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Figure 1. Schematic diagram of gastric acid secretion in the gastric wall cells.
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Figure 2. Chemical structures of PPIs and estimated mechanism of action of LPZ.
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Figure 3. Shape changes of parietal cells and inhibitory action of PPI (LPZ) on H,K"-ATPase.'
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Figure 5. Structures of several reported potassium-competitive acid blockers.
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Figure 6. Mechanism of action of P-CAB and PPI (LPZ) in gastric parietal cells.
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Figure 7. Chemical structure of hit compound 1 and requisites of P-CAB lead compounds.
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Figure 8. Structures of synthesized compounds in Chapter 2

FEPIA 4, 5a, 5b B L8 OARKIT Scheme 1 (/R T HiEEAWTIT-> 72, HRD o-7
nETE T2/ v 2) VT EBTFVOMAINI LY 3 25, BBYESRE T T
BILL T4 &L, ZTONMKENDMIZ LB CLIK 5Sa 2872, TR UEE 5b 122V T
Sa 2T A UNUKGHRET 5 Z LIk 0Tz, £z, Sald, KFEMIA Y TFATALI=D
2y (DIBAL-H) T OH K 6 IZE#aD % LT =7 AT 7 7 e €7 =17 A (TPAP)
EN-AFNENAFRY  N-AFT K (NMO) & W54 T CTb L TRV IR 7 (238
Wi, 7 ZIBITHT X ALRIS D%, (Boc)O THLEET 5 Z L2 XY Boce PriElR 8 & L7-,



Scheme 1. Reagents and conditions: a) ethyl cyanoacetate, K»COs, acetone, rt; b) HCI (g), THF, rt;
¢) Ha, 10 % Pd-C, EtOH, rt; d) 8N NaOH, MeOH, THF, 55 °C; e) 1.5 mol/L DIBAL-H in toluene,
THE, —78 °C; f) NMO, TPAP, MS4A, MeCN, rt; g) 1) 40% MeNH; in MeOH, rt; 2) NaBH4, rt; 3)
(Boc)20, MeCN, rt.

LAY 16 3 LU 17a-h OA RIS 5a.8 F 72 13T IGERIE 12a % 5k S LT Scheme
2 VIR T HIETITo Tz, WEMESRIFT T 5a A VA= b EZiZ_r Uik Lz,
DIBAL-H THEEL TxHET DT /L2 —/L{K 10 & L, X5, TPAP & NMO % V7= 544
TTEHELTARL IR NMICEBR LI 5607 1 218507 2 ZERISIC L Y =F LT
REEETDHI6BLOAT AT I EKEGT D 1Tae IZENEE N, HRD 122 %
UV DOFET, N-7rEAZ A4 I K (NBS) TBr{b LT 12b ICEHDE, MM
ST THAL R B 2R =L A L C 13 24572,13 % Scheme 1 & [AI#ED J77£ T Boc
BB O%, 7= Ra U iE AWK - Bl v 7Y T ROSIZE D 15F 1238
T, ENEHREE LT 5 2 LKV B E T 17 2457, £io, HHEMES T Cat i
K8 % A NAR=NAbDH D VNIR Y A AL L EREESIE F T Boc A2 FRET D2 LITLD,
TNZENEBET S 1Tg BEX O 1Th ~EE 2, 16 BL D 17e (I22OWTE 7 U —1R, 17a-
d B IO IR, 17g1305 = Ui, 17Th Z7 v AR s L TENERERBEL -,
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H aorb R c R d R i N
N N N N
O e 0 = O O — O
COEt CO.Et CHO ‘Et
16
Sa 9 10 11 korl
9a: R=Ts 10a: R=Ts 1la: R=Ts
9b: R=4-CF,-C;H,-SO, 10b: R=4-CF,-CH,SO,  11b: R=4-CF,-C(H,-SO, R
9¢: R=4-MeO-C,H,-SO, 11c: R=4-MeO-C,H,-SO, N
9d: R=Ms 11d: R-Ms w -

Me

mornoro 17
o o .
g 0:§ a R 17a: R=Ts (hydrocloride)

f

O=c
] SN N N Boc 17b: R=4-CF,-C.H,-SO, (hydrocloride)
x I — m—@ = a—( [ B — @—Q\/\II\/“ 17¢c: R=4-MeO-CH,-SO, (hydrocloride)
COMe CoMe N.ve ‘Me 17d: R=Ms (hydrocloride)
14 15 17e: R=Bn (from 5a)
. C 12a: X=H 13 17f: R=Ph-SO, (hydrocloride)
12b: X=Br i 15£ R=Ph-SO, (from 14) 17g: R=n-Bu-SO, (from 8, hemioxalate)
H 15h: R=Ph-CO (from 8) 17h: R=Ph-CO (fumarate)
O
N
‘Me

8
Scheme 2. Reagents and conditions: a) NaH, RCI, DMF, rt; b) NaH, BnBr, DMF, 1t; ¢) 1.5 mol/L

DIBAL-H in toluene, THF, —78 °C; d) NMO, TPAP, MS4A, MeCN, 1t; ) NBS, Py, THF, 20 °C; f)
NaH, Ph-SO>Cl, DMF, 1t; g) 1) 1.5 mol/L DIBAL-H in toluene, THF, —78 °C; 2) NMO, TPAP,
MS4A, MeCN, rt; 3) MeNH>-HCI1, NaBH3CN, MeOH, 1t; 4) (Boc)20, EtOAc, rt; h) Ph-B(OH),,
Pd(PPhs)s, Na,CO3, DME, H>0, 105 °C; i) NaH, 15-crown-5, RC1, DMF, rt; j) EfNH>-HCI, MS4A,
NaBH3CN, MeOH, 1t; k) 1) MeNH»-HC1, MS4A, NaBH3CN, MeOH, 1t; 2) 4N HCI/EtOAc, EtOAc;
) 1) 40% MeNH; in MeOH, MeOH, NaBHa, 1t; 2) 4N HCIVEtOAc, EtOAc: m) 4N HCIEtOAc,
EtOAc, 1t; n) 1) 4N HCVEtOAc, EtOAc, 60 °C; 2) (COOH),, EtOAc, EtO; o) 1) 4N HCIVEtOAc,
MeOH, tt; 2) fumaric acid, MeOH, EtOAc.

{b&% 18, 20, 21, 22 B XV 24 ([ZOWTIX, HfHEAE Sb, 9a, 10a HDH VT 11b ZHW
T Scheme 3 |Z/RTHIETER LTz, T72bb, 5b % Fi b (Ts) (b, BIRTT U E=
TWRERIGESEDZ LIZEV T I MR 18 ~L#\ /=, 9a # DIBAL-H Tyt L Txind
LT Nva—uk (10a) & L7z#, PPhs, 23-7un-56-Yv7 /) -p-_/ %) (DDQ)
B n-BuNN: Z FHWTT ¥ R 19 (IZ8# L 3 W THEAKBILRISE2ITH 2 &2k
T IUR20 2570, £72.10a HEEMFHET TAFMUEL TAF AT —T K21 ~E X
11b 2V AFNAT IVOFET., BT I MERISICE W P AF AT I 7K 22 ITE#L
72o & HIZ, 11b % Grignard RIE L DS & EDHEDOBILIINZ LV TEF K23 & L,
BIHT I MERIGZIT> T 24 ~LEWWV e, 20, 22 BXO 24 IV T biERRE L L TH
BEL 7,
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Me
(3 56
H QQ ° 0<3 0=
\ \ O Q«k O
COH O_&J\rnnz \ \ NH,
sb
o

18 © % 20

Me Me CF, CF,
: & 3 Q
o Q —_— ]
0:7g —_— 0:% 0= 0:."5 HOl
N N N N
Me N me
10a 21 22
CF,
e o
05§ —_— O‘SN - HCl
! WA
N ‘Me
2 Me 24 Me

Scheme 3. Reagents and conditions: a) 1) NaH, TsCl, DMF, rt; 2) 25%NH3, 1t; b) 1) DIBAL-H, THF,
rt; 2) DDQ, PPhs, n-BusNN3, CHoCly, 1t; ¢) 1) 10%Pd-C, Ha, AcOH, MeOH, rt; 2) 4N HCI/EtOAc,
EtOAc: d) NaH, Mel, DMF, 1t; e) 1) 2M Me>NH/THE, MeOH, rt: 2) NaBHa, 1t; 3) 4N HCI1 /EtOAc,
EtOAc; f) 1) MeMgBr, THF, ether, 10 °C; 2) MnOs, CHxCl, 1t; g) 1) 40% MeNH; in MeOH,
MS4A, EtOH, 70 °C: 2) NaBHa, 1t; 3) 4N HCVEtOAc, EtOAc.

Ea—LSMOPhEE n-TFLEHDL VTV oo EAVEA~ERE LZLAY 30a-b I
DUWNTIX Scheme 4 IRTHETEMR LTz, T72bb, filD 25 %2 1-3— K7 ¥ 0 LKk
EET26L L., 77 VN BIFALLEDRIG RERTER—/L 27 ICEH UTctk, EEMES
BT TCALK=UELLT28 & Lz, £/, 13 3707 Ra oK - SRl v
TV UTRIGCEY 29 & LTz, BbNiz= AT VHRIA 28 3 X129 % Scheme 2 & [Alk
DOFEZE VT 30a 3L V300 ~ & Hy /e,

: O L0
$Cne * SN H ‘ 0% ) 0
—_— \r nBu | — N —_— S
Me n-Bu \ N
Me COEt nﬁu—@ RAQ\J\/H
CO.Et N e
25 26 27 28 30
30a: R = n-Bu (hydrochloride)
e 30b: R = Cyclopropyl (hydrochloride)
of of
0= d O=g
N N
s~ L N
COMe CO.Me
13 29

Scheme 4. Reagents and conditions: a) 1-iodobutane, TBAI. 30% NaOH. CH2Cl., 1t: b)
CH>=CHCO:2Et, -BuOK., THF, rt: ¢) NaH. Ph-SO:Cl, THF. 1t: d) cyclopropylboronic acid.
Pd(OAc),. PCys, K3PO4, H7O, toluene, 100 °C: e) 1) 1.5 mol/L DIBAL-H in toluene, THF, -78 °C:
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2) TPAP, NMO, MS4A, MeCN, rt; 3) 2M MeNH; in THF, rt; 4) NaBH4, MeOH, 1t: 5) 4N
HCVEtOAc, EtOAc.

Ee— 2 HB WX AL ~EREEZEA LILEWIZ- OV TiX Scheme 5 (2R HIEIZ
EVER L, TilRD -7 a7 7/ 2) 27 MEFBE=F L LMEE L. BFEET
VE=UAEHAVTERET CRIEEI TS Z LI2L Y 2472 Me B A X7z 31 ~ L E
7zo £DF. Scheme 2 LFERDHEEZ AV, ANE = /CLRIG. BITKIGE & UL
ZRRTHNINE 33a & Lz, 20 CLRFEA S - @PRIE 4 120 LTIl s o
EMESRET TIE ANV = ARG ETT L7222 7283, 15-crown-5 2T 5 Z LIk V&
IRBTANVK= AR IZES TN TE T, £OH, FFRIC, BIRGE X OBLRIG %
BTHENLINAR33D & Lz, F£7=, HR® 35 % NBS T BribdD%, ANVK=/ALKIGIZ X
D37, BWTHAR - BEA Y TV U TRIGICEY 4 112 Me ENEA SN/ 2T )L
£ 38 28\ =, B 5h7-33a, 33b BL 38 2xF L., Scheme 2 OFRIE 11 £7/21X 9 205
17 %1552 EHA LT, BRE 75 34a, 34b BLUN39 (BB L 7=,

H b 0 Q cort 0 Q
N Me
N

I E—— NR T N_ R
CHO "Me
31 33 34
d 33a: R=Me 34a: R=Me (hydrochloride)
33b: R=C1 34b: R=Cl (hydrochloride)

& GRS,

£ ¥ b o?‘s ! o:qs O=s
U — B | ——> N — Ne =— N_ T HO
Wl coMe CO.Me Br—%/\IL w O R
Me CO:Me CO.Me ", Me
Me Me
35 36 37 38 39

Scheme 5. Reagents and conditions: a) 1) NaH, MeCOCH2CO:Et, DMF, 1t; 2) AcONH4, AcOH, 80
°C; b) 1) NaH, Ph-SO,Cl, DMF, 1t; 2) 1.5 mol/L DIBAL-H in toluene, THF, —78 °C; 3) NMO, TPAP,
MS4A, MeCN, rt; ¢) NaH, THEF, 15-crown-5, Ph-SO2Cl, 1t; d) 1) 1.5 mol/L DIBAL-H in toluene,
THE, —78 °C; 2) MNO, TPAP, MS4A, MeCN, 1t; ) 1) MeNH>-HCI1, MS4A, NaBH3CN, MeOH, 1t;
2) 4N HCVEtOAc, EtOAc; f) 1) 40% MeNH> in MeOH, MeOH, NaBHa, rt; 2) 4N HCVEtOAc,
EtOAc; g) NBS, Py, THF, 5 °C: h) NaH, Ph-SO,Cl, DMF, 1t; i) Ph-B(OH),, Pd(PPhs)s, Na,COs,
DME, H,0, 105 °C; j) 1) 1.5 mol/L DIBAL-H in toluene, THF, -78 °C; 2) NMO, TPAP, MS4A,
MeCN, rt; 3) MeNH2-HCI, NaBH3CN, MeOH, 1t; 4) 4N HCIVEtOAc, EtOAc.
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% 3 i ALEWOFHiiE K OELR
FH1H by MRS OERIRE &M Y — MEEY 17a DEE

by MEAW 1 5O RERZNRIICHED 51245720 | IGMERIUC LI e i
% WD 572 D DD DALEW DIEVED il kA 72, £7°, B r—/LVBRICHERT 2 3,4
AF LUy 7 2=V EPhEEICEE L TH IEMEIEBE L 2R sz (k& 16,
ICso = 650 nM), &KIZ, 16 O 3IfIEHILOERIFF LD Bt HAw Me RITEHL LIz & ZAIE
PRI 10 5L B E L7 (b&# 17a, 1ICso=46nM), HIZ, 17a TlE Na' K -ATPase fH5E &
DIRIVED 100 {24 Elzia B L, 2 WEHHO in vivo 7~ FEMWET L (1 mekg, iv #&5)
IZBWT, BV HHHEER 66%DEESWIHNEIENRD biz, £ 2T, 17a OFE
ZAEABICIR T2 L 2 A pH 1.2 OF 1R (AARFERIT) T CLEIFET D Z & (BRITLIE) .
% O H,K*-ATPase PLERRIL, AIW> K A AU 5iEH D P-CAB Th 2 Z L2VHBH L
7= (Figure 9 3 X TV 10),

100

O Washout (-)
W Washout (+)

H*, K*-ATPase activity

(%)

17a 0.1pM

Figure 9. Effect of washout on the inhibition of H,K*-ATPase by compound 17a. The activity of the
H* K*-ATPase was measured with and without washout of compound 17a. Data with or without

washout were expressed as percentage of the H,K*-ATPase activity in control (n=2).
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® 100 nM
- A 30nM
v 10nM
50 4 ¢ 3nM
e 1M
o 0nM
>
- 25
\ I 1 1
10 05 05 10 15 20
i 1[KCljmM-1
25

Figure 10. Lineweaver-Burk plots of K" concentration versus H",K*-ATPase activity in the presence

of a various concentration of 17a.

KIZ, H' K'-ATPase & DIHAEAIEH ZHEET H7-9IZ, Ca’*-ATPase (PDB ID, 1ITWO*)D 3
RICHELHEYE )N & HY K -ATPase DRER V—EF L EZHEL 34 (bAEW1Ta D Ry X7
FEMT 2 kA T= & 2 A 35 17a DFRWIEMEZ SR D AERA TR S L2, 2 OFEA Ok
KUZBEEID P-CAB % {4295 SCH 28080 & (I2°72 0 B2 5 L HeE S 7z (Figure 11), 772
DH,ALEW 17a IOV TE, B u— L I (LB T 2 b VDS Tyr928 I & O nn
HAERIZ XD Tyr928 fHrdZef (BREPEAR 7~ b o LP-2 14 b) (ZEHEITHE A LT Tyr925
BLOTyr928 DRISIE 2 DOKBEREGEEHKR L TWD, o, Er— L 5D 7 = =/LH
I%. Phel24 gL CH-n HHAAFMIZ L > THEG L. 612, Er—/L 3D N-AF /LT
J AFVERZ, Val3d3l OFHE KBRS ER L CTTFRSND I T4 i & 23R b
HLTWDHEEZ BN, —JF., SCH 28080 L2 /LA F 23S Phel24 fFrDZEf (B
IR > b LP-1 %A b)) IZALE LT Phel24 EAHENERH LTV D LB 2 HH72A3, Tyr928
JEL D n-n FHEAERS Tyr925, Tyr928, LT Val33l & OKRFEREA IR IR NFER L
eole, LIEN-oT, 1Tad e —)L 1 fLIHET D 7 = = /LA LR =V HER Sy 3 LD N-
AFLNT I ) AF AL BLOS D7 = = VAL, H,K-ATPase PLEVERH D%
BUCHE L HEE ST,
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compound 17a p :Iredicthedcatlion SCH 28080

Figure 11. Binding models of compound 17a and SCH 28080 with H",K*-ATPase. Several residues
near compound 17a are shown in stick representations. Three hydrogen bonds between compound
17a and H' K*-ATPase are shown in blue dash lines. The distances (A) between heavy atoms
participating in these hydrogen bonds are also described in blue letters. The predicted cation flow

channel is indicated by the blue arrow.

UbEDZ et RRFEEGWIEL P-CAB OIEH A J1 = X 5% H 9 2 ke BE R A%
ORI BEN D ATREMEN H D LIl L, 17a 2 U — FMEAWITERE LT (lead 1), AEIETE
PEFEBE (SAR) OfEEZHED 7= (Figure 12),

<DELGEHSBEDREH > <%JJEJ1§E1I:>
Me Me

Q ‘PhEADER Q EtEMNASMeEADEE -SARFFZE -l

o [e) |
O\\\S ;\ »»»»»»»»» »
N E’rﬁ’ﬁﬁ SEHE, BRI N .
o;xmmnm ‘ Q|

! g N R3

1 (HTS hit) 17a (lead 1)

in vitro 1C5g =540 nM in vitro 1C5p = 650 nM invitro 1Cg5p =46 nM
in vivo 66% inhibition
(rat, 1 mg/kg, iv)
* Na*,K*-ATPase inhibition >10000 nM
* K* competitive and reversible inhibitor

Figure 12. Early synthetic strategy from 1 and generation of lead compound 17a.

52 B u— Vi RO ETE A B

B — LB EROP-CAB & LTCORT Uy L EHONITAZ EAHAE LT, lead 1
FHEIRD SAR ZFE LA, T OFER, 347 (RY) 2o\ T, HWEMEZ AT H0LEN
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HDHZEL KT N-AFIT 2 ) AF VRGBSR EEM 2R L, O E#IE T3
ODTTEEME T 75 Z L 03bhro7= (Table 1),

Table 1 Effects of benzodioxol moiety at 5-position (R5), substituent at 1-position (R?)

and basic moiety at 3-position (R3) on inhibitory activities.

Compound R! R3 R’ In vitro In vivo

H",K"-ATPase inhibitory activities ~Acid secretion in rats

(ICs0, nM) (1 mg/kg, iv, % inhibition)
0,
H
1 4-Me-CH;  ~N-g or\@ 540 39 (10 mg/kg, iv)*
H
16 4-Me-CH;  ~N-p Ph 650 53 (10 mg/kg, iv)®
H
17a 4-Me-CeHy  ~Nepye Ph 46 66
M
18 4-Me-C¢H, 0 Ph >10000 NT®
21 4-Me-C¢Hy4 ~_OMe Ph >10000 -3 (10 mg/kg, iv)*
20 4-Me-CHy  ~NH, Ph 860 NT®
H
17b 4-CF-CeHy  ~Nepe Ph 110 73
h(le
22 4-CE-Cels <N, Ph 710 59 (10 mg/kg, iv)*
H
24 4-CFy-CeH, Y ''Me Ph 2300 4

Me

* Acid secretion in rats (10 mg/kg, iv, % inhibition)

Not tested

Fio, IALERKE (X BEORY) & LTE, 17f g L72 17d, 17g, 17e 53X 17h O
T oA FERND EERNERE LI ALR S VEN G E LS, FOMTITIEERNMETT 5
ZEL50 RY) IZHOWVWTH 30aBLNN30b DT A FEEID | AL L [FEEICERE OB
DIHFELWNZ ERDo o7 (Table2), 247 (R?), 447 (RY) ~DOEHILDOEANIZ L LWL
DSTREREPEIIHERR S92 A7 (R T in vivo FEPEATRET T D HE 23585 & 417 (Table 3) ,
BoN=T v AR, H K-ATPase RET P —FF /L ED Ry X0 VT2 GET S
HLOTIE R, BBEE, ZORYMEEIFF LI,
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Table 2 Effects of sulfonyl moiety at 1-position (X and R') and aromatic moiety at 5-position (R3)

on inhibitory activities.

1
/R
X
\

R® ‘
K\JV
N‘Me

Compound R! X R’ In vitro In vivo
H",K*-ATPase inhibitory activities ~Acid secretion in rats
(ICs9, nM) (1 mg/kg, iv, % inhibition)

17a 4-Me-C¢H,4 SO2 Ph 46 66

17¢ 4-MeO-C¢Hs SO, Ph 30 95

17f Ph SO, Ph 9.4 96

17d Me SO, Ph >10000 27 (10 mg/kg, iv)*

17g n-Bu SO, Ph 830 NT®

17e Ph CH, Ph 510 84 (10 mg/kg, iv)*

17h Ph CcO Ph >10000 NT®

30a Ph SO, n-Bu 250 -8

30b Ph SO, Cyclopropyl 1500 NT®

* Acid secretion in rats (10 mg/kg, iv, % inhibition)

Not tested

Table 3 Effect of substituents (R? and R*) on pyrrole ring on inhibitory activities.

O Rt
OQ\\S/R
\

R4

Compound R R? R* In vitro In vivo
H",K*™-ATPase inhibitory activities ~Acid secretion in rats
(ICsp, nM) (1 mg/kg, iv, % inhibition)

17a 4-Me-CcHs H H 46 66

17f Ph H H 9.4 96

34a Ph Me H 25 77

34b Ph Cl H 40 49

39 Ph H Me 29 95
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%5 3IH HrRlY — MuEW 17c OFBER & BVE

A 1 — LiFERD SAR FHfi & D 5L T, in vivo 7Eli (T > ~. 1 mgkg, iv #5)
IZBWT, LPZ (K9 90%4il) X 0 &R ER S WANHITE M &2 R0k & & B3I
o7z (Table 2 B XU Table 3 1ZED—H AR LT), ZDHT, 95%DTRS) 7255 s
TEVEZ R L B PR ENERS L O MU EVEICENTZ(LED 17c 23RO E S
WIZIEE L2, 17¢ % 1 mgkg TA XTRAE L (po) L7k Z A, LPZ LV i#I1noFskE
B HER W2 4Hl L, 85 24 BRI ICB O CHLA B RBOWIMmEIER AR Sz

(Figure 13)

120

- 17¢ 1 mgkg
OMe kg

-
>
<>

—&— lansoprazole 1 mg/

o

B~
= o 80
S =
N Hel ?-a
o0k, i
N\ 2 5
Nore Et 60
17¢ (lead 2) -
£S5 40
S <

in vitro: IC5o =30 nM
invivo: 95% inhibition
(rat, 1 mg/kg. iv)
* Na™.K™-ATPase inhibition >10000 nM

~
]
T

<

Time (h)

Figure 13. Effects of 17c¢ and lansoprazole given orally on histamine-stimulated gastric acid

secretion in Heidenhain-pouch dogs.

PLEOFERLID ., 17¢ ZHH Y — FMEAEY (lead 2) & LT, SHICRHMEZED -, Z0D
FEA, SROERINEIER 259 5 — T, MlafEM. hERG PR, PLsis DR T ¥
Vi EEEpEhRE, i (ADME-Tox) (K& RN H 5 Z LN LN E /2o,

Z DX 912 ADME-Tox F#ED KRS BI ML ETH DN, TOMEEMRST HZ LN T
THUT, A e —LEFERIL PPL (LPZ) OREEZ TR L., @WZRMEZ A3 50 R
PEBIRIE (P-CAB) ICENR DA RO Z LM RSN EE X D,

5 4 Fi /MR

HTS ooz e v MEbAWEIIC, Fie e — LViEEREZ 5 L. H K -ATPase [
EILMEICXT T D SAR BTz, EOREE., IEtEom EAZX Y>>, P-CAB & L TIEMREL
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ICHEEZZ ONDEOEZH LN LTz, B L7TAbE O T T 17a (X, P-CAB OfE
FH A = XN TSI DO ERIRAC HY K -ATPase #FLEL, UV —KMbaWwE L TCORT v
Uy NERLTE (leadl), £72, 17¢ X7 v MBI XEWET VB WT, LPZ LV
SR D ORI R By W E R 2 r L HTHLY — RMEA (lead 2) ITREIS N, 17¢
|Z1% ADME-Tox M CriflR 3~ & R & 22D b 7e )y, A% O FGE biF4eic X v | PPI

(LPZ) O#fEZ AR L, & MIBW TR 25T 5 ZaMEICEN - #THl P-CAB 2%
WD AREMED R S LTz,
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53 B FIRORHER LA KR L2 Y — MEa¥ o kil

L 5k XU TR WA

#
=

PPI (LPZ) DO#fEZ EEICIERT 2H M P-CAB Z AR 572012, LAEWM1Te 2 ) — R
& LT, ADME-Tox f#EICfE, B Y 27 DIRWVMLEMOERZ A Lz, £7°,
{EDFFEEE RS =012, ik & FBE T A —2 OMBZ 7223, FIPEo P E 1w
Thole, €I T, IEMEOTHOGHEMRICEIFA A IS T, RHHY - #EFERIIZ ADME-Tox 7
BIERMLZEZ A, BB FREE TIEAR WA, (LB OIREMEDOFRIE & S5 % log
D3¢ & fafs E e & ORI MR B & R4 2 L 28 T& 72 (Figure 14), 72 hERG FHETE
PEIZ DWW TS log D DX FIZHHEI L Th3 03722 BRI S A A 2 FLH L7z 3738, K log
D7 v~ s I 7IETH LI TH Y . HPLC /9#H7 T pH 7.4 (28T DIEHELE Y
X D AR R R 2 DR S0 D, AISEEERS CIHMirTRE /e L & L Tl G 0 oiid 72
HIENFIREE 72> TN B,

o} R1

O:‘S/ R1 =

O
H
N
N\Me
log D (pH 7.4)
X
30
O=g R5=
N
RSAOVH
N-ve X=

logD(pH74) | 2,12 1.82 1.56 1.31 0.30

Log D large small

Cytotoxicity [l ALl ——————>| middle risk |————) [low risk
hERG inhibition [ AGREN’ > EEEEZH (slightly-improved)

Figure 14. Correlation between measured log D value and in vitro toxic data on a series of pyrrole

derivatives (based on data on file, Takeda Pharmaceutical Company Limited)

ZOHREIZE D ARBHALEWD logD # KX FiF 5 2 &M TE T ADME-Tox FHED
BGEIIABEE WO RGRA L TSH Z E N TE 2, AEELIX, H,K-ATPase RE R T —ET /L
ED Ry x 7N E LLE i (ligand-lipophilicity efficiency, LLE = pICso—log D) 3% & F5#& &
L7z 1A (RY OFEGICTEH Shv, BRI, Ry EME: & 72 ADME-Tox et
H T 5 TAK-438 (7R / 7Z 4 > : vonoprazan fumarate) D[RIEIZE >7= (Figure 15) 404,
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Mz T, log D OARIANER A NHINE R OFsetEm RICEER 2 et 23 2. £ OIRBER R
ERKLT D2 L E B LTSS 2 ED D RERFEEN ) Lot T7bb, 5ALICHE
PEDEVEHAIL (~T o HEER) ZEALTlogD 2K T &85 2 &2 HRA LT 5 iE L
2R D, XY ADME-Tox f#lE (X0 @mWLett) & B2 RO m -4 [R5
MTEDEEZT,

Compound 17¢ (lead) Identification of TAK-438

<Improvement of DMPK and safety profiles>

Optimization of the substituent at Optimization of the substituent at
1-position associated with LLE increase  5-position
X
Compound X LLE a 2R
17a  Me N P
O\ O\ L. o) \\\S
17¢  MeO o=\ (O -
=S |:: > -8 >
\ \ N
17¢ H N N |
L N H
H H %
Me Me F
17¢c TAK-438 (vonoprazan)
Clog P=3.88 Clog P=236 ClogP =254
logD=1.54 % logD=0.73 logD=039 pKa=93

Concept of another desired P-CAB

<Should have better safety and a longer-lasting effect> X
lipophilicity ¢ Q

Another candidate with a better
safety profile and obviously longer
duration of action than 17¢

Membrane penetration under acidic conditions

09\
[ i mmp

N
polar hetero-aromatic group % H
‘Me

Figure 15. Another approach to identification of a novel pyrrole derivative as a P-CAB with better

safety and a longer-lasting effect



F2 8 AR

BIE TR FRENCESE, UTOAWEARTHZ LI LT (Figure 16),
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Figure 16. Structures of synthesized compounds in Chapter 3

5ICAT uHEFREZETHILAY 40a—e OARRIZ. ToEFRIEK 14 HHVIT 42 15
Scheme 6 |[Z/RT HETITo7, TR20H, (LAWY 14 20T 50 UL SR-E/MY »
7N VRIS THAA SETBRICTREETUET D5 LK 40a BLU 40b ~EH 2, F
7o, MEMEUETIZBIT 2 ANVKR=MERIGIZ LY 42 2 43 L L, 2-F3-Py R u g & 8K

23



SEA v TN RIS ERIT ST 44 A LT, BT 2 LRSI E Y N-AFLT
2 ATFIN=Y G 40¢ 1R, S HIT, fh/a\% 14N H8AR-EIHA > 7 ) T ROGT
T L 72 2-C1-3-Py i8R 41d (2% LU CUE P il 2 VN2 o7 7 ARG 21T - T 2-CN-3-Py
B 4le Z B LT, 41d B LM dle MR CTHLEE L C Boc LA MifRi#ET 52 LI2 LD,
ZTNENHBE T HIEY 40d LT 40e & L7z, 40a, 40d 35 KO8 40e |FIEEEE, 40b 1%
TIHEEAE . 40c 1Z 7~ VR & LU CHBEL 7.

oS : oS

Oss O=s 40a: Ar = 5-pyrimidyl (from 14, hydrochloride)
Boc 40b: Ar = 3-pyridyl (from 14, dihydrochloride)

N N
Br —Q\/\“y . Ar —Q\/\Il\/ H 40c: Ar = 2-F-3-Py (from 44, fumarate)
N Ve N \e 40d: Ar = 2-CI-3-Py (hydrochloride)
o 40 40e: Ar = 2-CN-3-Py (hydrochloride)
14 o= d

N

A= | Boc 4ld': Ar_: 2—CI-3—Py) c
NM 41e: Ar = 2-CN-3-Py

N — OZ‘S.N - . F'S
=L D
//
CHO Brﬂ By
CHO CHO
42 43 44

Scheme 6. Reagents and conditions: (a) (1) Ar-B(OH),, Pd(PPh3)s4, Na,CO3, DME, H,0, 90 °C; (2) 4
mol/L HCI/EtOAc, MeOH, 70 °C; (b) Ar-B(O-iPr),, Pd(PPhs)s, Na,COs, DME, H>O, 105 °C; (c)
Zn(CN),, Pd(PPh3)s, DMF, 120 °C; (d) 4 mol/L HCI/EtOAc, EtOH, room temperature (rt), or 4
mol/L HCI/EtOAc, MeOH, EtOAc, rt; (¢) NaH, Ph-SO,Cl, THEF, rt; (f) 2-F-3-Py-B(OH)3, Pd(PPh3)4,
NaHCOs, DME, H>0, 80 °C; (g) (1) 40% MeNH; in MeOH, MeOH, rt; (2) NaBHa4, rt; (3) fumaric
acid, EtOH.

B —/L SALC 2-B ) DV AE A LT Sda, BT = = LV ILAE A LTC 54b—f DA R
Scheme 7 2" HiEZHWTITo72, £7. KO -7 2ES 2 452 %V?/ﬁ’ﬁﬁ?i?
v EHEE S (W5a 2OV TIERHET 5 46 O HLEER Sk L 72~ 72) . BRYESRE T
BALRISIC K D 7um v a—/L 47a & L. MKESRSIZE D I%/I/:EXT/I/EPFH'?
i 48a ~ L3\ /=, 48a |3 DIBAL-H T L T7/ba—/L 49 L L, #\ T TPAP, NMO
FRTHALLTT AT e RS0 ICEH L=, ANdh=/Lr7nl) RERIGESET 53a & LTz,
WIZ, 7T b7 =/ UFFEIR 45bf DRFVEIS TR LN o-7 €S Uik E 2
TN T EERT TV EfE S S THBIK 4d6b—f (228 L FRVES: IR 1T DBRALIISIT
XV 7mmva—L47bf & L7, MKFELSRISIZ XY =F Lo 27 LA 48b—f ~
LW, 48b 1 (X ANV = MBS EIT-> T 51 & L, feWCGEILKIG, BRERG %
195281k . 22 BLTT VT K53bA£ & Lz, 5727 /L7 & K53 % Scheme
6 (IR LTeTE L RRRICALER S 2 Z LIC XV AN E 2% 54 21572, 54a 133 = VIR, 54b—
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fI3EmRE & U CHREL 7o,

45 46

45a: Ar = 2-pyridyl, X =Br

CO,Et

R_a d
47

47a: Ar = 2-pyridyl

H

CO,Et
48

48a: Ar = 2-pyridyl

45b: Ar = 2-Me-C¢H,, X =H
45¢c: Ar = 2-CF4-CgH,, X=H
45d: Ar =2-F-C¢H,, X=H
45e: Ar=3-F-C¢H,, X=H
45f: Ar=4-F-CH,, X =H

46b: Ar = 2-Me-C¢H,
46¢: Ar = 2-CF;-CgH,
46d: Ar = 2-F-C¢H,
46e: Ar = 3-F-CgH,
46f: Ar = 4-F-CgH,,

47b: Ar = 2-Me-CgH,
47¢: Ar = 2-CF-CgH,
47d: Ar = 2-F-CH,
47e: Ar = 3-F-CgH,
47F: Ar = 4-F-C¢H,

48b: Ar = 2-Me-CgH,
48c: Ar = 2-CF-CgH,
48d: Ar = 2-F-CH,
48e: Ar = 3-F-CgH,
48F: Ar = 4-F-C¢H,

NN N f NN
/N | ———= 7 3 | —— 7N T
e\ N e\
CO,E CHO
48a 49 50
9
R R R R
e SN, S s S
o K oM oM
h s i O=s j S k .
N N N N
A= | —> Arﬂ ar— | Arﬂ > Ar@/H
CO,Et CO,Et OH CHO Me
48b-f 51 52 53 54

54a: Ar = 2-pyridyl, R = H (oxalate)

54b: Ar = 2-Me-C¢H,, R = Me (hydrochoride)
54c: Ar = 2-CF;-C¢H,, R = Me (hydrochoride)
54d: Ar = 2-F-C¢H,, R = Me (hydrochoride)
54e: Ar = 3-F-C4H,, R = Me (hydrochoride)
54f: Ar = 4-F-C¢H,, R = Me (hydrochoride)

53a: Ar = 2-pyridyl, R=H
53b: Ar = 2-Me-C4H,, R = Me
53c: Ar = 2-CF;-C¢H,, R=Me
53d: Ar = 2-F-C¢H,, R = Me
53e: Ar = 3-F-C¢H,, R = Me
53f: Ar=4-F-C;H,, R = Me

51b: Ar = 2-Me-C¢H,, R = Me
51c: Ar = 2-CF,;-C¢H,, R = Me
51d: Ar = 2-F-C¢H,, R=Me
5le: Ar=3-F-C¢H,, R=Me
51f: Ar = 4-F-C¢H,, R = Me
Scheme 7. Reagents and conditions: (a) (1) Br2, Et;O, rt, or Brs, Et;O, CHCI3, 1t, or CuBr2, AcOEt,
refluxed temperature; (2) ethyl cyanoacetate, KoCO3, 40—45 °C, then rt, acetone; (b) HCI(g), THF, rt,
or 4 mol/L HCI/EtOAc, tt; (c) (1) ethyl cyanoacetate, KoCO3, acetone, 45 °C; (2) 4 mol/L
HCI/EtOAc, 60 °C; (3) 4 mol/L HCI/EtOAc, EtOAc; (d) H2, 10% Pd—C, EtOH, 50 °C or 1t; (e) 1.5
mol/L DIBAL-H in toluene, THF, —50 °C; (f) TPAP, NMO, MS4A, MeCN, rt; (g) NaH, THF,
15-crown-5, Ph-SO,Cl, rt; (h) NaH, DMF, TsCl, rt; (i) 1.5 mol/L DIBAL-H in toluene, THF, —78 °C;
(j) TPAP, MNO, MS4A, MeCN, rt; (k) 40% MeNH, in MeOH, MeOH, NaBH4, rt, or methylamine

hydrochloride, NaBH3CN, THF, rt.

