)amino]piperidine-1-carboxylate

(47a)

To a solution of tert-butyl (3S)-3-(methylamino)piperidine-1-carboxylate 46a

(1.0 g, 4.7 mmol) in THF (30 mL), indole-2-carboxylic acid (1.1 g, 7.0 mmol)
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and 1l-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (1.3 g, 7.0
mmol) were added. The mixture was stirred at room temperature for 14 h. Ethyl
acetate was added to the mixture. The solution was washed with saturated
aqueous sodium hydrogen carbonate, water, and brine, dried over anhydrous
sodium sulfate salt, and concentrated under reduced pressure. The residue was
subjected to column chromatography using silica gel (60 g) and eluted with 20—
60% ethyl acetate in hexane to obtain the title compound 47a (1.5 g, 92%) as an
amorphous compound. *H-NMR (400 MHz, CDCl3) §: 9.32 (1H, brs), 7.67 (1H, d,
J=8.2Hz), 7.43 (1H,d, J = 8.2 Hz), 7.30 (1H, t, J = 7.7 Hz), 7.15 (1H, t, J = 7.7
Hz), 6.86 (1H, s), 5.39-5.31 (1H, m), 3.75-3.55 (2H, m), 3.48-3.20 (5H, m),
2.28-2.02 (4H, m), 1.48 (9H, s) ;*3C NMR (100 MHz, DMSO-dg) &: 162.94,
153.92, 135.79, 130.14, 126.88, 123.23, 121.21, 119.69, 112.05, 104.17, 78.91,
59.69, 43.64, 42.67, 27.97, 27.43, 24.42; HRMS (Positive ESI) m/z 358.2141
(358.2125 calcd for C,oH,7N3O3 + H); EA Anal. calcd for C,oH,7N3O3. C,67.20;
H, 7.61; N, 11.76. Found: C, 67.03; H, 7.69; N, 11.36; [a]p?®: -64.15 (c=1.004,

CHCl,).

(6S)-7-methyl-1,4,5,6,7,9-hexahydro-2,6-methano[1,6]diazecino[3,4-b]indol-

8(3H)-one (48a)

To a solution of tert-butyl
(3S)-3-[(1H-indole-2-carbonyl)(methyl)amino]piperidine-1-carboxylate 47a (1.5
g, 4.3 mmol) in 1,4-dioxane (30 mL), 4 M HCl/ethyl acetate (30 mL) was added
slowly and stirred at room temperature for 5 h. The reaction mixture was
concentrated in vacuo to obtain

N-methyl-N-[(3S)-piperidin-3-yl]-1H-indole-2-carboxamide hydrochloride as a
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solid. The mixture of amine HCI salt, paraformaldehyde (0.52 g, 16 mmol), and
trifluoroacetic acid (1.0 mL, 13 mmol) in 1,2-dichloroethane (500 mL) was
stirred at 80 °C for 1 h. The mixture was poured into a saturated sodium
bicarbonate solution and extracted with dichloromethane. The dichloromethane
layer was washed with brine, dried over sodium sulfate salt, and concentrated in
vacuo. The residue was purified by column chromatography using silica gel (80
g) and eluted with 0-18% methanol in dichloromethane to give the title
compound (29 mg, 4%) as a white solid. *H-NMR (400 MHz, CDCl3) §: 9.57 (1H,
brs), 7.70 (1H, d, J = 8.2 Hz), 7.41 (1H, d, J = 8.2 Hz), 7.27 (1H, t, J = 7.4 Hz),
7.13 (1H, t, J = 7.4 Hz), 4.40 (1H, d, J = 12.0 Hz), 4.07 (1H, d, J = 12.0 Hz),
3.51-3.46 (1H, m), 3.24-3.20 (2H, m), 3.15 (3H, s), 3.16-3.12 (1H, m), 2.90-2.86
(1H, m), 2.40-2.31 (1H, m), 2.15-2.05 (1H, m), 1.85-1.75(1H, m), 1.29-1.22 (1H,
m); *C NMR (100 MHz, DMSO-dg) &: 169.94, 140.86, 132.50, 129.63, 129.32,
128.58, 127.62, 54.89, 54.25, 53.47, 51.81, 47.31, 34.55, 30.09, 13.26; HRMS
(Positive ESI) m/z 270.1601 (270.1601 calcd for Ci;sH;9N3O + H). EA Anal.
calcd for C1gH1gN3O. 2/5H,0: C, 69.49; H, 7.22; N, 15.20. Found: C, 69.57; H,

7.08; N, 15.14. [a]p?°: 96.02 (c=0.387, MeOH).

tert-butyl (3R)-3-(methylamino)piperidine-1-carboxylate (46b)

46b was prepared as a solid in a similar manner described for 46a. 82%
yeild."H-NMR (400 MHz, CDCl3) &: 3.55-3.87 (m, 2H) , 2.77-2.91 (m, 1H),.
2.20-2.15 (m, 3H), 1.77-1.94 (m, 2H), 1.36 (s, 9H) ;'*C NMR (100 MHz,
DMSO-dg) 6: 154.21, 78.19, 55.31, 47.98, 44.32, 43.46, 33.50, 30.49, 28.12,

24.10, 22.54; HRMS (Positive ESI) m/z 215.1754 (215.1754 calcd for
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Ci11H22N50, + H), EA Anal. calcd for C11H22N,0,. C, 61.65; H, 10.35; N, 13.07.

Found: C, 61.21; H, 10.62; N, 12.92; [a]p?°: -7.77 (c=1.030, CHCly).

tert-butyl
(3R)-3-[(1H-indole-2-carbonyl)(methyl)amino]piperidine-1-carboxylate

(47b)

47b was prepared as a solid in a similar manner described for 47a. 88%
yeild.'H-NMR (400 MHz, CDCls) &: 9.44 (1H, br s), 7.66 (1H, d, J = 8.1 Hz),
7.39 (1H, d, J = 8.1 Hz), 7.29 (1H, t, J = 7.8 Hz), 7.16 (1H, t, J = 7.8 Hz), 6.83
(1H, s), 5.35-5.25 (1H, m), 3.66-3.60 (2H, m), 3.55-3.20 (5H, m), 2.15-2.21
(4H, m), 1.46 (9H, s) ;*3C NMR (100 MHz, DMSO-dg) &: 162.55, 154.03, 135.71,
130.21, 126.80 122.89, 121.24, 119.76, 112.11, 104.19, 78.86, 59.66, 45.94,
42.69, 27.99, 27.42, 24.41; HRMS (Positive ESI) m/z 358.2128 (358.2125 calcd
for C,0H,7N303 + H); EA Anal. calcd for C,oH,7N3O3. C,67.20; H, 7.61; N, 11.76.

Found: C, 67.03; H, 7.69; N, 11.36.

(6R)-7-methyl-1,4,5,6,7,9-hexahydro-2,6-methano[1,6]diazecino[3,4-b]indol-

8(3H)-one (48h)

48b was prepared as a solid in a similar manner described for 48a. 8%
yeild.lH—NMR (400 MHz, CDCI5) 6: 9.69 (1H, br s), 7.69 (1H, d, J = 8.1 Hz),
7.48 (1H, d, J = 8.1 Hz), 7.23 (1H, t, J = 7.2 Hz), 7.09 (1H, t, J = 7.2 Hz), 4.38
(1H, d, J = 12.6 Hz), 4.15 (1H, d, J = 12.1 Hz), 3.56-3.49 (1H, m), 3.33-3.23 (2H,
m), 3.15 (3H, s), 3.16-3.11 (1H, m), 2.89-2.86 (1H, m), 2.40-2.31 (1H, m),

2.19-2.08 (1H, m), 1.85-1.72 (1H, m), 1.27-1.21 (1H, m); **C NMR (100 MHz,
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DMSO-dg) &: 168.85, 141.99, 132.43, 129.60, 129.12, 129.05, 127.32, 55.01,
54.12, 53.01, 51.92, 47.34, 34.77, 30.07, 13.18; HRMS (Positive ESI) m/z
270.1606 (270.1601 calcd for C;sH19N3O + H). EA Anal. calcd for C;sH19N3O.
2H,0: C, 58.05; H, 7.07; N, 12.38. Found: C, 57.84; H, 6.87; N, 12.67. [a]p*":

-90.51 (c=0.140, MeOH).

tert-butyl methyl[(3S)-pyrrolidin-3-yl]Jcarbamate (51)

To the mixture of tert-butyl (3S)-pyrrolidin-3-ylcarbamate (50, 2.50 g, 13.4
mmol) in THF (50 mL), benzyl chloroformate (2.19 mL, 15.4 mmol) and
triethylamine (2.23 mL, 16.1 mmol) were added. The mixture was stirred at room
temperature for 30 min. The mixture was poured into water and extracted with
ethyl acetate. The organic layer was washed with 1M HCI and brine, dried over
sodium sulfate, and concentrated in  vacuo to give benzyl
(3S)-3-(tert-butoxycarbonylamino)pyrrolidine-1-carboxylate as a solid, which
was used for the next reaction without further purification. To the mixture of
benzyl (3S)-3-(tert-butoxycarbonylamino)pyrrolidine-1-carboxylate in THF (100
mL), potassium tert-butoxide (1.54 g, 13.7 mmol) was added. After the mixture
was stirred for 1 h, iodomethane (2.33 mL, 12.5 mmol) was added and stirred
overnight. The mixture was poured into water and extracted with ethyl acetate.
The organic layer was washed with brine, dried over sodium sulfate, and
concentrated in vacuo. The residue was passed through a short pad of a silica gel
column to obtain crude benzyl

(3S)-3-[tert-butoxycarbonyl(methyl)amino]pyrrolidine-1-carboxylate. To the
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mixture of crude benzyl
(3S)-3-[tert-butoxycarbonyl(methyl)amino]pyrrolidine-1-carboxylate in ethanol
(50 mL), 10% palladium carbon (2.19 mL, 15.4 mmol) was added and stirred
under hydrogen atmosphere for 3 h. The insoluble matter was removed, and then,
the filtrate was concentrated in vacuo. The residue was purified by column
chromatography wusing silica gel and eluted with 0%-18% methanol in
dichloromethane to obtain the title compound (51) (1.47 g, 59%) as an oil.
'H-NMR (400 MHz, CDCl3) &: 4.72-4.64 (1H, m), 3.11-3.00 (1H, m), 2.91-2.88
(1H, m), 2.82-2.71 (2H, m), 2.78 (3H, s), 1.74-1.71 (2H, m), 1.45 (9H, s); **C
NMR (500 MHz, DMSO-dg) 6: 154.74, 78.37, 55.38, 49.11, 45.98, 29.02, 28.81,
27.99; HRMS (Positive ESI) m/z 201.1598 (201.1602 calcd for C1oH,9N,0, + H);
EA Anal. calcd for C{gH»yN,O,. C, 59.97; H, 10.07; N, 13.99. Found: C, 60.09;

H, 9.84; N, 13.95; [a]p?°: -10.275 (c=1.004, CHCl3).

methyl
2-({(3S)-3-[tert-butoxycarbonyl(methyl)amino]pyrrolidin-1-yl}methyl)benzo

ate (52)

To a solution of tert-butyl methyl[(3S)-pyrrolidin-3-yl]Jcarbamate (51) (3.1 g,
16.0 mmol) in dichloromethane (120 mL), methyl 2-formylbenzoate (2.5 g, 15.0
mmol) and sodium triacetoxyborohydride (4.5 g, 21.0 mmol) were added. The
mixture was stirred at room temperature for 12 h. The mixture was poured into a
1N NaOH solution, and the dichloromethane was separated. The dichloromethane
was washed with brine, dried over sodium sulfate, and concentrated in vacuo.
The residue was purified by column chromatography on silica gel by eluting with

0%-20% methanol in dichloromethane to obtain the title compound (52) (4.52 g,
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85%) as an oil. 'H-NMR (400 MHz, CDCls) &: 7.77-7.72 (1H, m), 7.48-7.40 (2H,
m), 7.33-7.27 (1H, m), 3.95-3.89 (2H, m), 3.89-3.76 (3H, m), 2.80-2.76 (1H, m),
2.79 (3H, s), 2.63-2.56 (1H, m), 2.50-2.43 (1H, m), 2.30-2.23 (1H, m), 2.13-2.04
(1H, m), 1.75-1.65 (1H, m), 1.61-1.54 (1H, m), 1.43 (9H, s).; HRMS (Positive

ESI) m/z 349.2124 (349.2127 calcd for C1gH,gN,04 + H).

(5S)-6-methyl-3,4,5,6-tetrahydro-2,5-methano-2,6-benzodiazonin-7(1H)-one

(49)

To a solution of methyl
2-({(3S)-3-[tert-butoxycarbonyl(methyl)amino]pyrrolidin-1-yl}methyl)benzoate
(52) (4.48 g, 13.0 mmol) in THF (20 mL) and methanol (20 mL), a 1M LiOH
solution (20 mL) was added and stirred for 14 h. The resulting mixture was
concentrated, and the residue was partitioned between ethyl acetate and the 1M
HCI solution. The organic layer was separated, washed with brine, dried over
sodium sulfate, and concentrated in vacuo to obtain
2-({(3S)-3-[(tert-butoxycarbonyl)(methyl)amino]pyrrolidin-1-yl}methyl)benzoi
¢ acid as a foam, which was used for the next reaction without further
purification. To the mixture of
2-({(3S)-3-[(tert-butoxycarbonyl)(methyl)amino]pyrrolidin-1-yl}methyl)benzoi
c acid in 1,4-dioxane (30 mL), 4M HCl/ethyl acetate (30 mL) was added slowly
and the resulting mixture was stirred at room temperature for 5 h. The reaction
mixture was concentrated in vacuo to obtain
2-{[(3S)-3-(methylamino)pyrrolidin-1-ylJmethyl}benzoic acid hydrochloride as
a solid. To a solution of

2-{[(3S)-3-(methylamino)pyrrolidin-1-ylJmethyl}benzoic acid hydrochloride in
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dichloromethane (30 mL), O-(benzotriazol-1-yl)-N,N,N',N'-tetramethyluronium
hexafluorophosphate (11.0 g, 30.0 mmol) and N,N-diisopropylethylamine (7.90
mL, 45.0 mmol) were added and the resulting mixture was stirred for 12 h. The
mixture was poured into water and extracted with dichloromethane. The organic
layer was washed with brine, dried over sodium sulfate, and concentrated in
vacuo. The residue was purified by column chromatography using silica gel and
eluted with 0%-18% methanol in dichloromethane to obtain the title compound
(1.47 g, 57%) as a white solid. "H-NMR (400 MHz, CDCl3): 7.69-7.68 (1H, m),
7.49-7.36 (2H, m), 7.26-7.24 (1H, m), 4.18 (1H, d, J = 14.5 Hz), 4.03-3.88 (1H,
m), 3.84-3.81 (2H, m), 3.56 (1H,d, J = 14.5 Hz), 3.27 (3H, s), 3.08-2.80 (2H,
m), 2.51-2.18 (2H, m); 3C NMR (500 MHz, DMSO-ds) &: 168.71, 138.32.,
135.39, 130.06, 129.78, 128.93, 127.76, 63.47, 62.85, 59.12, 54.98, 51.24,
37.91; HRMS (Positive ESI) m/z 217.1338 (217.1341 calcd for Cy;3H15N,O + H);
EA Anal. calcd for C13H1gN,O: C, 72.19; H, 7.46; N, 12.95. Found: C, 72.22; H,