52b: Ar = 2-Me-C¢gH,, R = Me
52¢c: Ar = 2-CF;-CH,, R = Me
52d: Ar = 2-F-C¢H,, R = Me
52e: Ar = 3-F-C¢H,, R=Me
52f: Ar = 4-F-CH,, R = Me

v — L I IZKFET U — L A VR = VB2 A L7ALEWIT OV T, Scheme 8 127
T, 550D HFE L, Boc fREFMIA ST 2RHT 52 LICK D AT D0, 40D H
FEL, TATE R0 ZRRMT 52 LICRVEM LT, TS, S8FBLTVS59 DALK=
AL R Ui, BIEMESRME TSR 5 15-7 7 0 2-5 OFIND, D D W8 RE
Thole, FEEE, EMEEZ AT 2 ANVE =R OSGE. 15-7 7 0 -5 OEINZ LIZK
JRITHEIT LN EBNIEEAETH -T2 (RNVE= RO OGN, 55 W IidEW &
EPRICEERT S E T SNTD), 15-72 T 00503, BFRICT MU AL AU 3L T
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HFF o DEBEFOHZEIZLY, Vr— AT =4 ORIEHEEZ RE L\ ESE5 L
W Eitz, 56 75 57 ZH L THEY 61 ~&EL KUt 44 75 59 ~O PR S, 60
NHHY) 61 ~&EE L FUSZHDOWTIE, Wb R L7 FiEE AW To72, £, F
WA 58 12 57h 2 7 L UMK 2 Z LIk DBl L7=, 6l1a, 61f, 61i 3 LN 6lj 13t
Feti & LC, 61b—e, 61g 35 KTV 61h X7~ /LRt & U CHBEEL 72,

o
a R b R
O=s F0<“S‘ g LX) R
Br _QJ\/ Boc — Br | Boc @ — /N A\ T Boc —  » /N A N
N \ N __ \ N \ | H
Me Ve
Me
55 56 57 61
56a: R =3-F-C¢H, 57a: R = 3-F-C4H, 61a: R = 3-F-C4H, (hydrochloride)
56b: R = 3-MeO-C¢H,, d 57b: R = 3-MeO-C¢H, 61b: R = 3-MeO-C¢H, (fumarate)
56h: R = 3-Py 57¢: R = 3-CN-C¢H, (from 58) 61c: R = 3-CN-CgH, (fumarate)
57d: R= 3-thienyl (from 58) 61d: R = 3-thienyl (fumarate)
o 4 \N c 57f: R = 3-fulyl (from 58) 61e: R = 2-thienyl (fumarate)
oN = £ 57h: R=3-Py 61f: R = 3-fulyl (hydrochloride)
FS —_— \ H 57i: R = 2-Py (from 58) 619: R = 2-fulyl (fumarate)
NN | Bec v\ Y 57j: R =6-MeO-3-Py (from 58) 61h: R = 3-Py (fumarate)
—/ \ N — N e 61i: R = 2-Py (hydrochloride)
Me 61j: R =6-MeO-3-Py (hydrochloride
57h 58 J y (hy! )

\ ) o
R
o?\ e Foy f O;“S/
< F
F S N N .
N : 1\ | —— N N\ N - R= f
AN E—— \ 4 Q| 60e: R= 2-thienyl
_ ! = CHO — cho 809 R=2-fulyl
CHO

44 59

Scheme 8. Reagents and conditions: (a) NaH, 15-crown-5, R-SO,Cl, THF, rt; (b) 2-F-3-Py-B(OH)s,
Pd(PPh3)s4, NaxCO3, DME, H,0, 105 °C; (¢) 8 mol/L NaOH, THF, MeOH, rt; (d) NaH, 15-crown-5,
R-SOCl, THF, 0 °C, then 1t; (¢) 8 mol/L NaOH, THF, MeOH, rt; (f) NaH, THF, 15-crown-5,
R-SO.Cl, 1t; (g) 4 mol/L HCI/EtOAc, EtOH, rt or (1) 4 mol/L HCI/EtOAc, MeOH, EtOAc, tt; (2)
NaHCOs3, H2O; (3) fumaric acid, MeOH or EtOH, EtOAc; (h) (1) 40% MeNH, in MeOH, MeOH, rt;
(2) NaBHa, rt; (3) fumaric acid, MeOH, EtOAc.

Er—L SO Y UNEERTEA BT LTSS, Ern— L 4 i~ A TF VD D0 EN
vy VRS A L FBERIC OV L, ERENHREE S6h, RO 2-7 4 r e ) v
(64) 5 L OV A 59 & i385 & LT Scheme 9 (2R A2 AW TAK LTz, T742b b,
56h ZEAR-EH A v 7Y v 7 ROSE T H-/ME-Stille B 7Y 2 ZFUGT 62 ~ LR X
INERGR L RO TEEZ AW THA#ET 2 Z LICEVEMETS 63 215372, /-, 1l
D 64 % LDA TRER L7, 7B EF T AT RERIGESEDLZ LICL > TH LTV
a—)L65 & L, BV UL EEERESS AR A W LSIZ L 0 7 b 66 1T LT,
INERFNHLTCo- 7T REFHEMR6T & LI2E, NN-UA VTR ELZTF LT IV OFET
TY7 VR TFVE RS SET 68 & L, MethSeft T CTEIL L T 69, fit\ Tl e 7 1k
T5HZEICE D = AT R0 21572, F O%RITANE & RO 7 EE AVWT 70 225 71,
T2a BL O 73a ik L CHME T2 T4a 24572, S HIZ, #PRIIA 59 2 NCS THEF#{Ld
HZEICEY M2b, -7 VA E26- 7 ) V= AR 77— EHWTF{ET S
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EIZXY T2e ~EH L ENERTR & RO FiEEZHWTALVT =/ UEB I ONETT 2/
{bZIT-THBIE T 5 74b B L O 74 ~ L B2, 63a—f, T4a 35 LN 74b 13 7 ~ Vet
T4c 13 0.5 7~ /UERtE & U CHEEL 7-,

0 M=, 0 N 0 Ve
O=g O=s O=s
. —_— . . . N HO. C\/\CO H
Br 0C A .OC A
_@/ N r _Q\/\"\, N ' _Q\/\"\, N
Me Me Me
56h 62 63

62a: Ar = 2-CI-3-Py } c 63a: Ar = 2-CI-3-Py
62b: Ar = 2-CN-3-Py 63b: Ar = 2-CN-3-Py
62c: Ar = 2-Me-3-Py 63c: Ar = 2-Me-3-Py
62d: Ar = 4-Me-3-Py 63d: Ar = 4-Me-3-Py
62e: Ar = 3-Me-2-Py 63e: Ar = 3-Me-2-Py

63f: Ar = 3-F-4-Py

: N ’ N_oc
OJ; % — O
CO,Et
Me
69

Me CO,Et

CO,Et

Me

x\%Zt
O
I
ol
N
=
7"z
@]
I
O‘
i
=
D Ao
ZT

72 73 74
noro 72a:R=Me 73a: R = Me 74a: R = Me (fumarate)
Foy 72b:R=Cl 730:R=Cl 74b: R = CI (fumarate)
m 72c:R=F 73c:R=F 74c: R = F (hemifumarate)
_ \

Scheme 9. Reagents and conditions: (a) Ar-B(OH),, Na,COs3, Pd(PPh3z)s, DME, H>0, 105 °C; (b)
3-Me-2-(SnBus)Py, Pd(PPh3)4, toluene, 120 °C; (c) Zn(CN),, Pd(PPhs)4, DMF, 120 °C; (d) (1) 4
mol/L HCI/EtOAc, MeOH, EtOAc, rt or 70 °C; (2) NaHCOs3, H2O; (3) fumaric acid, MeOH or EtOH,
EtOAc; (e) (1) 3-F-4-Py-B(OH),, Pd(PPh;)s, NaHCO3;, DME, H,0, 80 °C; (2) 4 mol/L HCI/EtOAc,
MeOH, 70 °C; (3) NaHCOs3, H»0; (4) fumaric acid, MeOH, EtOAc; (f) LDA, THF, —78 °C, then
propionaldehyde, THF, —78 °C; (g) SOs3-Py, EtsN, DMSO, rt; (h) Br,, 25% HBr, AcOH, rt; (i) ethyl
cyanoacetate, iProNEt, THF, rt; (j) 4 mol/L HCI/EtOAc, EtOAc, rt; (k) Hz, 10% Pd-C, Et;N, EtOH,
60 °C; (1) 1.5 mol/L DIBAL-H in toluene, THF, =78 °C, then 0 °C; (m) TPAP, NMO, MS4A, MeCN,
rt; (n) NCS, DMEF, 80 °C (R = Cl); (0) 1-fluoro-2,6-dichloropyridinium triflate, THF, MeCN, rt (R =
F); (p) NaH, THF, 15-crown-5, 3-Py-SOCl, 1t; (q) (1) 40% MeNH> in MeOH, MeOH, THF, rt; (2)
NaBHa, 1t; (3) fumaric acid, EtOH, EtOAc; or (1) methylamine hydrochloride, NaBH(OAc)3, MeOH,
rt; (2) fumaric acid, MeOH, EtOAc, or fumaric acid, EtOH, EtOAc.
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5 3 Hi LB ORHlid L OB

B1HE vr—L S ERLOZTE

FP. R9&25-EY I ULEL L L= 40a, 3-Py ke L7z 40b, 2-Py Fi & L7= 54a 2304 L
7ol Z A, PR 171 & Hle U C in vitro {EPEIZR & < J8E5 L7223, Clog P 225 O FHILL EIZ
log D 2ME R L. MifafEME (ATP content) X° hERG FHETH M BAZE 12 S 417 (Table 4)
FEIZ 3-Py 1K 40b |3 b KE W LLE 277 L (6.81), REILEMECIAME R 8 BIFCTH -
72 LTIER5 T, 40b %7 v b iv 50 in vivo 7Hli THEZRMEIWERA 2R S oo 7248 (1
mg/kg T 4%40H)) . H7e 55K 2 RETT D aHTH 5 LRl L7,

Table 4 Effects of the substituent at position 5 (R®) on activities and properties of pyrrole

compounds
OS\S/Rl
\
N
Me

Compound R® R! ClogP logD  Invitro LLE Invivo ATP content hERG

H" K'-ATPase Acid secretion at 100 uM % inhibition

inhibitory activities inrats (1 mg/kg,  (%control) at 10 uM

(ICso, nM) iv, % inhibition) FCS (-)
17a Ph 4-Me-CeHs 421 183 46 551 66 (38 6)° NT®
17¢ Ph 4-MeO-CeHs 3 88 154 30 598 95 221y 891
17f Ph Ph 371 144 94 659 96 (53 8)° 875
40a 5-Pyrimidyl  Ph 142 04 410 679 NT® 975 242
40b 3-Py Ph 236 008 130 681 4 95 433
54a 2-Py Ph 257 028 120 664 NT® 912 480
54b 2-Me-C¢Hs  4-Me-C¢Hs 4 41 212 62 509 92 (03) NT®
54c 2-CF3-C¢Hs  4-Me-C¢Hs 515 194 88 512 86 (0 5)* NT®
54d 2-F-CsHa 4-Me-C¢Hs 439 156 34 591 91 8) NT®
54e 3-F-C¢Ha 4-Me-C¢Hs 439 198 19 574 77 (0 6) NT®
54f 4-F-CsHa 4-Me-C¢Hs 439 205 90 500 86 (04) NT®
40c 2-F-3-Py Ph 256 009 26 768 99 599 570
40d 2-Cl-3-Py Ph 288 —01 43 747 99 763 409
40e 2-CN-3-Py  Ph 217 -032 120 724 99 821 329

* ATP content at 30 pM (% control)
Not tested

S5ALIZEIT D 3-Py DO HME T HY K -ATPase & DM AEAEA (Figure 11) SHBITIEICE
WCHFNZIZ @ e EB 2 bz Z Eovh WIS, 3-Py FEOH I AR LoD, JEME
DO ERHIRTE D BRI Z RO OTENFN 21T o 72, ZORER. AL MZIZ F i
T ZBAN U7 2-F-CoHa #F8 K 54d 1212 172 (U — R 1) & Hlgd 5 & MiaEEMES° CYP3A4
PR 2358 & D HANTERD HAL D23, in vivo IEMEAB &2 B L, log D 2ME T3 2/bA9
FetEnd> % Z L3 o7z, 54d 13 3-F-CeHa 755K S54e X° 4-F-CeHa #5354 54f 1LV & log D
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PME <. ADME-Tox F#EH THREHIZAFI LB X B D 2 & 2-Me-CeHa F551K 54b <°
2-CF3-CoHa FF AR 54e & il LT log D 2ME < | FERRISHIRE FEMESS CYP3A4 FHEN I Z
EEIZEH LT, 3-Py D 2IZE R EZET 24 7V v REUGHER 40c-e 2T
PFA Lz, WTERO/LAYE., 40b (logD=0.08) &EL TE SIZ{EW logD 27k L7
5. 7w binvivo OIEFMEE KIRIZH EEE, UV— NMEEW 17¢ £V H587)72 99% DSy
WANHINEE 2 7R U 72, 2-CN-3-Py #5584 40e [X0F& TIEF I 72 ADME-Tox 7'0 7 7 A /L
Z ok L7228, in vitro {EPEA L0559 < (ICso = 120 nM) , —J7 T, 2-F-3-Py i (K 40¢ & 2-Cl1-3-Py
PR 40d 1T ADME-Tox FEE AR+ CTh o7z, LLEOREREZBRE L, | fLoE#ILIC
DUNVTIE, LLE D% & m\ 2-F-3-Py #554K 40¢ 2 SLICHat 2D 5 2 L & LT,

W2 Eu—/LSAZ2-7 A T 2 =LA E A LT L & O log D KN R

2-7NF BT = =VEED FJRAO log DAKBEIRIZOWT, BERHGBIIREETH > 7,
LovL, B E7zay AR A=y a v ZWMAEZENZNESNIEFERTOa A A—T 3
VIZEH LT 17a, 54d, 5de 35 LU 54f O HFE L X ffE &t 21772 & 2 A, FIR
FDIFERLCEHAIBICER R IZIERBED I VR A —2 g V2T THY . PR ERR
HHENIRNT & 2-F-CeHa #5335 54d TIX F JFT & FINDO A VKR = LVIRFESS b oLk b
ORFEE (B EHEEE) 25 5de 38 XL OVS4F & bl LTI S 20TV & WV ) JAEG S v, KRR
HIZEBWT S 2-F-CoHy iF58KRIT F i1 & AR = VEEFESS F o Vi & O FEEEDELS . 0 F
W B 2O EAEFDVE U T 5 alEMED R X 7z (Figure 17), £ 2T, DO H &
DMSO-ds 1 NMR Z#[7E L ('H, 13C, F), W< D0DBFLEER AT,

Figure 17. Superposition of single-crystal structures obtained by X-ray structural analysis for 17a,
2-F-C¢H4 (ortho) compound 54d, 3-F-CsHs (meta) compound 54e, and 4-F-CsHs (para) compound
54f. Steric conformations among these pyrrole compounds were almost comparable in single-crystal
structures including non-fluorinated compound 17a, but the shortest distance between oxygen atoms

and the fluorine atom in each single-crystal structure was 4.34 A in ortho compound 54d, 5.53 A in
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meta compound 54e, and 5.80 A in para compound 54f. In addition, the shortest distance between a
fluorine and the center of benzene ring of the tosyl group was 4.02 A in ortho compound 54d, 6.06
A in meta compound 54e, and 7.26 A in para compound 54f. pK, values of 54d, 54e, 54f, and 17a
were 9.48, 9.31, 9.40, and 9.49, respectively, and there were no significant differences among these

four compounds.

FPEFEED NI E AT LT I ) AT VIO D0 FIZEIT D BC-NMR Db
7 MEICIZE A EERRBD NIRRT LN KBERHIZ wf%ﬂﬁm¢kﬂbio
F L OAFAERCE LI BILR 72 <1 iﬁ%@z/$xwya/%@ofwék%z6m
7z (Table5), F7z. MU AKEIZHEHR L TEEMICT — 2 2R L7 L 2 A, BC-NMR OfbF
7 M REFER TR TH D DI L HNMR Db 7 MM LT 54d THP I
EREES 7 P SN, ZOERESEY 7 MIFJRFORKRAE TN RIC LD H 0 L #f
ES A, AKEEHTIZIBW TS BEfSh T & FIARIC 54d O FJRA & 0 FHNO bV B L O
DILWZ LIZEE L TROOND EEZ DI, 5T, DMSO-ds IWIRIZH51T 5 F-NMR
ZHE LT, DO ERIZEIT D F-NMR O b7y 7 M e L7 & 2 A, 54d & Z DOk
EAKTE OB IE RO B, 54d TiE D0 FOERS 7 hsElE S e h
STz, THUL 54d O F R AU OFHEIRD F JRF £ 1358722 > T, D0 HTAILKR= /LR
ETFHRMHBEFERHL TS ZLIZE Db D EMIRTE 200 Ltz BERIZIERITIED
MEIZH D FIRF1X, BT D85 &2 0 L TR 1 & OKERE 250 5 alREM: 2 &3
WESNTEY B, FEF L AVER=VBREO OIS log D DI E 5 L T\ 5]
EEbLHDLEB LN,
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Table 5 NMR analysis of pyrrole compounds regarding the effect of fluorine substitution at position
5

. Me 15
12
10 13
Os /4 14
0 21 O//S\
/ - H 23
—/ 2 N.
s 1817 34, MZ

Compound  54d 54e 54f 17a
Y 2-F 3-F 4-F H

'H-NMR BC-NMR 'H-NMR BC-NMR 'H-NMR BC-NMR "TH-NMR 3BC-NMR

(600MHz, (151MHz, (600MHz, (151MHz, (600MHz, (151MHz, (600MHz, (151MHz,

D20) D20) D20) D20) D»0) D»0) D20) D20)

3 (ppm) 3 (ppm) 3 (ppm): 3 (ppm) 3 (ppm) 3 (ppm) 3 (ppm) 3 (ppm)
2 13222 138 42 138 74 13992
3 6446 119 89 6397 119 08 6353 118 72 6362 118 69
4 119 99 119 87 11973 119 96
5 71775 127 68 7736 127 99 7722 127 56 7722 127 68
9 13590 136 00 136 10 136 14
10, 14 7321 129 65 7305 129 65 7280 129 62 7284 129 58
11,13 7318 132 80 7290 132 68 7280 132 66 7284 132 65
12 149 80 149 74 149 65 149 58
15 2388 2349 2371 2347 2371 23 47 2371 23 46
16 120 71 134 81 128 99 133 00
17 163 33 6943 12022 7170 13552 7201 13343
18 7152 117 87 164 40 7 090 117 34 7380 130 53
19 7522 134 62 7208 118 53 16574 7475 13179
20 7185 126 58 7361 13224 7 090 117 34 7380 130 53
21 7075 13588 7011 129 45 7170 13552 7201 13343
22 4131 4700 4118 46 98 4115 47 04 4119 4702
23
24 2 686 3435 2672 3431 2677 3432 2675 3431

19F-NMR 9F-NMR 19F-NMR 19F-NMR 19F-NMR 9F-NMR 9F-NMR 19F-NMR

(376MHz, Difference® (376MHz, Difference® (376MHz, Difference® (376MHz, Difference®

D:0) (ppm) D20) (ppm) D20) (ppm) D0) (ppm)

3 (ppm) 3 (ppm) 3 (ppm) 3 (ppm)

25 -113 970 0289 115 577 1309 -114 016 1887

* Difference in the chemical shift between D20 and DMSO-ds solutions

¥ vu—/L 1 frEBILOZ R

2-F-3-Py 58K 40¢ Z JEHEL L CE r—/L | (LEHIE RY) OFEEZFI</- (Table 6),
ZDOFER. 40¢ D 1 {7 Ph HEICEHILAZE A L7z 6la—c (ZOWTid log D = —0.36 (2K L 7=
6lc Z &, ADME-Tox [ CHME/RUEITRRO e -T2, 72 1 LD Ph &2 TF =)L
FEIZAET LT 61d. 6le TIXW b log D DR E MK FNFRD H AL, o5 EME: % HERE
LT LLE IZ 8 L k& 7257273, hERG PHEIEMEDOUWE TR O b oTc, S HIZT U LE
WCAEHL LTz 61f, 61g (T —=/LELL EiZlogD 2ME T L, VW LLE 278 L7223, in vivo I
PEOB SRR T ARD bz, — T, 3-Py 55K 61h 1 L O 2-Py FHEIK 61i TlEItic
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in vitro {EPEILEE L <R L7223, 3-Py #53E(K 61h |E log D =-0.85 IZH 722 57 in vivo T
SR 72 S WANHEIER 275 L (96% DMfilNEYE) . hERG PHETEME A RIEICSGE L3 6 |
B\ LLE (7.53) %ML L 7= 7= ADME-Tox /X7 A —% % RrL7=, 7=, H' K'-ATPase
REBRYV—FETINED Ry X2 7T TIL3-Py ZEOBEAIZ LY Tyr928 {185 & D n—n 1 AAE
RiEgsE 200, JREERS7 > b LP2 A NOBIHIEAN—ANFEEL, Y Vv
EREK 1 HTEN L TOKBREZER L TEGDRESD @RI <2D) AREELR
WXz, LEDORERI D 1AL 3-Py ANK= V%A A2 61h & HEICH 72 5 kit &
HDHBHZ L E LT,

Table 6 Effects of substituents at the first position (R') on activities and properties of pyrrole

compounds
OS\S\/Rl
N
Me

Compound R® R! ClogP logD  Invitro LLE In vivo ATP content hERG

H',K'-ATPase Acid secretion at 100 uM % inhibition

inhibitory activities inrats (1 mg/kg,  (%control) at 10 uM

(ICs0, nM) iv, % inhibition) FCS (1)
17a Ph 4-Me-CeHs 421 183 55 543 66 (38 6)* NT®
17¢ Ph 4-MeO-C¢Hs 3 88 154 30 598 95 (22 1) 891
17f Ph Ph 371 144 94 659 96 (53 8)* 875
40c 2-F-3-Py _ Ph 256 —009 26 7 68 99 599 570
6la 2-F-3-Py  3-F-C¢Ha 271 023 33 725 99 659 562
61b 2-F-3-Py  3-MeO-C¢Hs 272 010 28 745 92 306 728
6lc 2-F-3-Py  3-CN-C¢Hs 200 —036 89 741 99 46 7 46 7
61d 2-F-3-Py  3-thienyl 228 -0383 32 832 98 640 600
6le 2-F-3-Py  2-thienyl 228 —0 69 32 818 96 74 9 630
61f 2-F-3-Py  3-furyl 174 -131 92 835 82 77 4 593
6lg 2-F-3-Py  2-furyl 174 -115 59 838 74 68 7 491
61h 2-F-3-Py  3-Py 121 -0 85 210 753 96 857 44
61i 2-F-3-Py  2-Py 121 005 120 697 81 78 6 NT®
* ATP content at 30 pM (% control)
®Not tested

% 4 IH LAWY 61h JELOFH BRI L ONELEM D T » b B G pH 7R

SAR Iz T LA & ADME-Tox /X7 A — & & O ZiES 27012, L&Y 61h
DJEDFHERET A o Gl L CTHEMICREZ TR~/ (Table 7)., ZORER. 1AL (RY)
D 3-Py 3 6 (01T MeO H:% 38 A L72AbE % 61j Tid in vitro IEPENKY 5 %) £ L7228 (ICs =
40 nM) S EME I TR Ok YEZR FEl - 72, 24 9)1% 30 uM T ATP & £ 50% L4 _E 23 P-CAB
ELTOHRETH TN, Ak Tl L v stz BHiE L, 100 uM T ATP 7 & 80%
LUl EW oD Tk #EZ BARICERE LT, 5 (riE#kt (R%) % 2-Cl-3-Py E~AEH LT
63a |37 ADME-Tox 7'1 7 7 A )L &AERF L7275 B in vitro TEMEZ ] LS 722 (ICso =
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120 nM) . in vivo {ETEA DT )MIIHI L7z, 2-CN-3-Py FE~ZEH L 72 63b (22 Cid logD =
“129 FTETF L, EHERREIIF L (ICso=530nM), F7o, AL MLIZ A FVEEDNE
Ha X7 2 F D 3-Py i8R 63¢ 35 L 1N 63d 120V T, in vitro G MEITHERF S 7= 6 D D (63¢:
ICso =250 nM, 63d: ICso =230 nM) , in vivo iGN ZAVEILKIRIZIGS L, 5L Py DM
PERARFNAB K Z & D3 5 T 72 o 72, 3-Me-2-Py JL I H L 7= 63e <° 3-F-4-Py ik & L7 63f
78, oAV MEHE Py A FOLAEMIZ OV TX, TAEED . ROIEHEIEEED Hive
oz, Eu— 4 (B RY) L TL, BrRIMEEOEANREEE O COKFEFRT
DS DOAREMEZ O TR -T2 2 2 A, Me A EA LT T4a B ClLRFEZEALTZ 74b
(ZIEPEOHER & MRS EFEN TR < 7 AR Sz, — T, FRFZEA LK T4c i
DU T in vitro 38 K OV in vivo IEPEAFLIZ A B L 322 THRD THIWIR S EME % =
T2, B ADME-Tox 71 7 7 A ADGRD Bz, 728, B r—/L 2 fi~DEHHE
AIZDUWTIER 2 = Table 3 DFER A IR L CHE L7220 o 72,

Table 7 Effects of substituents (R’ R!, and R*) on activities and properties of pyrrole compounds

o R
~S
\
N
Me
R4

Compound R® R! R* ClogP logD  Invitro LLE In vivo ATP content hERG

H",K"-ATPase Acid secretion at 100 uM % inhibition

inhibition inrats (1 mg/kg,  (%control) at 10 uM

(ICs0, nM) iv, % inhibition) FCS (-)
17¢ Ph 4-MeO-CeHs H 388 154 30 598 95 (22 1) 891
61h 2-F-3-Py  3-Py H 121 —0 85 210 753 96 857 44
61j 2-F-3-Py  6-MeO-3-Py H 197 024 40 716 97 476 331
63a 2-Cl-3-Py 3-Py H 153 05 120 742 92 829 106
63b 2-CN-3-Py 3-Py H 081 -129 530 757 48 853 19
63c 2-Me-3-Py 3-Py H 118 006 250 6 54 —41 107 2 NT®
63d 4-Me-3-Py 3-Py H 118 -0 51 230 715 —54 860 83
63e 3-Me-2-Py 3-Py H 139 053 1300 536 5 88 7 NT®
63f 3-F-4-Py  3-Py H 121 —034 290 6 88 48 78 8 188
74a 2-F-3-Py  3-Py Me 136 -04 220 707 93 471 303
74b 2-F-3-Py  3-Py Cl 177 048 99 652 95 645 413
7T4c 2-F-3-Py  3-Py F 145 004 49 727 98 100 2 398

* ATP content at 30 pM (% control)
Not tested

G LA A O TLEY 40e, 61h 35 LT T4e 1E, 1KV log D & T8 77 72l 0 e/
HEA L., BN/ ADME-Tox 727 7 A V& - L7272, T v MBS AX I
T IRE D B HEVEIR pH x5 pH EAZA 270 ~7- (Figure 18),
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(A) (B)

7.0 ¢ =& Lansoprazole 3 mg/kg, iv 70  —M— Compound 40e 1 mg/kg, iv
6.0 |

1 SO

=

4.0 F

3.0 F

2.0 . , \ \ . . : ) :

0 60 120 180 240 300 0 60 120 180 240 300
Time (min) Time (min)
©) (D)
70 r —4— Compound 61h 1 mg/kg, iv 70  —@— Compound 74¢ 0.7 mg/kg, iv

pH

0 60 120 180 240 300 0 60 120 180 240 300
Time (min) Time (min)
Figure 18. Effects of intravenous administration of lansoprazole (A) and compounds 40e (B), 61h
(C), and 74¢ (D) on pH of a gastric perfusate under conditions of histamine stimulation in

anesthetized rats. Each data point represents mean + SE from three or four rats.

ZDOFEF. LPZ TlE 3 mgkg 528\ TH pHS IZEETH 2 L7e<, pH4 2D LEEX
LHFRFEE T pH & B 722 ICHR 2 IR ES L7 D%t L (Figure 18A) . {LA 4 40e, 61h
BILOTcix, WINd I mgkg LFTOERHARETpH % 5 /232l EIC ER &87, 1k
B 40e 13, 1 mg/kg $% 514 2 R LANICHEVEIR D pH & 5 LA & L7ed, D%, pH 13k~
(K F L7 (Figure 18B), {LA&#) 61h 1%, 1 mg/kg %5 TR D pH 2415 & L7=2s, ¥
— 7D pH5 IZEI#T 2 £ TIT 150~180 4% % L 7= (Figure 18C), —7J7 T, 74¢ 1% 0.7 mg/kg
B 5 CHeMZ pH6 £ T LA, Loy ZOEAIT 5 BEfEHE L7 (Figure 18D), UL E
DFERE D | Tde ZREELEMITIEIR LT,
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%5 BELEY Tde DR O EIZB T DR WENEIER & = o itk

IEa T4 DT v P B I OA X~OROBEHIZEBIT 5 BB WMEIER 2R/~ 2 A,
LPZ XV HIEXD TN ORI e ER 2R LT, Tdeld, MBEL72T7 v OB R X I v
IR & 2 W oy 2 FH &S U Tl U, 4 mg/kg # 5 ClEseaic il L7z (Figure 19), 2
DOFEFIT T4e 23 PPL & TR0  BRIC L DTEMLEZ LB L LW Z LICRIFT D EE 260
7=

500 p

=

o

= 400 f I

=

s I

g 300 F g

[="

g 1

[=]

< 200 ]

g 1

= 100 } *

2

= *
0 —

Vehicle 0.5 1 2 4  (mg/kg, po

as a free base)

Compound 74c¢

Figure 19. Effects of oral administration of compound 74¢ on histamine-stimulated acid secretion in
anesthetized rats. Each column represents the mean + SE from six rats. Statistical significance of the

difference was determined by the one-tailed Shirley-Williams test; *p < 0.025 compared to vehicle.

F7o. LAY T4c 13 0.8 mgkg DIRHETAA T oA v« R—FRIZBITFHEALZ
VRN & B HER WA B 5 1 RERI 20 DISIE S 2SI L, £ 5% 6 Bl £ T 100% DO H)
FHWER Z g 72 £ 2 OER T 3 mgkg 5D LPZ K 0 £ 135 2 & Do 7= (Figure 20),
SHIT, ZOFEIT, 1mgkg HEHEDOY — FMEAEW1Te DH D LB L THLMNZELS, &
H.1% 48 BT b B R IIfiE 2Bl S vz,
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(A)
=—&- Compound 74¢ 0.8 mg/kg, po
100 @

80
Z 60

> 40

20 )/.
0 0/',,' L 4’ !

Total acid output
(%o pre-dosing)

0 3 6 24 48
Time (h)
(B) (©)
—l— Lansoprazole 3 mg/kg, po —& Compound 17¢ 1 mg/kg, po
100 m 100 &
% /III g0 |
= _ s~
2% g /+/ SE 60
2z c 3
=3 b=
2 2 40 | gE 40
ERS ER
2T 2 2T 20
0 1 ,{1 1 ,{/ 1 0 ’:I 1 ’{I
0 3 6 24 48 0 3 6 24 48

Time (h) Time (h)

Figure 20. Effects of oral administration of compound 74¢ (A), lansoprazole (B), or lead compound
17¢ (C) on histamine-stimulated acid secretion in Heidenhain pouch dogs. Each data point represents

mean + SE from three or four dogs.

74c Tl logD (pH7.4) 73 0.04 IZAKJ S 4, B0 —/L 4L F RS OBEAFRKFIZRIC L0
BT I IR O pKa (TR D 854 (17¢ 1% 9.48, TAK-438 (X 9.3) ([Tekah 41TV
Do EENTIIRE DA AL UTHIET 2725, pH ST MAHT OBREE T CIRIEFICR
et 2R, —J5 T, pH AME T L2 BEMEERBE N CIIBSEBIC R 53 2 9E 1 4 Al
DIFAELEN TR L Z L2 L0 EHICHEEN (logD) METF L, BEEMEME T2 L%
R DHiD, EER. Tde TIEA LA FW iR (PAMPA) (28T, pH 5 O55f i T
E IR BEEEIEOIR TR S (Figure 21), L7223 T, 74e IXEEVEERBE F Oy Wiime
PHZHRDIBAT L GOROSLS BB B3R 22 TR MBE E S (RAEHERT
%) LHEESNT,
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/3 #fa (pH 7~) B B o3 A #A2EL (pH 7~)

00 = N mEGHT 4 Acid space (pH <4 ) % (pH 7.4)
e e
A N & : BHT4Ac(H* K-
WH fb;mcxcm ) m#@v c(H") N
- "Me \
F I[ v ]I Vv
74¢ fba#74c | > iLaT4ac mnnmhnds Membrane penetration
in acidic pH is bad

because of the further

Membrane penetration in neutral pH is good (passive diffusion) reduction of log D

log D H’,.K.’-lATPase Acid secretion PAMPA? PAMPA?
Compound Clog P at pH 74 pPK, inhibition in rats (1 mg/kg, pH 7.4 pH 5.0
) (IC 50, nM) iv, % inhibition) Pe(nm/sec)  Pe (nm/sec)
17c(lead 2) 388 154 948 30 _______ . 198 ___
74¢ 1.45 0.04 8.54 49 98 256 =—» 47

2Parallel artificial membrane permeability assay

Figure 21. Profiles of compound 74c¢ and its drug transfer behavior to the stomach.

F7o. Tde ITEN MR Z R L, RERE IR 5 CYP2C19 38 L OV CYP2D6 D% 513
RERIT/HNE oz, EHIZ, T4e itk MIBWT TAK-438 LV HEWRGENE 2 583 2
ETHEENT, DLEOFER KLY, 74c X PPL (LPZ) OFREEMRR L7236, FEFICEWE
etk L B WEZ B AW T AENTZ P-CAB & LTHIFCE A2 L. BRERELEEAIC
TAK-438 OB LEW & L-CHEM & fmmfdt 7=,

5 4 Fi /MR

{EEW 1T 2 U — & LT, sRWOERIMmsIEN & RUWERRiReEZ A L. ADME-Tox
FrPEIC N7z P-CAB DRI Z HiE L7z, £7. U r— L iF8komE L w7 A —2 0
FA RS & U AL 7T L. log D ORI L W ADME-Tox Rt D e E 1T A HE & U 9 i A A 4
L7ze WKIT log D ORISR WAMHIVE R OFFfetEm RIZEES 5 rIeeMEIc IR L T, B r—
IS ALEHIE DT & IR & T 28TFH SR G Z R L, TR, 5 ArE#EE
3-Py f & LT log D Z{&Ji L 7= 40b, 2-F-3-Py & & L CiEMEZ R | S 72 40c, 40¢ O 1 (7E
k% 3-Py J &b L CADME-Tox 7B 7 7 A /L& %#E L= 61h /& T, BN/ 07 7 A /L
EHTD Tde HREET DHZ LT Lz (Figure 22), 74c X, 7 v PB IO XD OHK
AR W T ORI 72 WHIER 2 7R U U BT P-CAB & L THEEE X bz,
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lead candidate
OMe
NS & O ]
o3y o= oY 4
N N N N N
& H'Me A H'Me ’_\ A N A H'Me
Compound 17¢ 17f 40b 40c
R S T VU R EEE. =1 N B 256 BN
logDEATO) o . e JCHIC T = Il BN
H'K-ATPase
inhibition 30 9.4 130 26 210 49
(ICsp, nM)
e . e N 681 768 . 783 ] 727 .
Acid secretion
in rats (1a mg/kg, 95 96 4 99 96 98
iv, % inhibition)
ATP content
at 100 pM (22.1)* (53.8)* 95 59.9 85.7 100.2
(% control)
WERG T e e
% inhibition at 89.1 875 43.3 57.0 4.4 39.8

10 UM, FCS (-)

2 ATP content at 30 pM (% control)
> Not tested

Figure 22. Identification of candidate compound 74¢ by optimization from lead compound 17c.
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4 T WL ROFEZ IR L2 22 L Kl

L AR KOS TR O WG

93 ECTEE L7ALAY T4c 13, 0.8 mg/kg DA X po F 5 THE 1 FEEH% 2 5 1FIF 100%
DOEEEWEIHI L, 48 FEZIZH VT HE 80% DINHINEM 27~ Uiz, MlaEEMEA R
THL<, PPI (LPZ) OffEZ AR L, B MTBWTEWEENE & 5810 DGR 72 B8 5 Uk
MEIDEPFFCE D HERLED E L TRENED bz, EBE. RWERRREZ AT 5
fBEN7Z P-CAB & L CRE et Z2 A9 508, — KT, & MBI DRtz 8mT —~
DD IERECAMET 2 Z LIEREECTH Y . & MZBWTRRAD LET E 5 RN b3 Hh
RIS DRI SN, B ERWMIHNE ORI S A RAF T ERER & LT, in vitro
L Win vivo IZF1F 5 H' K -ATPase FHLE D5 & AERJENL T 5 H ~DIEFOBAT /047,
BXOHENLOWMKRENREBEZ LMD, TOHFEOEIEGIIEH 2 DILEWORHERE TH
0. PHNEIEHETIERY, V—FNMeEW1Te BEX W T4e 7 v M iv &5, 1055, 11
. 4 BEfH L O 24 BRI O M L OVE 280 L CHEMIRE 2 JIE L, IO D A
0 RORHE & OB Z TR & Z A, Tde DEWVEBATH: L 24 FEfEI 1 O B N M2 TR
iz (Figure 23), 2 T, {LEMOIEM AR EGHIICERE L T X Y N7z P-CAB DA 7'
2 UEHELT I L ZHME LT, ADME-Tox FFMEIZEILT: Tde 2812, EREO BBIT5H)
R LR D, KRFALEW OFHNEZFEEIZ 2 v b v — 7 5 Fifieth o fiifb 2 542
7o FBEAGIZ S 7o o TUIMD 7B 2 A 7 H OB DL S SRFIR ThH -T2, F
ShYET S X O CREE RSB L 7o 0 Do b o - B e — L8 KIIE XX EE L O
Bk ThH o7,

lead an_optimized P-CAB a new desired P-CAB
OMe / \
N
o) Q OS\\ Q adqiti_ona_l

og\s F§ optimization * very low lipophilicity
\ N \ N 77 > * moderately long duration
N ‘ H / \ \ H of acid suppression
\ N. — "Me

Me F

17c T4c

* very low lipophilicity
* very long duration
of acid suppression

Cpd ClogP logD pKa Invitro In vivo ATP hERG Rat cassette dosing?
H* K* Acid content % Concentrations (ng/mL or ng/g) and AUC (ng-h/mL or ng-h/g)
-ATPase  secretion % control inhibition in rat plasma (P) and stomach (S) after intravenous
inhibitory in rats at 100 uM at 10 uM  administration at a dose of 0 2 mg/kg (as free base)

activities (1 mg/kg, iv,

(ICso, NM) % inhibition) Caomin Cin Can Coaan AUC

P S P S P S P S P S

17c 388 154 948 30 95 (22 1)° 891 172 3614 73 3877 29 244 O 0 56 3730

TAc 145 004 854 49 98 100 2 398 515 6022 15 7521 O 6286 O 1305 54 10277

2 All values are the average of the data of three rats

SATP content at 30 uM (% control)

Figure 23. Concept of new aimed compound and characteristics of P-CAB 74c.
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2 fHi ARk

#

I Cam Cle iy Fxahc o U TFolbamazamkd 52 Lz L7z (Figure 24),

N N o 7\ 7\
o\ o\ o\ __ o o OMe
0og Q o\ -0 Oq\Q o\ )=, O\ =N
F \\\ F \\\ F S F \\% N F s
N N N N N N N N N N
70\ S 7 N\ Q| H 7\ Q H 7\ Cl H 70 N\ Q| H
— N Me Me — Me — N Me — Me
F F F E F
92b 92¢ 92d 92e
OMe Me
7
Oo\f\> OS)\ =N ) MeO ” ) OO\ 4 ) Me OO ¢ )
\ 0 -, =, .
N N N N N N N N
H 7\ 77 N |l H 7 N\ H
9 M g COIK N
M Me — N\Me ‘Me N\Me
F F F F F
929 92h 92i 92j
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4 Q| g 7 N\ Q N 7\ Qo 7 N\ CloH
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921 922m 92n 920
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F F F F
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Figure 24. Structures of synthesized compounds in Chapter 4

TR S 30TV 2-Py A LR = U EEEE DAL, Scheme 10 12" HIETIT- 72, &
P RO 2- a2 Y VT8 2:f\“‘/\\/“/v%ﬁwv@%ﬁﬁﬁﬂ‘zﬁ%@ﬁmﬁébwi/\“? D
N A INE/4 el e CRIET D 2- (RUVLTFA) BY VU T6 B15T-,  6-MeO
FHEK T6h (ICOWTIE, T F Y A A RFY R DEHREUSICE VLAY T6b 705 E
7o VT, NCS Z V72 76 ORISR Ik D B E T a b AL A VKR =)V 77 %
= 76a B L NT6d DI ERY (ANF=Lr7 vl R) FRELETH-T-7-H, KF T
MELL CENEFNLZERANK=L T AY R77a B LN 77d & U CHEEL 7=,



aorborc R eorf R

B— 80—

X > 0,S
Bn Y
75 76 77

75a: R =5-F, X =Br 76a: R =5-F 77a:R=5-F, Y=F
75b:R=6-F, X=F 76b: R = 6-F 77b: R=6-F, Y =ClI
75¢: R = 3-Me, X = Br 76¢: R = 3-Me 77c:R=3-Me, Y =CI
75d: R = 4-Me, X = Br 76d: R = 4-Me 77d: R=4-Me, Y =F
75e: R =6-Me, X =ClI 76e: R = 6-Me d 77e:R=6-Me, Y =CI
75f: R=4-MeO, X =ClI 76f: R = 4-MeO 77f: R=4-MeO, Y =ClI
750: R =5-MeO, X = Br 76g: R = 5-MeO 77¢: R=5-MeO, Y =ClI

76h: R = 6-MeO 77h: R =6-MeO, Y =ClI

Scheme 10. Reagents and conditions: (a) BnSH, NaH, THF, rt or 60 °C; (b) BnSH, K,COs3;, DMSO,
150 °C; (c) BnSH, Pdx(dba)s, Xantphos, iProNEt, toluene, 80 °C; (d) NaOMe, MeOH, 60 °C; (e)
NCS, AcOH, H;0, then KF, rt; (f) NCS, AcOH, HO, rt.