7.60; N, 12.58; [a]p?’: 76.487 (c=1.008, MeOH).

tert-butyl N-[(7S)-5-azaspiro[2.4]heptan-7-yl]-N-methylcarbamate (54c)

To the mixture of tert-butyl N-[(7S)-5-azaspiro[2.4]heptan-7-yl]carbamate
(53c) (8, 4.18 g, 19.7 mmol) in THF (80 mL), benzyl chloroformate (3.22 mL,
22.6 mmol) and triethylamine (3.28 mL, 23.6 mmol) were added. The mixture
was stirred at room temperature for 30 min. The mixture was poured into water
and extracted with ethyl acetate. The ethyl acetate was washed with 1M HCI and
brine, dried over sodium sulfate, and concentrated in vacuo to obtain benzyl
(7S)-7-(tert-butoxycarbonylamino)-5-azaspiro[2.4]heptane-5-carboxylate as a

solid, which was used for the next reaction without further purification. To the
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mixture of benzyl
(7S)-7-(tert-butoxycarbonylamino)-5-azaspiro[2.4]heptane-5-carboxylate in
THF (100 mL), potassium tert-butoxide (2.40 g, 21.0 mmol) was added. After the
mixture was stirred for 1 h, iodomethane (3.60 mL, 58.0 mmol) was added and
stirred overnight. The mixture was poured into water and extracted with ethyl
acetate. The ethyl acetate was washed with brine, dried over sodium sulfate, and
concentrated in vacuo. The residue was passed through a short pad of a silica gel
column to obtain crude benzyl
(7S)-7-[tert-butoxycarbonyl(methyl)amino]-5-azaspiro[2.4]heptane-5-carboxyla
te. To the mixture of crude benzyl
(7S)-7-[tert-butoxycarbonyl(methyl)amino]-5-azaspiro[2.4]heptane-5-carboxyla
te in ethanol (60 mL), 10% palladium carbon (1.0 g) was added and stirred under
hydrogen atmosphere for 3 h. The insoluble matter was removed, and then, the
filtrate was concentrated in vacuo. The residue was purified by column
chromatography wusing silica gel and eluted with 0%-18% methanol in
dichloromethane to obtain the title compound (3.77 g, 85%) as an oil. '"H-NMR
(400 MHz, CDCl3) §: 4.52-4.31 (1H, m), 3.38-3.35 (1H, m), 3.01-2.99 (1H, m),
3.00 (1H, d, J = 10.9 Hz), 2.84 (3H, s), 2.72 (1H, d, J = 10.9 Hz), 1.43 (9H, s),
0.62-0.56 (4H, m) ; *C NMR (500 MHz, DMSO-dg) &: 155.21, 78.35, 61.45,
55.67, 50.70, 30.05, 27.97, 25.43, 14.26, 8.49; HRMS (Positive ESI) m/z
227.1772 (227.1759 calcd for C;,H,,N,0, + H); EA Anal. calcd for C1,H,,N,05.
C, 63.68; H, 9.80; N, 12.38. Found: C, 63.72; H, 9.74; N, 12.00; [a]p?®: 51.919

(c=1.017, MeOH).
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methyl
2-({(7S)-7-[tert-butoxycarbonyl(methyl)amino]-5-azaspiro[2.4]heptan-5-yl}

methyl)benzoate (55¢)

To a solution of tert-butyl
N-[(7S)-5-azaspiro[2.4]heptan-7-yl]-N-methylcarbamate (54c) (2.10 g, 9.30
mmol) in dichloromethane (20 mL), methyl 2-(bromomethyl)benzoate (1.80 g,
11.0 mmol) and potassium carbonate (2.34 g, 16.9 mmol) were added and stirred
for 14 h. The mixture was poured into water, and the dichloromethane was
separated. The dichloromethane was washed with brine, dried over sodium
sulfate, and concentrated in vacuo. The residue was purified by column
chromatography on silica gel by eluting with 0%-20% methanol in
dichloromethane to obtain the title compound (3.10 g, 96%) as an oil. *H-NMR
(400 MHz, CDCl3) &: 7.76 (1H, t, J = 8.0 Hz), 7.46-7.44 (2H, m), 7.31-7.29 (1H,
m), 4.56-4.42 (1H, m), 3.90-3.86 (2H, m), 3.88 (3H, s), 2.87 (3H, d, J = 9.8 Hz),
2.80-2.78 (2H, m), 2.63-2.61 (1H, m), 2.41-2.39 (1H, m), 1.40 (9H, d, J = 6.3
Hz), 0.69-0.52 (4H, m); HRMS (Positive ESI) m/z 375.2280 (375.2284 calcd for

C21H30N204 + H).

(5'S)-6'-methyl-5",6"-dihydro-3'H-spiro[cyclopropane-1,4*-[2,6]diaza[2,5]me

thano[2,6]benzodiazonin]-7*'(1'H)-one (58)

To a solution of methyl
2-({(7S)-7-[tert-butoxycarbonyl(methyl)amino]-5-azaspiro[2.4]heptan-5-yl}met
hyl)benzoate (3.10 g, 8.30 mmol) in THF (30 mL)/methanol (15 mL), a 1M LiOH
solution (15 mL) was added and stirred for 12 h. The mixture was concentrated,

and the residue was partitioned between ethyl acetate and the 1M HCI solution.
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The ethyl acetate was separated, washed with brine, dried over sodium sulfate,
and concentrated in vacuo to obtain
2-({(7S)-7-[tert-butoxycarbonyl(methyl)amino]-5-azaspiro[2.4]heptan-5-yl}met
hyl}benzoic acid as a foam, which was used for the next reaction without further
purification. To the mixture of
2-({(7S)-7-[tert-butoxycarbonyl(methyl)amino]-5-azaspiro[2.4]heptan-5-yl}met
hyl}benzoic acid in 1,4-dioxane (20 mL), 4M HCl/ethyl acetate (20 mL) was

added slowly and stirred at room temperature for 5 h. The reaction mixture was

concentrated in vacuo to obtain
2-{[(7S)-7-(methylamino)-5-azaspiro[2.4]heptan-5-ylImethyl}benzoic acid
hydrochloride as a solid. To a solution of
2-{[(7S)-7-(methylamino)-5-azaspiro[2.4]heptan-5-ylImethyl}benzoic acid
hydrochloride in dichloromethane (20 mL),

O-(benzotriazol-1-yl)-N,N,N',N'-tetramethyluronium hexafluorophosphate (6.10
g, 16.0 mmol) and N,N-diisopropylethylamine (6.30 mL, 36.0 mmol) were added
and stirred for 12 h. The mixture was poured into water and extracted with
dichloromethane. The organic layer was washed with brine, dried over sodium
sulfate, and concentrated in vacuo. The residue was purified by column
chromatography wusing silica gel and eluted with 0%-18% methanol in
dichloromethane to obtain the title compound (1.30 g, 67%) as a white solid.
'H-NMR (400 MHz, CDCl3) &: 7.58 (1H, d, J = 7.4 Hz), 7.37-7.31 (2H, m), 7.15
(1H, d, J = 7.0 Hz), 4.20 (1H, d, J = 14.5 Hz), 3.89 (1H, d, J = 14.5 Hz), 3.56
(1H,d, J =5.1 Hz), 3.46-3.42 (1H, m), 3.17 (3H, s), 3.15-3.12 (1H, m), 2.72 (1H,
d, J =12.5 Hz), 2.33 (1H, d, J = 12.1 Hz), 0.77-0.76 (1H, m), 0.42-0.34 (2H, m),
0.48-0.50 (1H, m); **C NMR (500 MHz, DMSO-dg) &: 169.60, 138.63, 134.22,

130.64, 129.82, 128.36, 127.04, 70.45, 63.95, 59.43, 58.62, 37.73, 24.71, 16.96,
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14.70; HRMS (Positive ESI) m/z 243.1500 (243.1497 calcd for C;5H13N,O + H);
EA Anal. calcd for C;5H1gN,O: C, 74.35; H, 7.49; N, 11.56. Found: C, 74.19; H,

7.35; N, 11.46; [a]p?®: -218.319 (c=1.044, MeOH).

methyl
2-({(3S)-3-[(tert-butoxycarbonyl)(methyl)amino]pyrrolidin-1-yl}methyl)benz

oate (55a)

Compound 55a was prepared as a solid using a method similar to that used for
55c. Yield: 78%. '"H-NMR (400 MHz, CDClIj3) 6: 7.74-7.68 (2H, m), 7.48-7.46
(1H, m), 7.36-7.31 (1H, m), 4.94-4.70 (1H, m), 3.90 (3H, s), 2.95-2.89 (1H, m),
2.89 (3H, s), 2.76-2.67 (1H, m), 2.61-2.48 (1H, m), 2.45-2.38 (1H, m), 2.30-2.18
(1H, m), 2.18-2.01 (1H, m), 1.82-1.61 (1H, m), 1.58-1.54 (3H, m) , 1.43 (9H, s);

HRMS (Positive ESI) m/z 372.9203 (372.9206 calcd for C,qH39N,04 + H).

(5S)-1,6-dimethyl-3,4,5,6-tetrahydro-2,5-methano-2,6-benzodiazonin-7(1H)-

one (56)

Compound 56 was prepared as a solid using a method similar to that used for 58.
Yield: 43%. "H-NMR (400 MHz, CDCl3) §: 7.43-7.40 (3H, m), 7.35-7.31 (1H, m),
4.02-3.99 (1H, m), 3.93-3.91 (1H, m), 3.26 (3H, s), 3.19 (1H, d, J = 14.1 Hz),
2.93 (1H, dd, J = 12.9, 5.1 Hz), 2.78-2.71 (1H, m), 2.41-2.37 (1H, m), 1.59-1.49
(1H, m), 1.52 (3H, d, J = 5.1 Hz), 1.27-1.19 (1H, m); **C NMR (500 MHz,
DMSO-ds) &: 168.97, 138.78, 137.97, 128.48, 128.26, 127.13, 125.91, 62.90,
62.45, 59.22, 49.19, 37.60, 29.00, 22.85; HRMS (Positive ESI) m/z 231.1485
(231.1497 calcd for C14H1gN,O + H); EA Anal. calcd for C;4HgN,O. C, 73.01; H,

7.88; N, 12.16. Found: C, 72.39; H, 7.88; N, 11.98.
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tert-butyl ethylI[(3S)-pyrrolidin-3-yl]Jcarbamate (54b)

Compound 54b was prepared as a solid using a method similar to that used for 51.
Yield: 65%. 'H-NMR (400 MHz, CDCls) §: 4.70-4.62 (1H, m), 4.15-4.08 (2H, m),
3.10-3.02 (1H, m), 2.95-2.92(1H, m), 2.82-2.70 (2H, m), 1.78-1.73 (2H, m), 1.44
(9H, s), 1.36 (3H, t, J = 7.2 Hz); HRMS (Positive ESI) m/z 215.1760 (215.1762

calcd for C;1H,,N,0, + H).

methyl
2-({(3S)-3-[(tert-butoxycarbonyl)(ethyl)amino]pyrrolidin-1-yl}methyl)benzo

ate (55b)

Compound 55b was prepared as a solid using a method similar to that used for
55c. Yield: 85%. "H-NMR (400 MHz, CDCl3) &: 7.75 (1H, d, J = 7.4 Hz),
7.46-7.43 (1H, m), 7.32-7.28 (1H, m), 4.92-4.55 (1H, m), 4.21-4.10 (2H, m),
3.94-3.81 (1H, m), 3.87 (3H, s), 2.79 (3H, s), 2.60-2.58 (1H, m), 2.47 (1H, t, J =
9.2 Hz), 2.27-2.25 (1H, m), 2.10-2.05 (1H, m), 1.71-1.70 (1H, m), 1.43 (9H, s),
1.35 (3H, m); HRMS (Positive ESI) m/z 363.2280 (363.2284 calcd for

C20H30N204 + H).

(5S)-6-ethyl-3,4,5,6-tetrahydro-2,5-methano-2,6-benzodiazonin-7(1H)-one

(57)

Compound 57 was prepared as a solid using a method similar to that used for 58.
Yield: 52%. '"H-NMR (400 MHz, CDCl;): 7.69-7.68 (1H, m), 7.49-7.36 (2H, m),

7.24-7.20 (1H, m), 4.25 (1H, d, J = 14.0 Hz), 4.12-4.01 (2H, m), 4.03-3.90 (1H,
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m), 3.89-3.81 (2H, m), 3,51 (1H, d, J = 14.0 Hz), 3.08-2.80 (2H, m), 2.42-2.16
(2H, m), 1.31 (3H, t, J = 7.0 Hz); **C NMR (500 MHz, DMSO-dg) &: 170.32,
138.67, 133.08, 130.65, 130.12, 129.39, 127.96, 57.52, 56.22, 55.90, 50.30,
41.23, 29.45, 13.95; HRMS (Positive ESI) m/z 231.1497 (231.1497 calcd for
Ci14HgN,O + H); EA Anal. calcd for Cy4H1gN,O. C, 73.01; H, 7.88; N, 12.16.

Found: C, 72.33; H, 8.05; N, 11.94; [a]p?° : 15.209 (c=1.009, MeOH).

tert-butyl N-methyl-N-[(3S)-piperidin-3-yl]jcarbamate (60)

To the mixture of tert-butyl N-[(3S)-piperidin-3-yl]carbamate (59) ( 2.50 g, 12.5
mmol) in THF (60 mL), benzyl chloroformate (2.13 mL, 16.0 mmol) and
triethylamine (2.60 mL, 18.7 mmol) were added. The mixture was stirred at room
temperature for 30 min. The mixture was poured into water and extracted with
ethyl acetate. The organic layer was washed with 1M HCI and brine, dried over
sodium  sulfate, and concentrated in vacuo to obtain  benzyl
(3S)-3-(tert-butoxycarbonylamino)piperidine-1-carboxylate as a solid, which
was used for the next reaction without further purification. To the mixture of
benzyl (3S)-3-(tert-butoxycarbonylamino)piperidine-1-carboxylate in THF (80
mL), potassium tert-butoxide (1.53 g, 13.7 mmol) was added. After the mixture
was stirred for 1 h, iodomethane (2.32 mL, 37.2 mmol) was added, and the
resulting mixture was stirred overnight. The mixture was poured into water and
extracted with ethyl acetate. The organic layer was washed with brine, dried
over sodium sulfate, and concentrated in vacuo. The residue was passed through
a short pad of a silica gel column to obtain crude benzyl
(3S)-3-[tert-butoxycarbonyl(methyl)amino]piperidine-1-carboxylate. To the