TR S TR 3-Py AL 7R = /LALEREE 80 (2D Tk, Scheme 11 (2R 9 HIETARK L
72 TIRHDVIIRETRI L= 18 X INF A — N ENRFTOT L H ) o IS %E A
WTHEA L, 79 & Lz, bV 77— MBI 78a 12 oW\, HEHMESM T 78f L&
Wiz, BEWT, B DNTHMEAA 79 ZRnd & [F U GECEBME L CTHR E 35 80 21572,

R b R c R
X X X
G — S — N
X S 0,S
Bn \CI
78 79 80
78a: R =5-Cl, X = OTf 79a: R =5-Cl 80a: R =5-ClI
78b: R=5-F, X =Br 79b: R =5-F 80b: R=5-F
78c: R =2-Me, X = Br a 79c: R =2-Me 80c: R = 2-Me
78d: R =4-Me, X =Br 79d: R = 4-Me 80d: R = 4-Me
78e: R =5-Me, X = Br 79: R =5-Me 80e: R =5-Me

78f: R=5-Cl, X=OH —
Scheme 11. Reagents and conditions: (a) N-Phenyl-bis(trifluoromethanesulfonimide), EtsN, THF, rt;
(b) BnSH, Pdx(dba)s, Xantphos, iProNEt, toluene, 80 °C; (¢c) NCS, AcOH, HO, t.

B 4-7 A v v u— LiBEIK 92 DA I Scheme 12 (ZR T HETITo 72, 44), B
— /L ANLA~D FJRFOE AT r — /L EE~DOE R 72 FALS 2 VT 7z (Scheme
9), LML D, ARICRICI X T ESRIRENMELS | BN 7 2RBRPLETH DL Z
L FmEfliZe FALRIEZ VTS Z & Ehkx RBER H 0 . TR A RRIEOBHF
BB THoT, £Z T, ZVAr e —/LORBIEI DN THEL R LIZRR, -7 7 %
285 DAV = VIRIZH T B REA] (B U DU F L) OMINBIGE X OV 87 1IZx3 %
KA (GRIEFELER L7 DMBNHMe) O F B4 {1 > 72 SN2 BUG (7 U VER(E) 2 S
LT HHBT VA e — LB RIEDBFIZEEI LT (Scheme 12),
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F
90 91
9la: Ar = 2-thienyl
91b: Ar = 2-fulyl
91c: Ar = 3-furyl
91d: Ar = 2-Py

9le: Ar = 6-MeO-2-Py
91f: Ar = 4-MeO-2-Py
91g: Ar = 5-Me0O-2-Py
91h: Ar = 3-Me-2-Py
91i: Ar = 6-Me-2-Py
91j: Ar = 4-Me-2-Py
91k: Ar = 6-F-2-Py
91l: Ar = 5-F-2-Py
91m: Ar = 2-CI-3-Py
91n: Ar = 5-CI-3-Py
9lo: Ar = 5-F-3-Py
91p: Ar = 2-Me-3-Py
91q: Ar = 4-Me-3-Py
91r: Ar = 5-Me-3-Py
91s: Ar = 6-Me-3-Py

4%L/ ——+oig\__+

C
N
o\\

Me

89a: R DMB) i
89b:R=H )
89c: R = Boc*
oN A
F S
N
A\
H
e N,
Me
92

92a: Ar = 2-thienyl (hydrochloride)
92b: Ar = 2-fulyl (hydrochloride)

92c: Ar = 3-fulyl (hydrochloride)

92d: Ar = 2-Py (hydrochloride)

92e: Ar = 6-MeO-2-Py (hydrochloride)
92f: Ar = 4-MeO-2-Py (hydrochloride)
92g: Ar = 5-Me0O-2-Py (hydrochloride)
92h: Ar = 3-Me-2-Py (fumarate)

92i: Ar = 6-Me-2-Py (hydrochloride)
92j: Ar = 4-Me-2-Py (succinate)

92k: Ar = 6-F-2-Py (hydrochloride)
92l: Ar = 5-F-2-Py (hydrochloride)
92m: Ar = 2-CI-3-Py (hydrochloride)
92n: Ar = 5-CI-3-Py (hydrochloride)
920: Ar = 5-F-3-Py (hydrochloride)
92p: Ar = 2-Me-3-Py (fumarate)

92q: Ar = 4-Me-3-Py (fumarate)

92r: Ar = 5-Me-3-Py (fumarate)

92s: Ar = 6-Me-3-Py (hemifumarate)

Scheme 12. Reagents and conditions: (a) allylamine, rt; (b) BocoO, DMAP, MeCN, 1t; (c) CuBr,
2,2'-bipyridyl, 1,2-dichloroethane, 80 °C; (d) DBU, THF, 0 °C, then rt; (¢) LDA, 2-fluoropyridine,
THE, -78 °C; (f) HCI, AcOH, rt; (g) NaH, DMBNHMe, THF, 0 °C; (h) NaH, 15-crown-5,
pyridine-3-sulfonyl chloride, THF, 0 °C; (i) (1) CICO,CH(CI)CH3, THEF, 0 °C; (2) EtsN, THF, 65 °C;
(3) EtOH, reflux; (4) 1 mol/L NaOH, NaHCOs, H,O, EtOAc, tt; (j) BocoO, THE, rt; (k) 1 mol/L
NaOH, iPrOH, THEF, rt; (1) NaH, 15-crown-5, Ar-sulfonyl chloride or Ar-sulfonyl fluoride, THF, rt;
(m) 4 mol/L HCI/EtOAc, iPrOH or EtOH, EtOAc, rt, or (1) 4 mol/L HCI/EtOAc, iPrOH or EtOH,
EtOAc, tt; (2) NaHCOs3, EtOAc; (3) fumaric acid or succinic acid, EtOH or MeOH, EtOAc.

SCHR S Fed D k=B BT,
ZEHA L . DMAP OAF(E F T Boc,O & i &8 T Boc (&K< 83 & L7=%
D 84 137, 84 AMIILIEEL T 85 & L7=H4.

&%%%ﬁ%#?f79w7iykﬁméﬁf7iP&K
BRAVSG #1T
U?ﬁkbt7wﬁDEU9V@ﬁ&ﬁm
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BB £V 86 (T8 & | BRMESAT T TR A F 5 BURESUSZITS 2 LT kY 87 & Lz,
87 Z W SN2/ BUGT Ko T 88 ITAH L., 15-crown-5 % U2 A LR = /UALROESIZ L V) 89a
& L7-t . DMB ZOMifri# 3 35 L O Boc 212 L HR#EATT> T 89¢ & L, HHEMSMHT T
AV =5 Z 21 K0 g 90 1282, 3572 90 IZALKR=NT A R
77 HHNE80 L SHTIL &L, IR CHR#E L CHMET5 92 2457, 92a-g, 92i
B LN 92k—o |THEEEE ., 92h 35 LT 02p—r IX 7 < LEERHE. 925 12 0.5 7~ LERtE, 925 X =N
IR L U CHEE L 7o, REBIEIZE 5T 100g AL TOEMMNAREE 720 | Ak EOFRRE
DM S T2,

5 3 i LA ORFHiR LB

B 1 Er—L 4 (L FRTOMRB L O MAT 0 ROFKENLEOHE

RRFACED OFEDEN RIS D Er—/L 4 4L F A ORI IO fi~T v BORSE
NETE D2 BREIZ T 2721, 7Y in vivo EPEDFE D HAL7Z 61h, 61d 35 L TF 61e [Z-DW»
T, 7w biv#E 104, 1R, 4 FERSS X0 24 BRI 14 o s X OVE O KWL %2 JIE
L CHENREZ PN L 7= (Table 8), ZDfEH. T4 D 4 (LIZ FJRFZFF2720 61h DT —
2D, T4e DEBITIE (AUC) X 61h LR L THEIZE L, B~OBITHE (BKEE
WZET D) b LNTHRNZ o7, AL Figure 18 IR L7 B A X I il
(2K 5 HHEWIR O pH 258724 B C R 2 85 R & 2o 7203, BT LB OWE L 1Y)
. (log D X° pKa %) |28 > THRE SN DEEMIEITER LT\ 5 EHEE 4, Figure 21 12
RLTEBEEZIFF LTS, 7706 FIRTFOBEANILD Td4e DL PSR L ONEE 7R log
D (0.04) & pKa (8.54) DT yxbﬁm;ﬁ%mﬁ%ﬁbw &R WERHGIE I D 200
REANOBITEEVWENEREZAREICL TS EE 2 b (T pKa DR FIZ XV ik
Dz A MEdE Sy, log D MQW 2R Y WHIE NIRRT 9 2), £72, LALZTF
T NVEERT 206 Y 61d G-F==/K) BL 6le Q-F==/K) OFERLD, ~
T REOMAMEICE Y AUCIZRERENRRD B, H~OBITHECIYISEE 72 & D%
N RESERDZ LN olz, THHDORERIE, 61i (2-Py 1K) @ X 91T in vivo IEMEN
B 7oAbBEM T F FEEAIZ LV EYEhREA Ui ST in vivo IEPED A B3 2 AIREMEL
Mz T, BAOBATHESCH DD OWIEE N R bRt ﬁnfdl:/*%%:ﬁtljﬁéﬁf
REMEZRIZE LTV, £ 2T, Hlehke a%ﬁka_r“f;aw{% HAEMFR LT 92a-d %7
L7l A, WTERHFTET 5 kI otaﬁf7n774w TRbLELHH R H
~OBATE Tde L VAL HWE O OTERZET DR Sz, K&72725 5 92a 13 hERG
PLEE, 92b 1 TEMEE TR+ Th -7y, 3-7 UL %{zli 92¢ ijZU\ZPy HER 92d 1X
fEALTZ in vivo TEPE & ADME-Tox #1271 L7-, R 92d (ZENZ HRATIEICIN X T R4/
ADME-Tox /37 A —% Zr L, #4524 B IV T H | %fff%m}z;ﬂﬁ LD HILD 7R
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. T EMFHEICE > T2, L EDOFERND 92d #3021 fL~DE LI OB AN R
CCOD\Tfﬁ?ﬂL%i@&)é e LT

Table 8 Effects of a fluorine atom at position 4 (R*) and of a binding site for heteroaromatics at the

first position (R') of the pyrrole ring on activities and various properties of pyrrole compounds

O Rl
OQ\\S/ Compound | 74c  6lh  61d 6le 61i 9a  92b  92c 92d
N N R* F H H H H F F F F
4 \ | H
\ N‘Me R 3-Py  3-Py 3-thienyl 2-thienyl 2-Py 2-thienyl 2-furyl 3-furyl 2-Py
R4
Cpd ClogP logD In vitro In vivo ATP hERG CYP3A4 Rat cassette dosing®
H K Acid secretion content % inhibition % inhibition Concentrations (ng/mL or ng/g) and AUC (ng h/mL or ng h/g) in rat
-ATPase in rats % control at 10 puM at 10 uM plasma (P) and stomach (S) after intravenous administration at a dose
inhibitory (1 mg/kg, iv, at 100 of 0 2 mg/kg (as free base)
tiviti % inhibiti M
activities inhibition) - 1 Ciomin Cin Can Casn AUC
(ICs0, M)
P S P S P S P S P S
T4c 145 004 49 98 100 2 398 144 515 6022 15 7521 O 6286 O 1305 54 10277
6lh 121 -085 210 96 857 44 42 371 420 84 5322 0 5409 0 196 35 7646
61d 228 -083 32 98 64 60 14 235 4067 89 6137 0 6396 0 417 29 9152
6le 228 -069 32 96 749 63 NTP 208 5223 88 5924 0 2103 O 0 27 3815
61i 121 005 120 81 786 NT® 97 NT® NT® NT® NT® NT° NT® NT® NT® NT® NT®
92a 252 054 72 98 775 56 1 205 366 4115 122 9548 0 8267 O 174 42 11717
92b 198 02 79 75 908 287 56 265 5925 65 7063 0 2536 O 0 26 4566
92c 198 045 60 95 1005 445 128 374 6354 115 6877 0 1938 0 0 41 3865
92d 145 044 97 95 948 9 77 36 6167 79 8092 0 3371 0 21 33 5757

2 All values are the average of the data of three rats

5 Not tested

2 Eo—L AL ) P BEHHSE A ) R

BN a7 7 A NERL 92d 23, Eao—/L 1 it (R!') 2-Py FE~DEHILDEA
TR Z T, T OFER, 92e, 92f, 92g, 92i 33 L TN 92j IZHAV in vivo TEPEN GRS B L7208,
AUC 72 EO BBATRHEICIT BRI OFE & ALEIC LV K& 2ZERRD b/ (Table 9), £
DHIT,| 4-Me-2-Py FHEIK 92j 1LFR in vitro {EPE (ICso =73 nM) % L, B4f7¢ ADME-Tox
BRPE 2 HERF L7225 log D 73 0.48 L7210 | /& AUC (10378 ng-h/g) (ZHNZ T, #en/aH
~OBATRIE & 24 W% O 7o B 4o Lz, 24 R RRES 2 1/EA 23 P-CAB ® B 5
FTRFE T Mo THY, ERREREID b 24 KRZICB T HMEEIER-E T 50
DIFFELWEEZ LI,
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Table 9 Effects of a substituent on the 2-pyridyl group at the first position (R') of the pyrrole ring on

activities and various properties of pyrrole compounds

/0 ,\>

N 1 1
09\ Q O\\\ j\ Compound R Compound R
F

\S\ 92d H 92i 6-Me
N N N N 92e 6-MeO 92j 4-Me
7\ Gl u ¢ N G H 92f 4-MeO 92k 6-F
— N.ye == N-ve 920 5-MeO 921 5-F
F F 92h 3-Me
T4c 92
Cpd ClogP logD In vitro In vivo ATP hERG CYP3A4 Rat cassette dosing®
H K Acid secretion content % inhibition % inhibition Concentrations (ng/mL or ng/g) and AUC (ng h/mL or ng h/g) in rat
-ATPase in rats % control at 10 puM at 10 uM plasma (P) and stomach (S) after intravenous administration at a dose
inhibitory (1 mg/kg, iv, at 100 of 0 2 mg/kg (as free base)
activities % inhibition M
’ ) m Ciomin Cin Can Coan AUC
(ICs0, M)
P S P S P S P S P S
T4c 145 004 49 98 100 2 398 144 515 6022 15 7521 O 6286 O 1305 54 10277
92d 145 044 97 95 948 9 77 36 6167 79 8092 0 3371 0 21 33 5757
92e 221 103 150 98 69 8 823 558 435 7728 149 1255 0 9708 0 479 50 14434
92f 181 051 140 95 845 387 19 372 6172 101 7734 0 2683 0 88 38 4964
929 181 064 280 95 80 176 77 542 6235 131 8062 0 4265 O 0 52 6761
92h 195 032 510 54 791 NT® 29 NT® NT® NT® NT® NT® NT® NT® NT® NT° NT®
92i 195 071 210 91 838 139 229 417 10839 103 9992 0 527 O 33 41 8550
92j 195 048 73 92 855 451 43 394 9469 81 9266 0 6817 0 289 35 10378
92k 162 07 240 NT 74 NT® 46 NT® NT® NT® NT® NT® NT® NT° NT® NT° NT®
92 162 042 100 87 86 5 NT® 217 25 3693 5 5257 0 3467 O 0 22 5179

2 All values are the average of the data of three rats

® Not tested

£72. 3-Py K 74c IOV TH Er—/L [ fif (R') 3-Py FE~DEHILE A DFE L~
(Table 10), ZDOFEHE, WI N in vitro iEPEA K E <K T L. ADME-Tox éF#fri@ufh%/T
TALEMDL D> T3, 920, 92p. 92q 3B L VY 925 [ZHRV in vivo IEMERFRD bl £D
t1C 5-F-3-Py #5380k 920 1% 99% 3 DFRV in vivo fEPEZ 7R L, BAf72 ADME-Tox 7’11 7 7
ANEHERF LR35 logD 73 0.83 £72 1 . iV AUC (6599 ngh/g) & 24 R[4 D L 72 5%
BrfEErLT,
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Table 10 Effects of a substituent on the 3-pyridyl group at position 1 (R') of the pyrrole ring on

activities and various properties of pyrrole compounds

RL 5 4
N
o (\)\ = Compound R! Compound R!
FS 2 R 74c H 92p 2-Me
/N N N 92m 2-Cl 92q 4-Me
o H 92n 5-Cl 92r 5-Me
“Me 920 5-F 92s 6-Me
F
74c, 92
Cpd ClogP logD In vitro In vivo ATP hERG CYP3A4 Rat cassette dosing®
H K Acid secretion content % inhibition % inhibition Concentrations (ng/mL or ng/g) and AUC (ng h/mL or ng h/g) in rat
-ATPase in rats % control at 10 puM at 10 uM plasma (P) and stomach (S) after intravenous administration at a dose
inhibitory (1 mg/kg, iv, at 100 of 0 2 mg/kg (as free base)
tiviti % inhibiti M
activities 6 inhibition) Ciomin Cin Can Casn AUC
(ICs0, M)
P S P S P S P S P S
T4c 145 004 49 98 100 2 398 144 515 6022 15 7521 O 6286 O 1305 54 10277
92m 219 075 390 NT® 869 NT® 531 28 539 101 7221 0 4274 0 0 33 6568
92n 219 144 160 NT® 669 NT® 459 NT® NT® NT® NT® NT® NT® NT® NT® NT® NT®
920 162 083 200 99 889 227 27 43 3304 83 6055 0 4252 0 383 38 6599
92p 195 048 210 92 97 4 148 301 253 507 8 577 03 2997 0 0 32 4806
920 195 043 120 98 909 282 40 501 3596 84 6185 0 2507 O 0 41 4248
92r 195 061 140 87 869 NT® 497 NT®  NT® NT® NT® NT® NT® NT® NT® NT® NT®
92s 195 062 180 97 767 248 -12 401 6715 108 1124 0 11828 0 2191 41 18284

2 All values are the average of the data of three rats

® Not tested
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%3 REEHO T » - BREFHK pH Bk

AR LTALE O T 92¢, 92d, 92e. 92f, 92g. 92i. 92j. 920 F5 LT 925 [T OV T,
BREEZ > MZIIT 2 b A ¥ I RO B REGK pH O LA R %~ (Figure 25),

(A) (B) ©)
7.0 —@— Compound 74¢ 0.7 mg/kg, iv 7.0 —8— Compound 92¢ 1 mg/kg, iv 7.0 —&— Compound 92d 1 mg/kg, iv
6.0 6.0
-------------------------- 50 p--r@---mmmmmmmmmm e m e e o
_ 50 -
= =3
4.0 4.0
3.0 3.0
20 @ . . L 2.0 " s )
0 60 120 180 240 300 0 60 120 180 240 300 0 60 120 180 240 300
Time (min) Time (min) Time (min)
(D) (E) (F)
7.0 —8— Compound 92¢ 1 mg/kg, iv 7.0 —8— Compound 92f 1 mg/kg, iv 7.0 —@— Compound 92g 1 mg/kg, iv
6.0 6.0
S0 b mmmmm e T
z =
4.0 4.0
30 3.0
2.0 20 @ N L \ L )
0 60 120 180 240 300 0 60 120 180 240 300 0 60 120 180 240 300
Time (min) Time (min) Time (min)
G (H) M
—8— Compound 92i 1 mg/kg, iv 7.0 —@— Compound 92j 1 mg/kg, iv 7.0 r —@— Compound 920 1 mg/kg, iv
6.0
--------------------------- _ 50
s s
4.0
3.0
L s L L ) : 20
0 60 120 180 240 300 0 60 120 180 240 300 0 60 120 180 240 300
Time (min) Time (min) Time (min)

)

7.0 —@— Compound 92s 1 mg/kg, iv

0 60 120 180 240 300
Time (min)
Figure 25. Effects of intravenous administration of compounds 74¢ (A), 92¢ (B), 92d (C), 92e (D),
92f (E), 92¢ (F), 92i (G), 92j (H), 920 (1), and 92s (J) on the pH of gastric perfusate under conditions
of histamine stimulation in anesthetized rats. Each data point represents mean = SE from three to six

rats.
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ZDOFER, 6-Me-3-Py iFE(K 92s (Figure 25)) LIAMIH 5T Tde L7205 pH 7' 7 7
ANERL, TOHT, 92d, 92e. 92j. 920 % 1 mg/kg CTHEMIKD pH % 5 HDHWIZE
VL Rz 2580 pH ERAMER 2R Uiz, B ZEA LTV 2-Py (K 92d 1XENTHE O pH
RS ETHMIZ ERHEE20, ZDk, pH ITEHIZIK T L7z (Figure 25C), H® AUC
L UL 24 B4 OFREAPE L BT 25 &£ 01X 0 P-CAB & L CORGIEIZRCARE LTV D
&CHIEF S A7z, 6-MeO-2-Py 1A 92e 1358\ pH EHEA & 74e X 0 B Rekett: % 78 L 7= (Figure
25D), FE&72MN D CYP3A4L LEMERITIR - 7203, W 7 et iR b iz, 4-Me-2-Py
K 92j IZ B Af 72 ADME-Tox S & #ERF L7228 6 | JEFIRD pH 24 6 £ TABMIZ LF S8

(Figure 25H), £ D%, pH ITFELNTUR T U, 3D H NIREE D28 8) 2 [k~ 2 186 B 72 57
FENBIEL X T2, T4 IS FJR 1 %238 A L 7= 5-F-3-Py 1K 920 1 92j & [FIEEIZ B 472 ADME-Tox
a7y AN EEERFIEE R L2, EOBEBATIEEZ KM L TIEEDNES B3 ) 3%
REL . MRDERBE T2 2 E L2 (Figure 251), LLEOFERMN S 92§ % ik
BWIEE LT,

4 T EAALEW 92j O AL T 2R WIHIER & 2 oA M

LB 92 DT v bE LA X OFGIZHBT HEWIIHIVER 2T~ 72, T OfEE., 92j
IR L7277 v hO B R F I URIBRIC X D8 A LPZ X0 H1E 200 < HEIDIG U T
Il L7z (Figure 26)

500 p
400
300
200

100

Total acid output (nEq/3h)

Vehicle 1 2 3 4 (mg/kg, po
as a free base)

Compound 92j

Figure 26. Effects of oral administration of compound 92j on histamine-stimulated gastric acid
secretion in anesthetized rats. Each column represents mean + SE from seven or eight rats. Statistical
significance of the difference was determined by the one-tailed Shirley-Williams test; *p < 0.025

compared to vehicle.
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F72 ALAW 92§ 1 1 mg/kg B HTAAT oA v« R—=F RIZBIT Db AZ I U HKIC
K2 B WA BE3E 1 RpfE 2700 D S22 THIHI L. 6 R £ T 100% OIEIER & Figi 3%
2 T OMEMREHRF ML 3 mg/kg 50 LPZ LV B 50 EN -7 (Figure 27), &5
2. EOHROFHEMEIT, 0.8 mgkg 50 Tde LT 5 EH ST 57228, 1 mgkg
FED 92d LV ITHALMNNCRNoTz, £lo, &5 24 BRSBTS & 2722 Be o
TER Bl STz,

(A) (B)
=@~ Compound 92j 1 mg/kg, po —— Lansoprazole 3 mg/kg, po
100 @ 100 B
80 80 //*
5~ 5 -
E2 60 22 60 //V
E g £
°° R
=7 =3
Flwf //4 31wl
i s
& <2t e £ 20
0 .//, SV 0 —
0 3 6 24 48 0 3 6 24 48
Time (h) Time (h)
(©) (D)
=@~ Compound 74¢ 0.8 mg/kg, po =&~ Compound 92d 1 mg/kg, po
100 @ 100 @
80
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(=]

Total acid output
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48
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Figure 27. Effects of oral administration of compound 92j (A), lansoprazole (B), compound 74¢ (C),
and compound 92d (D) on histamine-stimulated gastric acid secretion in Heidenhain pouch dogs.

Each data point represents mean + SE from three or four dogs.

92j i%. logD=10.48 (17c % 1.54, TAK-438 (3 0.39, 74¢ (% 0.04) T ClogP=1.94 (17¢ %
3.88, TAK-438 |3 2.54, 74c 1% 1.45) DIRVEENE, I8H 7 2/ HILE LD pKa=8.73 DX°
RARD DR (17¢ 1% 9.48, TAK-438 1% 9.3, 74¢ 13X 8.54) ZFFO L HITEKEI SN TV D
72, Z OB FRVEEICEE SN T, H O W IS HGEICEAT L, AR % 2
R EDLZLENTED, TOD, 92f ITHEEREZITHESLHICEE (pH EFEM) %238
BLL., WERERRiE AT 5 LHEE ST (Figure 28),
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m an optimized P-CAB an additionally optimized P-CAB

Me
OMe residual level after
2 W\ 24hin stomach 4 ! 4 3
N
o o 09\ = AUC in stomach ]| 09\ =N~ AUC in stomach i oE\)\ =N
\S\ > F S\ — F \S\  — F \S\
N N N N N N N
& H v N
N MN. e Y W e
"Me Me "Me Me
F F F
17¢ T4c 92d 92j
very long duration moderately long duration
of acid suppression of acid suppression
Cpd ClogP logD pKa In vitro In vivo Rat cassette dosing?
(pH 7 4) H* K* Acid secretion  Concentrations (ng/mL or ng/g) and AUC (ng-h/mL or ng-h/g) in rat
-ATPase in rats plasma (P) and stomach (S) after intravenous administration at a dose of
inhibitory (1 mg/kg, iv, 02 mg/kg (as free base)
activities % inhibition)
(ICs0, NM) C1omin Cin Can Caan AUC
P S P S P S P S P S
17c 388 154 948 30 95 172 3614 73 3877 29 244 0 0 56 3730
T4c 145 004 854 49 98 515 6022 15 7521 0 6286 O 1305 54 10277
92d 145 044 NT® 97 95 36 6167 79 8092 0 3371 O 21 33 5757
92j 195 048 873 73 92 394 9469 81 9266 0 6817 O 289 35 10378

2 All values are the average of the data of three rats

b Not tested

Figure 28. Identification of a novel potent P-CAB called 92j, which has moderately long duration of

acid suppression

Flo. 92 1T RAF/RmENEE R L, AREBHERICRT 5D CYP2C19 35 L O CYP2D6 D7 5-1%
INEo T2 LITNZ, T4e EFREEICHEILT DMPK B L2 7e 7 v A VAR LT,
IHIT, 92f 1Tk MZBWTHEE Rt 2 BT o Z L n PRIz, UL EORERLD,
92j % PPI (LPZ) DOFfEHZMFER L7 b, WA _Eu\ﬁf P mWE R E TN T D ER
72P-CAB & L CTHIfF C& 5 2 & MWENE UZEAIC TAK-438 DU LA E L THER L
fEam T 72,

5 4 Fi /MR

%5 3 FCam LAt G T4e DIERFHEICET oG & HFEA & LTl =
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Experimental section

General

The pK, values were measured by pH-metric assays using a Sirius T3 system (Sirius Analytical Ltd.,
UK). The assay measures the concentration of H" ions in solution between pH 2 and 12 using a pH
electrode (Ag/AgCl). Melting points were determined on a Yanagimoto micro melting point
apparatus or Biiche B-545 or by differential scanning calorimetry (DSC) or TG-DTA analyses. DSC
analyses were performed using a DSC1 system (Mettler Toledo, Switzerland). The thermograms
were obtained at a temperature of 25-300 °C and a heating rate of 5 °C/min under nitrogen gas at a
flow rate of 40 mL/min. The powders (~1 mg) were weighed in an aluminum pan, crimped, and then
placed in the thermal analysis chamber. TG-DTA analyses were conducted by from Sumika
Chemical Analysis Service, Ltd. Nuclear magnetic resonance ('H-NMR, 3C-NMR and ""F-NMR)
spectra were recorded on a Varian Gemini-200, a Varian Mercury-300, a Jeol INM-AL400, a Bruker
AV-300M, a Bruker AV-400 or a Bruker AV- 600 spectrometer. Chemical shifts are given in  values
(ppm) using tetramethylsilane or sodium 3-(trimethylsilyl)-1-propane-1,1,2,2,3,3-ds-sulfonate as an
internal standard for 'H and 3C-NMR, with sodium trifluoroacetate as the internal standard for
YF-NMR (-76.53 ppm). Coupling constants are reported in hertz (Hz). Spectral splitting patterns
were designated as follows: s, singlet; br, broad; d, doublet; t, triplet; q, quartet; and m, multiplet.
High-resolution mass spectrometry (HRMS) experiments were carried out by Takeda Analytical
Laboratories, Ltd., or Sumika Chemical Analysis Service, Ltd. All mass spectrometry (MS)
experiments were conducted using electrospray ionization (ESI) in positive or negative ion mode.
Elemental analyses were performed by Takeda Analytical Laboratories, Ltd., or Sumika Chemical
Analysis Service, Ltd. Thin-layer chromatography (TLC) analyses were carried out on Merck
Kieselgel 60 Fas4 plates or Fuji Silysia Chemical, Ltd., Chromatorex NH-TLC plates. Silica gel
column chromatography was run by means of Merck 0.063-0.200 mm silica gel 60, Fuji Silysia
Chemical Ltd. 100—200 mesh Chromatorex NH silica DM 1020 or Purif-Pack (SI 60 uM or NH 60
puM, Fuji Silysia Chemical Ltd.). Commercial reagents and solvents were used without additional

purification.
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Experiments concerning Chapter 2

2.1. Ethyl 2-cyano-4-0xo-4-phenylbutanoate (3)

Potassium carbonate (13.8 g, 99.8 mmol) was added to ethyl cyanoacetate (37 mL, 348 mmol), and
the mixture was stirred at 40 °C for 45 min. A solution of 2 (10.0 g, 50.2 mmol) in acetone (100
mL) was added dropwise over 30 min. After the dropwise addition was completed, the mixture was
stirred at room temperature for 18 h. The reaction mixture was filtered, and the filtrate was
concentrated under reduced pressure. Water was added to the residue, and the mixture was extracted
with EtOAc. The extract was washed with brine, dried over Na>SO4, and concentrated under reduced
pressure. Excess ethyl cyanoacetate contained in the obtained oil was evaporated under reduced
pressure, and the residue was purified by silica gel column chromatography (hexane/EtOAc=8/1-
1/1) to give 3 (10.4 g, 90%) as a pale-yellow oil: 'H NMR (CDCls) &: 1.35 (3H, t, J= 7.2 Hz), 3.55
(1H, dd, J=16.0, 5.6 Hz), 3.80 (1H, dd, J=16.0, 7.0 Hz), 4.16 (1H, dd, /= 7.0, 5.6 Hz), 4.31 (2H, q,
J=17.2Hz), 7.40-7.70 (3H, m), 7.90-8.00 (2H, m).

2.2. Ethyl 2-chloro-5-phenyl-1H-pyrrole-3-carboxylate (4)

HCI gas (28 g) was bubbled through a solution of 3 (5.0 g, 21.6 mmol) in THF (60 mL) under
ice-cooling, and the mixture was stirred at room temperature for 3 h. Then, N, gas was introduced to
substitute HCI gas and then the mixture was concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (hexane/EtOAc =6/1) to give 4 (4.24 g, 79%) as a
solid: 'TH NMR (CDCls) &: 1.37 (3H, t, J = 6.8 Hz), 4.33 (2H, q, J = 6.8 Hz), 6.87 (1H, d, J= 3.2 Hz),
7.20-7.60 (5H, m), 8.79 (1H, br).

2.3. Ethyl 5-phenyl-1H-pyrrole-3-carboxylate (5a).

To a solution of 4 (8.5 g, 34.0 mmol) in EtOH (50 mL) was added 10% palladium carbon (50% wet,
0.5 g), and the mixture was stirred under a hydrogen atmosphere at room temperature for 24 h. The
reaction mixture was filtered, and the filtrate was concentrated under reduced pressure. The residue
was purified by silica gel column chromatography (hexane/EtOAc = 9/1 - 1/1) to give Sa (4.50 g,
62%) as colorless crystals: mp 148-150 °C; '"H NMR (CDCls) &: 1.36 (3H, t,J=7.2 Hz), 4.31 (2H, q,
J=7.2Hz), 6.91 (1H, m), 7.20-7.70 (6H, m), 8.77 (1H, br).

2.4. 5-Phenyl-1H-pyrrole-3-carboxylic acid (5b)

To a solution of 5a (700 mg, 3.25 mmol) in MeOH (30 mL) and THF (30 mL) was added dropwise
IN NaOH (30 mL), and the mixture was stirred at 60 °C for 2 h. To this mixture was added dropwise
8N NaOH (30 mL) at 55 °C, and then the mixture was stirred overnight at 55 °C. The mixture was
concentrated under reduced pressure to half volume at 60°C, and then acidified with 6N HCI. The
resulting insoluble product was collected by filtration and rinsed with H»O to give Sb (462mg, 76%)
as a white solid: '"H NMR (DMSO-d¢) &: 6.83 (m, 1H), 7.10-7.27 (m, 1H,), 7.31-7.49 (m, 3H),
7.54-7.84 (m, 2H), 11.84 (br, 2H).
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2.5. (5-Phenyl-1H-pyrrol-3-yl)methanol (6)

To a solution of 5a (2.16 g, 10.0 mmol) in THF (100 mL) was added dropwise a 1.5 mol/L solution
of diisobutylaluminum hydride in toluene (24 mL, 36 mmol) at -78 °C over 10 min. The mixture was
further stirred at -78°C for 1 h, water (2 mL) was added dropwise over 2 min, and the mixture was
further stirred at room temperature for 1 h. To the reaction mixture were added Celite and anhydrous
magnesium sulfate, the mixture was filtered and the filtrate was concentrated under reduced pressure
to give 6 (1.51 g, 87%) as a solid. 'H NMR (DMSO-d) 8: 4.34 (d, J= 5.4 Hz, 2H), 4.60 (t, J = 5.4
Hz, 1H), 6.45-6.46 (m, 1H), 6.74 (br, 1H), 7.11-7.15 (m, 1H), 7.31-7.35 (m, 2H), 7.57-7.59 (m, 2H),
11.05 (s, 1H).

2.6. 5-Phenyl-1H-pyrrole-3-carbaldehyde (7)

To a solution of 6 (1.51 g, 8.72 mmol) in acetonitrile (45 mL) were added tetra-n-propylammonium
perruthenate (0.46 g, 1.31 mmol), N-methylmorpholine N-oxide (2.36 g, 20.2 mmol) and molecular
sieves 4A powder (4.5 g), and the mixture was stirred at room temperature for 1.5 h. The reaction
mixture was filtered through Celite, and the filtrate was concentrated under reduced pressure. The
residue was purified by silica gel column chromatography (hexane/EtOAc = 4/1 - 1/1) to give 7
(0.92 g, 62%) as pale yellow crystals: mp 137-139 °C; '"H NMR (CDCl5)3: 6.95 (1H, m), 7.29-7.32
(1H, m), 7.40-7.44 (2H, m), 7.50-7.52 (3H, m), 9.02 (1H, br), 9.84 (1H, s).

2.7. tert-Butyl methyl[(5-phenyl-1H-pyrrol-3-yl)methyl]carbamate (8)

To a solution of 7 (0.92 g, 5.37 mmol) in MeOH (92 mL) was added 40% methylamine solution
(1.26 g, 12.3 mmol) at room temperature and the mixture was stirred for 30 min. To the reaction
mixture was added sodium borohydride (305 mg, 8.06 mmol) at room temperature and the mixture
was stirred for 10 min. Water (200 mL) was added and the mixture was further stirred for 1 h.
Brine (50 mL) was added and the mixture was extracted with EtOAc. The extract was washed with
brine, dried over Na>SOs, and concentrated under reduced pressure. The residue was dissolved in
acetonitrile (48 mL), and di-fert-butyl bicarbonate (1.41 g, 6.46 mmol) was added dropwise at room
temperature. The mixture was stirred for 1.5 h and partitioned between water and EtOAc. The
organic phase was washed with brine, dried over Na;SO4, and concentrated under reduced pressure.
The residue was purified by silica gel column chromatography (hexane/EtOAc = 9/1 - 4/1) to give 8
(0.99 g, 64%) as colorless crystals: mp 100-102 °C; '"H-NMR (CDCI3)8: 1.50 (9H, s), 2.84 (3H, s),
4.30 (2H, s), 6.45 (1H, s), 6.75 (1H, s), 7.18-7.22 (1H, m), 7.34-7.38 (2H, m), 7.44-7.46 (2H, m),
8.37 (1H, br).

2.8. Ethyl 1-[(4-methylphenyl)sulfonyl]-5-phenyl-1H-pyrrole-3-carboxylate (9a)

Sodium hydride (60% in oil, 408 mg, 10.2 mmol) was suspended in DMF (5 mL). To the suspension
was added a solution of 5a (2.0 g, 9.3 mmol) in DMF (5 mL) at 0 °C, and the mixture was stirred at
the same temperature for 30 min. A solution of 4-methylbenzenesulfonyl chloride (1.94 g, 10.2

mmol) in DMF (5§ mL) was added at 0 °C and the reaction mixture was stirred at room temperature
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for 1 h. Water was added, and the mixture was extracted with ethyl acetate. The extract was washed
with brine, dried over Na,SOs, and concentrated under reduced pressure. The residue was purified
by silica gel column chromatography (hexane/EtOAc = 6/1 - 1/1) to give 9a (2.90 g, 84%) as a
colorless oil: '"H NMR (CDCls) &: 1.36 (3H, t, J = 7.2 Hz), 2.36 (3H, s), 4.31 (2H, q, J = 7.2 Hz),
6.52 (1H, d, J= 1.8 Hz), 7.05-7.40 (9H, m), 8.07 (1H, d, J = 1.8Hz).

Compounds 9b-d were prepared from 5a in a manner similar to that described for compound 9a.

2.9. Ethyl 5-phenyl-1-{[4-(trifluoromethyl)phenyl]sulfonyl}-1H-pyrrole-3-carboxylate (9b)

A colorless oil (77%): 'H NMR (CDCls) & 1.36 (3H, t, J = 7.1 Hz), 3.80 (2H, q, J = 7.1 Hz), 6.56
(1H,d,J=2.0Hz), 7.16 (2H, d, J=7.3 Hz), 7.29-7.41 (3H, m), 7.44 (2H, d, /= 8.8 Hz), 7.57 (2H, d,
J=28.6 Hz), 8.09 (2H, d, /= 2.0 Hz).