mixture of crude benzyl
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(3S)-3-[tert-butoxycarbonyl(methyl)amino]piperidine-1-carboxylate in ethanol
(60 mL), 10% palladium carbon (1.50 g) was added and the resulting mixture was
stirred under hydrogen atmosphere for 2 h. The insoluble matter was removed by
filtration, and then, the filtrate was concentrated in vacuo. The residue was
purified by column chromatography using silica gel and eluted with 0%-18%
methanol in dichloromethane to obtain the title compound (2.36 g, 88%) as an oil.
'H-NMR (400 MHz, CDCl3) &: 3.87 (1H, br s), 2.98 (2H, d, J = 12.1 Hz), 2.73
(3H, s), 2.60 (1H, t, J = 11.5 Hz), 2.47-2.41 (1H, m), 1.82-1.75 (2H, m),
1.69-1.66 (2H, m), 1.62-1.43 (1H, m), 1.45 (9H, s) ; *C NMR (500 MHz,
DMSO-dg) 6: 154.55, 78.34, 54.28, 52.22, 48.51, 45.18, 28.74, 28.03, 26.00;
HRMS (Positive ESI) m/z 215.1771 (215.1759 calcd for Cy;H,,N,0, + H); EA
Anal. calcd for C;1H,,N,0,. C, 61.65; H, 10.35; N, 13.07. Found: C, 62.09; H,

10.16; N, 12.37; [a]p?®: -13.666 (c=1.001, CHCI3).

methyl
2-({(3S)-3-[tert-butoxycarbonyl(methyl)amino]-1-piperidyl}methyl)benzoate

(61)

To a solution of tert-butyl N-methyl-N-[(3S)-piperidin-3-yl]Jcarbamate (60)
(0.300 g, 1.38 mmol) in dichloromethane (3 mL), methyl
2-(bromomethyl)benzoate (0.295 g, 1.38 mmol) and potassium carbonate (0.543
g, 3.93 mmol) were added and the resulting mixture was stirred for 14 h. The
mixture was poured into water, and the organic layer was separated. The organic
layer was washed with brine, dried over sodium sulfate, and concentrated in
vacuo. The residue was purified by column chromatography on silica gel by

eluting with 0%-20% methanol in dichloromethane to obtain the title compound
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(0.435 g, 92%) as an oil. *H-NMR (400 MHz, CDCl3) 6: 7.69 (1H, d, J = 7.3 Hz),
7.42-7.40 (2H, m), 7.29-7.27 (1H, m), 3.89 (3H, s), 3.74 (2H, br s), 2.74-2.72
(2H, m), 2.73 (3H, s), 2.04-1.99 (1H, m), 1.87-1.85 (1H, m), 1.71-1.67 (2H, m),
1.58-1.55 (1H, m), 1.41 (9H, s), 1.41-1.39 (2H, m).**C NMR (500 MHz,
DMSO-ds) &: 168.58, 154.52, 138.71, 131.81, 130.71, 129.66, 128.89, 127.03,
78.44, 59.93, 55.66, 54.20, 52.48, 51.73, 28.58, 27.95, 24.38; HRMS (Positive
ESI) m/z 363.2279 (363.2284 calcd for C,qH39N,04 + H); EA Anal. calcd for
C,9H30N,0,4. C, 66.27; H, 8.34; N, 7.73. Found: C, 65.82; H, 8.01; N, 7.55;

[a]p?°: 11.347 (c=1.001, MeOH).

(6S)-7-methyl-4,5,6,7-tetrahydro-1H-2,6-methano-2,7-benzodiazecin-8(3H)-o0

ne (62)

To a solution of methyl
2-({(3S)-3-[tert-butoxycarbonyl(methyl)amino]-1-piperidyl}methyl)benzoate

(61) (3.40 g, 8.30 mmol) in THF (20 mL) and methanol (20 mL), a 1M LiOH
solution (40 mL) was added and the resulting mixture was stirred for 12 h. The
mixture was concentrated, and the residue was partitioned between ethyl acetate
and the 1M HCI solution. The organic layer was separated, washed with brine,
dried over sodium sulfate, and concentrated in vacuo to obtain
2-({(3S)-3-[(tert-butoxycarbonyl)(methyl)amino]piperidin-1-yl}methyl)benzoic
acid as a foam, which was used for the next reaction without further purification.
To the mixture of
2-({(3S)-3-[(tert-butoxycarbonyl)(methyl)amino]piperidin-1-yl}methyl)benzoic
acid in 1,4-dioxane (20 mL), 4M HClIl/ethyl acetate (20 mL) was added slowly

and stirred at room temperature for 5 h. The reaction mixture was concentrated
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in vacuo to obtain 2-{[(3S)-3-(methylamino)-1-piperidyl]methyl}benzoic acid
hydrochloride as a solid. To a solution of
2-{[(3S)-3-(methylamino)-1-piperidyl]methyl}benzoic acid hydrochloride in
dichloromethane (40 mL), O-(benzotriazol-1-yl)-N,N,N',N'-tetramethyluronium
hexafluorophosphate (8.15 g, 21.4 mmol) and N,N-diisopropylethylamine (5.68
mL, 32.6 mmol) were added and stirred for 12 h. The mixture was poured into
water and extracted with dichloromethane. The dichloromethane layer was
washed with brine, dried over sodium sulfate, and concentrated in vacuo. The
residue was purified by column chromatography using silica gel and eluted with
0%-18% methanol in dichloromethane to obtain the title compound (0.860 g,
44%) as a white solid. "H-NMR (400 MHz, CDCl;) &: 7.50-7.48 (1H, m),

7.37-7.33 (2H, m), 7.22-7.21 (1H, m), 4.21 (1H, d, J = 9.8 Hz), 3.58 (1H, d, J

10.2 Hz), 3.25-3.24 (1H, m), 3.17-3.12 (2H, m), 3.14 (3H, s), 2.98 (1H, d, J

16.0 Hz), 2.58 (1H, dd, J = 16.0, 2.5 Hz), 2.54-2.50 (1H, m), 2.19-2.07 (1H,
m), 1.69-1.65 (1H, m), 1.27-1.22 (1H, m); **C NMR (500 MHz, DMSO-ds) &:
169.95, 140.86, 132.48, 129.64, 129.33, 128.59, 127.63, 54.89, 53.47, 51.81,
47.30, 34.55, 30.08, 13.27; HRMS (Positive ESI) m/z 231.1481 (231.1497 calcd
for C14H1gN,O + H); EA Anal. calcd for Cy4HgN,0: C, 73.01; H, 7.88; N, 12.16.

Found: C, 73.28: H, 8.03; N, 11.28; [a]p?°: -91.334 (c=1.019, MeOH).

benzyl 4-[(2-methoxycarbonylphenyl)methyl]-1,4-diazepane-1-carboxylate

(64)

To a solution of benzyl 1-homopiperazine carboxylate (63) (3.07 g, 13.1 mmol)
in THF (50 mL), methyl 2-(bromomethyl)benzoate (1.50 g, 6.55 mmol) was

added and the resulting mixture was stirred at 50°C for 4 h. The mixture was
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poured into water, and the dichloromethane was separated. The organic layer
was washed with brine, dried over sodium sulfate, and concentrated in vacuo.
The residue was purified by column chromatography on silica gel by eluting with
0%-10% methanol in dichloromethane to obtain the title compound (2.35 g, 94%)
as an oil. *H-NMR (400 MHz, CDCl3) &: 7.70-7.68 (1H, m), 7.45-7.26 (8H, m),
5.22-5.13 (2H, m), 3.94 (2H, s), 3.86 (3H, s), 3.43-3.38 (2H, m), 2.85-2.83 (2H,
m), 2.77-2.75 (2H, m), 2.68-2.61 (2H, m), 1.64-1.61 (2H, m); HRMS (Positive

ESI) m/z 383.1973 (383.1970 calcd for CyoHasN,04 + H).

4,5-dihydro-3H-2,6-ethano-2,6-benzodiazonin-1(7H)-one (65)

To a solution of benzyl
4-[(2-methoxycarbonylphenyl)methyl]-1,4-diazepane-1-carboxylate (64) (2.35 g,
6.14 mmol) in THF (20 mL) and methanol (20 mL), a 1M LiOH solution (40 mL)
was added and the resulting mixture was stirred for 12 h. The mixture was
concentrated, and the residue was partitioned between ethyl acetate and the 1M
HCI solution. The organic layer was separated, washed with brine, dried over
sodium sulfate, and concentrated in vacuo to give
2-[(4-benzyloxycarbonyl-1,4-diazepan-1-yl)methyl]benzoic acid as a foam,
which was used for the next reaction without further purification. To the mixture
of 2-[(4-benzyloxycarbonyl-1,4-diazepan-1-yl)methyl]benzoic acid in ethanol
(60 mL), 10% palladium carbon (1.10 g) was added and the resulting mixture was
stirred under hydrogen atmosphere for 3 h. The insoluble matter was removed by
filtration, and then, the filtrate was concentrated in vacuo to obtain crude
2-(1,4-diazepan-1-ylmethyl)benzoic acid as a solid. To a solution of

2-(1,4-diazepan-1-ylmethyl)benzoic acid in dichloromethane (996 mL),
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O-(benzotriazol-1-yl)-N,N,N"',N'-tetramethyluronium hexafluorophosphate (5.68
g, 14.9 mmol) and N,N-diisopropylethylamine (3.96 mL, 22.7 mmol) were added
and the resulting mixture was stirred for 12 h. The mixture was poured into
water and extracted with dichloromethane. The dichloromethane layer was
washed with brine, dried over sodium sulfate, and concentrated in vacuo. The
residue was purified by column chromatography using Silica gel and eluted with
0%-18% methanol in dichloromethane to obtain the title compound (0.355 g,
28%) as a white solid. '"H-NMR (400 MHz, CDCl3) &: 7.34-7.28 (3H, m),
7.22-7.21 (1H, m), 4.69-4.66 (1H, m), 4.16 (2H, q, J = 14.5 Hz), 3.36-3.33 (2H,
m), 3.07 (1H, q, J = 15.7 Hz), 3.00-2.92 (2H, m), 2.86-2.82 (2H, m), 2.36-2.25
(1H, m), 1.52-1.47 (1H, m); **C NMR (500 MHz, DMSO-dg) &: 173.00, 138.36,
137.13, 129.50, 128.78, 127.62, 124.96, 55.38, 54.40, 49.74, 47.36, 46.98, 21.23,
21.09; HRMS (Positive ESI) m/z 217.1341 (217.1341 calcd for C13H16N,O + H);
EA Anal. calcd for C13H{gN,O: C, 72.19; H, 7.46; N, 12.95. Found: C, 72.01; H,

7.52; N, 12.90.

methyl
2-({(7S)-7-[(tert-butoxycarbonyl)(methyl)amino]-5-azaspiro[2.4]heptan-5-yl

tmethyl)-4-fluorobenzoate (66b)

To a solution of tert-butyl (7S)-5-azaspiro[2.4]heptan-7-yl(methyl)carbamate
54c (1.01 g, 4.06 mmol) in dichloromethane (40 mL), methyl
2-(bromomethyl)-4-fluoro benzoate (1.00 g, 4.00 mmol) and potassium
carbonate (0.73 g, 5.30 mmol) were added and the resulting mixture was stirred
for 14 h. The mixture was poured into water, and the dichloromethane was

separated. The organic layer was washed with brine, dried over sodium sulfate,
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and concentrated in vacuo. The residue was purified by column chromatography
on silica gel by eluting with 0%-20% methanol in dichloromethane to obtain the
title compound (1.24 g, 78%) as an oil. "H-NMR (400 MHz, CDCl;) §: 7.86-7.82
(1H, m), 7.30 (1H, d, J = 9.8 Hz), 6.98 (1H, t, J = 9.8 Hz), 4.59-4.45 (1H, m),
3.96-3.90 (2H, m), 3.88 (3H, s), 2.91 (3H, s), 2.87-2.78 (2H, m), 2.69-2.65 (1H,
m), 2.43 (1H, d, J = 9.0 Hz), 1.41 (9H, s), 0.83-0.44 (4H, m) ; HRMS (Positive

ESI) m/z 393.2184 (393.2189 calcd for C1H,9FN,O4 + H).

(5'S)-10"-fluoro-6'-methyl-5',6'-dihydro-3'H-spiro[cyclopropane-1,4'-[2,6]di

aza[2,5]methano[2,6]benzodiazonin]-7"(1'H)-one (67b, DS34942424)

To a solution of methyl
2-({(7S)-7-[(tert-butoxycarbonyl)(methyl)amino]-5-azaspiro[2.4]heptan-5-yl}m
ethyl)-4-fluorobenzoate (66b) (1.24 g, 3.16 mmol) in THF (10 mL) and methanol
(10 mL), a 1M LiOH solution (6 mL) was added and the resulting mixture was
stirred for 12 h. The mixture was concentreated, and the residue was partitioned
between ethyl acetate and the 1M HCI solution. The organic layer was separated,
washed with brine, dried over sodium sulfate, and concentrated in vacuo to
obtain

2-({(7S)-7-[(tert-butoxycarbonyl)(methyl)amino]-5-azaspiro[2.4]heptan-5-yl}m
ethyl)-4-fluorobenzoic acid as a foam, which was used for the next reaction
without further purification. To the
2-({(7S)-7-[(tert-butoxycarbonyl)(methyl)amino]-5-azaspiro[2.4]heptan-5-yl}m
ethyl)-4-fluorobenzoic acid in 1,4-dioxane (10 mL), 4M HCl/ethyl acetate (10
mL) was added slowly and the resulting mixture was stirred at room temperature

for 5 h. The reaction mixture was concentrated in vacuo to obtain
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4-fluoro-2-{[(7S)-7-(methylamino)-5-azaspiro[2.4]heptan-5-ylImethyl}benzoic

acid hydrochloride as a solid. To a solution of
4-fluoro-2-{[(7S)-7-(methylamino)-5-azaspiro[2.4]heptan-5-yllmethyl}benzoic

acid hydrochloride in dichloromethane (500 mL),
O-(benzotriazol-1-yl)-N,N,N",N'-tetramethyluronium hexafluorophosphate (2.54
g, 6.69 mmol) and N,N-diisopropylethylamine (1.77 mL, 10.2 mmol) were added
and stirred for 12 h. The mixture was poured into water and extracted with
dichloromethane. The organic layer was washed with brine, dried over sodium
sulfate, and concentrated in vacuo. The residue was purified by column
chromatography using the Silica gel and eluted with 0%-18% methanol in
dichloromethane to obtain the title compound (0.491 g, 60%) as a white solid.
'H-NMR (400 MHz, CDCl3) &: 7.60-7.58 (1H, m), 7.07-7.05 (1H, m), 6.88-6.86
(1H, m), 4.15 (1H, d, J = 14.5 Hz), 3.88 (1H, d, J = 14.5 Hz), 3.56 (1H,d, J=5.5
Hz), 3.46-3.43 (1H, m), 3.17 (3H, s), 3.15-3.10 (1H, m), 2.75 (1H, d, J = 12.5
Hz), 2.37-2.34 (1H, m), 0.81-0.78 (1H, m), 0.44-0.36 (2H, m), 0.39-0.36 (1H,
m); *C NMR (500 MHz, DMSO-dg) &: 168.58, 162.56 (d, J cf = 195 Hz), 137.21
(d, J cr = 5 Hz), 135.37 (d, J ¢ = 3 Hz), 132.34 (d, J ¢ = 7 Hz), 116.91 (d, J ¢c¢
= 16 Hz), 114.18 (d, J ¢c¢ = 17 Hz), 70.38, 63.89, 58.85, 58.56, 37.83, 24.75,
17.05, 14.73; HRMS (Positive ESI) m/z 261.1397 (261.1403 calcd for
CisH{7FN,O + H); EA Anal. calcd for C;5sH;7FN,0O: C, 69.21; H, 6.58; N, 10.76;
F, 7.30. Found: C, 69.38; H, 6.67; N, 10.73; F, 7.17; [a]p°°: -203.877 (c=1.002,