2.10. Ethyl 1-[(4-methoxyphenyl)sulfonyl]-5-phenyl-1H-pyrrole-3-carboxylate (9¢)

A colorless oil (97%): 'H NMR (CDCls) 6 1.37 (3H, t, J/=7.4 Hz), 3.82 (3H, s), 4.30 (2H, q, J=7.4
Hz), 6.51 (1H, d, /~=1.8 Hz), 6.74 (2H, d, J/=9.0 Hz), 7.15-7.40 (7H, m), 8.07 (1H, d, J=1.8 Hz).

2.11. Ethyl 1-(methylsulfonyl)-5-phenyl-1H-pyrrole-3-carboxylate (9d)

Colorless crystals (57%): mp 125-126 °C; 'H NMR (CDCls) & 1.36 (3H, t, J = 6.8 Hz), 2.91 (3H, s),
4.31(2H, q,J= 6.8 Hz), 6.69 (1H, d, J= 2.2 Hz), 7.20-7.55 (5H, m), 7.92 (1H, d, J = 2.2 Hz).

2.12. {1-[(4-Methylphenyl)sulfonyl]-5-phenyl-1H-pyrrol-3-yl} methanol (10a)

To a solution of 9a (2.85 g, 7.7 mmol) in THF (30 mL) was added dropwise a 1.5 mol/L solution of
diisobutylaluminum hydride in toluene (12.8 mL, 19.3 mmol) at -78 °C over 30 min. The mixture
was further stirred at -78°C for 1 h, 1 N HCI (20 mL) was added, and the mixture was extracted with
ethyl acetate. The extract was washed with brine, dried over Na,SOs, and concentrated under
reduced pressure. The residue was purified by silica gel column chromatography (hexane-EtOAc =
6/1 - 1/1) to give 10a (2.29 g, 91%) as a pale-brown oil: '"H NMR (CDCls) &: 2.35 (3H, s), 4.55 (2H,
d,/J=4.8 Hz), 6.19 (1H, d, J=2.2 Hz), 7.09 (2H, d, J = 8.4 Hz), 7.15-7.45 (8H, m).

2.13. (5-Phenyl-1-{[4-(trifluoromethyl)phenyl]sulfonyl}-1H-pyrrol-3-yl)methanol (10b)
Compound 10b was prepared from 9b using a similar procedure as for the preparation of compound
10a. A pale red solid (88%): '"H NMR (CDCl;) &: 4.58 (2H, s), 6.23 (1H, d, J = 1.7 Hz), 7.19-7.22
(2H, m), 7.29-7.33 (2H, m), 7.37-7.43 (2H, m), 7.45 (2H, d, /= 8.3 Hz), 7.57 (2H, d, J = 8.3 Hz).
2.14. 1-[(4-Methylphenyl)sulfonyl]-5-phenyl-1H-pyrrole-3-carbaldehyde (11a)

To a solution of 10a (1.50 g, 4.6 mmol) in acetonitrile (10 mL) were added tetra-n-propylammonium
perruthenate (150 mg, 0.43 mmol), N-methylmorpholine N-oxide (932 mg, 6.9 mmol) and molecular
sieves 4A powder (1.5 g), and the mixture was stirred at room temperature for 1 h. The reaction
mixture was filtered through Celite, and the filtrate was concentrated under reduced pressure. The
residue was purified by silica gel column chromatography (hexane/EtOAc = 6/1 -1/1) to give 11a
(1.23 g, 82%) as a pale-brown oil: '"H NMR (CDCl;) &: 2.37 (3H, s), 6.55 (1H, d, J = 2.2Hz),
7.05-7.50 (9H, m), 8.10 (1H, d, J=2.2Hz).
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2.15. 5-Phenyl-1-{[4-(trifluoromethyl)phenyl]sulfonyl}-1H-pyrrole-3-carbaldehyde (11b)
Compound 11b was prepared from 10b in a manner similar to that described for compound 11a. A
white solid (68%): 'H NMR (CDCls) & 6.60 (1H, d, J= 1.7 Hz), 7.13-7.16 (2H, m), 7.29-7.33 (2H,
m), 7.41-7.45 (3H, m), 7.58 (2H, d, J= 8.6 Hz), 8.12 (1H, d, /= 2.0 Hz), 9.90 (1H, s).

2.16. 1-[(4-Methoxyphenyl)sulfonyl]-5-phenyl-1H-pyrrole-3-carbaldehyde (11c¢)

Compound 11¢ was prepared from 9¢ in a manner similar to that described for compound 10a and
11a. A pale red oil (65%): '"H NMR (CDCl3) & 3.82 (3H, s), 6.55 (1H, d, J=1.8 Hz), 6.74 (2H, d,
J=8.8 Hz), 7.15-7.45 (7TH, m), 8.10 (1H, d, J=1.8 Hz), 9.87 (1H, s)

2.17. 1-(Methylsulfonyl)-5-phenyl-1H-pyrrole-3-carbaldehyde (11d)

Compound 11d was prepared from 9d in a manner similar to that described for compound 10a and
11a. A white solid (51%): '"H NMR (CDCls) 8 2.95 (3H, s), 6.73 (1H, d, J = 1.8 Hz), 7.40-7.60 (5H,
m), 7.96 (1H, d, J = 1.8 Hz), 9.89 (1H, s).

2.18. Methyl 5-bromo-1H-pyrrole-3-carboxylate (12b)

A solution of methyl 1H-pyrrole-3-carboxylate (4.48 g, 35.8 mmol) in THF (70 mL) was cooled to
-78°C, N-bromosuccinimide (6.30 g, 35.4 mmol) was added, pyridine (five drops) was added, and
the mixture was left standing in a freezer (-20°C) for 3 days. The reaction mixture was concentrated
under reduced pressure. Water was added to the residue and the mixture was extracted with EtOAc.
The extract was washed with brine, dried over NaxSOs, and concentrated under reduced pressure.
The residue was purified by silica gel column chromatography (hexane-EtOAc = 9/1 - 1/1) to give
12b (3.59 g, 49%) as a pale-yellow solid: '"H NMR (CDCls) & 3.81 (3H, s), 6.58 (1H, m), 7.36 (1H,
m), 8.60 (1H, br s).

2.19. Methyl 5-bromo-1-(phenylsulfonyl)-1H-pyrrole-3-carboxylate (13)

Sodium hydride (60% in oil, 1.11 g, 27.8 mmol) was washed with hexane, and suspended to DMF
(50 mL). To the suspension was slowly added a solution of 12b (5.06 g, 24.8 mmol) in DMF (10
mL) at 0°C. After stirring at room temperature for 30 min, a solution of benzenesulfonyl chloride
(3.3 mL, 25.8 mmol) in DMF (5 mL) was added at 0°C, and the mixture was stirred at room
temperature for 30 min, poured into ice water and extracted with EtOAc. The extract was washed
with a solution of NaHCOQOs;, water, brine, dried over Na;SO4, and concentrated under reduced
pressure. The residue was purified by silica gel column chromatography (hexane/EtOAc = 9/1 - 1/1)
to give 13 (8.46 g, 99%) as crystals: mp 70-72 °C; '"H NMR (CDCl;) & 3.83 (3H, s), 6.68 (1H, d,
J=2.1 Hz), 7.55-7.60 (2H, m), 7.67-7.72 (1H, m), 7.96-7.99 (2H, m), 8.08 (1H, d, /=2.1 Hz).

2.20. tert-Butyl {[S-bromo-1-(phenylsulfonyl)-1H-pyrrol-3-yljmethyl} methylcarbamate (14)
Compound 14 was prepared from 13 in a manner similar to that described for compounds 6, 7 and 8.
A white solid (51%): '"H NMR (CDCls) & 1.48 (9H, s), 2.79 (3H, br s), 4.17 (2H, br s), 6.24 (1H, br
s), 7.35 (1H, br s), 7.51-7.57 (2H, m), 7.62-7.68 (1H, m), 7.90-7.94 (2H, s).

2.21. tert-Butyl methyl{[5-phenyl-1-(phenylsulfonyl)-1H-pyrrol-3-yllmethyl} carbamate (15f)
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A mixture of 14 (1.04 g, 2.42 mmol), phenylboronic acid (448.2 mg, 3.68 mmol), Na,CO;3 (770.8 mg,
7.27 mmol) and tetrakis (triphenylphosphine) palladium (421.1 mg, 0.36 mmol) in DME (25 mL)
and H>O (25 mL) was stirred at 105°C for 12 h under Ar, atmosphere. After cooling, a solution of
NaHCOs; was added, and the mixture was extracted with EtOAc. The extract was washed with a
solution of NaHCOs3, water, brine, dried over anhydrous MgSQOs, and concentrated under reduced
pressure. The residue was purified by silica gel column chromatography (hexane/EtOAc = 4/1) to
give 15f (0.97 g, 94%) as crystals: mp 84-86°C; 'H NMR (CDCIl3) & 1.46 (9H, s), 2.80 (3H, br s),
4.22 (2H, brs), 6.09 (1H, br s), 7.19-7.23 (2H, m), 7.26-7.38 (8H, m), 7.47-7.53 (1H, m).

2.22. tert-Butyl [(1-benzoyl-5-phenyl-1H-pyrrol-3-yl)methyl|methylcarbamate (15h)

To a suspension of NaH (60% in oil, 97 mg) in THF (10 mL) was added a solution of 8 (483 mg,
1.69 mmol), 15-crown-5 (447 mg) and BzCl (261 mg) at 0°C. The mixture was stirred at room
temperature for 1 h, diluted with H»O, and extracted with EtOAc. The extract was washed with brine,
dried over Na>SOg4, and concentrated under reduced pressure. The residue was purified by basic
silica gel column chromatography (hexane/EtOAc = 9/1 - 4/1) to give 15h (210 mg, 32%) as a pale
red oil: '"H NMR (CDCls) &: 1.47 (9H, s), 2.85 (3H, s), 4.26 (2H, s), 6.37 (1H, s), 6.96 (1H, s),
7.18-7.28 (SH, m), 7.37-7.42 (2H, m), 7.51-7.56 (1H, m), 7.74-7.77 (2H, m).

2.23. N-({1-[(4-Methylphenyl)sulfonyl]-5-phenyl-1H-pyrrol-3-yl} methyl) ethanamine (16)

11a (300 mg, 0.92 mmol) was dissolved in methanol (30 mL), and molecular sieves 4A powder (600
mg), ethylamine hydrochloride (376 mg, 4.61 mmol) and sodium cyano borohydride (69 mg, 1.10
mmol) were added to the mixture. The reaction mixture was stirred at room temperature for 1 h. The
mixture was filtered with Celite and the filtrate was concentrated under reduced pressure. A saturated
aqueous sodium hydrogen carbonate solution was added, and the mixture was extracted with ethyl
acetate. The extract was washed with brine, dried over Na;SOs4, and concentrated under reduced
pressure. The residue was purified by basic silica gel column chromatography (hexane/EtOAc = 6/1
- 1/1) to give 16 (50 mg, 15%) as a colorless oil: 'H NMR (CDCls) 8: 1.13 (3H, t, J = 7.0 Hz), 2.35
(3H, s), 2.68 (2H, q, J = 7.0 Hz), 3.64 (2H, s), 6.15 (1H, d, J = 1.8 Hz), 7.08 (2H, d, J = 8.2 Hz),
7.20-7.40 (9H, m); HRMS (ESI) calcd for C20H22N202S (M+H)" m/z 355.1475, found m/z 355.1440.
2.24. N-Methyl-1-{1-[(4-methylphenyl)sulfonyl]-5-phenyl-1H-pyrrol-3-yl}methanamine
hydrochloride (17a)

Free base of compound 17a was prepared from 11a and methyl ammonium chloride using a similar
procedure as for the preparation of compound 16. A brown oil  (7%): '"H NMR (CDCls) & 2.35 (3H,
s), 2.44 (3H, s), 3.59 (2H, s), 6.13 (1H, d, /= 1.8 Hz), 7.08 (2H, d, J = 8.0 Hz), 7.20-7.40 (9H, m).
Obtained free base of 17a (213 mg, 242 mg) was dissolved in EtOAc (5 mL each). A 4N HCI/EtOAc
solution (0.3 mL each) was added, and the each mixture was stirred at room temperature for 15 min.
After combined, the resulting mixture was concentrated under reduced pressure. The residue was

crystallized from EtOAc to give 17a (428 mg, 85%) as a pale red solid: '"H NMR (DMSO-de) & 2.35
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(3H, s), 2.50 (3H, s), 3.97 (2H, s), 6.43 (1H, d, /= 1.8 Hz), 7.13-7.43 (9H, m), 7.70 (1H, s), 8.98 (2H,
br s); Anal. Calcd for C19H21CIN2O»S: C, 60.55; H, 5.62; N, 7.43. Found: C, 60.44; H, 5.72; N, 7.26.
2.25. N-Methyl-1-(5-phenyl-1-{[4-(trifluoromethyl)phenyl]sulfonyl}-1H-pyrrol-3-yl)
methanamine hydrochloride (17b)

11b (65 mg) was dissolved in MeOH (5 mL). 40% methylamine methanol solution (50 mg) was
added at room temperature and the mixture was stirred for 15 min. To the reaction mixture was
added sodium borohydride (24 mg) at room temperature and the mixture was stirred for 10 min. 1N
HCI (5 mL) was added, and the mixture was stirred for 5 min. The mixture was basified with a
saturated aqueous sodium hydrogen carbonate and extracted with EtOAc. The extract was washed
with brine, dried over Na;SOs, and the solvent was evaporated under reduced pressure. The residue
was purified by basic silica gel column chromatography (hexane/EtOAc = 4:1 to EtOAc) and the
obtained oil was dissolved in ethyl acetate (5 mL). 4N HCI/EtOAc (1 mL) was added and the
mixture was concentrated under reduced pressure. The residue was crystallized from EtOAc to give
17b (50mg, 68%) as a white solid: "H NMR (DMSO-ds) & 2.50-2.51 (3H, m), 3.99 (2H, s), 6.48 (1H,
s), 7.13-7.15 (2H, m), 7.35-7.38 (2H, m), 7.42-7.46 (1H, m), 7.61 (2H, d, /= 8.3 Hz), 7.78-7.78 (1H,
m), 7.92 (2H, d, J = 8.5 Hz), 9.03 (2H, br); HRMS (ESI) calcd for C1oH7F3N20.S (M+H)" m/z
395.1036, found m/z 395.1012.

2.26. 1-{1-[(4-Methoxyphenyl)sulfonyl]-5-phenyl-1H-pyrrol-3-yl}-N-methylmethanamine
hydrochloride (17¢)

Compound 17¢ was prepared from 11¢ using a similar procedure as for the preparation of compound
17a. Pale red crystals (54%): mp 185-188 °C; 'H NMR (CDCls) & 2.56 (3H, s), 3.80 (3H, s), 3.98
(2H, s), 6.45 (1H, d, J = 2.2 Hz), 6.74 (2H, d, J = 7.0 Hz), 7.10-7.40 (7TH, m), 7.64 (1H, d, J=2.2
Hz), 9.82 (2H, br); Anal. Calcd for Ci9H21CIN2O3S: C, 58.08; H, 5.39; N, 7.13. Found: C, 58.13; H,
5.49; N, 6.78.

2.27. N-Methyl-1-[1-(methylsulfonyl)-5-phenyl-1H-pyrrol-3-yljmethanamine hydrochloride
(17d)

Compound 17d was prepared from 11d using a similar procedure as for the preparation of compound
17a. Colorless crystals (55%): mp 183-185 °C; 'H NMR (DMSO-ds) & 2.54 (3H, s), 3.22 (3H, s),
4.00 (2H, s), 6.53 (1H, m), 7.45 (SH, m), 7.51 (1H, m), 9.09 (2H, br); Anal. Calcd for
Ci3H17CIN205S: C, 51.91; H, 5.70; N, 9.31. Found: C, 51.91; H, 5.62; N, 9.13.

2.28. 1-(1-Benzyl-5-phenyl-1H-pyrrol-3-yl)-N-methylmethanamine (17¢)

Compound 17e was prepared from Sa using a similar procedure as for the preparation of compounds
9a (benzyl bromide was used instead of TsCl), 10a, 11a and 16 (methyl ammonium chloride was
used instead of ethyl ammonium chloride). A colorless oil (34 %): '"H NMR (CDCls) & 2.49 (3H, s),
3.65 (2H, s), 5.09 (2H, s), 6.23 (1H, d, /= 2.1 Hz), 6.66 (1H, d, /= 2.1 Hz), 7.02 (2H, d, J = 6.3 Hz),
7.20-7.40 (8H, m); HRMS (ESI) calcd for Ci19H2oN2 (M+H)* m/z 277.1699, found m/z 277.1670.
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2.29. N-Methyl-1-[5-phenyl-1-(phenylsulfonyl)-1H-pyrrol-3-yljmethanamine hydrochloride
71

To a solution of 15f (637 mg, 1.49 mmol) in MeOH (10 mL) was added 4N HCI/EtOAc (4 mL), the
mixture was stirred at room temperature for 3 h. The mixture was treated with active carbon, filtrated
and the filtrate was concentrated under reduced pressure. The residue was recrystallized from EtOH
to give 17f (394mg, 73%) as crystals: mp 229-231 °C; 'H NMR (CDCls) 6 2.55 (3H, s), 3.98 (1H, s),
6.47 (1H, d, J= 1.8 Hz), 7.12-7.15 (2H, m), 7.23-7.37 (7TH, m), 7.47-7.53 (1H, m), 7.65 (1H, d, J =
1.8 Hz), 9.83 (2H, br s); Anal. Calcd for CisHi9CIN20,S: C, 59.58; H, 5.28; N, 7.72. Found: C,
59.40; H, 5.29; N, 7.61.

2.30. 1-[1-(Butylsulfonyl)-5-phenyl-1H-pyrrol-3-yl]-N-methylmethanamine hemi oxalate (17g)
To a solution of 8 (70 mg, 0.244 mmol) in DMF (7 mL) was added sodium hydride (60% in oil, 98
mg) at room temperature and the mixture was stirred at room temperature for 30 min.
Butane-1-sulfonyl chloride (230 mg) was added, and the resulting mixture was stirred overnight,
poured into H>O, and extracted with EtOAc. The extract was washed with brine, dried over MgSOs,
and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (hexane/EtOAc = 19:1 - 4:1) and the resulting oil was dissolved in MeOH (5 mL)
and 4N HCI/EtOAc (1 mL) was added. The mixture was stirred at 60°C for 20 min, concentrated
under reduced pressure, basified with a solution of NaHCO3, and extracted with EtOAc. Oxalic acid
(10 mg) was added to the extract, and the mixture was concentrated under reduced pressure. The
residue was crystallized from EtO/EtOAc to give 17g (17.9 mg, 21%) as a pale violet solid: 'H
NMR (DMSO-de) 6 0.75 (3H, t, J= 7.2 Hz), 1.14-1.38 (4H, m), 2.56 (3H, s), 3.21 (2H, t,J="7.2 Hz),
4.01 (2H, s), 6.48 (1H, s), 7.44 (5H, br), 7.48 (1H, s); HRMS (ESI) calcd for Ci¢H22N>0,S (M+H)*
m/z 307.1475, found m/z 307.1446.

2.31. {4-[(Methylamino)methyl]-2-phenyl-1H-pyrrol-1-yl}(phenyl)methanone fumarate (17h)
To a solution of 15h in EtOAc (2 mL) and MeOH (1 mL) was added dropwise 4N HCI/EtOAc (2
mL) at room temperature. After stirring for 4 h at room temperature, the mixture was concentrated
under reduced pressure. The residue was basified with a Na,COs solution, and extracted with EtOAc.
The extract was washed with brine, dried over Na>SOs, and concentrated under reduced pressure.
The residue was purified by basic silica gel column chromatography (hexane/EtOAc = 3/1 - 1/3) and
the obtained oil was dissolved in EtOAc (5 mL). To this solution was added a solution of fumaric
acid (37 mg) in MeOH (2 mL), and the mixture was concentrated under reduced pressure. The
residue was crystallized with EtOH to give 17h (66 mg, 30%) as a pale red solid: 'H NMR
(DMSO-ds) 6 2.47 (3H, s), 3.86 (2H, s), 6.43 (2H, s), 6.60-6.61 (1H, m), 7.20-7.32 (6H, m),
7.51-7.56 (2H, m), 7.65-7.67 (1H, m), 7.77-7.78 (2H, m); Anal. Calcd for C;3H17CIN2O,S 0.5EtOH:
C, 67.12; H, 5.87; N, 6.52. Found: C, 67.04; H, 5.55; N, 6.67.

2.32. 1-[(4-Methylphenyl)sulfonyl]-5-phenyl-1H-pyrrole-3-carboxamide (18)

62



To a solution of 5b (200 mg, 1.07 mmol) in DMF (5 mL) was added NaH (60% in oil, 107 mg) at
0°C. The mixture was stirred at room temperature, and tosyl chloride (448 mg, 2.35 mmol) was
added. After stirring at room temperature for 1 h, 25% NH;3 solution (1 mL) was added, and the
mixture was stirred at room temperature for 1h. After dilution with H>O, the mixture was extracted
with EtOAc, washed with brine, dried over Na,SOy4, and concentrated under reduced pressure. The
residue was purified by silica gel column chromatography (hexane/EtOAc = 6:1 - 1:1) and
crystallized from hexane/iPr,O to give 18 (32 mg, 9 %) as a white solid: 'H NMR (CDCl3) & 2.37
(3H, s), 5.64 (2H, br), 6.40 (1H, d, J = 2.2 Hz), 7.05-7.45 (9H, m), 7.98 (1H, d, J = 2.2 Hz); Anal.
Calcd for C1sHi6N203S: C, 63.51; H, 4.74; N, 8.23. Found: C, 63.38; H, 4.74; N, 8.15.

2.33. 4-(Azidomethyl)-1-[(4-methylphenyl)sulfonyl]-2-phenyl-1H-pyrrole (19)

To a solution of 9a (500 mg, 1.35 mmol) in THF (10 mL) was added dropwise 1.5 M DIBAL-H in
toluene (2.70 mL, 4.06 mmol) at -78°C, and the mixture was stirred at room temperature for 30 min.
IN HCI (6 mL) was added to the reaction mixture, and the mixture was stirred at room temperature
for 15 min and extracted with EtOAc. The extract was washed with brine, dried over Na,SO4, and
concentrated under reduced pressure. A solution of the residue in CH>Cl, (2 mL) was added to a
solution of 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (612 mg, 2.7 mmol), triphenylphosphine
(532 mg, 2.03 mmol) and tetra-n-butylammoniumazide (768 mg, 2.7 mmol) in CH>Cl, (5§ mL), and
the mixture was stirred at room temperature for 1 h. The reaction mixture was concentrated under
reduced pressure, and the residue was purified by silica gel column chromatography (hexane/EtOAc
=9/1 - 1/1) to give 19 (233 mg, 49%) as a pale yellow solid: '"H NMR (CDCls) & 2.36 (3H, s), 4.48
(2H, s), 6.19 (1H, d, J = 2.2 Hz), 7.09 (2H, d, J = 8.6 Hz), 7.15-7.40 (8H, m), 7.46 (1H, d, J=2.2
Hz).

2.34. 1-{1-[(4-Methylphenyl)sulfonyl]-5-phenyl-1H-pyrrol-3-yl}methanamine hydrochloride
(20)

To a solution of 19 (230 mg, 0.563 mmol) in MeOH (10 mL) was added 10% palladium carbon
(50% water-containing product, 150 mg), and the mixture was stirred under H» atmosphere at room
temperature for 18 h. To the reaction mixture was added acetic acid (1 mL), and the mixture was
stirred under a H, atmosphere at room temperature for 18 h. The reaction mixture was filtrated, and a
solution of NaHCO;3; was added to the filtrate, and the mixture was extracted with EtOAc. The
extract was washed with brine, dried over Na;SO4, and concentrated under reduced pressure. The
residue was purified by basic silica gel column chromatography (hexane/EtOAc = 9/1 to EtOAc),
and the obtained oil was dissolved in EtOAc (5 mL), 4N HCI/EtOAc (0.5 mL) was added, and the
mixture was concentrated under reduced pressure. The residue was crystallized from EtOAc to give
20 (10 mg, 4%) as colorless crystals: mp 198-201°C; 'H NMR (DMSO-ds) 6 2.35 (3H, s), 3.89 (2H,
s), 6.39 (1H, d, J= 1.8 Hz), 7.10-7.20 (2H, m), 7.22-7.50 (7H, m), 7.66 (1H, d, J = 1.8 Hz), 8.20 (3H,
br); Anal. Calcd for Ci1gH19CIN2O2S 0.25H,0: C, 58.85; H, 5.35; N, 7.63. Found: C, 58.61; H, 5.45;
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N, 7.36.

2.35. 4-(Methoxymethyl)-1-[(4-methylphenyl)sulfonyl]-2-phenyl-1H-pyrrole (21)

To a solution of 10a (200 mg, 0.61 mmol) in DMF (1 mL) was added NaH (60% in oil, 37mg, 0.92
mmol) and Mel (57 L, 0.92 mmol) at 0°C. After being stirred at room temperature for 1 h, IN HCI
(5 mL) was added to the mixture. The mixture was extracted with EtOAc, washed with brine, dried
over Na;SOs, and concentrated under reduced pressure. The residue was purified by silica gel
column chromatography (hexane/EtOAc = 10:1 - 1:1) to give 21 (105 mg, 50%) as a pale yellow oil:
'"H NMR (CDCl;s) 8 2.35 (3H, s), 3.36 (3H, s), 4.30 (2H, s), 6.16 (1H, d, J= 1.8 Hz), 7.06-7.40 (10H,
m); HRMS (ESI) calcd for Ci9H19NO3S (M+H)" m/z 342.1158, found m/z 342.1141.

2.36. N, N-Dimethyl-1-(5-phenyl-1-{[4-(trifluoromethyl)phenyl|sulfonyl}-1H-pyrrol-3-yl)
methanamine hydrochloride (22)

Using 11b (80 mg), 2M dimethylamine in THF solution (1 mL) and sodium borohydride (24 mg), a
similar procedure as the preparation of compound 17b was performed to give 22 (59 mg, 63%) as
colorless crystals: mp 185-188°C; '"H NMR (DMSO-ds) & 2.67 (6H, s), 4.12 (2H, s), 6.56-6.56 (1H,
m), 7.15-7.17 (2H, m), 7.34-7.38 (2H, m), 7.42-7.46 (1H, m), 7.63 (2H, d, /=8.3 Hz), 7.85 (1H, d,
J=1.7 Hz), 7.92 (2H, d, J=8.3 Hz), 10.68 (1H, br); Anal. Calcd for C20H20CIF3N20.S 0.5H,O: C,
52.92; H, 4.66; N, 6.17. Found: C, 53.24; H, 4.63; N, 5.82.

2.37. 1-(5-Phenyl-1-{[4-(trifluoromethyl)phenyl]sulfonyl}-1H-pyrrol-3-yl)ethanone (23)

To a solution of 1M MeMgBr in THF (16 mL, 16 mmol) and Et,O (16 mL) was added dropwise a
solution of 11b (600 mg, 1.58 mmol) in THF (4 mL) and Et;O (4 mL) at 10°C. The mixture was
stirred at 10°C for 1 h, and then poured into ice water. The resulting mixture was poured into a
saturated solution of NH4Cl, and extracted with Et;O. The extract was washed with brine, dried over
MgSO4, and concentrated under reduced pressure to give pale brown oil (0.63 g). To a solution of
the obtained oil in CH2Cl, (30 mL) was added MnO» (2.77 g, 31.9 mmol) at room temperature. The
mixture was stirred at room temperature for 4 h, and filtrated. The filtrate was concentrated under
reduced pressure, and the residue was purified by silica gel column chromatography (hexane/EtOAc
=19:1 - 4:1) to give 23 (461 mg, 74%) as a white solid: "H NMR (CDCls) § 2.49 (3H, s), 6.57 (1H,
d, J=1.9 Hz), 7.12-7.16 (2H, m), 7.28-7.33 (2H, m), 7.39-7.41 (1H, m), 7.43 (2H, d, J = 8.4 Hz),
7.57 (2H, d, J= 8.4 Hz), 8.06 (1H, d, /= 1.9 Hz).

2.38. N-Methyl-1-(5-phenyl-1-{[4-(trifluoromethyl)phenyl]sulfonyl}-1H-pyrrol-3-yl)
ethanamine hydrochloride (24)

A mixture of 23 (200 mg, 0.51 mmol), 40% MeNH; in MeOH (400 mg, 5.2 mmol) and MS4A in
EtOH (10 mL) was stirred at 70°C for 1.5 h, and then cooled to room temperature. NaBH4 (58 mg,
1.53 mmol) was added at room temperature, and the mixture was stirred for 1.5 h, quenched with 1N
HCI (50 mL). The resulting mixture was stirred for 30 min, basified with a saturated solution of
NaHCOs, and then extracted with EtOAc. The extract was washed with brine, dried over MgSQOs,
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and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (EtOAc/MeOH = EtOAc to 4:1) and the obtained oil was dissolved in ethyl acetate
(5 mL). 4N HCIEtOAc (1 mL) was added and the mixture was concentrated under reduced pressure.
The residue was crystallized from iPr.O/EtOAc to give 24 (52 mg, 23%) as colorless crystals: mp
205-208 °C; 'H NMR (DMSO-ds) & 1.52 (3H, d, J = 6.7 Hz), 2.37 (3H, s), 4.28 (1H, q, /= 6.7 Hz ),
6.55 (1H, s), 7.14-7.45 (SH, m), 7.63 (2H, d, J= 8.4 Hz), 7.78 (1H, s), 7.92 (2H, d, J = 8.4 Hz); Anal.
Calcd for CyoH20CIF3N20:S 0.5H,0: C, 52.92; H, 4.66; N, 6.17. Found: C, 53.19; H, 4.53; N, 6.05.
2.39. 1-[(1-Isocyanopentyl)sulfonyl]-4-methylbenzene (26)

A mixture of p-toluenesulfonylmethyl isocyanide 25 (9.75 g, 50 mmol), tetrabutylammonium iodide
(3.69 g, 10 mmol), 1-butyl iodide (11.3 mL, 100 mmol), CH>Cl, (100 mL) and 30% NaOH solution
(100 mL) was stirred at room temperature for 12 hr. The mixture was diluted with water (200 mL),
and then extracted with CH>Cl,. The extract was washed with brine, dried over MgSQ4, and
concentrated under reduced pressure. The obtained gum-like residue was extracted three times with
diethyl ether (100 mL). The extract was concentrated under reduced pressure to give 26 (10.8 g,
86%) as a colorless oil: 'H NMR (CDCl3) 6 0.91-0.97 (3H, m), 1.32-1.66 (4H, m), 1.80-1.90 (1H, m),
2.10-2.25 (1H, m), 2.49 (3H, s), 4.42-4.47 (1H, m), 7.41-7.51 (2H, m), 7.86-7.88 (2H, m).

2.40. Ethyl 5-butyl-1H-pyrrole-3-carboxylate (27)

A solution of 26 (10.8 g, 43.0 mmol) and ethyl acrylate (4.78 mL, 43.0 mmol) in THF (120 mL) was
added dropwise to a suspension of potassium terz-butoxide (5.79 g, 51.6 mmol) in THF (80 mL)
while stirring at room temperature over 1 h. The mixture was further stirred at room temperature for
30 min, and then diluted with water, and extracted with EtOAc. The extract was washed with brine,
dried over MgSOy4, and concentrated under reduced pressure. The residue was purified by silica gel
column chromatography (hexane/EtOAc = 19/1 - 4/1) to give 27 (6.56g, 78%) as a yellow oil: 'H
NMR (CDCl3) 6 0.89-0.95 (3H, m), 1.24-1.45 (5H, m), 1.55-1.65 (2H, m), 2.55-2.60 (2H, m),
4.23-4.30 (2H, m), 6.33 (1H, s), 7.30 (1H, s), 8.11 (1H, br).

2.41. Ethyl 5-butyl-1-(phenylsulfonyl)-1H-pyrrole-3-carboxylate (28)

To a solution of 27 (978 mg, 5.0 mmol) in THF (50 mL) was added sodium hydride (60% in oil, 240
mg, 6.0 mmol) under Ar atmosphere. After stirring at room temperature for 30 min, benzenesulfonyl
chloride (0.77 mL, 6.0 mmol) was added, and the mixture was stirred at room temperature for 1 h.
The mixture was poured into H,O, and extracted with EtOAc. The extract was washed with brine,
dried over MgSOQy4, and concentrated under reduced pressure. The residue was purified by silica gel
column chromatography (hexane/EtOAc = 19/1 - 4/1), and the obtained solid was washed with
hexane to give 28 (780 mg, 47%) as a white solid: '"H NMR (CDCls) & 0.84-0.89 (3H, m), 1.26-1.37
(5H, m), 1.47-1.55 (2H, m), 2.59-2.64 (2H, m), 4.25-4.32 (2H, m), 6.37 (1H, m), 7.52-7.66 (3H, m),
7.79-7.82 (2H, m), 7.92 (1H, s).

2.42. Methyl 5-cyclopropyl-1-(phenylsulfonyl)-1H-pyrrole-3-carboxylate (29)
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A mixture of 13 (2.11g, 6.13 mmol), cyclopropylboronic acid (683 mg, 7.95 mmol), palladium(II)
acetate (69 mg, 0.31 mmol), tricyclohexylphosphine (174 mg, 0.62 mmol) and tripotassium
phosphate (4.55 g, 21.5 mmol) in toluene (27 mL) and water (1.3 mL) was stirred at 100°C for 4 h
under Ar atmosphere. After cooled to room temperature, the reaction mixture was diluted with
H>0O (50 mL), and the mixture was extracted with EtOAc. The extract was washed with brine, dried
over MgSO4, and concentrated under reduced pressure. The residue was purified by silica gel
column chromatography (hexane/EtOAc = 19:1 - 4/1) to give 29 (406mg, 22%) as a yellow oil: 'H
NMR (CDCls) & 0.30-0.36 (2H, m), 0.71-0.77 (2H, m), 2.00-2.08 (1H, m), 3.79 (3H, s), 6.19 (1H, s),
7.51-7.56 (2H, m), 7.63-7.66 (1H, m), 7.85-7.88 (2H, m), 7.94 (1H, s).

Compounds 30a and 30b were prepared form 28 and 29 respectively using a similar procedure as for
the preparation of compound 17b from 9b.

2.43. 1-|S-Butyl-1-(phenylsulfonyl)-1H-pyrrol-3-yl]-N-methylmethanamine hydrochloride (30a)
Colorless crystals (53%): mp 139-140 °C; 'H NMR (DMSO-ds) 8 0.79-0.85 (3H, m), 1.24-1.48 (4H,
m), 2.48 (3H, s), 2.58-2.63 (2H, m), 3.91 (2H, s), 6.25 (1H, s), 7.54 (1H, s), 7.66-7.88 (5H, m), 8.91
(2H, br); Anal. Calcd for CisH23CIN2O:S: C, 56.04; H, 6.75; N, 8.17. Found: C, 55.97; H, 6.97; N,
8.15.

2.44. 1-[5-Cyclopropyl-1-(phenylsulfonyl)-1H-pyrrol-3-yl]-NV-methylmethanamine
hydrochloride (30b)

Colorless crystals (40%): mp 198-199 °C; 'H-NMR (DMSO-ds) & 0.22-0.27 (2H, m),0.75-0.81 (2H,
m), 1.97-2.05 (1H, m), 2.47 (3H, s), 3.87 (2H, s), 6.09 (1H, s), 7.55 (1H, s), 7.66-7.91 (5H, m), 8.92
(2H, br); Anal. Calcd for C;sH19CIN2O2S 0.5H,0O: C, 53.64; H, 6.00; N, 8.34. Found: C, 53.88; H,
5.71; N, 8.10.

2.45. Ethyl 2-methyl-5-phenyl-1H-pyrrole-3-carboxylate (31)

A solution of ethyl acetoacetate (13.02 g, 100 mmol) in DMF (40 mL) was added dropwise to a
stirred suspension of NaH (60% in oil, 2.88 g) at 0 °C. The mixture was stirred at 0°C for 20 min,
and then a solution of phenacyl bromide 2 (20.0 g, 100 mmol) in DMF (20 mL) was added dropwise
slowly. The reaction mixture was stirred at room temperature for 1.5 h, poured into ice water, and
extracted with EtOAc. The extract was washed with brine, dried over Na;SOa, and concentrated
under reduced pressure to give ethyl 2-acetyl-4-oxo-4-phenylbutanoate (32.4 g, crude) as an oil. A
mixture of thus obtained oil (32.4 g) and AcONH4 (11.6 g) in AcOH (150 mL) was stirred at 80°C
for 20 h. The reaction mixture was concentrated under reduced pressure, and the residue was taken
up EtOAc, washed with H>O, dried over MgSOs, and concentrated under reduced pressure. The
residue was purified by silica gel column chromatography (hexane/EtOAc = 4/1 - 7/2) to give 31
(15.6 g, 68%) as a solid: "H NMR (CDCls) 6 1.36 (3H, t, J = 7.0 Hz), 2.59 (3H, s), 4.30 2H, q, J =
7.0 Hz), 6.84 (1H, d, J/=2.8 Hz), 7.18-7.27 (1H, m), 7.36 (2H, t, J= 7.7 Hz), 7.43-7.51 (2H, m), 8.52
(1H, br).
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2.46. Ethyl 2-chloro-5-phenyl-1-(phenylsulfonyl)-1H-pyrrole-3-carboxylate (32)

To a solution of 4 (1.0 g, 4.0 mmol) in THF (40 mL) was added sodium hydride (60% in oil, 488
mg) at room temperature and the mixture was stirred for 30 min. 15-Crown-5 (2.65 g) was added
dropwise and the mixture was stirred at room temperature for 30 min. To this mixture was added
benzenesulfonyl chloride (1.84 g), and the mixture was further stirred at room temperature for 24 h,
poured into H>O, and extracted with EtOAc. The extract was washed with brine, dried over MgSOs,
and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (hexane/EtOAc=17:3) to give 32 (1.27 g, 81%) as a white solid: "H NMR (CDCl3)
6 1.31 3H, t,J=17.2 Hz), 427 (2H, q, J = 7.2 Hz), 6.55 (1H, s), 7.38-7.50 (7H, m), 7.60-7.71 (3H,
m).

2.47. 2-Methyl-5-phenyl-1-(phenylsulfonyl)-1H-pyrrole-3-carbaldehyde (33a)

Compound 33a was prepared from 31 in a manner similar to that described for compound 9a, 10a
and 11a. A colorless oil (6%): 'H NMR (CDCl;) & 2.88 (3H, s), 6.47 (1H, s), 7.18-7.61 (10H, m),
10.00 (1H, s).

2.48. 2-Chloro-5-phenyl-1-(phenylsulfonyl)-1H-pyrrole-3-carbaldehyde (33b)

Compound 33b was prepared from 32 in a manner similar to that described for compound 10a and
11a. A colorless oil (41%): '"H NMR (CDCls) § 6.52 (1H, s), 7.32-7.52 (7H, m), 7.62-7.69 (3H, m),
9.93 (1H, s).

2.49. N-Methyl-1-[2-methyl-5-phenyl-1-(phenylsulfonyl)-1H-pyrrol-3-yl] methanamine
hydrochloride (34a)

Compound 34a was prepared from 33a in a manner similar to that described for compound 17a.
Colorless crystals (35%): mp 183-184 °C; 'H NMR (DMSO-ds) & 2.44 (3H, s), 2.50 (3H, s), 3.91
(2H, s), 6.40 (1H, s), 7.22-7.28 (2H, m), 7.34-7.49 (SH, m), 7.57 (2H, t, J= 7.8 Hz), 7.72 (1H, t, J =
6.8 Hz), 8.84 (2H, br s); Anal. Calcd for Ci9H20CIN.O,S: C, 60.55; H, 5.62; N, 7.43. Found: C,
60.38; H, 5.59; N, 7.23.

2.50. 1-[2-Chloro-5-phenyl-1-(phenylsulfonyl)-1H-pyrrol-3-yl]-N-methylmethanamine
hydrochloride (34b)

Compound 34b was prepared from 33b in a manner similar to that described for compound 17b.
Colorless crystals (61%): mp 180-182 °C; 'H NMR (DMSO-de) 6 2.43 (3H, s), 3.89 (2H, s), 6.61
(1H, s), 7.36-7.46 (SH, m), 7.62-7.69 (4H, m), 7.75-7.82 (1H, m), 8.97 (2H, br); Anal. Calcd for
CisHisCbN20sS: C, 54.41; H, 4.57; N, 7.05. Found: C, 54.30; H, 4.57; N, 7.01.

2.51. Methyl 5-bromo-4-methyl-1H-pyrrole-3-carboxylate (36)

To a solution of methyl 4-methyl-1H-pyrrole-3-carboxylate 35 (5.0 g, 35.9 mmol) in THF (60 mL)
was added NBS (6.39 g, 35.9 mmol) at -78 °C. After being stirred 15 min at -78 °C, pyridine (5
drops) was added, and the mixture was stood at 5 °C for 18 h in a refrigerator. The mixture was

concentrated under reduced pressure, diluted with H,O, and extracted with EtOAc. The extract was
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washed with brine, dried over Na,SO4, and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (hexane/EtOAc = 9/1 - 2/1) to give 36 (4.05 g, 52%)
as a pale yellow solid: '"H NMR (CDCls) & 2.23 (3H, s), 3.80 (3H, s), 7.35-7.40 (1H, m), 8.45 (1H,
br).

2.52. Methyl 5-bromo-4-methyl-1-(phenylsulfonyl)-1H-pyrrole-3-carboxylate (37)

Compound 37 was prepared from 36 in a manner similar to that described for compound 13. A
brown solid (69%): 'H NMR (CDCls) & 2.11 (3H, s), 3.79 (3H, s), 7.45-7.70 (3H, m), 7.85-7.95 (2H,
m), 8.06 (1H, s).

2.53. Methyl 4-methyl-5-phenyl-1-(phenylsulfonyl)-1H-pyrrole-3-carboxylate (38)

Compound 38 was prepared from 37 in a manner similar to that described for compound 15a. A
pale-yellow oil (87%): 'H NMR (CDCl;) & 1.98 (3H, s), 3.85 (3H, s), 6.98 (2H, d, J = 8.4 Hz),
7.20-7.60 (8H, m), 8.08 (1H, s).

2.54. N-Methyl-1-[4-methyl-5-phenyl-1-(phenylsulfonyl)-1H-pyrrol-3-yljmethanamine
hydrochloride (39)

Compound 39 was prepared from 38 in a manner similar to that described for compound 10a, 11a
and 17a. Colorless crystals (20%): mp 186-187°C; 'H NMR (DMSO-ds) & 1.78 (3H, s), 2.58 (3H, s),
3.99 (2H, s), 6.95-7.10 (2H, m), 7.20 (1H, m), 7.30-7.65 (6H, m), 7.70-7.90 (2H, m), 8.91 (2H, br);
Anal. Calcd for Ci9H,CIN2O,S 0.5H,0: C, 59.13; H, 5.95; N, 7.26. Found: C, 59.50; H, 5.52; N,
7.32.

2.55. Measurement of HY, K*-ATPase activity

According to the method of Wallmark et al.,’® a gastric mucosal microsomal fraction was prepared
from the stomach of porcine. First, the stomach was removed, washed with tap water, immersed in 3
mol/L NaCl solution, and the surface of the mucosa was wiped with a paper towel. The gastric
mucosa was detached, chopped, and homogenized in a homogenizing buffer consisting of 0.25
mol/L saccharose, 1 mmol/L EDTA and 10 mmol/L Tris HCI pH 6.5 using polytron (Kinematica).
The obtained homogenate was centrifuged at 20,000 x g for 30 min and the supernatant was
centrifuged at 100,000 x g for 90 min. The precipitate was suspended in a homogenizing buffer and
layered over 7.5% (w/w) Ficoll in a homogenizing buffer, and centrifuged at 100,000 x g for 5 h.
The microsomal fraction appearing at the interface between the both layers was collected and
centrifuged at 100,000 x g for 90 min. The pellet was collected and suspended in a homogenizing
buffer to give a concentration of 0.5 mg of protein per mL. The resulting suspension was stored at
-80 °C until use and used as the gastric microsomes. The obtained microsomal fraction was used as
H*, K*-ATPase standard product. Protein was determined with a protein assay kit (Bio-Rad,
Hercules, CA, USA) using bovine serum albumin as a standard.

The activity of H", K™-ATPase from the porcine stomach was measured as follows: the enzyme

mixture contained, in volume of 40 pL, 50 mmol/L HEPES-Tris pH 6.5 containing 5 mmol/L MgCl,,
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10 pmol/L of valinomycin in 0.1% DMSO solution and 0.1 pg of the gastric microsomes as an
enzyme source in the presence or absence of 10 mmol/L KCI. The SuL of various concentration of
the test compound in 10% DMSO solution, was added to the enzyme mixture and incubated at 37 °C
for 30 min. The enzyme reaction was started by adding 5 pL of a 2 mmol/L ATP solution. The
reaction was stopped with 15 pL malachine green reagents (0.12% malachite green: 7.5%
hexaammonium heptamolybdate: 11% Tween 20=100:25:2). After allowing to stand at room
temperature for 15 min, the resulting reaction product of inorganic phosphorus with malachite green
was colorimetrically determined at a wavelength of 620 nm. The ATPase activity was determined by
the inorganic phosphate released from ATP hydrolysis according to the method of Fiske and
Subbarow.’” The activity of H*, K'-ATPase was calculated from the difference between ATPase
activities with or without K*. The inhibitory effects of the test compounds were expressed as
percentage inhibition with respect to the K*-stimulated H*, K*-ATPase activity in the control. The
values of ICso were calculated using sigmoidal dose response equation in GraphPad Prism
(GraphPad Software Inc., San. Diego, CA, USA).

2.56. Inhibition test of histamine-stimulated acid secretion in anesthetized rats

Seven-week-old male Jcl:Sprague-Dawley (SD) rats were used. The animals were fasted for 24 h but
had free access to water before the experiment. The pylorus was ligated after anesthetization with
urethane (1.2 g/kg, ip) and the abdomen was closed. Drugs and the vehicle were given intravenously
just after the pylorus ligation. Three min later, histamine 2HCI (30 mg/kg/10 mL) was injected
subcutaneously. Three h after histamine administration, the rats were sacrificed by CO- asphyxiation
and the stomachs were removed. The gastric contents were collected and centrifuged at 3000 rpm for
10 min. The volume of each sample was measured and the acid concentration was determined by
automatic titration to pH 7.0 with 0.1 mol/L NaOH (COM-555SC; Hiranuma Sangyo Co., Ltd.,
Japan), and the total acid output during the 3 h period (LEq/3 h) was calculated.

2.57. Washout reversibility test on the inhibition of H*, K*-ATPase

Gastric microsomes were incubated with 0.1 uM compound (final concentration of DMSO was 1%)
at 37°C for 30 min in assay buffer consisting of 50 mmol/L HEPES-Tris buffer pH 6.5, 5 mmol/L
MgCl,, 10 mmol/L KCl, and then aliquots of the reaction mixture were taken to determine H*, K*
ATPase activity. From the remaining reaction mixture, the compound was washed out by
ultrafiltration through 30 kDa cut-off membranes. Residues were resuspended in the same volume of
the assay buffer without the compound. The reaction was initiated by the addition of 2 mmol/L ATP
and the reaction mixture was incubated at 37°C for 20 min. The reaction was stopped with malachite
green reagents (0.12% malachite green: 7.5% hexaammonium heptamolybdate: 11% tween 20 =
100:25:2). The ATPase activity was determined by the inorganic phosphate released from ATP
hydrolysis according to the method of Fiske and Subbarow.’’” The K*-stimulated H*, K*-ATPase

activity obtained with 1% DMSO solution was calculated as 100 % control. Data were expressed as
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percentage of the ATPase activity in vehicle with or without washout.

2.58. Measurement of Na*, K*-ATPase inhibitory activity

The activity of Na*, K"-ATPase from porcine cerebral cortex (Sigma) was measured as described for
H*, K*-ATPase except the components of the enzyme mixture that contained in volume of 40 puL, 4
ug of Na*, K™-ATPase, 50 mmol/L Tris-HEPES (pH 7.5), 2 mmol/L. MgCl, with or without 100
mmol/L NaCl and 10 mmol/L KCI.

2.59. Inhibition test of histamine-stimulated acid secretion in Heidenhain pouch dogs

Drugs and the vehicle were given orally (0.2 mL/kg) to the dogs in a blind manner. Histamine 2HCI
(30 ng/kg) was injected subcutaneously 1 day before and 1, 3, 6 and 24 h after drugs and the vehicle
administration. The gastric juice from the pouch was collected continuously for three consecutive 30
min periods after each dosing with histamine 2HCI. The volume of gastric juice was measured and
the acid concentration was determined by automatic titration to pH 7.0 with 0.1 mol/L NaOH
solution (COM-555SC; Hiranuma Sangyo Co., Ltd, Japan). The total acid output during the 90 min
period (LEQ/90 min) from each time was calculated and expressed as a percentage of the pre-dosing

value measured 1 day before the administration.
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Experiments concerning Chapter 3

3.1. N-Methyl-1-[1-(phenylsulfonyl)-5-(pyrimidin-5-yl)-1H-pyrrol-3-yljmethanamine
hydrochloride (40a)

A mixture of fert-butyl {[5-bromo-1-(phenylsulfonyl)-1H-pyrrol-3-yllmethyl}methylcarbamate 14
(170 mg, 0.40 mmol), pyrimidin-5-ylboronic acid (123 mg, 0.99 mmol), Na,CO3 (147 mg, 1.39
mmol) and tetrakis(triphenylphosphine)palladium (46 mg, 0.040 mmol) in DME (10 mL) and H>O
(5 mL) was stirred at 90 °C for 3 h under Ar atmosphere. After cooling to room temperature, the
mixture was poured into H,O, and extracted with EtOAc. The extract was washed with brine, dried
over anhydrous MgSQj4, and concentrated under reduced pressure. The residue was purified by silica
gel column chromatography (n-hexane/EtOAc = 4/1-1/3), and the resulting oil was dissolved in
MeOH (20 mL), and then 4 mol/L HCI/EtOAc (2 mL) was added. The mixture was stirred at 70 °C
for 30 min, and concentrated under reduced pressure. The residue was suspended in EtOAc and
collected by filtration to obtain 40a (42.0 mg, 29%) as a white solid: mp 179 °C; 'H-NMR
(DMSO-ds) 6 2.50 (3H, m), 4.00 (2H, t, J = 5.8 Hz), 6.71 (1H, d, J = 1.8 Hz), 7.44-7.47 (2H, m),
7.55-7.60 (2H, m), 7.73-7.78 (1H, m), 7.89 (1H, d, J = 1.8 Hz), 8.62 (2H, s), 9.18 (2H, br), 9.23
(1H, s); HRMS (ESI) calcd for C16H1sN4O2S (M+H)" m/z 329.1067, found m/z 329.1026.

3.2. N-Methyl-1-[1-(phenylsulfonyl)-5-(pyridin-3-yl)-1H-pyrrol-3-yljmethanamine
dihydrochloride (40b)

Compound 40b was prepared from 14 in a manner similar to that described for compound 40a. A
white solid (49%): mp 187 °C; 'H-NMR (DMSO-ds) & 2.47 (3H, t, J= 5.5 Hz), 3.98 (2H, t,J= 5.5
Hz), 6.72 (1H, d, J = 1.8 Hz), 7.45-7.58 (4H, m), 7.70-7.76 (2H, m), 7.88 (1H, d, J = 1.3 Hz),
7.95-7.98 (1H, m), 8.53 (1H, d, J = 1.8 Hz), 8.76 (1H, dd, J=1.3, 5.3 Hz), 9.34 (2H, br), 1H not
detected; HRMS (ESI) calcd for C17H17N302S (M+H)" m/z 328.1114, found m/z 328.1085.

3.3. 5-Bromo-1-(phenylsulfonyl)-1H-pyrrole-3-carbaldehyde (43)

To a solution of 5-bromo-1H-pyrrole-3-carbaldehyde 42 (3.50 g, 20.1 mmol) in THF (70 mL) was
carefully added sodium hydride (60% in oil, 1.21 g, 30.3 mmol) under Ar atmosphere, and the
mixture was stirred at room temperature for 10 min. After benzenesulfonyl chloride (4.27 g, 24.2
mmol) was added, the mixture was further stirred for 1 h, poured into H>O, and then extracted with
EtOAc. The extract was washed with brine, dried over MgSOs, and concentrated under reduced
pressure. The residue was purified by silica gel column chromatography (n-hexane/EtOAc =
4/1-7/3), and crystallized from diisopropyl ether to produce 43 (5.40 g, 85%) as a white solid:
"H-NMR (CDCl3) & 6.73 (1H, d, J= 2.0 Hz), 7.58-7.63 (2H, m), 7.70-7.75 (1H, m), 7.98-8.01 (2H,
m), 8.10 (1H, d, J = 2.0 Hz), 9.77 (1H, s).

3.4. 5-(2-Fluoropyridin-3-yl)-1-(phenylsulfonyl)-1H-pyrrole-3-carbaldehyde (44)

A degassed mixture of 5-Bromo-1-(phenylsulfonyl)-1H-pyrrole-3-carbaldehyde 43 (3.15 g, 10.0
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mmol), (2-fluoropyridin-3-yl)boronic acid (2.83 g, 20.1 mmol), NaHCOs3 (2.53 g, 30.1 mmol) and
tetrakis(triphenylphosphine)palladium (870 mg, 0.75 mmol) in DME (80 mL) and H>O (20 mL) was
stirred at 80 °C for 5 h under N; atmosphere. After cooling to room temperature, a solution of
NaHCOs was added, and the mixture was extracted with EtOAc. The extract was washed with brine,
dried over anhydrous MgSQs, and concentrated under reduced pressure. The residue was purified by
silica gel column chromatography (n-hexane/EtOAc = 4/1-2/3) to produce compound 44 (2.25 g,
68%) as a colorless oil: 'TH-NMR (CDCls) 8 6.71 (1H, d, J = 1.7 Hz), 7.24-7.28 (1H, m), 7.42-7.48
(4H, m), 7.62-7.68 (1H, m), 7.70-7.76 (1H, m), 8.14 (1H, d, J = 1.9 Hz), 8.28-8.31 (1H, m), 9.90
(1H, s).

3.5. 1-[5-(2-Fluoropyridin-3-yl)-1-(phenylsulfonyl)-1H-pyrrol-3-yl]-/V-methylmethanamine
fumarate (40c)

To a stirred mixture of 5-(2-Fluoropyridin-3-yl)-1-(phenylsulfonyl)-1H-pyrrole-3-carbaldehyde 44
(160 mg, 0.48 mmol) and 40% methanol solution of methylamine (188 mg, 2.42 mmol) in MeOH
(16 mL) was added sodium borohydride (55 mg, 1.45 mmol) at room temperature under N>
atmosphere, and the mixture was stirred at room temperature for 30 min, quenched with a solution of
NaHCOs3, and then extracted with EtOAc. The extract was washed with brine, dried over anhydrous
MgSO4, and concentrated under reduced pressure. The residue was purified by basic silica gel
column chromatography (EtOAc/MeOH = 99/1), and then crystalized from a solution of fumaric
acid (57 mg, 0.4911 mmol) in EtOH (5 mL). The obtained crystals were collected by filtration and
rinsed with EtOH to produce 40c (92 mg, 41%) as colorless crystals: mp 191-192 °C; 'H-NMR
(DMSO-ds) 6 2.39 (3H, s), 3.79 (2H, s), 6.48 (2H, s), 6.51 (1H, d, J = 1.5 Hz), 7.38-7.42 (1H, m),
7.46-7.49 (2H, m), 7.54-7.60 (2H, m), 7.67-7.77 (3H, m), 8.30-8.33 (1H, m), 3H not detected;
Anal. Calcd for C21H20FN3O6S: C, 54.66; H, 4.37; N, 9.11. Found: C, 54.57; H, 4.31; N, 9.02.

3.6. tert-Butyl {[5-(2-chloropyridin-3-yl)-1-(phenylsulfonyl)-1H-pyrrol-3-yljmethyl}
methylcarbamate (41d)

To a solution of diisopropylamine (8.3 g, 82.0 mmol) in THF (70 mL) was added dropwise a 1.6
mol/L hexane solution of n-BuLi (50 mL, 80 mmol) at —78 °C, and the mixture was stirred at the
same temperature for 15 min. To this mixture was slowly added a solution of 2-chloropyridine (6.6 g,
58.1 mmol) in THF (10 mL), and then the resulting mixture was stirred at the same temperature for 2
h. To the obtained reaction mixture was added dropwise a solution of triisopropoxyborane (15.1 g,
80.3 mmol) in THF (10 mL) at the same temperature, and the mixture was stirred for 30 min, added
MeOH (10mL), and then concentrated under reduced pressure. A suspension of the obtained residue,
compound 14 (7.94 g, 18.5 mmol), tetrakis(triphenylphosphine)palladium (3.21 g, 2.78 mmol) and
Na,COs (19.7 g, 186 mmol) in DME (80 mL) and H,O (40 mL) was stirred at 105 °C for 4 h under
Ar atmosphere. After cooling to room temperature, the reaction mixture was diluted with H>O, and

extracted with EtOAc. The extract was washed with a solution of NaHCO3, H,O and brine, dried
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over anhydrous Na,SOs, and concentrated under reduced pressure. The residue was purified by silica
gel column chromatography (n-hexane/EtOAc = 4/1-2/1) to obtain compound 41d (1.88 g, 22%) as
a pale yellow oil: '"H-NMR (CDCls) & 1.47 (9H, s), 2.83 (3H, s), 4.26 (2H, brs), 6.26 (1H, d, J= 1.8
Hz), 7.26-7.31 (1H, m), 7.37 (1H, d, J = 1.8 Hz), 7.40-7.42 (4H, m), 7.55-7.60 (1H, m), 7.68-7.71
(1H, m), 8.40-8.43 (1H, m).

3.7. tert-Butyl {[5-(2-cyanopyridin-3-yl)-1-(phenylsulfonyl)-1H-pyrrol-3-yljmethyl}
methylcarbamate (41e)

A degassed mixture of 41d (378 mg, 0.81825 mmol), zinc cyanide (196 mg, 1.64 mmol) and
tetrakis(triphenylphosphine)palladium (189 mg, 0.16 mmol) in DMF (10 mL) was stirred for 2 h at
120 °C under Ar atmosphere. After cooling to room temperature, the mixture was partitioned
between EtOAc and H>O, and filtered through celite pad, washed through EtOAc. The organic layer
of the filtrate was washed with H>O and brine, dried over anhydrous Na»SOs, filtered and
concentrated under reduced pressure. The residue was purified by silica gel column chromatography
(n-hexane/EtOAc = 4/1-2/1) to obtain compound 41e (250 mg, 67%) as a colorless oil: 'H-NMR
(CDCl3) & 1.47 (9H, s), 2.82 (3H, brs), 4.27 (2H, brs), 6.44 (1H, brs), 7.33-7.45 (5H, m), 7.52-7.63
(2H, m), 7.94-7.96 (1H, m), 8.67-8.69 (1H, m).

3.8. 1-[5-(2-Chloropyridin-3-yl)-1-(phenylsulfonyl)-1 H-pyrrol-3-yl]- V-methylmethanamine
hydrochloride (40d)

To a solution of compound 41d (259 mg, 0.56 mmol) in EtOH (2 mL) was added 4 mol/L
HCI/EtOAc (2 mL), and the mixture was stirred at room temperature for 2 h, concentrated under
reduced pressure, and then recrystallized from EtOH to produce compound 40d (124 mg, 56%) as
colorless crystals: mp 215-216 °C; '"H-NMR (DMSO-ds) & 2.51 (3H, s), 4.00 (2H, s), 6.57-6.61 (1H,
m), 7.46-7.52 (3H, m), 7.57-7.62 (3H, m), 7.74-7.83 (2H, m), 8.49-8.51 (1H, m), 9.04-9.23 (2H,
m); Anal. Calcd for Ci7Hi7 CI:N3O.S: C, 51.26; H, 4.30; N, 10.55. Found: C, 51.28; H, 4.23; N,
10.56.

3.9. 3-{4-[(Methylamino)methyl]-1-(phenylsulfonyl)-1H-pyrrol-2-yl} pyridine-2-carbonitrile
hydrochloride (40e)

To a solution of compound 41e (250 mg, 0.55 mmol) in EtOAc (5mL) and MeOH (3 mL) was added
4 mol/L HCI/EtOAc (3 mL), and the mixture was stirred at room temperature for 4h, concentrated
under reduced pressure, and then recrystallized from EtOH to produce compound 40e (127 mg,
59%) as colorless crystals: mp 240-250 °C (decomposition); 'H-NMR (DMSO-ds) & 2.49 (3H, s),
4.03 (2H, s), 6.80 (1H, d, J = 1.8 Hz), 7.45-7.48 (2H, m), 7.56-7.61 (2H, m), 7.75-7.94 (4H, m),
8.81-8.83 (1H, m), 9.21 (2H, brs); Anal. Calcd for CigHi7 CIN4O,S: C, 55.59; H, 4.41; N, 14.41.
Found: C, 55.46; H, 4.31; N, 14.32.

3.10. Ethyl 2-cyano-4-(2-methylphenyl)-4-oxobutanoate (46b)

To a stirred solution of 2-methylacetophenone 45b (13.42 g, 100 mmol) in Et;O (100 mL) was added
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dropwise bromine (16.0 g, 100 mmol), and the mixture was stirred at room temperature for 30 min,
poured into ice H>O, extracted with Et,O. The extract was washed with brine, dried over anhydrous
MgSO4, filtered and concentrated under reduced pressure to obtain a crude oil of
2-bromo-1-(2-methylphenyl)ethanone. K>CO3; powder (27.6 g, 200 mmol) was added to ethyl
cyanoacetate (79.2 g 700 mmol), and the mixture was stirred at 43—45 °C for 45 min. To this stirred
suspension was added a solution of crude 2-bromo-1-(2-methylphenyl)ethanone in acetone (150 mL)
over a period of 30 min, and then the mixture was stirred at room temperature for 16 h, filtered and
concentrated under reduced pressure. The residue was taken up with EtOAc, washed with brine,
dried over anhydrous MgSOQs, filtered and concentrated in vacuo. The resulting residue was purified
by silica gel column chromatography (n-hexane/EtOAc = 10/1-8/1) to yield compound 46b (46.4 g,
about 100%) as a pale yellow oil: 'H-NMR (CDCl3) & 1.35 (3H, t, /= 7.9 Hz), 2.53 (3H, s), 3.50 (1H,
dd, /=52, 18.7 Hz), 3.71 (1H, dd, J = 7.1, 17.9 Hz), 4.11-4.20 (1H, m), 4.31 (2H, q, J = 7.9 Hz),
7.25-7.34 (2H, m), 7.41-7.49 (1H, m), 7.72 (1H, d, J= 7.7 Hz).

3.11. Ethyl 2-cyano-4-0x0-4-[2-(trifluoromethyl)phenyl|butanoate (46¢)

Compound 46¢ was prepared from compound 45c¢ using a similar procedure as for the preparation of
compound 46b. An oil (66%): 'H-NMR (CDCl3) & 1.36 (3H, t, J = 7.2 Hz), 3.34-3.46 (1H, m),
3.59-3.70 (1H, m), 4.08-4.22 (1H, m), 4.32 (2H, q, J=7.2 Hz), 7.57-7.80 (4H, m).

3.12. Ethyl 2-cyano-4-(2-fluorophenyl)-4-oxobutanoate (46d)

A mixture of compound 45d (28.6 g, 207 mmol) and CuBr; (92.6 g, 415 mmol) in EtOAc (400 mL)
was refluxed for 4h, and filtered after cooling. The filtrate was concentrated in vacuo to obtain a
crude oil of 2-bromo-1-(2-fluorophenyl)ethanone. K»CO3 powder (88.0 g, 635 mmol) was added to
ethyl cyanoacetate (168 g 1.48 mol), and the mixture was stirred at 40—45 °C for 45 min. To this
stirred suspension was added a solution of crude 2-bromo-1-(2-fluorophenyl)ethanone in acetone
(360 mL) over a period of 1 h at 40—-45 °C, and then the mixture was stirred at 40—45 °C for 1 h,
cooled to room temperature, filtered and concentrated under reduced pressure. The residue was taken
up with EtOAc (300 mL), washed with brine, dried over anhydrous Na>SQOs, filtered and
concentrated in vacuo. The resulting residue was purified by silica gel column chromatography
(n-hexane/EtOAc = 50/1-4/1) to yield compound 46d (64.0 g, about 100%) as a pale brown oil:
'"H-NMR (CDCl3) 6 1.35 (3H, t, J = 7.2 Hz), 3.55-3.80 (2H, m), 4.11 (1H, t, J = 6.0 Hz), 4.24-4.34
(2H, m), 7.15-7.29 (2H, m), 7.55-7.62 (1H, m), 7.94 (1H, dt, /= 1.8 Hz, 7.5 Hz).

3.13. Ethyl 2-cyano-4-(3-fluorophenyl)-4-oxobutanoate (46e)

Compound 46e was prepared from compound 45e using a similar procedure as for the preparation of
compound 46d. A brown oil (about 100%): 'H-NMR (CDCls) 6 1.35 (3H, t, J = 7.2 Hz), 3.52 (1H,
dd, J=5.4 Hz, 18.0 Hz), 3.76 (1H, dd, /= 6.9 Hz, 18.0 Hz), 4.08—4.17 (1H, m), 4.30 2H, q, /= 7.2
Hz), 7.30-7.35 (1H, m), 7.45-7.52 (1H, m), 7.63-7.66 (1H, m), 7.73-7.76 (1H, m).

3.14. Ethyl 2-cyano-4-(4-fluorophenyl)-4-oxobutanoate (46f)
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Compounds 46f was prepared from compounds 45f using a similar procedure as for the preparation
of compound 46b. A solid (86%): 'H-NMR (CDClz) & 1.35 (3H, t, J = 7.2 Hz), 3.44-3.58 (1H, m),
3.67-3.81 (1H, m), 4.11-4.20 (1H, m), 4.31 (2H, q, J= 7.2 Hz), 7.13-7.27 (2H, m), 7.97-8.05 (2H,
m).

3.15. Ethyl 2-chloro-5-(pyridin-2-yl)-1H-pyrrole-3-carboxylate hydrochloride (47a)
2-Bromo-1-(pyridin-2-yl)ethanone hydrobromide 45a (20.0 g, 71.1 mmol) and K>COs (14.8 g, 107
mmol) were suspended in acetone (100 mL), and the suspension was stirred at room temperature for
1.5 hr. To a solution of ethyl cyanoacetate (60.4 g, 534 mmol) in acetone (100 mL) was added
K>COj3; powder (29.6 g, 214 mmol), and the mixture was stirred at 45 °C for 1 hr. To this mixture was
added dropwise the suspension obtained earlier by small portions at 45 °C, and the resulting mixture
was stirred at 45 °C for 3 h, filtered after cooled to room temperature, and then concentrated under
reduced pressure. The residue was taken up with EtOAc, washed with H,O and brine, dried over
anhydrous MgSO, and concentrated under reduced pressure. To the obtained oil was added 4 mol/L
HCI/EtOAc (250 mL) and the mixture was stirred at 60 °C for 3 h, and concentrated under reduced
pressure. A solution of NaHCO3 was added to the residue and the mixture was extracted with EtOAc,
washed with brine, dried over anhydrous MgSOs4, and concentrated under reduced pressure. The
residue was purified by silica gel column chromatography (n-hexane/EtOAc = 4/1), then added
dropwise 4 mol/L HCI/EtOAc (20 mL) after dissolved in EtOAc (20 mL), concentrated under
reduced pressure, and crystalized from EtOAc to yield compound 47a (3.08 g, 15%) as a white solid:
'H-NMR (DMSO-ds) 6 1.30 (3H, t, J = 7.0 Hz), 425 (2H, q, J = 7.0 Hz), 7.48-7.54 (2H, m),
8.13-8.19 (2H, m), 8.61-8.63 (1H, m), 13.47 (1H, br), 1H not detected.

3.16. Ethyl 2-chloro-5-(2-methylphenyl)-1H-pyrrole-3-carboxylate (47b)

HCI gas was bubbled through a stirred and ice-cooled solution of 46b (46.4 g, 189 mmol) in THF
(200 mL) until the solution was saturated. The mixture was stirred at room temperature for 1 h,
treated with N» gas to substitute HCI gas and then concentrated in vacuo. The residue was taken up
with AcOEt, washed with brine, dried over anhydrous MgSQOs, filtered and concentrated under
reduced pressure. The obtained residue was purified by silica gel column chromatography
(n-hexane/EtOAc = 4/1) and crystalized from diisopropylether/n-hexane to produce compound 47b
(2.72 g, 10%) as a pale yellow solid: mp 133 °C; 'H-NMR (CDCl) & 1.37 (3H, t, J = 7.2 Hz), 2.44
(3H, s), 4.33 (2H, q, J = 7.2 Hz), 6.67 (1H, d, J = 3.2 Hz), 7.21-7.31 (4H, m), 8.43 (1H, brs); Anal.
Calcd for Ci14H14 CINO2: C, 63.76; H, 5.35; N, 5.31. Found: C, 63.76; H, 5.36; N, 5.27.

3.17. Ethyl 2-chloro-5-[2-(trifluoromethyl)phenyl]-1H-pyrrole-3-carboxylate (47¢)

A mixture of 46¢ (10.17 g, 34.0 mmol) and 4 mol/L HCI/EtOAc (100 mL) was stirred at room
temperature for 24 h, and then concentrated in vacuo. The residue was purified by silica gel column
chromatography (n-hexane/EtOAc = 4/1) to yield compound 47¢ (6.37 g, 59%) as a solid: "H-NMR
(CDCI3) 6 1.37 3H, t,J="7.2 Hz), 4.32 (2H, q, J= 7.2 Hz), 6.77 (1H, d, ] = 3.3 Hz), 7.41-7.76 (4H,
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m), 8.58 (1H, br).

3.18. Ethyl 2-chloro-5-(2-fluorophenyl)-1H-pyrrole-3-carboxylate (47d)

Compound 47d was prepared from compound 46d using a similar procedure as for the preparation
of compound 47¢. A pale brown solid (53%): mp 133 °C; 'H-NMR (CDCl3) 8 1.38 (3H, t,J = 7.2
Hz), 433 (2H, q, /= 7.2 Hz), 6.99 (1H, d, J = 3.3 Hz), 7.08—-7.25 (3H, m), 7.55-7.60 (1H, m), 9.08
(1H, brs); Anal. Calcd for Ci3H11 CIFNO:: C, 58.33; H, 4.14; N, 5.23. Found: C, 58.54; H, 4.19; N,
5.24.

3.19. Ethyl 2-chloro-5-(3-fluorophenyl)-1H-pyrrole-3-carboxylate (47¢)

Compound 47e was prepared from compound 46e using a similar procedure as for the preparation of
compound 47¢. A pale brown solid (32%): mp 160 °C; 'H-NMR (CDCl3) & 1.38 (3H, t, J= 7.2 Hz),
4.33(2H, q,J="7.2 Hz), 6.88 (1H, d, /= 3.0 Hz), 6.89-7.38 (4H, m), 8.65 (1H, brs); Anal. Calcd for
Ci3Hi1 CIFNOs: C, 58.33; H, 4.14; N, 5.23. Found: C, 58.58; H, 4.25; N, 5.26.

3.20. Ethyl 2-chloro-5-(4-fluorophenyl)-1H-pyrrole-3-carboxylate (47f)

Compound 47f was prepared from compound 46f using a similar procedure as for the preparation of
compound 47b. A solid (47%): mp 170 °C; '"H-NMR (CDCls) & 1.37 (3H, t, J= 7.2 Hz), 4.33 (2H, q,
J="17.2Hz), 6.79 (1H, d, J = 3.2 Hz), 7.00-7.12 (2H, m), 7.39-7.48 (2H, m), 8.84 (1H, brs); Anal.
Calcd for Ci3Hi; CIFNO:z: C, 58.33; H, 4.14; N, 5.23. Found: C, 58.37; H, 4.17; N, 5.17.

3.21. Ethyl 5-(pyridin-2-yl)-1H-pyrrole-3-carboxylate (48a)

To a solution of compound 47a (2.73 g, 9.5 mmol) in EtOH (200 mL) was added 10% palladium
carbon (50% wet, 2.73 g) under N, atmosphere, and then the mixture was stirred at 50 °C for 2 h
under hydrogen atmosphere. The reaction mixture was filtrated, concentrated under reduced pressure,
and then extracted with EtOAc after added a solution of NaHCOs;. The extract was washed with
brine, dried over anhydrous MgSO4 and concentrated under reduced pressure to obtain 48a as a
white solid (1.73 g, 84%): 'H-NMR (CDCl3) & 1.28 (3H, t, J = 7.2 Hz), 4.20 (2H, q, J = 7.2 Hz),
7.13-7.15 (1H, m), 7.19-7.23 (1H, m), 7.43-7.44 (1H, m), 7.75-7.83 (2H, m), 8.51-8.54 (1H, m),
12.11 (1H, brs).

3.22. Ethyl 5-(2-methylphenyl)-1H-pyrrole-3-carboxylate (48b)

A solution of compound 47b (2.07 g, 7.85 mmol) in EtOH (40 mL) was hydrogenated in the
presence of 10% palladium carbon (50% wet, 0.3 g) under atmospheric pressure for 16 h. Catalyst
was removed by filtration, rinsed with EtOAc, and the filtrate was concentrated in vacuo. The
residue was purified by silica gel column chromatography (n-hexane/EtOAc = 7/2) to produce
compound 48b (1.73 g, 96%) as a white solid: mp 130 °C; '"H-NMR (CDCls) 6 1.36 (3H,t,J=7.2
Hz), 2.44 (3H, s), 4.31 (2H, q, J= 7.2 Hz), 6.72 (1H, s), 7.21-7.39 (4H, m), 7.49 (1H, d, J = 1.9 Hz),
8.56 (1H, br) ; Anal. Calcd for Ci14H15NO2: C, 73.34; H, 6.59; N, 6.11. Found: C, 72.99; H, 6.57; N,
6.02.

3.23. Ethyl 5-[2-(trifluoromethyl)phenyl]-1H-pyrrole-3-carboxylate (48c)
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Compound 48¢ was prepared from compound 47¢ using a similar procedure as for the preparation of
compound 48b. A white solid (51%): mp 180°C; 'H-NMR (CDCls) 6 1.36 (3H, t, J = 7.2 Hz), 4.31
(2H, q, J=17.2 Hz), 6.81 (1H, s), 7.42-7.61 (5H, m), 8.69 (1H, br); Anal. Calcd for C14H12F3NO,: C,
59.37; H, 4.27; N, 4.95. Found: C, 59.08; H, 4.27; N, 4.90.

3.24. Ethyl 5-(2-fluorophenyl)-1H-pyrrole-3-carboxylate (48d)

Compound 48d was prepared from compound 47d using a similar procedure as for the preparation
of compound 48b. A pale brown solid (18%): mp 98 °C; 'H-NMR (CDCl3) & 1.67 (3H, t, J= 7.2 Hz),
4.31 (2H, q, J=7.2 Hz), 7.03-7.05 (1H, m), 7.08-7.25 (3H, m), 7.49-7.50 (1H, m), 7.58-7.66 (1H,
m), 9.22 (1H, brs); Anal. Calcd for Ci;3H12FNO,: C, 66.94; H, 5.19; N, 6.01. Found: C, 66.58; H,
5.09; N, 5.93.

3.25. Ethyl 5-(3-fluorophenyl)-1H-pyrrole-3-carboxylate (48¢)

Compound 48e was prepared from compound 47e using a similar procedure as for the preparation of
compound 48b. A white solid (83%): mp 139-140 °C; 'H-NMR (CDCls) & 1.37 (3H, t, J = 7.2 Hz),
4.32 (2H, q, J = 7.2 Hz), 6.92-7.00 (2H, m), 7.15-7.50 (4H, m), 8.71 (1H, brs); Anal. Calcd for
Ci13H12FNO:3: C, 66.94; H, 5.19; N, 6.01. Found: C, 66.85; H, 5.19; N, 5.90.

3.26. Ethyl 5-(4-fluorophenyl)-1H-pyrrole-3-carboxylate (48f)

Compound 48f was prepared from compound 47f using a similar procedure as for the preparation of
compound 48b. A white solid (91%): mp 168 °C; 'H-NMR (CDCls) 8 1.36 (3H, t, J = 7.1 Hz), 431
(2H, q, J= 7.1 Hz), 6.83-6.86 (1H, m), 7.09 (2H, t, J = 8.7 Hz), 7.41-7.49 (3H, m), 8.70 (1H, brs);
Anal. Calcd for Ci3H12FNO»: C, 66.94; H, 5.19; N, 6.01. Found: C, 66.76; H, 5.17; N, 5.96.

3.27. [5-(Pyridin-2-yl)-1H-pyrrol-3-yllmethanol (49)

To a solution of compound 48a (1.62 g, 7.49 mmol) in THF (30 mL) was added dropwise a 1.5
mol/L solution of diisobutylaluminum hydride in toluene (15 mL, 22.5 mmol) at =50 °C, and the
mixture was further stirred at 0 °C for 1 h. HO (3 mL) was added to the reaction mixture and the
mixture was stirred at room temperature for 1 h, then filtered by using Celite and anhydrous MgSO4
and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (n-hexane/EtOAc = 4/1-1/3) to obtain compound 49 (1.15 g, 88%) as a white solid:
'H-NMR (CDCls) & 4.61 (2H, s), 6.73-6.74 (1H, m), 6.88—6.89 (1H, m), 7.02-7.07 (1H, m),
7.50-7.54 (1H, m), 7.61-7.66 (1H, m), 8.43-8.45 (1H, m), 9.71 (1H, brs).

3.28. 5-(Pyridin-2-yl)-1H-pyrrole-3-carbaldehyde (50)

To a solution of 49 (0.96 g, 5.5 mmol) in MeCN (50 mL) were added tetra-n-propylammonium
perruthenate (194 mg, 0.55 mmol), N-methylmorpholine N-oxide (2.98 g, 22.0 mmol) and molecular
sieves 4 A powder (5 g), and the mixture was stirred at room temperature for 3 h. The reaction
mixture was diluted with EtOAc (100 mL), filtered through Celite, and the filtrate was concentrated
under reduced pressure. The residue was purified by silica gel column chromatography

(n-hexane/EtOAc = 4/1-1/1) to obtain 50 (270 mg, 29%) as a white solid: 'H-NMR (CDCl3) &
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7.14-7.18 (2H, m), 7.52 (1H, br), 7.61-7.64 (1H, m), 7.69-7.74 (1H, m), 8.49-8.51 (1H, m), 9.85
(1H, s), 10.28 (1H, br).