MeOH).
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methyl
2-({(7S)-7-[(tert-butoxycarbonyl)(methyl)amino]-5-azaspiro[2.4]heptan-5-yl

}methyl)-3-fluorobenzoate (66a)

Compound 66a was prepared as a solid using a method similar to that used for
66b. Yield: 96%. 'H-NMR (400 MHz, CDCl3) &: 7.51-7.47 (1H, m), 7.31-7.25
(1H, m), 7.17-7.14 (1H, m), 4.53-4.37 (1H, m), 3.96-3.91 (2H, m), 3.88 (3H, s),
2.79 (3H, s), 2.79-2.77 (2H, m), 2.59-2.57 (1H, m), 2.42 (1H, d, J = 8.6 Hz),
1.40 (9H, s), 0.69-0.48 (4H, m) ; HRMS (Positive ESI) m/z 393.2182 (393.2189

calcd for C21H29FN204 + H)

(5'S)-11"-fluoro-6'-methyl-5',6'-dihydro-3'H-spiro[cyclopropane-1,4'-[2,6]di

aza[2,5]methano[2,6]benzodiazonin]-7'(1"H)-one (67a)

Compound 67a was prepared as a solid using a method similar to that used for
67b. Yield: 55%. ‘H-NMR (400 MHz, CDCl3) &: 7.38 (1H, d, J = 7.8 Hz),
7.31-7.29 (1H, m), 7.12-7.10 (1H, m), 4.73 (1H, d, J = 14.5 Hz), 3.57 (1H, d, J =
5.1 Hz), 3.47-3.44 (2H, m), 3.17 (3H, s), 3.13 (1H, dd, J = 12.9, 3.1 Hz), 2.79
(1H, d, J = 12.9 Hz), 2.28-2.25 (1H, m), 0.80-0.75 (1H, m), 0.40-0.38 (2H, m),
-0.43--0.46 (1H, m) ; *3*C NMR (500 MHz, DMSO-dg) &: 166.45, 160.61 (d, J cf =
197 Hz), 141.26, 131.68 (d, J cr = 7 Hz), 126.59 (d, J cr = 3 Hz), 116.48 (d, J cF
= 18 Hz), 114.56 (d, J ¢c¢ = 12 Hz), 66.26, 60.21, 56.40, 46.51, 37.81, 22.87,
18.33, 14.14; HRMS (Positive ESI) m/z 261.1406 (261.1403 calcd for
CisHi7FN,O + H); EA Anal. calcd for C1sH17FN,0: C, 69.21; H, 6.58; N, 10.76;
F, 7.30. Found: C, 69.09; H, 6.09; N, 10.31; F, 7.39; [a]p®®: -108.967 (c=1.016,

DMSO).
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methyl
2-({(7S)-7-[(tert-butoxycarbonyl)(methyl)amino]-5-azaspiro[2.4]heptan-5-yl

}methyl)-5-fluorobenzoate (66¢)

Compound 66¢c was prepared as a solid using a method similar to that used for
66b. Yield: 79%. "H-NMR (400 MHz, CDCl3) &: 7.48-7.43 (2H, m), 7.14-7.13
(1H, m), 4.57-4.42 (1H, m), 3.88 (3H, s), 3.82 (2H, s), 2.86 (3H, d, J = 10.6 Hz),
2.80-2.75 (2H, m), 2.62-2.59 (1H, m), 2.39-2.38 (1H, m), 1.41 (9H, s), 0.81-0.51
(4H, m) ; HRMS (Positive ESI) m/z 393.2189 (393.2189 calcd for C,;H,9FN,Oy4

+ H).

(5'S)-9'-fluoro-6'-methyl-5',6'-dihydro-3'H-spiro[cyclopropane-1,4'-[2,6]dia

za[2,5]methano[2,6]benzodiazonin]-7'(1'"H)-one (67¢)

Compound 67c was prepared as a solid using a method similar to that used for
67a. Yield: 65%. "H-NMR (400 MHz, CDCl3) &: 7.31-7.29 (1H, m), 7.14-7.12
(1H, m), 7.05-7.02 (1H, m), 4.20 (1H, d, J = 14.5 Hz), 3.85 (1H, d, J = 14.5 Hz),
3.56 (1H, d, J = 5.5 Hz), 3.44 (1H, dd, J = 12.9, 5.5 Hz), 3.17 (3H, s), 3.12 (1H,
dd, J = 12.9, 2.7 Hz), 2.74 (1H, d, J = 12.5 Hz), 2.30 (1H, dd, J = 12.5, 2.7 Hz),
0.82-0.78 (1H, m), 0.45-0.40 (2H, m), -0.35--0.37 (1H, m) ; **C NMR (500 MHz,
DMSO-d6) &: 168.18, 162.08 (d, J cr = 193 Hz), 140.49 (d, J ¢f = 6 Hz), 132.91
(d, J cr = 6 Hz), 130.84 (d, J cf = 3 Hz), 116.17 (d, J cf = 18 Hz), 115.44 (d, J c¢
= 17 Hz), 70.46, 63.87, 58.59, 58.41, 37.75, 24.77, 16.98, 14.74; HRMS
(Positive ESI) m/z 261.1391 (261.1403 calcd for CysH17FN,O + H); EA Anal.
calcd for C15sH{7FN,O: C, 69.21; H, 6.58; N, 10.76; F, 7.30. Found: C, 68.78; H,

6.56; N, 10.78; F, 7.23; [a]p?’: -189.732 (c=1.006, MeOH).
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methyl
2-({(7S)-7-[(tert-butoxycarbonyl)(methyl)amino]-5-azaspiro[2.4]heptan-5-yl

}methyl)-6-fluorobenzoate (66d)

Compound 66d was prepared as a solid using a method similar to that used for
66b. Yield: 76%. '"H-NMR (400 MHz, CDCl3) &: 7.37-7.28 (1H, m), 7.14-7.08
(1H, m), 7.06-6.98 (1H, m), 4.62-4.41 (1H, m), 3.90 (3H, s), 3.75-3.60 (2H, m),
2.83 (3H, s), 2.80-2.65 (2H, m), 2.61-2.53 (1H, m), 2.37 (1H, d, J = 8.4 Hz),
1.41 (9H, s), 0.79-0.39 (4H, m) ;HRMS (Positive ESI) m/z 393.2182 (393.2189

calcd for C21H29FN204 + H)

(5'S)-8'-fluoro-6'-methyl-5',6"'-dihydro-3'H-spiro[cyclopropane-1,4'-[2,6]dia

za[2,5]methano[2,6]benzodiazonin]-7'(1'H)-one (67d)