3.29. Ethyl 5-(2-methylphenyl)-1-[(4-methylphenyl)sulfonyl]-1H-pyrrole-3-carboxylate (51b)

To a solution of 48b (1.52 g, 6.6 mmol) in DMF (10 mL) was added sodium hydride (60% in oil,
310 mg, 7.8 mmol) at 0 °C, the mixture was stirred at the same temperature for 10 min.
4-Methylbenzenesulfonyl chloride (1.45 g, 7.6 mmol) was added at 0 °C and the reaction mixture
was stirred at room temperature for 1.5 h, poured into iced H,O and extracted with Et,O. The extract
was washed with brine, dried over anhydrous MgSQOs, filtered and concentrated in vacuo. The
residue was purified by silica gel column chromatography (n-hexane/EtOAc = 3/1) to yield 51b
(2.35 g, 92%) as a colorless oil: 'H-NMR (CDCls) & 1.36 (3H, t, J = 7.2 Hz), 1.83 (3H, s), 2.40 (3H,
s),4.31 (2H, q,J= 7.2 Hz), 6.46 (1H, s), 6.88 (1H, d, J= 6.6 Hz), 7.05-7.35 (7H, m), 8.10 (1H, s).
3.30. Ethyl 1-[(4-methylphenyl)sulfonyl]-5-[2-(trifluoromethyl)phenyl]-1H-pyrrole-3-
carboxylate (51¢)

Compound S1c¢ was prepared from compound 48c using a similar procedure as for the preparation of
compound 51b. A white solid (86%): 'H-NMR (CDCls) 6 1.36 (3H, t, J = 7.2 Hz), 2.39 (3H, s), 4.31
(2H, q, J = 7.2 Hz), 6.59 (1H, d, J = 1.7 Hz), 7.16 (2H, d, J = 8.5 Hz), 7.26 (2H, d, J = 8.5 Hz),
7.32-7.37 (1H, m), 7.51-7.64 (3H, m), 8.09 (1H, d, /= 1.9 Hz).

3.31. Ethyl 5-(2-fluorophenyl)-1-[(4-methylphenyl)sulfonyl]-1H-pyrrole-3-carboxylate (51d)
Compound 51d was prepared from compound 48d using a similar procedure as for the preparation
of compound 51b. A pale brown solid (95%): mp 64 °C; 'H-NMR (CDCls) & 1.35 (3H, t, J = 7.2 Hz),
2.39 (3H, s), 4.30 (2H, q, J = 7.2 Hz), 6.59 (1H, d, J = 1.8 Hz), 7.00 (1H, t, J = 8.7 Hz), 7.07-7.43
(7H, m), 8.07 (1H, d, J= 1.8 Hz).

3.32. Ethyl 5-(3-fluorophenyl)-1-[(4-methylphenyl)sulfonyl]-1H-pyrrole-3-carboxylate (S51e)
Compound S1e was prepared from compound 48e using a similar procedure as for the preparation of
compound 51b. A colorless oil (94%): 'H-NMR (CDCls) & 1.36 (3H, t, J = 7.2 Hz), 2.38 (3H, s),
4.30 (2H, q,J=7.2 Hz), 6.53 (1H, d, /= 1.8 Hz), 6.81-6.85 (1H, m), 6.99-7.14 (4H, m), 7.23-7.30
(3H, m), 8.06 (1H, d, J= 1.8 Hz).

3.33. Ethyl 5-(4-fluorophenyl)-1-[(4-methylphenyl)sulfonyl]-1H-pyrrole-3-carboxylate (51f)
Compound 51f was prepared from compound 48f using a similar procedure as for the preparation of
compound 51b. A white solid (93%): mp 108 °C; 'H-NMR (CDCls) § 1.36 (3H, t, /= 7.1 Hz), 2.38
(3H, s), 4.31 (2H, q, J= 7.1 Hz), 6.51 (1H, d, /= 1.8 Hz), 6.99 (2H, t, J = 8.7 Hz), 7.08-7.27 (6H,
m), 8.06 (1H, d, J = 1.8 Hz); Anal. Calcd for Coo0H1sFNO4S: C, 62.00; H, 4.68; N, 3.62. Found: C,
62.05; H, 4.62; N, 3.59.

3.34. {5-(2-Methylphenyl)-1-[(4-methylphenyl)sulfonyl]-1H-pyrrol-3-yl}methanol (52b)

To a solution of 51b (2.70 g, 7.0 mmol) in THF (30 mL) was added dropwise a 1.5 mol/L solution of
diisobutylaluminum hydride in toluene (11.7 mL, 17.6 mmol) at —78 °C. The mixture was further
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stirred at —78 °C for 1 h, quenched with 1 mol/L HCI (18 mL), then filtered on Celite pad and rinsed
with EtOAc. The combined filtrate was washed with brine, dried over anhydrous MgSOs, filtered,
and concentrated under reduced pressure. The residue was purified by silica gel column
chromatography (n-hexane/EtOAc = 3/1-2/1) to yield 52b (2.13 g, 89%) as a viscous oil: 'H-NMR
(CDCl3) 6 1.91 (3H, s), 2.38 (3H, s), 4.58 (2H, s), 6.11 (1H, s), 6.90 (1H, t, J = 6.2 Hz), 7.05-7.17
(4H, m), 7.23-7.32 (4H, m), 7.43 (1H, s).

3.35. {1-[(4-Methylphenyl)sulfonyl]-5-|2-(trifluoromethyl)phenyl]-1H-pyrrol-3-yl} methanol
(52¢)

Compound 52¢ was prepared from compound S1c using a similar procedure as for the preparation of
compound 52b. A viscous oil (about 100%): 'H-NMR (CDCl3) 8 2.38 (3H, s), 4.58 (2H, s), 6.24 (1H,
s), 7.15 (2H, d, J = 8.1 Hz), 7.29 (2H, d, J = 8.1 Hz), 7.32-7.37 (1H, m), 7.43-7.46 (1H, m),
7.50-7.56 (2H, m), 7.59-7.66 (1H, m), 1H not detected.

3.36. {5-(2-Fluorophenyl)-1-[(4-methylphenyl)sulfonyl]-1H-pyrrol-3-yl} methanol (52d)
Compound 52d was prepared from compound 51d using a similar procedure as for the preparation
of compound 52b. A pale brown solid (94%): mp 112 °C; 'H-NMR (CDCls) & 2.38 (3H, s), 4.56 (2H,
d, J=5.7Hz), 6.25 (1H, d, J = 2.1 Hz), 6.98-7.18 (6H, m), 7.28—7.42 (4H, m).

3.37. {5-(3-Fluorophenyl)-1-[(4-methylphenyl)sulfonyl]-1H-pyrrol-3-yl} methanol (52e)
Compound 52e was prepared from compound S1e using a similar procedure as for the preparation of
compound 52b. A colorless oil (82%): 'H-NMR (CDCl3) & 2.37 (3H, s), 4.55 (2H, d, J = 5.1 Hz),
6.21 (1H, d, J= 1.8 Hz), 6.86—6.90 (1H, m), 7.03-7.13 (SH, m), 7.23-7.30 (3H, m), 7.40-7.41 (1H,
m).

3.38. {5-(4-Fluorophenyl)-1-[(4-methylphenyl)sulfonyl]-1H-pyrrol-3-yl}methanol (52f)
Compound 52f was prepared from compound 51f using a similar procedure as for the preparation of
compound 52b. A solid (99%): mp 100-101 °C; 'H-NMR (CDCls) & 2.37 (3H, s), 4.56 (2H, s), 6.18
(1H, d, J= 2.1 Hz), 6.99 (2H, t, J = 8.7 Hz), 7.08-7.27 (6H, m), 7.41 (1H, d, J= 0.9 Hz), 1H not
detected; Anal. Calcd for CigsHisFNOsS: C, 62.59; H, 4.67; N, 4.06. Found: C, 62.59; H, 4.62; N,
3.97.

3.39. 1-(Phenylsulfonyl)-5-(pyridin-2-yl)-1 H-pyrrole-3-carbaldehyde (53a)

To a solution of 50 (80 mg, 0.46 mmol) in THF (16 mL) was added sodium hydride (60% in oil, 56
mg, 1.40 mmol) at room temperature under N, atmosphere, the mixture was stirred at room
temperature for 30 min. 15-Crown-5 (307 mg, 1.39 mmol) was added dropwise and the mixture was
stirred at room temperature for 15 min. To this mixture was added benzenesulfonyl chloride (165 mg,
0.934 mmol), and the resulting mixture was stirred at room temperature for 1 h, poured into a
solution of NaCl, and extracted with EtOAc. The extract was washed with brine, dried over
anhydrous MgSOs, and concentrated under reduced pressure. The residue was purified by silica gel

column chromatography (hexane/EtOAc = 4/1-1/1), and crystalized from iPr,O to produce 53a (85
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mg, 59%) as a white solid: 'H-NMR (CDCl;) & 6.86 (1H, d, J = 1.8 Hz), 7.25-7.29 (1H, m),
7.50-7.55 (3H, m), 7.61-7.67 (1H, m), 7.70-7.76 (1H, m), 7.83-7.87 (2H, m), 8.17 (1H, d, J = 1.8
Hz), 8.43-8.46 (1H, m), 9.90 (1H, s).

3.40. 5-(2-Methylphenyl)-1-[(4-methylphenyl)sulfonyl]-1H-pyrrole-3-carbaldehyde (53b)

To a solution of 52b (2.12 g, 6.21 mmol) in MeCN (12 mL) were added tetra-n-propylammonium
perruthenate (0.16 g, 0.46 mmol), N-methylmorpholine N-oxide (1.00 g, 8.54 mmol) and molecular
sieves 4 A powder (1.85 g), and the mixture was stirred at room temperature for 1 h, diluted with
EtOAc and filtered through Celite pad. The filtrate was concentrated under reduced pressure, and the
residue was purified by silica gel column chromatography (r-hexane/EtOAc = 4/1-3/1) to obtain
53b (1.58 g, 75%) as a solid: mp 103-104 °C; 'H-NMR (CDCl;) & 1.80 (3H, s), 2.41 (3H, s), 6.50
(1H, s), 6.90 (1H, d, J = 6.2 Hz), 7.07-7.35 (7H, m), 8.12 (1H, s), 9.89 (1H, s); Anal. Calcd for
Ci19H17NOsS: C, 67.24; H, 5.05; N, 4.13. Found: C, 67.41; H, 5.12; N, 3.97.

3.41. 1-[(4-Methylphenyl)sulfonyl]-5-[2-(trifluoromethyl)phenyl]-1H-pyrrole-3-carbaldehyde
(53¢)

Compound 53¢ was prepared from compound 52¢ using a similar procedure as for the preparation of
compound 53b. A white solid (72%): 'H-NMR (CDCls) & 2.40 (3H, s), 6.63 (1H, d, /= 1.7 Hz), 7.16
(2H, d,J=8.3 Hz), 7.25 (2H, d, /= 8.3 Hz), 7.36-7.42 (1H, m), 7.53-7.64 (3H, m), 8.12 (1H, d, /=
1.9 Hz), 9.88 (1H, s).

3.42. 5-(2-Fluorophenyl)-1-[(4-methylphenyl)sulfonyl]-1H-pyrrole-3-carbaldehyde (53d)
Compound 53d was prepared from compound 52d using a similar procedure as for the preparation
of compound 53b. A white solid (73%): mp 147-148 °C; 'H-NMR (CDCls) 6 2.40 (3H, s), 6.62 (1H,
d, /= 1.8 Hz), 7.00 (1H, t, J = 9.0 Hz), 7.11-7.45 (7TH, m), 8.10 (1H, d, J = 2.1 Hz), 9.86 (1H, s);
Anal. Calcd for CisH14FNOsS: C, 62.96; H, 4.11; N, 4.08. Found: C, 62.91; H, 4.09; N, 3.99.

3.43. 5-(3-Fluorophenyl)-1-[(4-methylphenyl)sulfonyl]-1H-pyrrole-3-carbaldehyde (53e¢)
Compound 53e was prepared from compound 52e using a similar procedure as for the preparation of
compound 53b. A brown oil (82%): 'H-NMR (CDCls) & 2.39 (3H, s), 6.57 (IH, d, J = 1.8 Hz),
6.79—-6.85 (1H, m), 6.98-7.34 (7H, m), 8.11 (1H, d, /= 1.8 Hz), 9.88 (1H, s).

3.44. 5-(4-Fluorophenyl)-1-[(4-methylphenyl)sulfonyl]-1H-pyrrole-3-carbaldehyde (53f)
Compound 53f was prepared from compound 52f using a similar procedure as for the preparation of
compound 53b. A solid (78%): mp 121-122 °C; 'H-NMR (CDCls) & 2.39 (3H, s), 6.54 (1H, d, J =
2.1 Hz), 7.00 (2H, t, J = 8.4 Hz), 7.09-7.27 (6H, m), 8.10 (1H, d, J = 1.8 Hz), 9.87 (1H, s); Anal.
Calcd for C1sH14FNOsS: C, 62.96; H, 4.11; N, 4.08. Found: C, 62.75; H, 4.18; N, 4.00.

3.45. N-Methyl-1-[1-(phenylsulfonyl)-5-(pyridin-2-yl)-1H-pyrrol-3-yljmethanamine oxalate
(54a)

To a solution of 53a (78 mg, 0.25 mmol) in MeOH (10 mL) was added 40% methylamine methanol

solution (100 mg, 1.28 mmol) at room temperature. After stirred for 10 min, sodium borohydride (29
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mg, 0.77 mmol) was added at room temperature, and the reaction mixture was stirred for 1 h and
then quenched with 1 mol/L HCI (20 mL). After stirred for 10 min, the mixture was basified with a
solution of NaHCO3 and extracted with EtOAc. The extract was washed with brine, dried over
anhydrous MgSQs4, and concentrated under reduced pressure. The residue was purified by basic
silica gel column chromatography (EtOAc/MeOH = 1/0-7/3) and dissolved in EtOAc (10 mL).
Oxalic acid (50 mg) was added, and the mixture was stirred for 15 min. The resulting crystals were
collected by filtration to obtain 54a (47 mg, 45%) as colorless crystals: mp 146—148 °C; 'H-NMR
(DMSO-ds) 6 2.55 (3H, s), 4.02 (2H, s), 6.70 (1H, d, J= 1.8 Hz), 7.33-7.38 (1H, m), 7.51-7.54 (1H,
m), 7.63-7.68 (2H, m), 7.74-7.91 (SH, m), 8.44-8.46 (1H, m), 3H not detected; HRMS (ESI) calcd
for C17H17N302S (M+H)" m/z 328.1114, found m/z 328.1085.

3.46. N-Methyl-1-{5-(2-methylphenyl)-1-[(4-methylphenyl)sulfonyl]-1H-pyrrol-3-yl}
methanamine hydrochloride (54b)

To a solution of 53b (0.46 g, 1.36 mmol) was added methylamine hydrochloride (1.11 g, 13.6 mmol)
and sodium cyano borohydride (0.26 g, 4.14 mmol), and the mixture was stirred at room temperature
for 20 h and then concentrated under reduced pressure. A solution of NaHCO;3; was added, and then
the mixture was extracted with EtOAc. The extract was washed with brine, dried over anhydrous
MgSO,, filtered and concentrated in vacuo. The residue was purified by silica gel column
chromatography (EtOAc/MeOH = 1/0-5/1) and dissolved in EtOAc (5 mL). 4 mol/L HCI/EtOAc (2
mL) was added, and the mixture was concentrated in vacuo. The residue was crystalized from
n-hexane/EtOAc to produce 54b (0.37 g, 70%) as colorless crystals: mp 192-193 °C; 'H-NMR
(DMSO-ds) 6 1.79 (3H, s), 2.38 (3H, s), 3.32 (3H, s), 4.00 (2H, s), 6.34 (1H, d, J= 1.8 Hz), 6.84 (1H,
d, J=6.2 Hz), 7.11-7.21 (2H, m), 7.25-7.36 (6H, m), 7.72 (1H, s), 9.02 (1H, br); Anal. Calcd for
C20H23CIN2O3S: C, 61.45; H, 5.93; N, 7.17. Found: C, 61.23; H, 5.96; N, 7.22.

3.47. N-Methyl-1-{1-[(4-methylphenyl)sulfonyl]-5-[2-(trifluoromethyl)phenyl]-1H-pyrrol-3-yl}
methanamine hydrochloride (54c¢)

Compound 54¢ was prepared from compound 53¢ using a similar procedure as for the preparation of
compound 54b. White crystals (35%): mp 195-196 °C; 'H-NMR (DMSO-ds) & 2.39 (3H, s), 2.50
(3H, s), 3.32 (2H, s), 6.43 (1H, s), 7.12 (1H, d, J = 6.8 Hz), 7.37 (4H, s), 7.63-7.79 (4H, m), 8.92
(2H, br); Anal. Calcd for C20H20CIF3N20,S: C, 53.99; H, 4.53; N, 6.30. Found: C, 53.91; H, 4.55; N,
6.24.

3.48. 1-{5-(2-fluorophenyl)-1-[(4-methylphenyl)sulfonyl]-1 H-pyrrol-3-yl}-/V-
methylmethanamine hydrochloride (54d)

Compound 54d was prepared from compound 53d using a similar procedure as for the preparation
of compound 54b. White crystals (76%): mp 172 °C; 'TH-NMR (DMSO-ds) & 2.37 (3H, s), 3.32 (3H,
s), 3.97 (2H, s), 6.48 (1H, d, J= 1.8 Hz), 7.02—7.08 (1H, m), 7.18-7.34 (6H, m), 7.47-7.55 (1H, m),
7.74 (1H, d, J = 1.8 Hz), 9.01 (2H, brs); Anal. Calcd for C19H20CIFN-O,S: C, 57.79; H, 5.10; N, 7.09.
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Found: C, 57.57; H, 5.21; N, 6.79.

3.49. 1-{5-(3-Fluorophenyl)-1-[(4-methylphenyl)sulfonyl]-1H-pyrrol-3-yl}-/V-
methylmethanamine hydrochloride (54e)

Compound 54e was prepared from compound 53e using a similar procedure as for the preparation of
compound 54b. White crystals (69%): mp 164—165 °C; 'H-NMR (DMSO-ds) & 2.36 (3H, s), 3.32
(3H, s), 3.98 (2H, s), 6.48 (1H, d, J = 1.8 Hz), 6.94-7.00 (2H, m), 7.25-7.45 (6H, m), 7.73 (1H, d, J
= 1.8 Hz), 8.94 (2H, brs); Anal. Calcd for Ci9H20CIFN2O,S: C, 57.79; H, 5.10; N, 7.09. Found: C,
57.82; H, 5.20; N, 6.87.

3.50. 1-{5-(4-Fluorophenyl)-1-[(4-methylphenyl)sulfonyl]-1H-pyrrol-3-yl}-/V-
methylmethanamine hydrochloride (54f)

Compound 54f was prepared from compound 53f using a similar procedure as for the preparation of
compound 54b. White crystals (71%): mp 224 °C; 'H-NMR (DMSO-ds) & 2.36 (3H, s), 2.51 (3H, s),
397 (2H, s), 6.43 (1H, d, J = 1.8 Hz), 7.16-7.36 (8H, m), 7.71 (1H, s), 9.05 (1H, brs), 1H not
detected; Anal. Calcd for C19H»CIFN,O,S: C, 57.79; H, 5.10; N, 7.09. Found: C, 57.57; H, 5.09; N,
6.97.

3.51. tert-Butyl ({5-bromo-1-[(3-fluorophenyl)sulfonyl]-1H-pyrrol-3-yl} methyl)
methylcarbamate (56a)

Sodium hydride (60% in oil, 440 mg, 11.0 mmol) was washed twice with n-hexane, and suspended
in THF (20 mL). To this suspension was added dropwise a solution of fert-butyl
[(5-bromo-1H-pyrrol-3-yl)methylJmethylcarbamate 55 in THF (10 mL) at 0 °C, and the mixture was
stirred at the same temperature for 30 min. 15-Crown-5 (2,45 g, 11.1 mmol) was added, and then a
solution of 3-fluorobenzenesulfonyl chloride (1.96 g, 10.1 mmol) in THF (5 mL) were added
dropwise at the same temperature, and the resulting mixture was stirred at room temperature for 1 h,
then diluted with H,O and extracted with EtOAc. The extract was washed with a solution of
NaHCOs3, H2O and brine, dried over anhydrous MgSOs, filtered and concentrated under reduced
pressure. The residue was purified by silica gel column chromatography (n-hexane/EtOAc = 5/1) to
produce 56a (3.62 g, 91%) as a brown oil: 'TH-NMR (CDCls) & 1.47 (9H, s), 2.80 (3H, brs), 4.18 (2H,
brs), 6.27 (1H, brs), 7.33-7.38 (2H, m), 7.48-7.64 (2H, m), 7.71-7.74 (1H, m).

3.52. tert-Butyl ({5-bromo-1-[(3-methoxyphenyl)sulfonyl]-1H-pyrrol-3-yl}methyl)
methylcarbamate (56b)

Compound 56b was prepared from compound 55 using a similar procedure as for the preparation of
compound 56a. A brown oil (96%): 'H-NMR (CDCls) § 1.47 (9H, s), 2.79 (3H, brs), 3.85 (3H, s),
4.17 (2H, brs), 6.24 (1H, brs), 7.13-7.17 (1H, m), 7.33 (1H, brs), 7.40-7.50 (3H, m).

3.53. tert-Butyl {[S-bromo-1-(pyridin-3-ylsulfonyl)-1H-pyrrol-3-yljmethyl}methylcarbamate
(56h)

Compound 56h was prepared from compound 55 using a similar procedure as for the preparation of
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compound 56a. Colorless crystals (68%): 'H-NMR (CDCls) & 1.47 (9H, s), 2.80 (3H, brs), 4.18 (2H,
brs), 6.28 (1H, brs), 7.35 (1H, brs), 7.48-7.52 (1H, m), 8.18-8.22 (1H, m), 8.85-8.88 (1H, m),
9.12-9.13 (1H, m).

3.54. tert-Butyl ({1-[(3-fluorophenyl)sulfonyl]-5-(2-fluoropyridin-3-yl)-1H-pyrrol-3-yl} methyl)
methylcarbamate (57a)

A suspension of compound 56a (455 mg, 1.02 mmol), (2-fluoropyridin-3-yl)boronic acid (173 mg,
1.23 mmol), tetrakis(triphenylphosphine)palladium (178 mg, 0.154 mmol) and Na,CO; (258 mg,
2.43 mmol) in DME (10 mL) and water (5 mL) was stirred at 105 °C for 3 h. After cooling to room
temperature, the reaction mixture was diluted with H,O, and extracted with EtOAc. The extract was
washed with a solution of NaHCO3, H>O and brine, dried over anhydrous Na>SO4, and concentrated
under reduced pressure. The residue was purified by silica gel column chromatography
(n-hexane/EtOAc = 3/1) to obtain 57a (214 mg, 45%) as a pale yellow oil: 'H-NMR (CDCl;) 8 1.46
(9H, s), 2.83 (3H, s), 4.24 (2H, brs), 6.28 (1H, s), 7.10-7.14 (1H, m), 7.19-7.33 (4H, m), 7.37-7.44
(1H, m), 7.71-7.77 (1H, m), 8.25-8.27 (1H, m).

3.55. tert-Butyl ({5-(2-fluoropyridin-3-yl)-1-[(3-methoxyphenyl)sulfonyl]-1H-pyrrol-3-yl}
methyl)methylcarbamate (57b)

Compound 57b was prepared from compound 56b using a similar procedure as for the preparation
of compound 57a. A pale-yellow oil (64%): '"H-NMR (CDCls) & 1.46 (9H, s), 2.81 (3H, s), 3.74 (3H,
s), 423 (2H, br), 6.26 (1H, brs), 6.85-6.87 (1H, m), 6.99-7.09 (2H, m), 7.20-7.40 (3H, m),
7.70-7.79 (1H, m), 8.22-8.23 (1H, m).

3.56. tert-Butyl {[5-(2-fluoropyridin-3-yl)-1-(pyridin-3-ylsulfonyl)-1H-pyrrol-3-yljmethyl}
methylcarbamate (57h)

Compound 57h was prepared from compound 56h using a similar procedure as for the preparation
of compound 57a. A pale-yellow oil (69%): 'H-NMR (CDCls) & 1.46 (9H, s), 2.82 (3H, s), 4.23 (2H,
brs), 6.29 (1H, brs), 7.23-7.27 (1H, m), 7.34-7.39 (2H, m), 7.66-7.73 (2H, m), 8.25-8.27 (1H, m),
8.66 (1H, d, J= 2.4 Hz), 8.78-8.80 (1H, m).

3.57. tert-Butyl {[5-(2-fluoropyridin-3-yl)-1H-pyrrol-3-yljmethyl}methylcarbamate (58)

To a solution of compound 57h (4.78 g, 10.7 mmol) in THF (20 mL) and MeOH (10 mL) was added
8 mol/L NaOH (4 mL) under ice cooling, and the mixture stirred at room temperature for 4h. After
evaporated to about half volume of the solvent under reduced pressure, H O was added to the
residue and the mixture was extracted with EtOAc. The extract was washed with brine, dried over
anhydrous Na;SOs, and concentrated under reduced pressure. The residue was purified by silica gel
column chromatography (n-hexane/EtOAc = 19/1-0/1) to obtain 58 (2.84 g, 87%) as a pale-yellow
oil: "TH-NMR (CDCls) & 1.50 (9H, s), 2.84 (3H, brs), 4.30 (2H, brs), 6.63 (1H, brs), 6.84 (1H, brs),
7.17-7.22 (1H, m), 7.93-8.01 (2H, m), 8.95 (1H, brs).

3.58. tert-Butyl ({1-[(3-cyanophenyl)sulfonyl]-5-(2-fluoropyridin-3-yl)-1H-pyrrol-3-yl}methyl)

83



methylcarbamate (57¢)

Compound 57¢ was prepared from 58 using a similar procedure as for the preparation of compound
56a from 55. A colorless oil (95%): 'H-NMR (CDCl;) & 1.47 (9H, s), 2.84 (3H, s), 4.25 (2H, brs),
6.30 (1H, brs), 7.25-7.33 (2H, m), 7.54-7.63 (2H, m), 7.66-7.77 (2H, m), 7.83-7.86 (1H, m),
8.27-8.29 (1H, m).

3.59. tert-Butyl {[5-(2-fluoropyridin-3-yl)-1-(thiophen-3-ylsulfonyl)-1H-pyrrol-3-yljmethyl}
methylcarbamate (57d)

Compound 57d was prepared from 58 using a similar procedure as for the preparation of compound
56a from 55. A pale-yellow oil (94%): 'H-NMR (CDCls) 8 1.47 (9H, s), 2.83 (3H, s), 4.24 (2H, brs),
6.28 (1H, brs), 6.97-6.99 (1H, m), 7.20-7.26 (1H, m), 7.32-7.35 (2H, m), 7.58-7.60 (1H, m),
7.72-7.77 (1H, m), 8,22—-8.24 (1H, m).

3.60. tert-Butyl {[5-(2-fluoropyridin-3-yl)-1-(furan-3-ylsulfonyl)-1H-pyrrol-3-yljmethyl}
methylcarbamate (57f)

Compound 57f was prepared from 58 using a similar procedure as for the preparation of compound
56a from 55. A pale yellow oil (73%): 'H-NMR (CDCls) 8 1.47 (9H, s), 2.84 (3H, s), 4.25 (2H, brs),
6.31 (1H, s), 6.35 (1H, d, J = 1.1 Hz), 7.21-7.26 (1H, m), 7.28(1H, d, J= 1.9 Hz), 7.41 (1H, t, J =
1.7 Hz), 7.59 (1H, dd, J= 1.5 Hz, 0.8 Hz), 7.78 (1H, t, /= 9.1 Hz), 8.25 (1H, d, /= 4.9 Hz).

3.61. tert-Butyl {[5-(2-fluoropyridin-3-yl)-1-(pyridin-2-ylsulfonyl)-1H-pyrrol-3-yljmethyl}
methylcarbamate (20i)

Compound 57i was prepared from 58 using a similar procedure as for the preparation of compound
56a from 55. A colorless oil (65%): 'H-NMR (CDCl3) & 1.46 (9H, s), 2.82 (3H, s), 4.24 (2H, brs),
6.28 (1H, s), 7.18-7.30 (1H, m), 7.39-7.43 (1H, m), 7.46-7.54 (1H, m), 7.63 (1H, d, J = 7.9 Hz),
7.76-7.88 (2H, m), 8.19-8.26 (1H, m), 8.60-8.65 (1H, m).

3.62. tert-Butyl ({5-(2-fluoropyridin-3-yl)-1-[(6-methoxypyridin-3-yl)sulfonyl]-1H-pyrrol-3-yl}
methyl)methylcarbamate (57j)

Compound 57j was prepared from 58 using a similar procedure as for the preparation of compound
56a from 55. A colorless oil (80%): 'H-NMR (CDCls) & 1.46 (9H, s), 2.82 (3H, brs), 3.97 (3H, s),
4.23 (2H, brs), 6.27 (1H, s), 6.68-6.71 (1H, m), 7.23-7.33 (2H, m), 7.49-7.52 (1H, m), 7.74-7.79
(1H, m), 8.20-8.22 (1H, m), 8.24-8.26 (1H, m).

3.63. 5-(2-Fluoropyridin-3-yl)-1H-pyrrole-3-carbaldehyde (59)

Compound 59 was prepared from 44 using a similar procedure as for the preparation of compound
58 from 57h. A pale brown solid (79%): 'H-NMR (DMSO-ds) 6 6.99 (1H, d, J= 1.5 Hz), 7.43-7.48
(1H, m), 7.88 (1H, s), 8.12-8.15 (1H, m), 8.27-8.34 (1H, m), 9.77 (1H, s), 12.28 (1H, brs).

3.64. 5-(2-Fluoropyridin-3-yl)-1-(thiophen-2-ylsulfonyl)-1 H-pyrrole-3-carbaldehyde (60e)
Compound 60e was prepared from 59 using a similar procedure as for the preparation of compound

53a from 50. A white solid (48%): 'H-NMR (CDCls) § 6.74 (1H, d, J = 1.9 Hz), 7.04 (1H, dd, J =
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4.9 Hz, 3.8 Hz), 7.27-7.31 (2H, m), 7.72 (1H, dd, J= 4.9 Hz, 1.5 Hz), 7.77-7.83 (1H, m), 8.09 (1H,
d,J=1.5 Hz), 8.30-8.33 (1H, m), 9.89 (1H, s).

3.65. 5-(2-Fluoropyridin-3-yl)-1-(furan-2-ylsulfonyl)-1H-pyrrole-3-carbaldehyde (60g)
Compound 60g was prepared from 59 using a similar procedure as for the preparation of compound
53a from 50. A white solid (83%): 'H-NMR (CDCls) 8 6.51 (1H, dd, J = 3.7 Hz, 1.8 Hz), 6.76 (1H,
d, /=19 Hz), 6.84 (1H, dd, J = 3.7 Hz, 0.7 Hz), 7.26-7.30 (1H, m), 7.60 (1H, dd, /= 1.7 Hz, 1.0
Hz), 7.76-7.82 (1H, m), 8.10 (1H, d, /= 1.7 Hz), 8.30-8.33 (1H, m), 9.90 (1H, s).

3.66. 1-{1-[(3-Fluorophenyl)sulfonyl]-5-(2-fluoropyridin-3-yl)-1H-pyrrol-3-yl}-/V-
methylmethanamine hydrochloride (61a)

Compound 61a was prepared from 57a using a similar procedure as for the preparation of compound
40d from 41d. Colorless crystals (54%): mp 211-212 °C; 'H-NMR (DMSO-ds) & 2.51 (3H, s), 3.99
(2H, s), 6.67 (1H, d, J = 1.8 Hz), 7.33-7.36 (2H, m), 7.41-7.46 (1H, m), 7.65-7.76 (3H, m), 7.87
(1H, d, /= 1.8 Hz), 8.34-8.36 (1H, m), 9.18 (2H, brs); Anal. Calcd for Ci7HsCIF2N30,S: C, 51.07;
H, 4.03; N, 10.51. Found: C, 51.01; H, 4.04; N, 10.46.

3.67. 1-{5-(2-Fluoropyridin-3-yl)-1-[(3-methoxyphenyl)sulfonyl]-1H-pyrrol-3-yl}-/V-
methylmethanamine fumarate (61b)

To a solution of compound 57b (303 mg, 0.637 mmol) in EtOAc (1 mL) and MeOH (1 mL) was
added dropwise 4 mol/L HCI/EtOAc (3 mL), and the mixture was stirred at room temperature for 2 h.
The reaction was quenched by a solution of NaHCO3, and the resulting mixture was extracted with
EtOAc. The extract was washed with brine, dried over anhydrous Na>SOj4, and concentrated under
reduced pressure. The residue was purified by basic silica gel column chromatography
(n-hexane/EtOAc = 1/1-1/9), and then dissolved in EtOAc (2 mL). A solution of fumaric acid (46
mg) in MeOH (2 mL) was added to the solution, and then the mixture was concentrated under
reduced pressure. The residue was recrystallized from EtOH/H,O (9/1) to produce 61b (138 mg,
44%) as colorless crystals: mp 177 °C; 'TH-NMR (DMSO-ds) & 2.40 (3H, s), 3.75 (3H, s), 3.82 (2H,
s), 6.47 (2H, s), 6.53 (1H, d, J= 1.5 Hz), 6.86—6.88 (1H, m), 7.05-7.08 (1H, m), 7.27-7.31 (1H, m),
7.38-7.51 (2H, m), 7.69-7.75 (2H, m), 8.31-8.32 (1H, m), 3H not detected; Anal. Calcd for
C»H2FN305S: C, 53.76; H, 4.51; N, 8.55. Found: C, 53.61; H, 4.53; N, 8.58.

3.68. 3-({2-(2-Fluoropyridin-3-yl)-4-[(methylamino)methyl]-1 H-pyrrol-1-yl}sulfonyl)
benzonitrile fumarate (61c)

Compound 61c was prepared from 57¢ using a similar procedure as for the preparation of compound
61b from 57b. Colorless crystals (44%): mp 149 °C; 'H-NMR (DMSO-ds) 8 2.40 (3H, s), 3.82 (2H,
s), 6.47 (2H, s), 6.57 (1H, d, J = 1.8 Hz), 7.39-7.44 (1H, m), 7.71-7.81 (4H, m), 7.95-7.96 (1H, m),
8.21-8.24 (1H, m), 8.32-8.34 (1H, m), 3H not detected; Anal. Calcd for C22H19FN4O¢S: C, 54.32; H,
3.94; N, 11.52. Found: C, 54.25; H, 4.01; N, 11.52.

3.69. 1-[5-(2-Fluoropyridin-3-yl)-1-(thiophen-3-ylsulfonyl)-1 H-pyrrol-3-yl]-N-
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methylmethanamine fumarate (61d)

Compound 61d was prepared from 57d using a similar procedure as for the preparation of
compound 61b from 57b. Colorless crystals (63%): mp 173—175 °C; 'H-NMR (DMSO-ds) & 2.41
(3H, s), 3.81 (2H, s), 6.48 (2H, s), 6.53 (1H, d, J = 1.8 Hz), 7.08-7.10 (1H, m), 7.38-7.42 (1H, m),
7.64-7.79 (3H, m), 8.08-8.10 (1H, m), 8.30-8.32 (1H, m), 3H not detected; Anal. Calcd for
Ci9H18FN306S2: C, 48.81; H, 3.88; N, 8.99. Found: C, 48.87; H, 3.90; N, 8.95.

3.70. 1-[5-(2-Fluoropyridin-3-yl)-1-(thiophen-2-ylsulfonyl)-1H-pyrrol-3-yl]-N-
methylmethanamine fumarate (61e)

Compound 61e was prepared from 60e using a similar procedure as for the preparation of compound
40c¢ from 44. Colorless crystals (75%): mp 204 °C; 'H-NMR (DMSO-ds) 6 2.40 (3H, s), 3.80 (2H, s),
6.48 (2H, s), 6.55 (1H, d, J = 1.5 Hz), 7.18 (1H, dd, J = 4.9 Hz, 4.2 Hz), 7.40-7.45 (1H, m), 7.47
(1H, dd, J=4.0 Hz, 1.3 Hz), 7.62 (1H, d, /= 1.5 Hz), 7.75-7.82 (1H, m), 8.11 (1H, dd, J= 5.1 Hz,
1.3 Hz), 8.31-8.33 (1H, m), 3H not detected; Anal. Calcd for C19HsFN3O6S,: C, 48.81; H, 3.88; N,
8.99. Found: C, 48.88; H, 4.09; N, 9.06.

3.71. 1-[5-(2-Fluoropyridin-3-yl)-1-(furan-3-ylsulfonyl)-1 H-pyrrol-3-yl]-N-methylmethanamine
hydrochloride (61f)

To a solution of compound 57f (253 mg, 0.581 mmol) in EtOAc (3 mL) and iPrOH (2 mL) was
added dropwise 4 mol/L HCI/EtOAc (6 mL), and the mixture was stirred at room temperature for 2.5
h, and then concentrated in vacuo. The residue was recrystallized from EtOAc/EtOH (1/1) to obtain
61f (134 mg, 62%) as colorless crystals: mp 205 °C; 'H-NMR (DMSO-ds) & 2.53 (3H, s), 4.00 (2H,
s), 6.63—6.67 (2H, m), 7.43 (1H, ddd, /=7.1 Hz, 5.0 Hz, 1.9 Hz), 7.75 (1H, d, /= 1.9 Hz), 7.80 (1H,
ddd, J=9.6 Hz, 7.5 Hz, 1.9 Hz), 7.94 (1H, t, J = 1.9 Hz), 8.27-8.30 (1H, m), 8.31-8.37 (1H, m),
9.03 (2H, brs); Anal. Calcd for C;sHsCIFN3OsS: C, 48.45; H, 4.07; N, 11.30. Found: C, 48.48; H,
4.04; N, 11.34.

3.72. 1-[5-(2-Fluoropyridin-3-yl)-1-(furan-2-ylsulfonyl)-1 H-pyrrol-3-yl]-N-methylmethanamine
fumarate (61g)

Compound 61g was prepared from 60g using a similar procedure as for the preparation of compound
40c¢ from 44. Colorless crystals (66%): mp 197 °C; 'H-NMR (DMSO-ds) 6 2.41 (3H, s), 3.81 (2H, s),
6.48 (2H, s), 6.58 (1H, d, J= 1.9 Hz), 6.72 (1H, dd, J = 3.7 Hz, 1.8 Hz), 7.10 (1H, dd, J = 3.7 Hz,
0.8 Hz), 7.40-7.44 (1H, m), 7.57 (1H, d, J = 1.8 Hz), 7.78-7.84 (1H, m), 8.07 (1H, dd, /= 1.8 Hz,
0.8 Hz), 8.30-8.33 (1H, m), 3H not detected; Anal. Calcd for Ci9HisFN30O+S: C, 50.55; H, 4.02; N,
9.31. Found: C, 50.65; H, 4.15; N, 9.48.

3.73. 1-[5-(2-Fluoropyridin-3-yl)-1-(pyridin-3-ylsulfonyl)-1H-pyrrol-3-yl]-/V-
methylmethanamine fumarate (61h)

Compound 61h was prepared from 57h using a similar procedure as for the preparation of

compound 61b from 57b. Colorless crystals (29%): mp 183—184 °C; 'H-NMR (DMSO-ds) & 2.39
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(3H, s), 3.78 (2H, s), 6.48 (2H, s), 6.56 (1H, d, J = 1.8 Hz), 7.40-7.44 (1H, m), 7.61-7.65 (1H, m),
7.72-7.79 (2H, m), 7.89-7.93 (1H, m), 8.32—-8.34 (1H, m), 8.62 (1H, d, J = 1.8 Hz), 8.88-8.90 (1H,
m), 3H not detected; Anal. Calcd for C0H19FN4O6S: C, 51.94; H, 4.14; N, 12.12. Found: C, 51.92;
H, 4.23; N, 12.04.

3.74. 1-[5-(2-Fluoropyridin-3-yl)-1-(pyridin-2-ylsulfonyl)-1H-pyrrol-3-yl]-/V-
methylmethanamine hydrochloride (61i)

Compound 61i was prepared from 57i using a similar procedure as for the preparation of compound
40d from 41d. Colorless crystals (15%): mp 198 °C; 'H-NMR (DMSO-ds) 6 2.53 (3H, s), 3.34 (2H,
s), 6.64 (1H, d, J= 1.3 Hz), 7.38 (1H, ddd, /= 7.2 Hz, 5.0 Hz, 1.9 Hz), 7.61-7.88 (4H, m), 8.10 (1H,
dt, J=7.8 Hz, 1.7 Hz), 8.24-8.38 (1H, m), 8.71 (1H, dt, J = 3.9 Hz, 0.8 Hz), 8.93 (2H, brs); HRMS
(EST) caled for Ci6HisFN4O,2S (M+H)" m/z 347.0973, found m/z 347.0936.

3.75. 1-{5-(2-fluoropyridin-3-yl)-1-[(6-methoxypyridin-3-yl)sulfonyl]-1H-pyrrol-3-yl}-/NV-
methylmethanamine hydrochloride (61j)

Compound 61j was prepared from 57j using a similar procedure as for the preparation of compound
40d from 41d. Colorless crystals (29%): mp 223-225 °C; 'H-NMR (DMSO-ds) & 2.52 (3H, s), 3.94
(3H, s), 3.99 (2H, s), 6.65 (1H, d, J= 1.8 Hz), 6.99-7.02 (1H, m), 7.42-7.47 (1H, m), 7.73-7.80 (2H,
m), 7.84 (1H, d, J = 1.8 Hz), 8.27-8.28 (1H, m), 8.34-8.36 (1H, m), 9.10 (2H, brs). Anal. Calcd for
Ci17H1sCIFN4OsS: C, 49.45; H, 4.39; N, 13.57. Found: C, 49.16; H, 4.42; N, 13.44.

3.76. tert-Butyl {[5-(2-chloropyridin-3-yl)-1-(pyridin-3-ylsulfonyl)-1H-pyrrol-3-yljmethyl}
methylcarbamate (62a)

Compound 62a was prepared from 56h using a similar procedure as for the preparation of compound
57a from 56a. A pale-yellow oil (42%): 'H-NMR (CDCl3) & 1.47 (9H, s), 2.84 (3H, brs), 4.26 (2H,
brs), 6.29 (1H, brs), 7.29-7.38 (3H, m), 7.63-7.72 (2H, m), 8.43-8.45 (1H, m), 8.66 (1H, d, J=2.4
Hz), 8.78-8.80 (1H, m).

3.717. tert-Butyl {[5-(2-cyanopyridin-3-yl)-1-(pyridin-3-ylsulfonyl)-1H-pyrrol-3-yljmethyl}
methylcarbamate (62b)

Compound 62b was prepared from 62a using a similar procedure as for the preparation of compound
41e from 41d. A pale-yellow oil (57%): 'H-NMR (CDCls) & 1.47 (9H, s), 2.83 (3H, brs), 4.27 (2H,
brs), 6.48 (1H, brs), 7.38-7.43 (2H, m), 7.55-7.67 (2H, m), 7.93 (1H, d, J= 7.5 Hz), 8.60-8.61 (1H,
m), 8.71-8.73 (1H, m), 8.81-8.83 (1H, m).

3.78. tert-Butyl methyl{[5-(2-methylpyridin-3-yl)-1-(pyridin-3-ylsulfonyl)-1H-pyrrol-3-yl]
methyl}carbamate (62c)

Compound 62¢ was prepared from 56h by use of (2-methylpyridin-3-yl)boronic acid following a
similar procedure as for the preparation of compound 57a from 56a. A brownish oil (22%): 'H-NMR
(CDCl3) & 1.47 (9H, s), 2.09 (3H, s), 2.85 (3H, s), 4.27 (2H, brs), 6.14 (1H, brs), 7.10-7.14 (1H, m),
7.26-7.38 (3H, m), 7.56—7.60 (1H, m), 8.54-8.56 (1H, m), 8.60-8.61 (1H, m), 8.78—8.80 (1H, m).
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3.79. tert-Butyl methyl{[S-(4-methylpyridin-3-yl)-1-(pyridin-3-ylsulfonyl)-1H-pyrrol-3-yl]
methyl}carbamate (62d)

Compound 62d was prepared from 56h by use of (4-methylpyridin-3-yl)boronic acid following a
similar procedure as for the preparation of compound 57a from 56a. A colorless oil (52%): 'H-NMR
(CDCl3) 6 1.47 (9H, s), 2.11 (3H, s), 2.85 (3H, ), 4.27 (2H, s), 6.15 (1H, s), 7.18 (1H, d, /= 4.9 Hz),
7.34-7.39 (2H, m), 7.58-7.62 (1H, m), 7.94 (1H, s), 8.49 (1H, d, J= 5.3 Hz), 8.64 (1H, d, J=2.3
Hz), 8.80 (1H, dd, J=4.9 Hz, 1.5 Hz).

3.80. tert-Butyl methyl{[S-(3-methylpyridin-2-yl)-1-(pyridin-3-ylsulfonyl)-1H-pyrrol-3-yl]
methyl}carbamate (62e)

A degassed mixture of the compound 56h (563 mg, 1.31 mmol), 3-methyl-2-
(tributylstannanyl)pyridine (1.0 g, 2.62 mmol), and tetrakis(triphenylphosphine)palladium (454 mg,
0.39 mmol) in toluene was stirred at 120 °C for 30 h under Ar atmosphere. After cooled to room
temperature, the solvent was removed under reduced pressure. The residue was purified by silica gel
column chromatography (n-hexane/EtOAc = 4/1) to obtain compound 62e (129 mg, 22%) as a
colorless oil. 'TH-NMR (CDCl3) & 1.45 (9H, s), 2.26 (3H, s), 2.80 (3H, brs), 4.25 (2H, brs), 6.26 (1H,
brs), 7.23-7.27 (2H, m), 7.39-7.44 (1H, m), 7.60 (1H, d, J = 6.9 Hz), 7.99-8.03 (1H, m), 8.36 (1H,
d, J=4.5 Hz), 8.78-8.80 (1H, m), 8.86—8.87 (1H, m).

3.81. 1-[5-(2-Chloropyridin-3-yl)-1-(pyridin-3-ylsulfonyl)-1H-pyrrol-3-yl]-/V-
methylmethanamine fumarate (63a)

To a solution of compound 62a (280 mg, 0.605 mmol) in MeOH (10 mL) was added dropwise 4
mol/L HCI/EtOAc (2 mL), and the mixture was stirred at 70 °C for 30 min, and then concentrated in
vacuo. A solution of NaHCO3 was added to the residue and the mixture was extracted with EtOAc.
The extract was washed with brine, dried over anhydrous MgSQOs, and concentrated under reduced
pressure. The residue was dissolved in EtOAc (10 mL), and a solution of fumaric acid (116 mg, 1.0
mmol) in MeOH (3 mL) was added dropwise to the solution. The resulting crystals were collected
by filtration and rinsed with EtOAc to obtain 63a (197 mg, 68%) as colorless crystals: mp 170-174
°C; 'H-NMR (DMSO-ds) 6 2.40 (3H, s), 3.81 (2H, s), 6.49 (2H, s), 6.52 (1H, d, J = 1.9 Hz),
7.47-7.52 (1H, m), 7.61-7.73 (3H, m), 7.90-7.94 (1H, m), 8.50 (1H, dd, J = 4.9 Hz, 1.9 Hz),
8.63-8.64 (1H, m), 8.90 (1H, dd, J = 4.5 Hz, 1.5 Hz), 3H not detected. Anal. Calcd for
C20H19CIN4O6S: C, 50.16; H, 4.00; N, 11.70. Found: C, 49.98; H, 4.06; N, 11.63.

3.82. 3-{4-[(Methylamino)methyl]-1-(pyridin-3-ylsulfonyl)-1 H-pyrrol-2-yl} pyridine-2-
carbonitrile fumarate (63b)

Compound 63b was prepared from 62b using a similar procedure as for the preparation of
compound 61b from 57b. Colorless crystals (39%): mp 204-205 °C; 'H-NMR (DMSO-ds) & 2.39
(3H, s), 3.83 (2H, s), 6.48 (2H, s), 6.74 (1H, d, J = 1.8 Hz), 7.60-7.65 (1H, m), 7.78-7.83 (2H, m),
7.88-7.95 (2H, m), 8.58-8.59 (1H, m), 8.80-8.82 (1H, m), 8.89-8.91 (1H, m), 3H not detected.
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Anal. Caled for Co1H9NsO6S: C, 53.73; H, 4.08; N, 14.92. Found: C, 53.54; H, 4.03; N, 14.92.

3.83. N-Methyl-1-[5-(2-methylpyridin-3-yl)-1-(pyridin-3-ylsulfonyl)-1H-pyrrol-3-yl]
methanamine fumarate (63c)

Compound 63¢ was prepared from 62¢ using a similar procedure as for the preparation of compound
61b from 57b. Colorless crystals (32%): mp 203-204 °C; 'H-NMR (DMSO-ds) & 2.00 (3H, s), 2.43
(3H, s), 3.83 (2H, s), 6.42 (1H, s), 6.47 (2H, s), 7.20-7.24 (1H, m), 7.28-7.31 (1H, m), 7.59-7.63
(1H, m), 7.70 (1H, s), 7.80-7.84 (1H, m), 8.49-8.51 (2H, m), 8.88-8.90 (1H, m), 3H not detected.
Anal. Calcd for Co1H2oN4O6S: C, 55.01; H, 4.84; N, 12.22. Found: C, 54.94; H, 4.90; N, 12.25.

3.84. N-Methyl-1-[5-(4-methylpyridin-3-yl)-1-(pyridin-3-ylsulfonyl)-1H-pyrrol-3-yl]
methanamine fumarate (63d)

Compound 63d was prepared from 62d using a similar procedure as for the preparation of
compound 61b from 57b. Colorless crystals (48%): mp 184 °C; 'H-NMR (DMSO-ds) 6 1.89 (3H, s),
243 (3H, s), 3.84 (2H, s), 6.45 (1H, d, J = 1.9 Hz), 6.48 (2H, s), 7.29 (1H, d, J = 4.9 Hz),
7.60-7.65 (1H, m), 7.73 (1H, d, J= 1.9 Hz), 7.81-7.85 (1H, m), 7.98 (1H, s), 8.47 (1H, d, J = 4.9
Hz), 8.51 (1H, d, J = 1.9 Hz), 8.90 (1H, dd, J = 4.9 Hz, 1.5 Hz), 3H not detected. Anal. Calcd for
C21H22N4O068S: C, 55.01; H, 4.84; N, 12.22. Found: C, 54.73; H, 4.79; N, 12.16.

3.85. N-Methyl-1-[5-(3-methylpyridin-2-yl)-1-(pyridin-3-ylsulfonyl)-1H-pyrrol-3-yl]
methanamine fumarate (63e)

Compound 63e was prepared from 62e using a similar procedure as for the preparation of compound
61b from 57b. Colorless crystals (53%): mp 185—186 °C; 'H-NMR (DMSO-ds) & 2.18 (3H, s), 2.44
(3H, s), 3.86 (2H, s), 6.46 (2H, s), 6.52 (1H, d, J = 1.8 Hz), 7.32-7.36 (1H, m), 7.66-7.74 (3H, m),
8.17-8.21 (1H, m), 8.28-8.30 (1H, m), 8.87-8.90 (2H, m), 3H not detected; Anal. Calcd for
C21H22N4O6S: C, 55.01; H, 4.84; N, 12.22. Found: C, 54.95; H, 4.82; N, 12.24.

3.86. 1-[5-(3-Fluoropyridin-4-yl)-1-(pyridin-3-ylsulfonyl)-1H-pyrrol-3-yl]-/V-
methylmethanamine fumarate (63f)

A degassed mixture of compound 56h (215 mg, 0.50 mmol), (3-fluoropyridin-4-yl)boronic acid (120
mg, 0.76 mmol), tetrakis(triphenylphosphine)palladium (87 mg, 0.075 mmol) and NaHCOs3 (126 mg,
1.50 mmol) in DME (8 mL) and water (2 mL) was stirred at 80 °C for 6 h. After cooling to room
temperature, the reaction mixture was diluted with a solution of NaHCO3, and extracted with EtOAc.
The extract was washed with brine, dried over anhydrous MgSQOs, and concentrated under reduced
pressure. The residue was purified by basic silica gel column chromatography (n-hexane/EtOAc =
1/1), and then the obtained a pale-yellow oil (60 mg) was dissolved in MeOH (5 mL). 4 mol/L
HCVEtOAc (1.5 mL) was added to the solution, and the mixture was stirred at 70 °C for 30 min, and
then concentrated in vacuo. A solution of NaHCO; was added to the residue and the mixture was
extracted with EtOAc. The extract was washed with brine, dried over anhydrous MgSO4, and

concentrated under reduced pressure. The residue was dissolved in EtOAc (5 mL), and a solution of
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fumaric acid (19 mg, 0.164 mmol) in MeOH (1 mL) was added to the solution. The resulting crystals
were collected by filtration and rinsed with EtOAc to obtain 63f (45 mg, 19%) as colorless crystals:
mp 201 °C; 'H-NMR (DMSO-ds) & 2.37 (3H, s), 3.78 (2H, s), 6.49 (2H, s), 6.64 (1H, d, J= 1.5 Hz),
7.30-7.33 (1H, m), 7.62-7.66 (1H, m), 7.77 (1H, d, J= 1.5 Hz), 7.94-7.98 (1H, m), 8.49-8.51 (1H,
m), 8.64 (1H, d, J = 1.5 Hz), 8.69 (1H, d, J = 2.3 Hz), 8.90 (1H, dd, J = 4.9 Hz, 1.5 Hz), 3H not
detected. Anal. Calcd for Co0H19FN4OgS: C, 51.94; H, 4.14; N, 12.12. Found: C, 51.73; H, 4.13; N,
12.15.

3.87. 1-(2-Fluoropyridin-3-yl)propan-1-ol (65)

To a solution of diisopropylamine (15.8 g, 156 mmol) in THF (100mL) was added dropwise a 1.6
mol/L hexane solution of #-BuLi (95 mL, 152 mmol) at —78°C, and the mixture was stirred for 15
min. A solution of 2-fluoropyridine 64 (11.6 g, 119 mmol) in THF (10 mL) was added dropwise to
the mixture at the same temperature. After stirring for 30 min, a solution of propionaldehyde (9.02 g,
155 mmol) in THF (10 mL) was added to the mixture, which was stirred for further 1 h. The reaction
was quenched by H>O, and the mixture was extracted with EtOAc. The extract was washed with
H>O and brine, dried over anhydrous Na,SOs, and concentrated under reduced pressure. The residue
was purified by silica gel column chromatography (n-hexane/EtOAc = 2/1) to obtain compound 65
(12.4 g, 67%) as a brown oil: '"H-NMR (CDCls) & 0.97 (3H, t, J = 7.5 Hz), 1.74-1.87 (2H, m), 2.02
(1H, brs), 4.88-4.94 (1H, m), 7.19-7.24 (1H, m), 7.89—-7.96 (1H, m), 8.11-8.13 (1H, m).

3.88. 1-(2-Fluoropyridin-3-yl)propan-1-one (66)

To a mixture of compound 65 (12.3 g, 79 mmol) and Et;N (65 mL) in DMSO (130 mL) was added
pyridine sulfur trioxide complex (25.6 g, 161 mmol), and the mixture was stirred at room
temperature for 14 h. The reaction was quenched by H,O, and the resulting mixture was extracted
with EtOAc. The extract was washed with H,O and brine, dried over anhydrous Na>SOs, and
concentrated under reduced pressure. The residue was purified by silica gel column chromatography
(n-hexane/EtOAc = 4/1) to produce 66 (10.6 g, 87%) as a brown oil: '"H-NMR (CDCl3) & 1.22 (3H, t,
J=7.2Hz), 3.01-3.09 (2H, m), 7.30-7.35 (1H, m), 8.31-8.39 (2H, m).

3.89. 2-Bromo-1-(2-fluoropyridin-3-yl)propan-1-one (67)

To a mixture of compound 66 (12.9 g, 84 mmol) and 25% HBr in AcOH (70 mL) was added
dropwise bromine (4.4 mL, 86 mmol) at a room temperature. After stirring for 3 h, the mixture was
concentrated under reduced pressure to obtain compound 67 (29.6 g, about 100%) as a crude red
brownish oil. "TH-NMR (CDCls) & 1.91 (3H, d, J = 6.6 Hz), 5.30-5.37 (1H, m), 7.35-7.40 (1H, m),
8.35-8.44 (2H, m).

3.90. Ethyl 2-cyano-4-(2-fluoropyridin-3-yl)-3-methyl-4-oxobutanoate (68)

To a solution of ethyl cyanoacetate (11.5 g, 102 mmol) and N-ethyldiisopropylamine (45 mL, 258
mmol) in THF (50 mL) was added dropwise a solution of compound 67 (29.6 g, crude) in THF

(50mL) at room temperature, and then the mixture was stirred for 14 h. The insoluble solid was
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removed by filtration, and the filtrate was concentrated under reduced pressure. The residue was
partitioned between EtOAc and H>O. The separated organic layer was washed with H,O and brine,
dried over anhydrous MgSQs, and concentrated under reduced pressure. The residue was purified by
silica gel column chromatography (n-hexane/EtOAc = 2:1) to obtain compound 68 (18.8 g, 85%
from 66 (2 steps)) as a brown oil: '"H-NMR (CDCls) & 1.24-1.39 (3H, m), 1.44-1.48 (3H, m),
3.75-4.34 (4H, m), 7.36-7.41 (1H, m), 8.32—-8.40 (1H, m), 8.44-8.46 (1H, m).

3.91. Ethyl 2-chloro-5-(2-fluoropyridin-3-yl)-4-methyl-1H-pyrrole-3-carboxylate (69)

To a solution of compound 68 (19.4 g, 73.4 mmol) in EtOAc (20 mL) was added 4 mol/L
HCI/EtOAc (90 mL) at room temperature. After stirring for 18 h, the mixture was concentrated
under reduced pressure. The residue was partitioned between H>O and EtOAc. The separated organic
layer was washed successively with H>O, a solution of NaHCO3 and brine, dried over anhydrous
MgSO4, and concentrated under reduced pressure. The residue was recrystallized from n-hexane/
EtOAc to produce compound 69 (14.3 g, 69%) as a yellow solid: '"H-NMR (CDCl3) 6 1.39 (3H, t,J =
7.2 Hz), 2.37 (3H, s), 4.34 (2H, q, J = 7.2 Hz), 7.26-7.31 (1H, m), 7.82-7.89 (1H, m), 8.15-8.18
(1H, m), 8.87 (1H, brs).

3.92. Ethyl 5-(2-fluoropyridin-3-yl)-4-methyl-1H-pyrrole-3-carboxylate (70)

A mixture of compound 69 (10.0 g, 35.4 mmol), Et:N (5.5 mL, 39.5 mmol), and 10% Pd-C (50%
wet, 1.43 g) in EtOH (250 mL) was stirred at 60°C for 3 h under hydrogen atmosphere. After cooled
to room temperature, the mixture was filtered and the filtrate was concentrated under reduced
pressure. The residue was partitioned between H,O and EtOAc. The separated organic layer was
successively washed with a solution of NaHCOs, H>O and brine, dried over anhydrous MgSOs, and
concentrated under reduced pressure. The residue was recrystallized from n-hexane/EtOAc to obtain
compound 70 (7.93 g, 90%) as a white solid: 'H-NMR (CDCls) 6 1.36 (3H, t, J= 7.2 Hz), 2.44 (3H,
s), 4.30 (2H, q, J = 7.2 Hz), 7.26-7.30 (1H, m), 7.52-7.54 (1H, m), 7.87-7.93 (1H, m), 8.12-8.15
(1H, m), 8.92 (1H, brs).

3.93. [5-(2-Fluoropyridin-3-yl)-4-methyl-1 H-pyrrol-3-yljmethanol (71)

To a solution of compound 70 (5.0 g, 20.1 mmol) in THF (50 mL) was added dropwise a 1.5mol/L
solution of DIBAL-H in toluene (45 mL) at —78°C, and the mixture was stirred at 0°C for 1 h. The
reaction was quenched by H>O, and then the mixture was filtered. The filtrate was extracted with
EtOAc. The extract was washed with H,O, dried over anhydrous MgSQs4, and concentrated under
reduced pressure. The residue was suspended in iPr;O and collected by filtration to produce
compound 71 (1.72 g, 41%) as a white solid. '"H-NMR (CDCl;) & 1.32 (1H, brt, J = 4.5 Hz), 2.29
(3H, s), 4.62 (2H, d, J = 4.5 Hz), 6.91-6.92 (1H, m), 7.23-7.28 (1H, m), 7.88-7.95 (1H, m),
8.06-8.09 (1H, m), 8.57 (1H, brs).

3.94. 5-(2-Fluoropyridin-3-yl)-4-methyl-1H-pyrrole-3-carbaldehyde (72a)

To a solution of compound 71 (1.72 g, 824 mmol) in MeCN (35 mL) were added
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tetra-n-propyl-ammonium perruthenate (103 mg, 0.293 mmol), N-methylmorpholine N-oxide (1.44 g,
12.3 mmol), and molecular sieves 4 A powder (0.89 g). After stirring at room temperature for 48 h,
the mixture was filtered, and the filtrate was concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (n-hexane/EtOAc = 1/2) to obtain compound 72a (527
mg, 31%) as a white solid: '"H-NMR (CDCl;) 8 2.50 (3H, s), 7.26—7.33 (1H, m), 7.49-7.50 (1H, m),
7.90-7.97 (1H, m), 8.16—8.18 (1H, m), 9.00 (1H, brs), 9.93 (1H, s).

3.95. 4-Chloro-5-(2-fluoropyridin-3-yl)-1H-pyrrole-3-carbaldehyde (72b)

To a solution of compound 59 (660 mg, 3.47 mmol) in DMF (20mL) was added
N-chlorosuccinimide (641 mg, 4.80 mmol), and the mixture was heated to 80°C. After stirring for
40min, the mixture was cooled to room temperature, and then partitioned between EtOAc and H>O.
The separated organic layer was washed with brine, dried over anhydrous Na;SO4, and concentrated
under reduced pressure. The residue was purified by silica gel column chromatography
(n-hexane/EtOAc = 3:2—1:1) to obtain compound 72b (320 mg, 44%) as a white powder: 'H-NMR
(DMSO-ds) 6 7.49-7.54 (1H, m), 7.86 (1H, d, J = 2.3 Hz), 8.12-8.19 (1H, m), 8.30-8.32 (1H, m),
9.80 (1H, s), 12.48 (1H, brs).

3.96. 4-Fluoro-5-(2-fluoropyridin-3-yl)-1H-pyrrole-3-carbaldehyde (72c)

To a solution of compound 59 (660 mg, 3.47 mmol) in MeCN (30 mL) and THF (30 mL) was added
2,6-dichloro-1-fluoropyridinium triflate (1.32 g, 4.18 mmol) at room temperature. After stirring at
the same temperature for 2 h, the mixture was partitioned between EtOAc and a solution of NaHCO:s.
The separated organic layer was washed with brine, dried over anhydrous MgSQOy4, and concentrated
under reduced pressure. The residue was purified by silica gel column chromatography
(n-hexane/EtOAc = 3/2-3/7) to obtain compound 72¢ (110mg, 15%) as a pale yellow solid:
'"H-NMR (CDCl3) & 7.30-7.36 (2H, m), 8.11-8.12 (1H, m), 8.25-8.32 (1H, m), 9.21 (1H, brs), 9.90
(1H, s).

3.97. 5-(2-Fluoropyridin-3-yl)-4-methyl-1-(pyridin-3-ylsulfonyl)-1H-pyrrole-3-carbaldehyde
(73a)

Compound 73a was prepared from 72a using a similar procedure as for the preparation of compound
53a from 50. A white solid (61%): 'H-NMR (CDCIl;) 8 2.04 (3H, m), 7.31-7.35 (1H, m), 7.38-7.43
(1H, m), 7.64-7.77 (2H, m), 8.09 (1H, s), 8.33-8.36 (1H, m), 8.61-8.63 (1H, m), 8.84-8.86 (1H, m),
9.98 (1H, s).

3.98. 4-Chloro-5-(2-fluoropyridin-3-yl)-1-(pyridin-3-ylsulfonyl)-1H-pyrrole-3-carbaldehyde
(73b)

Compound 73b was prepared from 72b using a similar procedure as for the preparation of
compound 53a from 50. A white solid (81%): 'H-NMR (CDCls) & 7.35-7.39 (1H, m), 7.42-7.46
(1H, m), 7.69-7.73 (1H, m), 7.76-7.82 (1H, m), 8.14 (1H, s), 8.39-8.41 (1H, m), 8.64 (1H, dd, J =
2.5 Hz, 0.6 Hz), 8.89 (1H, dd, /= 4.8 Hz, 1.6 Hz), 9.97 (1H, s).
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3.99. 4-Fluoro-5-(2-fluoropyridin-3-yl)-1-(pyridin-3-ylsulfonyl)-1H-pyrrole-3-carbaldehyde
(73¢)

Compound 73¢ was prepared from 72¢ using a similar procedure as for the preparation of compound
53a from 50. A colorless oil (49%): 'H-NMR (CDCl3) & 7.33-7.38 (1H, m), 7.41-7.46 (1H, m),
7.68-7.72 (1H, m), 7.79-7.86 (1H, m), 8.00 (1H, d, J = 4.5 Hz), 8.37-8.39 (1H, m), 8.65 (1H, d, J =
2.3 Hz), 8.88 (1H, dd, /=4.7 Hz, 1.7 Hz), 9.92 (1H, s).

3.100. 1-[5-(2-Fluoropyridin-3-yl)-4-methyl-1-(pyridin-3-ylsulfonyl)-1H-pyrrol-3-yl]-N-
methylmethanamine fumarate (74a)

Compound 74a was prepared from 73a using a similar procedure as for the preparation of compound
40c¢ from 44. Colorless crystals (32%): mp 173—-175 °C; 'H-NMR (DMSO-de) & 1.76 (3H, s), 2.42
(3H, s), 3.75 (2H, s), 6.50 (2H, s), 7.42-7.46 (1H, m), 7.59-7.75 (3H, m), 7.84-7.88 (1H, m),
8.33-8.35 (1H, m), 8.56-8.57 (1H, m), 8.86—8.88 (1H, m), 3H not detected; Anal. Calcd for
C21H21FN4O6S: C, 52.94; H, 4.44; N, 11.76. Found: C, 52.66; H, 4.42; N, 11.76.

3.101. 1-[4-chloro-5-(2-fluoropyridin-3-yl)-1-(pyridin-3-ylsulfonyl)-1H-pyrrol-3-yl]-/V-
methylmethanamine fumarate (74b)

To a solution of methylamine hydrochloride (591 mg, 8.75 mmol) in MeOH (mL) was added
compound 73b (320 mg, 0.875 mmol) at room temperature, and the mixture was stirred for 30 min.
NaBH(OAc)3 (557 mg, 2.63 mmol) was added to the mixture, which was stirred at room temperature
for 3 h and then evaporated under reduced pressure. The residue was partitioned between EtOAc and
a solution of NaHCOs3. The separated organic layer was washed with brine, dried over anhydrous
MgSO4, and concentrated under reduced pressure. The residue was purified by basic silica gel
column chromatography (EtOAc/MeOH = 99/1-19/1), and then dissolved in EtOAc (8 mL). A
solution of fumaric acid (102 mg, 0.879 mmol) in MeOH (2 mL) was added to the solution, and then
the mixture was concentrated under reduced pressure. The residue was recrystallized from
EtOAc/MeOH to produce 74b (52mg, 12%) as colorless crystals: mp 156 °C; "H-NMR (DMSO-ds)
5 2.39 (3H, s), 3.70 (2H, s), 6.65 (2H, s), 7.48-7.53 (1H, m), 7.63-7.68 (1H, m), 7.81 (1H, s),
7.84-7.96 (2H, m), 8.40-8.42 (1H, m), 8.65 (1H, d, /= 1.9 Hz), 8.93 (1H, dd, J= 4.9 Hz, 1.5 Hz),
3H not detected. Anal. Calced for C20H13CIFN4O6S: C, 48.34; H, 3.65; N, 11.28. Found: C, 48.20; H,
3.74; N, 11.29.

3.102. Bis{1-[4-fluoro-5-(2-fluoropyridin-3-yl)-1-(pyridin-3-ylsulfonyl)-1H-pyrrol-3-yl]-N-
methylmethanamine}fumarate (74c)

To a solution of methylamine hydrochloride (911 mg, 13.5 mmol) in MeOH (20 mL) was added a
solution of compound 73c¢ (277 mg, 0.792 mmol) in MeOH (4 mL) at room temperature. After
stirring for 5 min, NaBH(OAc)3 (953 mg, 4.50 mmol) was added in one portion at room temperature
and the mixture was stirred for 2 h. The reaction was quenched by H,O, and the mixture was

concentrated under reduced pressure. The resulting residue was extracted with EtOAc, and the
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extract was successively washed with a solution of NaHCO3, H>O and brine, dried over anhydrous
NaySOy, filtered and then concentrated under reduced pressure. The residue was purified by basic
silica gel column chromatography (EtOAc), and then dissolved in EtOAc (2 mL). The resulting
solution was added to a solution of fumaric acid (38.2 mg, 0.329 mmol) in EtOH (2 mL) at room
temperature and the mixture was concentrated under reduced pressure. The resulted solid was
recrystallized from EtOH/H>O. The crystals were collected by filtration and dried in vacuo to obtain
compound 74¢ (165mg, 49%) as colorless crystals: mp 185-187 °C; 'H-NMR (DMSO-ds) 6 2.32
(3H, s), 3.64 (2H, s), 6.50 (1H, s), 7.47-7.51 (1H, m), 7.61-7.66 (2H, m), 7.88-7.94 (2H, m),
8.36-8.38 (1H, m), 8.62 (1H, d, J = 2.4 Hz), 8.90 (1H, d, J = 4.8 Hz), 2H not detected. Anal. Calcd
for CisHis FaN4O4S: C, 51.18; H, 3.82; N, 13.26. Found: C, 51.13; H, 3.77; N, 13.27.

In case of the crystallization by adding slightly excess of fumaric acid in MeOH to EtOAc solution
of free base, 1-[4-Fluoro-5-(2-fluoropyridin-3-yl)-1-(pyridin-3-ylsulfonyl)-1H-pyrrol-3-yl]-N-
methylmethanamine fumarate (monofumarate) was yielded as colorless crystals: mp 146-148 °C;
'"H-NMR (DMSO-ds) 6 2.35 (3H, s), 3.69 (2H, s), 6.55 (2H, s), 7.47-7.52 (1H, m), 7.62-7.69 (2H,
m), 7.88-7.94 (2H, m), 8.37-8.39 (1H, m), 8.63 (1H, d, J= 2.3 Hz), 8.92 (1H, dd, /=49 Hz, 1.5
Hz), 3H not detected; Anal. Calcd for CooHis FaN4OsS: C, 50.00; H, 3.78; N, 11.66. Found: C, 49.82;
H, 3.71; N, 11.67.

3.103. Measurement of H", K*-ATPase activity

This procedure was performed using the method described above (2.55).

3.104. An assay of inhibition of acid secretion in anesthetized rats by intravenous
administration

This assay was performed by the method described above (2.56).

3.105. An assay of inhibition of acid secretion in anesthetized rats by oral administration

A test compound at doses of 0.5, 1, 2, or 4 mg/kg (as the free base) or vehicle was administered
orally 1 h before pylorus ligation and histamine 2HCI (30 mg/kg, subcutaneous) administration.
Gastric contents were collected 3 h after histamine administration, and total acid output was
calculated.

3.106. Measurement of pH of a gastric perfusate during histamine stimulation in anesthetized
rats

Rats were anesthetized with urethane (1.2 g/kg, intraperitoneal injection). The abdomen was opened,
and the stomach was exposed. Cannulas were introduced into the stomach from the duodenum and
also from the forestomach, and the esophagus was ligated. The stomach was perfused with saline at a
rate of 0.5 mL/min, and the pH of the perfusate was continuously measured with a glass electrode
(6961-15C and 2461A-15T; Horiba, Kyoto, Japan). Histamine 2 HCI (8 mg/kg/h) was infused
intravenously via the cervical vein. When pH stabilized, a test compound or vehicle was

administered intravenously. The pH level of the perfusate was measured for 5 h after administration
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of the drug or vehicle.

3.107. An assay of inhibition of acid secretion in Heidenhain pouch dogs

This assay was performed using an approach similar to a above method (2.59). Compounds or
vehicle were given orally (0.2 mL/kg) to the dogs in a blinded manner. Histamine 2 HCI1 (30 pg/kg)
was injected subcutaneously 1 day before and 1, 3, 6, 24 and 48 h after administration of a drug or
vehicle. Gastric juice from the pouch was collected continuously for three consecutive 30-min
periods after each dosing with histamine 2 HCI. The volume of gastric juice was measured and the
acid concentration was determined by automatic titration to pH 7.0 with 0.1 mol/L NaOH solution
(COM-555SC; Hiranuma Sangyo Co., Ltd., Japan). The total acid output during the 90 min period
(LEg/90 min) at each time point was calculated and expressed as a percentage of the pre-dosing
value measured 1 day before the administration.

3.108. A cytotoxicity assay

HepG2 cells were seeded at 2 x 10* cells/well in a 96-well white plate, and cultured in DMEM
supplemented with 0.5% fetal bovine serum and a test compound for 1 day. The cell viability was
determined by cellular ATP content. The latter was measured by means of ATPLite™-M
(PerkinElmer). ATP content was calculated to the following. ATP content (% of control) = (RLU of
test compound + RLU of 1% DMSO) x 100.

3.109. Whole-cell patch-clamp for an hERG inhibition assay

hERG/HEK cells stably expressing hERG potassium channel were established by Takeda
Pharmaceutical Company?®. The cells were cultured at 37°C and 5% CO> in the minimum Eagle's
medium (MEM) supplemented with 10% of fetal bovine serum, 2 mM L-glutamine, 0.1 mM
non-essential amino acids, 1 mM sodium pyruvate, and 0.2 mg/mL Geneticin (Invitrogen Corp.,
Carlsbad, CA). Whole-cell voltage clamp recordings of hERG currents were performed on
hERG/HEK cells. Borosilicate glass pipettes (Harvard Apparatus, Kent, U.K.) were pulled and
firepolished to attain final resistances of 2.0-3.5 MQ. The pipette solution consisted of 130 mM KCl,
7 mM NaCl, 1 mM MgCl, 5 mM ATP-2Na, 5 mM EGTA, and 5 mM HEPES; pH 7.2. Series
resistances values were less than 6 MQ and were compensated by 60—85%. Cells were perfused with
Tyrode’s solution consisting of 137 mM NaCl, 4 mM KCI, 1 mM MgCl,, 1.8 mM CaCl,, 11 mM
glucose and 10 mM HEPES pH 7.4. Whole-cell currents were recorded using an Axopatch 200B
amplifier and Clampex software (Molecular Devices Corp., Sunnyvale, CA). Membrane currents
were low-pass-filtered at 1 kHz and sampled at 2.5 kHz with a Digidata 1320 data acquisition
system (Molecular Devices Corp.). The membrane potential was held at —75 mV, and depolarization
pulses set to 10 mV for 0.5 sec were applied. Tail currents were measured at —40 mV. The protocol
was repeated every 5 sec or 10 sec, allowing for complete recovery of the current between test
pulses. The experiments were conducted at rt. A amplitudes of currents were measured after a

steady-state level of drug blockade was reached at each concentration. The percentage of hERG
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inhibition was calculated from the peak amplitudes of the tail current before and after the drug
applications.

3.110. PAMPA

Donor wells were filled with 200 uL of PRISMA HT buffer (pH 7.4, pION inc.) containing 10
umol/L test compounds. The filter on the bottom of each acceptor well was coated with 4 uL of a
GIT-0 Lipid Solution (pION Inc.) and filled with 200 uL of Acceptor Sink Buffer (pION Inc.). The
acceptor filter plate was placed on the donor plate and incubated for 3 h at room temperature. After
that, the amount of the test compound in both the donor and acceptor wells was measured by
LC/MS/MS.

3.111. X-ray structure analysis

All analyses were conducted on a Rigaku R-AXIS RAPID-191R diffractometer using graphite
monochromated Cu-K o radiation. The structure was solved by direct methods in SIR2008 and was
refined using full-matrix least-squares on F? with SHELXL-2013/4.5° All non-H atoms were refined
with anisotropic displacement parameters.

Crystal data for compound 17a: C19H21N,02S™Cl~, MW = 376.90; crystal size, 0.16 x 0.10 x 0.05
mm; colorless, block; monoclinic, space group P2i/n, a = 7.61861(17) A, b = 30.9046(8) A, ¢ =
8.12703(19) A, o =y =90°, B=103.043(7)°, V= 1864.14(9) A3, Z=4, Dx = 1.343 g/em®, T= 100 K,
u=2.980 mm"', 1 =1.54187 A, R = 0.055, wR> = 0.130.

Crystal data for compound 54d: Ci19H20FN,O, S*-Cl-, MW = 394.89; crystal size, 0.15 x 0.15 x 0.06
mm; colorless, platelet; monoclinic, space group P2i/n, a = 7.6032(7) A, b = 30.876(3) A, ¢ =
8.2198(8) A, =y =190°, B =102.381(7)°, V= 1884.8(3) A3, Z=4, Dx = 1.392 g/lem’, T=100 K, u
=3.053 mm™, A= 1.54187 A, Ri = 0.076, wR> = 0.149.

Crystal data for compound 54e: C19H20FN>O> S*CI-, MW = 394.89; crystal size, 0.33 x 0.13 x 0.11
mm; colorless, block; monoclinic, space group P2i/n, a = 7.6633(5) A, b = 31.0682(19) A, ¢ =
8.1413(6) A, o=y =90°, B =102.340(7)°, V=1893.5(2) A3, Z= 4, Dx = 1.385 g/lem’, T=100 K, u
=3.039 mm™, A= 1.54187 A, Ri = 0.052, wR, = 0.136.

Crystal data for compound 54f: C19H20FN,O, S*-CI-, MW = 394.89; crystal size, 0.27 x 0.20 x 0.05
mm; colorless, chip; triclinic, space group P-1, a = 7.5691(9) A, b =9.5845(10) A, ¢ = 14.1450(14)
A, a=104.394(7)°, f=97.005(7)°, y = 101.481(7)°, V' =958.04(18) A3, Z=2, Dx = 1.369 g/cm®, T
=100 K, £ =3.003 mm™', 2 =1.54187 A, R, = 0.059, wR, = 0.132.