Compound 67d was prepared as a solid using a method similar to that used for
67b. Yield: 70%. '"H-NMR (400 MHz, CDCl3) &: 7.29-7.27 (2H, m), 7.09-7.06
(1H, m), 6.97 (1H, d, J = 7.4 Hz), 4.22 (1H, d, J = 14.5 Hz), 3.88 (1H, d, J = 14.5
Hz), 3.55 (1H, d, J = 5.5 Hz), 3.49-3.45 (1H, m), 3.17 (3H, s), 3.11 (1H, dd, J =
13.1, 2.9 Hz), 2.75 (1H, d, J = 12.5 Hz), 2.25 (1H, dd, J = 12.5, 2.9 Hz),
0.83-0.78 (1H, m), 0.43-0.38 (1H, m), -0.36--0.39 (1H, m); **C NMR (500 MHz,
DMSO-dg) 8: 165.28, 160.56 (d, J ¢ = 196 Hz), 137.29 (d, J c¢ = 1 Hz), 129.40
(d, J cr = 7 Hz), 126.77 (d, J cf = 13 Hz), 126.51 (d, J cr = 2 Hz), 114.67 (d, J c¢
= 18 Hz), 70.69, 64.07, 59.00, 58.60, 37.17, 25.00, 16.20, 13.40; HRMS
(Positive ESI) m/z 261.1398 (261.1403 calcd for CysH17FN,O + H); EA Anal.
calcd for C15sH{7FN,O: C, 69.21; H, 6.58; N, 10.76; F, 7.30. Found: C, 68.80; H,

6.61; N, 10.78; F, 6.93; [a]p?’: -244.850 (c=1.006, MeOH).
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Acetic acid writhing test

This test was used to evaluate the peripheral antinociceptive activity. The ddY
mice were administered with 1% acetic acid (0.1 mL) intraperitoneally (i.p) 30
min after the administration of compounds (p.o.). The stretching movements
(arching of the back, development of tension in the abdominal muscles,

elongation of the body, and extension of forelimbs) were assessed for 25 min.

Formalin test (initial phase)

The hind paw pad of the ddY mice was injected with 3.5% formalin (20 pL) (n
= 8) 30 min after the compound was administered (30 mg/kg, p.o.). The
reduction in the sum of time spent in paw licking and biting responses was

measured for the first 10 min (the initial phase) following the formalin injected.

Spontaneous locomotor activity test

After the oral administration of the test compound or vehicle (control), the
spontaneous locomotor activity was measured for 1 h by using the SUPERMEX

system (model SM-32; Muromachi Kikai Co., Ltd., Tokyo, Japan).

MOR binding assay

This assay was based on the [*H] diprenorphine binding competition to MOR.

The competitive binding of compounds to the human MOR was measured using
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the tritium-labelled diprenorphine. The commercial MOR membrane was
incubated with the test compound and 1 nM [*H] diprenorphine for 1 h at room
temperature. The membrane was washed, and the remaining [®H] diprenorphine
bound to the MOR was detected and quantified. Morphine was used as the

relative control.

MOR cAMP assay

The CHOKZ1 cell line, which stably expresses human MOR, was used to
measure the MOR agonist activity. The MOR agonist activity of the compounds
was detected by measuring the inhibition of cAMP production induced by
forskolin. cAMP was measured using a commercial Forster resonance energy
transfer (FRET) detection system. E,,x was calculated relative to the Enax value

of 10uM DAMGO as the control.

hERG inhibition assay

hERG-transfected human embryo kidney 293 (HEK293) cells were perfused
with 10, 30 and 100 umol/L each compound. Cells were perfused (perfusion
speed: approximately 4 mL/ min) with the external solution (contents: NaCl,
137; KCI, 4; HEPES, 10; CaCl,, 1.8; MgCl,, 1; glucose, 10 mmol/L; adjusted to
pH 7.32 and 7.37 with NaOH) in a bath chamber. Glass pipettes filled with the
internal solution (contents: KCI, 130; MgCl,, 1; EGTA, 5; HEPES, 10; ATP, 5
mmol/L; adjusted to pH 7.21 with KOH) with a resistance of 2.1 to 3.6 MQ were
used to record the hERG current. The cell membrane voltage was held at =80 mV

via a patch clamp amplifier (EPC8, HEKA) using patch clamp software (Clampex
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9.0 [pPCLAMP 9], Axon Instruments, Molecular Devices). The test pulse was
applied as follows: step from —80 to +20 mV for 1.5 s, step to —40 mV for 1.5 s,
then step to a holding potential of —80 mV. This voltage protocol was applied
continuously to cells once every 15 s. After the peak current for each voltage
protocol was stable at 500 pA or higher for at least 1 min, the cell was perfused
with the external solution containing the test article. In the kinetics assay, the
voltage pulses were run continuously for 20 min (10 min for perfusion of the test

article, and 10 min following the washout).

Pharmacokinetic evaluation in mice

Male ddY mice (5 weeks old) were purchased from Charles River Laboratories
Japan, Inc. (Kanagawa, Japan). The mice were allowed to acclimatize in
stainless steel cages for 7-11 days under controlled conditions. The test
compounds were suspended in a 0.5% (w/v) methyl cellulose 400 solution (Wako
Pure Chemical Industries) for oral and intraperitoneal administration. The
dosing formulations (3 mg/mL) were administered to male ddY mice at 10 mL/kg
after overnight fasting. An approximately 0.2 mL blood sample was collected
from the jugular vein by using a heparinized syringe. The blood was centrifuged
at 14,000 rpm for 3 min at 4°C (Himac CR15D, Hitachi Koki Co., Ltd.; rotor:
RT15A2) to obtain the plasma. The plasma was stored at —20°C until use. The
plasma concentration was determined by liquid chromatography tandem mass
spectrometry (LC-MS/MS) using APl 4000QTRAP (Applied Biosystems/MDS
SCIEX). The PK parameters were calculated with a non-compartmental model

using Winnonlin (version 4.0.1, Pharsight Corp.).
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Microsome metabolic stability assay (MS)

The pooled CD1 mouse liver microsomes were purchased from Xenotech, LLC.
B-nicotinamide adenine dinucleotide phosphate (B-NADP),
D-glucose-6-phosphate (G-6-P), and glucose-6-phosphate dehydrogenase
(G-6-PDH) were purchased from Oriental Yeast Co., Ltd. The reaction mixture
was prepared using 100 pL of microsomes (final concentration: 0.5 mg
protein/mL), 30 mM of G-6-P, 3 U/mL of G-6-PDH, and the substrate (final
concentration: 1 uM). The metabolic reaction was initiated by the addition of 3
mM B-NADP to the reaction mixture. After Omin and 30min incubation at 37°C,
a 90 pL aliquot of the reaction was drawn and added to 410 pL of the mixture
(acetonitrile:methanol; 75:25 (v/v)) containing 15 ng/mL of niflumic acid (as the
internal standard) to terminate the reaction. Each sample was centrifuged at
2,400 g for 12 min at 4°C. The supernatant was subjected to the LC-MS/MS
analysis. The metabolic stability (%) was calculated using the peak area ratio
(PAR) of the test substance to the internal standard from Equation 1 given

below:

PAR at 30 min

. ity (04) = Ao at Somin
Metabolic stability (%) PAR at 0 min 100

Measurement of Log D7 4

Equal amounts of PBS and 1-octanol were shaken and left overnight. The upper
layer (1-octanol) and lower layer (PBS) were collected separately. Each test
compound was dissolved in 1-octanol or PBS (200 mM). The same amount of

either PBS or 1-octanol was added and the mixture was shaken vigorously for 30
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min at room temperature followed by centrifugation at 2100 g for 5 min at room
temperature. Subsequently, both phases were separated and assayed by HPLC

and LC-MS. Log D74 was calculated by the follwing equation:

Log D74 = log (peak area of compound in 1-octanol / peak area of compound in

PBS)
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