CCDC 1526437 for compound 17a, CCDC 1526434 for compound 54d, CCDC 1526435 for
compound 54e, and CCDC 1526436 for compound 54f contain the supplementary crystallographic
data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic
Data Centre.
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Experiments concerning Chapter 4

4.1. 2-(Benzylsulfanyl)-5-fluoropyridine (76a)

To a suspension of sodium hydride (60% in oil, 295 mg, 7.39 mmol) in THF (20 mL) was added
benzyl mercaptan (917 mg, 7.39 mmol) at 0 °C. To this suspension was added dropwise a solution of
2-bromo-5-fluoropyridine 75a (1.0 g, 5.68 mmol) in THF (8 mL) at the same temperature. The
reaction mixture was gradually warmed to room temperature and stirred for 28 h. The reaction was
quenched by H»O and the resulting mixture was concentrated, and then extracted with EtOAc. The
extract was washed with brine, dried and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (n-hexane/EtOAc = 1/0-19/1) to afford compound 76a
(179 mg, 14%) as a colorless oil: 'H-NMR (CDCls) & 4.40 (2H, s), 7.09-7.17 (1H, m), 7.19-7.33
(4H, m), 7.35-7.41 (2H, m), 8.34 (1H, d, /= 2.8 Hz).

4.2. 2-(Benzylsulfanyl)-6-fluoropyridine (76b)

Compound 76b was prepared from 2,6-difluoropyridine 75b following a similar procedure for
compound 76a from 75a. A colorless oil (96%): 'H-NMR (CDCls) & 4.39 (2H, s), 6.56-6.60 (1H, m),
7.00-7.03 (1H, m), 7.20-7.32 (4H, m), 7.38-7.42 (1H, m), 7.50-7.58 (1H, m).

4.3. 2-(Benzylsulfanyl)-3-methylpyridine (76¢)

To a suspension of sodium hydride (60% in oil, 465 mg, 11.6 mmol) in THF (45 mL) was added
benzyl mercaptan (1.44 g, 11.6 mmol) at room temperature for 15 min. To this suspension was added
2-bromo-3-methylpyridine 75¢ (2.0 g, 11.6 mmol), and the reaction mixture was gradually warmed
to 60 °C and stirred for 1.5 h. The reaction was quenched by H,O and the resulting mixture was
concentrated under reduced pressure, and then extracted with EtOAc. The extract was washed with
brine, dried over anhydrous MgSQs, filtered, and concentrated under reduced pressure. The residue
was purified by silica gel column chromatography (n-hexane/EtOAc = 1/0-97/3) to afford
compound 76¢ (1.79 g, 72%) as a gray oil: '"H-NMR (CDCls) § 2.23 (3H, s), 4.49 (2H, s), 6.93 (1H,
dd, J=7.6 Hz, 4.9 Hz), 7.19-7.35 (SH, m), 7.39-7.48 (1H, m), 8.32 (1H, dd, /= 4.9 Hz, 1.1 Hz).
4.4. 2-(Benzylsulfanyl)-4-methylpyridine (76d)

Compound 76d was prepared from 2-bromo-4-methylpyridine 75d following a similar procedure for
compound 76¢ from 75¢. A brown oil (56%): '"H-NMR (CDCls) 6 2.26 (3H, s), 4.43 (2H, s), 6.82
(1H, d, J=5.1 Hz), 6.99 (1H, s), 7.17-7.32 (3H, m), 7.35-7.44 (2H, m), 8.31 (1H, d, /= 5.1 Hz).
4.5. 2-(Benzylsulfanyl)-6-methylpyridine (76¢)

A mixture of 2-chloro-6-methylpyridine 75e (1.30 g, 10.2 mmol), potassium carbonate (2.12 g, 15.3
mmol) and benzyl mercaptan (1.90 g, 15.3 mmol) in DMSO (10 mL) was stirred at 150 °C for 3 h.
After cooled to room temperature, HoO was added and extracted with EtOAc. The extract was
washed with a solution of NaHCO3, H>O and brine, dried over anhydrous Na,SO4 and concentrated

in vacuo. The residue was purified by silica gel column chromatography (n-hexane/EtOAc = 15/1) to
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afford compound 76e (1.90 g, 87%) as a colorless oil: 'H-NMR (CDCl3) & 2.52 (3H, s), 4.41 (2H, s),
6.81-6.83 (1H, m), 6.93-6.95 (1H, m), 7.20-7.42 (6H, m).

4.6. 2-(Benzylsulfanyl)-4-methoxypyridine (76f)

A mixture of 2-chloro-4-methoxypyridine 75f (786 mg, 5.47 mmol), tris(dibenzylideneacetone)
dipalladium(0) (202 mg, 0.22 mmol), 4,5-bis(diphenylphosphino)-9,9-dimethylxanthene (256 mg,
0.44 mmol), N-ethyldiisopropylamine (1.56 g, 12.0 mmol) and benzyl mercaptan (683 mg, 5.50
mmol) in toluene (10 mL) was stirred at 80 °C for 26 h under Ar atmosphere. The reaction mixture
was filtered through a short pad of silica gel, and the filtrate was concentrated in vacuo. The residue
was purified by silica gel column chromatography (n-hexane/EtOAc = 1/0-19/1) to afford
compound 76f (454 mg, 38%) as an orange oil: '"H-NMR (CDCls) & 3.79 (3H, s), 4.43 (2H, s), 6.57
(1H, dd, J = 5.9 Hz, 2.5 Hz), 6.68 (1H, d, J = 2.3 Hz), 7.19-7.34 (3H, m), 7.36-7.44 (2H, m), 8.27
(1H, d, J=5.7 Hz).

4.7. 2-(Benzylsulfanyl)-5-methoxypyridine (76g)

Compound 76g was prepared from 2-bromo-5-methoxypyridine 75g following a similar procedure
for compound 76f from 75f. A yellow oil (quant.): '"H-NMR (CDCl3) 6 3.83 (3H, s), 4.37 (2H, s),
6.99-7.10 (2H, m), 7.19-7.31 (3H, m), 7.33-7.40 (2H, m), 8.21 (1H, dd, J=2.6 Hz, 0.9 Hz).

4.8. 2-(Benzylsulfanyl)-6-methoxypyridine (76h)

A mixture of 2-(benzylsulfanyl)-6-fluoropyridine 76b (199 mg, 0.91 mmol) and 28% sodium
methoxide methanol solution (2 mL) was stirred at 60 °C for 2 h. The reaction mixture was
concentrated in vacuo. H>O was added to the residue, which was extracted with EtOAc. The extract
was washed with a solution of NaHCO3, H,O and brine, dried over anhydrous Na,SOs, filtered
through a short pad of silica gel and concentrated under reduced pressure to obtain compound 76h
(182 mg, 86%) as a colorless oil: 'H-NMR (CDCl3) 6 3.93 (3H, s), 4.43 (2H, s), 6.41-6.43 (1H, m),
6.74-6.77 (1H, m), 7.19-7.40 (6H, m).

4.9. 5-Fluoropyridine-2-sulfonyl fluoride (77a)

To a solution of compound 76a (244 mg, 1.11 mmol) in AcOH (3 mL) and H>O (1.5 mL) was added
N-chlorosuccinimide (594 mg, 4.45 mmol) at 0 °C. The reaction mixture was gradually warmed to
room temperature and then stirred for 2 h. To this reaction mixture was added potassium fluoride (65
mg, 1.11 mmol), the resulting mixture was stirred for 1 h, and then concentrated in vacuo. H,O was
added to the residue, and the mixture was extracted with EtOAc. The extract was washed with brine,
dried over anhydrous MgSOs., filtered, and concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (n-hexane/EtOAc = 9/1-3/1) to afford compound 77a
(69.0 mg, 35%) as a white solid: '"H-NMR (CDCl;) & 7.75 (1H, ddd, J = 8.7 Hz, 7.4 Hz, 2.7 Hz),
8.20 (1H, dd, J = 8.8 Hz, 4.1 Hz), 8.66 (1H, d, J= 2.8 Hz).

4.10. 6-Fluoropyridine-2-sulfonyl chloride (77b)

To a solution of compound 76b (310 mg, 1.42 mmol) in AcOH (3 mL) and H>O (1.5 mL) was added
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N-chlorosuccinimide (776 mg, 5.81 mmol) at 0 °C. The reaction mixture was gradually warmed to
room temperature and then stirred for 5 h, and then concentrated in vacuo.

Toluene was added to the residue, and the resulting mixture was filtrated. The filtrate was
concentrated under reduced pressure to obtain compound 77b (240 mg, 87%) as a colorless oil:
'"H-NMR (CDCl3) & 7.99-8.03 (1H, m), 8.12-8.19 (1H, m), 1H not detected.

4.11. 3-Methylpyridine-2-sulfonyl chloride (77¢)

To a suspension of compound 76¢ (1.79 g, 8.32 mmol) in AcOH (16 mL) and H>O (8 mL) was added
N-chlorosuccinimide (3.33 g, 25.0 mmol) at room temperature. After stirring for 2 h, the mixture was
concentrated under reduced pressure, then neutralized by a solution of NaHCOQ3, and extracted with
EtOAc. The extract was washed with brine, dried over anhydrous MgSOs, filtered, and concentrated
under reduced pressure. The residue was purified by silica gel column chromatography
(n-hexane/EtOAc = 9/1-3/2) to afford compound 77¢ (153 mg, 10%) as a colorless oil: 'H-NMR
(CDCl3) 6 2.78 (3H, s), 7.57 (1H, dd, /= 7.9 Hz, 4.5 Hz), 7.82 (1H, ddd, J= 7.7 Hz, 1.5 Hz, 0.8 Hz),
8.61 (1H, dd, J=4.5 Hz, 1.1 Hz).

4.12. 4-Methylpyridine-2-sulfonyl fluoride (77d)

Compound 77d was prepared from 76d following a similar procedure for compound 77a from 76a.
A pale-yellow oil (30%): 'H-NMR (CDCls) & 2.54 (3H, s), 7.50 (1H, dt, J = 4.9 Hz, 0.7 Hz), 7.95
(1H, d, /= 0.8 Hz), 8.69 (1H, d, /J=4.9 Hz)

4.13. 6-Methylpyridine-2-sulfonyl chloride (77e)

Compound 77e was prepared from 76e following a similar procedure for compound 77¢ from 76c. A
colorless oil (29%): 'H-NMR (CDCls) §2.72 (3H, s), 7.49-7.52 (1H, m), 7.86-7.90 (2H, m).

4.14. 4-Methoxypyridine-2-sulfonyl chloride (77f)

Compound 77f was prepared from 76f following a similar procedure for compound 77¢ from 76¢. A
pale yellow oil (crude mixture): 'H-NMR (CDCls) & 3.99 (3H, s), 7.11 (1H, dd, J = 5.6 Hz, 2.4 Hz),
7.60 (1H, d, J=2.4 Hz), 8.61 (1H, d, J=5.5 Hz).

4.15. 5-Methoxypyridine-2-sulfonyl chloride (77g)

Compound 77g was prepared from 76g following a similar procedure for compound 77¢ from 76¢. A
white solid (79%): 'H-NMR (CDCls) & 4.00 (3H, s), 7.38 (1H, dd, /= 8.9 Hz, 2.8 Hz), 8.08 (1H, d, J
=8.7 Hz), 8.43 (1H, d, J=2.8 Hz).

4.16. 6-Methoxypyridine-2-sulfonyl chloride (77h)

Compound 77h was prepared from 76h following a similar procedure for compound 77¢ from 76¢. A
colorless oil (52%): '"H-NMR (CDCls) & 4.06 (3H, s), 7.08 (1H, dd, J= 8.1 Hz, 0.6 Hz), 7.65 (1H, dd,
J=6.9 Hz, 0.6 Hz), 7.68-7.86 (1H, m).

4.17. 5-Chloropyridin-3-yl trifluoromethanesulfonate (78a)

To a solution of 5-chloropyridin-3-ol (78f) (1.30 g, 10.0 mmol) in THF (50 mL) was added Et;N
(1.21 g, 12.0 mmol) and 1,1,1-trifluoro-N-phenyl-N-[(trifluoromethyl)sulfonyl|methanesulfonamide
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(3.93 g, 11.0 mmol) at room temperature. After stirring for 20 min, the solvent was removed under
reduced pressure. The residue was partitioned between EtOAc and 1 mol/L HCL. The separated
aqueous layer was extracted with EtOAc again. The combined extract was washed with brine, dried
over anhydrous MgSQs, filtered, and then concentrated in vacuo. The residue was purified by silica
gel column chromatography (n-hexane/EtOAc = 99/1-19/1) to afford compound 78a (1.73 g, 66%)
as a colorless oil: 'H-NMR (CDCl3) & 7.69 (1H, t, J= 2.3 Hz), 8.52 (1H, d, J= 2.3 Hz), 8.64 (1H, d,
J=1.9 Hz).

4.18. 3-(Benzylsulfanyl)-5-chloropyridine (79a)

A mixture of compound 78a (1.73 g, 6.60 mmol), tris(dibenzylideneacetone)dipalladium(0) (121 mg,
0.132 mmol), 4,5-bis(diphenylphosphino)-9,9-dimethylxanthene (153 mg, 0.26 mmol),
N-ethyldiisopropylamine (1.88 g, 14.5 mmol) and benzyl mercaptan (861 mg, 6.93 mmol) in toluene
(15 mL) was stirred at 80 °C for 3 h. The reaction mixture was filtered through a short pad of silica
gel, and the filtrate was concentrated in vacuo. The residue was purified by silica gel column
chromatography (n-hexane/EtOAc = 1/0-19/1) to afford compound 79a (1.63 g, quant.) as a yellow
oil: 'TH-NMR (CDCls) & 4.12 (2H, s), 7.21-7.36 (5H, m), 7.53 (1H, t, J= 2.1 Hz), 8.36 (2H, d, J =
1.9 Hz).

4.19. 3-(Benzylsulfanyl)-5-fluoropyridine (79b)

Compound 79b was prepared from 78b following a similar procedure for compound 79a from 78a.
An orange oil (quant.): "H-NMR (CDCl;) 6 4.14 (2H, s), 7.23-7.36 (6H, m), 8.26 (1H, d, J = 2.6 Hz),
8.32 (1H, t, J= 1.6 Hz).

4.20. 3-(Benzylsulfanyl)-2-methylpyridine (79¢)

Compound 79¢ was prepared from 78¢ following a similar procedure for compound 79a from 78a. A
yellow solid (59%): '"H-NMR (CDCls) & 2.56 (3H, s), 4.08 (2H, s), 7.03 (1H, dd, J= 7.6 Hz, 5.0 Hz),
7.21-7.34 (5H, m), 7.48 (1H, dd, J=7.8 Hz, 1.6 Hz), 8.30 (1H, dd, /= 4.8 Hz, 1.6 Hz).

4.21. 3-(Benzylsulfanyl)-4-methylpyridine (79d)

Compound 79d was prepared from 78d following a similar procedure for compound 79a from 78a.
A yellow oil (59%): 'H-NMR (CDCls) § 2.27 (3H, s), 4.07 (2H, s), 7.06 (1H, d, J = 4.9 Hz), 7.14—
7.35 (5H, m), 8.30 (1H, d, /= 5.3 Hz), 8.45 (1H, s).

4.22. 3-(Benzylsulfanyl)-5-methylpyridine (79¢)

Compound 79e was prepared from 78e following a similar procedure for compound 79a from 78a. A
yellow oil (95%): 'H-NMR (CDCI3) § 2.26 (3H, d, J = 0.8 Hz), 4.09 (2H, s), 7.20-7.33 (5H, m),
7.37 (1H, dt, J=2.1 Hz, 0.8 Hz), 8.25 (1H, d, /= 1.3 Hz), 8.33 (1H, d, /= 2.1 Hz).

4.23. 5-Chloropyridine-3-sulfonyl chloride (80a)

To a solution of compound 79a (1.63 g, 6.60 mmol) in AcOH (9 mL) and H,O (3 mL) was added
N-chlorosuccinimide (3.53 g, 26.4 mmol) at room temperature. After stirring for 2 h, the reaction

mixture was concentrated in vacuo. The residue was partitioned between EtOAc and H,O. The
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separated aqueous layer was extracted again with EtOAc. The combined extract was washed with
brine, dried over anhydrous MgSOs, filtered, and concentrated under reduced pressure. The residue
was purified by silica gel column chromatography (n-hexane/EtOAc = 19/1-9/1) to afford
compound 80a (1.26 g, 90%) as a colorless oil: 'TH-NMR (CDCl3) & 8.29 (1H, t, J = 2.2 Hz), 8.91
(1H,d,J=2.2Hz),9.12 (1H, d, J= 1.9 Hz).

4.24. 5-Fluoropyridine-3-sulfonyl chloride (80b)

Compound 80b was prepared from 79b following a similar procedure for compound 80a from 79a.
A colorless oil (62%): 'H-NMR (CDCls) & 8.04 (1H, dt, J = 7.0 Hz, 2.2 Hz), 8.85 (1H, d, /= 2.7 Hz),
9.10 (1H, s).

4.25. 2-Methylpyridine-3-sulfonyl chloride (80c)

Compound 80c was prepared from 79¢ following a similar procedure for compound 80a from 79a. A
colorless oil (27%): '"H-NMR (CDCls) & 3.03 (3H, s), 7.40 (1H, dd, J= 8.1 Hz, 4.7 Hz), 8.33 (1H, dd,
J=28.1Hz, 1.7 Hz), 8.80 (1H, dd, J=4.7 Hz, 1.7 Hz).

4.26. 4-Methylpyridine-3-sulfonyl chloride (80d)

Compound 80d was prepared from 79d following a similar procedure for compound 80a from 79a.
A colorless oil (quant.): '"H-NMR (CDCls) & 2.82 (3H, s), 7.34-7.44 (1H, m), 8.77 (1H, d, J= 4.9
Hz), 9.19 (1H, s).

4.27. 5-Methylpyridine-3-sulfonyl chloride (80e)

Compound 80e was prepared from 79e following a similar procedure for compound 80a from 79a. A
colorless oil (74%): '"H-NMR (CDCls) § 2.52 (3H, s), 7.96-8.22 (1H, m), 8.78 (1H, d, J = 1.5 Hz),
9.06 (1H, d, J=2.3 Hz).

4.28. 2-Bromo-2,2-difluoro-N-(prop-2-en-1-yl)acetamide (82)

Ethyl bromodifluoroacetate 81 (100 g) was cooled to 0 °C, and allylamine (39 mL) was added
dropwise. The resulting mixture was stirred at room temperature for 14 h, and then concentrated
under reduced pressure. HoO was added to the residue, and the mixture was extracted with EtOAc,
and then the extract was washed successively with 1 mol/L HCI, H,O, a solution of NaHCO; and
brine, dried over anhydrous MgSQOs, and then concentrated under reduced pressure to produce
compound 82 (105 g, quant.) as a colorless oil: 'H-NMR (CDCls) & 3.99 (2H, dd, J = 6.1 Hz, 5.7
Hz), 5.22-5.26 (1H, m), 5.26-5.33 (1H, m), 5.77-5.94 (1H, m), 6.31 (1H, brs).

4.29. tert-Butyl [bromo(difluoro)acetyl|prop-2-en-1-ylcarbamate (83)

To a solution of 82 (154 g, 0.72 mol) and DMAP (8.82 g, 1.42 mol) in MeCN (750 mL) was added
dropwise Boc,O (173 g, 0.79 mol) at 0 °C. The mixture was stirred at room temperature for 14 h,
and concentrated under reduced pressure. Water was added to the residue, and the mixture was
extracted with EtOAc. The extract was washed successively with H,O and brine, dried over
anhydrous MgSQOs, and concentrated under reduced pressure to obtain compound 83 (211 g, 93%) as

a brown oil: 'TH-NMR (CDCl) 6 1.54 (9H, s), 4.29 (2H, ddd, J = 5.7 Hz, 1.5 Hz, 1.1 Hz), 5.23 (1H,
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ddt,J=10.2 Hz, 1.1 Hz, 1.5 Hz), 5.25 (1H, ddt,J=17.0 Hz, 1.5 Hz, 1.1 Hz), 5.85 (1H, ddt, J=17.0
Hz, 10.2 Hz, 5.7 Hz).

4.30. tert-Butyl (4RS)-4-(bromomethyl)-3,3-difluoro-2-oxopyrrolidine-1-carboxylate (84)

A suspension of 83 (50.0 g, 0.159 mol) and copper bromide (6.91 g, 0.048 mol) in
1,2-dichloroethane (500 mL) was heated to 80°C under N, atmosphere. 2,2’-Bipyridyl (7.51 g, 0.048
mol) was added, and the obtained mixture was stirred at 80 °C for 24 h. After cooling, the reaction
mixture was concentrated under reduced pressure. The residue was suspended in THF (150 mL), and
insoluble materials were filtered off, and then the filtrate was concentrated under reduced pressure.
The residue was purified by silica gel column chromatography (n-hexane/EtOAc = 4/1), and the
obtained solid was washed with iPr2O to produce compound 84 (32.3 g, 65%) as a white solid: mp
117 °C; 'TH-NMR (CDCl3) & 1.57 (9H, s), 2.82-3.06 (1H, m), 3.40 (1H, dd, /= 10.7 Hz, 10.0 Hz),
3.48 (1H, ddd, J = 11.3 Hz, 8.1 Hz, 0.8 Hz), 3.67 (1H, dd, J = 10.7 Hz, 4.9 Hz), 4.09 (1H, dd, J =
11.3 Hz, 8.1 Hz); Anal. Calcd for C1oH14BrF2NOs: C, 38.24; H, 4.49; N, 4.46. Found: C, 38.32; H,
4.48; N, 4.42.

4.31. tert-Butyl 3,3-difluoro-4-methylidene-2-oxopyrrolidine-1-carboxylate (85)

To a solution of compound 84 (50.1 g, 0.159 mol) in THF (400 mL) was added dropwise
1,8-diazabicyclo[5.4.0Jundec-7-ene (25.0 mL, 0.167 mol) at 0 °C over 15 min, and then the mixture
was stirred at room temperature for 1 h. Insoluble materials were filtered off, and the filtrate was
concentrated under reduced pressure. The residue was purified by silica gel column chromatography
(n-hexane/EtOAc = 4/1), and the obtained solid was washed with iPr,O to produce compound 85 as
a white solid (28.1 g, 76%): mp 81 °C; 'H-NMR (CDCl3) & 1.57 (9H, s), 4.32-4.39 (2H, m), 5.69—
5.76 (1H, m), 5.92-6.06 (1H, m); Anal. Calcd for C10Hi3F2NOs: C, 51.50; H, 5.62; N, 6.01. Found:
C, 51.53; H, 5.56; N, 5.97.

4.32. tert-Butyl (2RS)-3,3-Difluoro-2-(2-fluoropyridin-3-yl)-2-hydroxy-4-
methylidenepyrrolidine-1-carboxylate (86)

To a solution of diisopropylamine (23.9 g, 0.236 mol) in anhydrous THF (175 mL) was added
dropwise a 1.6 mol/L hexane solution (136 mL, 0.218 mol) of n-butyllithium at -78°C under N>
atmosphere, and the mixture was stirred at the same temperature for 15 min. To this obtained
solution was added dropwise a solution of 2-fluoropyridine (21.9 g, 0.226 mol) in anhydrous THF
(25 mL) at the same temperature over 30 min, and then the mixture was stirred for 2 h. To the
obtained suspension was added dropwise a solution of compound 85 (25.0 g, 0.1072 mol) in
anhydrous THF (50 mL) at the same temperature, and the resulting mixture was stirred for 3 h. A
solution of NH4Cl was added, and the mixture was extracted with EtOAc. The extract was washed
successively with a solution of NaHCOs, H,O and brine, dried over anhydrous MgSOs, and
concentrated under reduced pressure. The residue was purified by silica gel column chromatography

(n-hexane/EtOAc = 2/1), and the obtained crystals were washed with iPr,O to produce compound 86
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(23.7 g, 67%) as colorless crystals: mp 130 °C; 'H-NMR (CDCls) & 1.16 (3.6H, brs), 1.44 (5.4H,
brs), 3.55 (0.4H, brs), 4.19-4.40 (2H, m), 4.75 (0.6H, brs), 5.56 (1H, s), 5.78 (1H, s), 7.28 (1H, ddd,
J=17.5Hz, 2.8 Hz, 1.9 Hz), 8.13 (1H, ddd, J = 9.8 Hz, 7.5 Hz, 1.9 Hz), 8.19-8.26 (1H, m); Anal.
Calcd for C1sH17F3N20s: C, 54.54; H, 5.19; N, 8.48. Found: C, 54.50; H, 5.20; N, 8.47.

4.33. 3-(4,4-Difluoro-3-methylidene-3,4-dihydro-2 H-pyrrol-5-yl)-2-fluoropyridine (87)

To a solution of compound 86 (20.0 g, 60.6 mmol) in AcOH (70 mL) was added dropwise
concentrated HCl (20 mL). The mixture was stirred at room temperature for 1 h, and then
concentrated under reduced pressure. A solution of NaHCO; was added to the residue, and the
mixture was extracted with EtOAc. The extract was washed successively with a solution of NaHCOs3,
H>0 and brine, dried over anhydrous MgSQs4, and concentrated under reduced pressure. The residue
was purified by silica gel column chromatography (n-hexane/EtOAc = 2/1) to obtain compound 87
(11.6 g, 90%) as a yellow oil: '"H-NMR (CDCls) § 4.79 (2H, ddd, J = 4.9 Hz, 2.6 Hz, 2.5 Hz), 5.58-
5.65 (1H, m), 5.84-5.93 (1H, m), 7.33 (1H, ddd, J = 7.5 Hz, 4.9 Hz, 1.7 Hz), 8.32-8.45 (2H, m).
4.34. 1-(2,4-Dimethoxyphenyl)-/V-{[4-fluoro-5-(2-fluoropyridin-3-yl)-1H-pyrrol-3-yljmethyl}
-N-methylmethanamine (88)

Sodium hydride (60% in oil, 2.23 g, 55.8 mmol) was washed twice with n-hexane and suspended in
THF (180 mL). A solution of 1-(2,4-dimethoxyphenyl)-N-methylmethanamine (9.09 g, 50.2 mmol)
in THF (10 mL) was added dropwise to this suspension at 0 °C, and then the mixture was stirred at
60 °C for 18 h. After cooled to 0 °C, a solution of compound 87 (9.64 g, 45.4 mmol) in THF (10 mL)
was added dropwise, and then the mixture was stirred at the same temperature for 1 h. Ice-cooled
solution of NaCl were added, and the mixture was extracted with EtOAc. The extract was washed
successively with a solution of NH4Cl, a solution of NaHCOs3, H>O and brine, dried over anhydrous
NaxS0Oys, filtered and concentrated under reduced pressure. The residue was purified by basic silica
gel column chromatography (EtOAc) to obtain compound 88 (16.8 g, 99%) as a yellow oil.

'"H-NMR (CDCls) & 2.24 (3H, s), 3.51 (2H, s), 3.54 (2H, s), 3.79 (3H, s), 3.80 (3H, s), 6.45 (1H, s),
6.42—6.50 (1H, m), 6.68 (1H, dd, J=4.7 Hz, 3.6 Hz), 7.18-7.29 (2H, m), 7.98 (1H, ddd, J = 4.5 Hz,
1.9 Hz, 1.5 Hz), 8.25 (1H, ddd, J= 10.2 Hz, 8.0 Hz, 1.9 Hz), 8.67 (1H, s).

4.35. 1-(2,4-Dimethoxyphenyl)-V-{[4-fluoro-5-(2-fluoropyridin-3-yl)-1-(pyridin-3-ylsulfonyl)
-1H-pyrrol-3-yllmethyl}-/V-methylmethanamine (89a)

To a suspension of sodium hydride (60% in oil, 1.57 g, 39.3 mmol) in THF (100 mL) was added
dropwise a solution of compound 88 (9.8 g, 26.2 mmol) in THF (30 mL) at 0 °C, and the mixture
was stirred at the same temperature for 10 min. 15-Crown-5 (8.66 g, 39.3 mmol) was added
dropwise, and the resulting mixture was stirred for 10 min. To this mixture was added
pyridine-3-sulfonyl chloride (6.98 g, 39.3 mmol) slowly, and the obtained mixture was stirred for 15
min at the same temperature, then poured into ice-cooled H»O, and extracted with EtOAc. The

extract was washed successively with a solution of NaHCO3 and brine, dried over anhydrous
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NaxSO4, and concentrated under reduced pressure. The residue was purified by basic silica gel
column chromatography (n-hexane/EtOAc = 6/1-3/1), and the obtained crystals were washed with
iPr2O to produce compound 89a (9.25 g, 68%) as colorless crystals: mp 93-97 °C; 'H-NMR
(CDCl3) & 2.22 (3H, s), 3.45 (2H, s), 3.47 (2H, s), 3.81 (3H, s), 3.84 (3H, s), 6.44-6.50 (2H, m),
7.15-7.22 (1H, m), 7.27-7.37 (2H, m), 7.40 (1H, d, J = 5.3 Hz), 7.67 (1H, ddd, /= 8.1 Hz, 2.3 Hz,
1.7 Hz), 7.81 (1H, ddd, /= 9.2 Hz, 7.3 Hz, 1.9 Hz), 8.30 (1H, ddd, J=4.9 Hz, 1.9 Hz, 0.9 Hz), 8.67
(1H, d, J= 1.9 Hz), 8.78 (1H, dd, J=4.9 Hz, 1.5 Hz); Anal. Calcd for C,sH24F2N4O4S: C, 58.36; H,
4.70; N, 10.89. Found: C, 58.34; H, 4.70; N, 10.90.

4.36. 1-[4-Fluoro-5-(2-fluoropyridin-3-yl)-1-(pyridin-3-ylsulfonyl)-1H-pyrrol-3-yl]|-/V-
methylmethanamine (89b)

To a solution of compound 89a (5.68 g, 11.0 mmol) in THF (25 mL) was added a solution of
1-chloroethyl chlorocarbonate (1.58 g, 11.1 mmol) in THF (5 mL) at 0 °C, and the mixture was
stirred for 15 min. Et3N (4.63 mL, 33.0 mmol) was added dropwise and the obtained mixture was
stirred at 65 °C for 16 h. The resulting solid was filtered off and the filtrate was concentrated under
reduced pressure. HyO was added to the residue, and the mixture was extracted with EtOAc. The
extract was washed with H,O and brine, dried over anhydrous MgSOs, and concentrated under
reduced pressure. EtOH (25 mL) was added to the residue, and the mixture was refluxed for 1.5 h,
and concentrated under reduced pressure. EtOAc was added to the residue, and the precipitated solid
was filtrated. To the obtained solid were successively added EtOAc, 1 mol/L NaOH and a solution of
NaHCOs3, and then the mixture was stirred at room temperature for 10 min. The organic layer was
separated, dried over anhydrous MgSOs, and concentrated under reduced pressure. The residue was
purified by basic silica gel column chromatography (n-hexane/EtOAc = 1/1-1/4) to obtain
compound 89b (3.10 g, 77%) as a colorless oil: 'H-NMR (CDCls) § 2.45 (3H, s), 3.64 (2H, s), 7.28-
7.34 (2H, m), 7.38 (1H, ddd, J = 8.1 Hz, 4.9 Hz, 0.6 Hz), 7.67 (1H, ddd, J = 8.1 Hz, 2.3 Hz, 1.7 Hz),
7.81 (1H, ddd, J=9.2 Hz, 7.3 Hz, 1.9 Hz), 8.31 (1H, ddd, J=4.7 Hz, 1.9 Hz, 0.9 Hz), 8.67 (1H, d, J
=2.3Hz), 8.81 (1H, dd, J=4.9 Hz, 1.7 Hz), 1H not detected.

4.37. tert-Butyl {[4-fluoro-5-(2-fluoropyridin-3-yl)-1-(pyridin-3-ylsulfonyl)-1H-pyrrol-3-yl]
methyl}methylcarbamate (89c)

To a solution of compound 89b (500 mg, 1.37 mmol) in THF (5 mL) was added di-tert-butyl
dicarbonate (329 mg, 1.51 mmol) at room temperature and the mixture was stirred for 5 min. The
reaction mixture was concentrated under reduced pressure, and the obtained residue was purified by
silica gel column chromatography (n-hexane/EtOAc = 4/1-2/1) to produce compound 89¢ (383 mg,
60%) as a colorless oil: 'H-NMR (CDCls) 6 1.48 (9H, s), 2.86 (3H, s), 4.26 (2H, s), 7.25-7.39 (3H,
m), 7.62-7.65 (1H, m), 7.77-7.82 (1H, m), 8.29-8.31 (1H, m), 8.63-8.64 (1H, m), 8.79-8.81 (1H,
m).

4.38. tert-Butyl {[4-fluoro-5-(2-fluoropyridin-3-yl)-1 H-pyrrol-3-yljmethyl}methylcarbamate

104



90)

Compound 89¢ (1.0 g, 2.153 mmol) was dissolved in THF (8 mL) and iPrOH (2 mL), and 1 mol/L
NaOH (5 mL) was added under ice-cooling. After stirring at room temperature for 18 h, the solvent
was evaporated under reduced pressure, HoO was added to the residue and the mixture was extracted
with EtOAc. The extract was washed with brine, dried over anhydrous Na>SOs, and concentrated
under reduced pressure. The residue was purified by silica gel column chromatography
(n-hexane/EtOAc = 4/1-2/1) to obtain compound 90 (752 mg, quant.) as a pale-yellow oil: "TH-NMR
(CDCls) 6 1.49 (9H, s), 2.88 (3H, s), 4.31 (2H, s), 6.67 (1H, br), 7.21-7.26 (1H, m), 7.98-8.00 (1H,
m), 8.19-8.26 (1H, m), 9.65 (1H, br)

4.39. tert-Butyl {[4-fluoro-5-(2-fluoropyridin-3-yl)-1-(thiophen-2-ylsulfonyl)-1H-pyrrol-3-yl|
methyl}methylcarbamate (91a)

To a suspension of sodium hydride (60% in oil, 37 mg, 0.93 mmol) in THF (2 mL) were added
dropwise a solution of compound 90 (200 mg, 0.62 mmol) in THF (1 mL), then 15-crown-5 (205 mg,
0.93 mmol) and 2-thiophenesulfonyl chloride (136 mg, 0.74 mmol) at room temperature. After
stirred for 1 h, the reaction mixture was diluted with H,O, and extracted with EtOAc. The extract
was washed with brine, dried over anhydrous MgSOs, and concentrated under reduced pressure. The
residue was purified by basic silica gel column chromatography (n-hexane/EtOAc = 6/1-3/2) to
obtain compound 91a (276 mg, 95%) as a colorless oil: 'H-NMR (CDCls) 6 1.48 (9H, s), 2.87 (3H,
s), 4.27 (2H, brs), 7.19-7.33 (4H, m), 7.63 (1H, dd, J = 5.0 Hz, 1.0 Hz), 7.84 (1H, ddd, J = 9.2 Hz,
7.4 Hz, 1.9 Hz), 8.25-8.32 (1H, m).

4.40. tert-Butyl {|4-fluoro-5-(2-fluoropyridin-3-yl)-1-(furan-2-ylsulfonyl)-1H-pyrrol-3-yl|
methyl}methylcarbamate (91b)

Compound 91b was prepared from 90 by use of furan-2-sulfonyl chloride following a similar
procedure as for the preparation of compound 91a from 90. A colorless oil (87%): '"H-NMR (CDCls)
8 1.48 (9H, s), 2.89 (3H, s), 4.28 (2H, brs), 6.45 (1H, dd, J= 3.6 Hz, 1.9 Hz), 6.76 (1H, d, J= 3.6
Hz), 7.21-7.33 (2H, m), 7.49-7.56 (1H, m), 7.83 (1H, ddd, J = 9.2 Hz, 7.4 Hz, 2.0 Hz), 8.26-8.33
(1H, m).

4.41. tert-Butyl {[4-fluoro-5-(2-fluoropyridin-3-yl)-1-(furan-3-ylsulfonyl)-1 H-pyrrol-3-yl]
methyl}methylcarbamate (91c)

Compound 91¢ was prepared from 90 by use of furan-3-sulfonyl chloride following a similar
procedure as for the preparation of compound 91a from 90. A pale yellow oil (92%): 'H-NMR
(CDCl3) 6 1.48 (9H, s), 2.89 (3H, s), 4.28 (2H, brs), 6.30 (1H, brs), 7.15-7.25 (1H, m), 7.27-7.32
(1H, m), 7.38-7.44 (1H, m), 7.58 (1H, dd, J = 1.5 Hz, 0.9 Hz), 7.78-7.90 (1H, m), 8.27-8.32 (1H,
m).

4.42. tert-Butyl {[4-fluoro-5-(2-fluoropyridin-3-yl)-1-(pyridin-2-ylsulfonyl)-1H-pyrrol-3-yl]
methyl}methylcarbamate (91d)
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Compound 91d was prepared from 90 by use of pyridine-2-sulfonyl chloride following a similar
procedure as for the preparation of compound 91a from 90. A colorless oil (95%): 'H-NMR (CDCls)
6 1.47 (9H, s), 2.87 (3H, s), 4.27 (2H, brs), 7.23-7.30 (1H, m), 7.33 (1H, d, J = 5.7 Hz), 7.51 (1H,
ddd, J=7.7 Hz, 4.7 Hz, 1.1 Hz), 7.60 (1H, d, J = 7.9 Hz), 7.78-7.92 (2H, m), 8.26 (1H, ddd, /= 4.9
Hz, 2.0 Hz, 1.0 Hz), 8.61 (1H, ddd, /= 4.7 Hz, 1.7 Hz, 0.9 Hz).

4.43. tert-Butyl ({4-fluoro-5-(2-fluoropyridin-3-yl)-1-[(6-methoxypyridin-2-yl)sulfonyl]
-1H-pyrrol-3-yl}methyl)methylcarbamate (91e)

Compound 91e was prepared from 90 by use of 6-methoxypyridine-2-sulfonyl chloride 77h
following a similar procedure as for the preparation of compound 91a from 90. A brown oil (quant.):
'H-NMR (CDCl3) 6 1.47 (9H, s), 2.88 (3H, s), 3.83 (3H, s), 4.29 (2H, brs), 6.91 (1H, d, J = 8.1 Hz),
7.15 (1H, d, J=17.2 Hz), 7.21-7.25 (1H, m), 7.34-7.36 (1H, m), 7.61 (1H, dd, /= 8.1, 7.2 Hz), 7.78—
7.83 (1H, m), 8.21-8.23 (1H, m).

4.44. tert-Butyl ({4-fluoro-5-(2-fluoropyridin-3-yl)-1-[(4-methoxypyridin-2-yl)sulfonyl]
-1H-pyrrol-3-yl}methyl)methylcarbamate (91f)

Compound 91f was prepared from 90 by use of 4-methoxypyridine-2-sulfonyl chloride 77f
following a similar procedure as for the preparation of compound 91a from 90. A pale yellow oil
(39%): 'H-NMR (CDCls) & 1.47 (9H, s), 2.87 (3H, s), 3.84 (3H, s), 4.27 (2H, brs), 6.94 (1H, dd, J =
5.6 Hz, 2.4 Hz), 7.07 (1H, d, J=2.4 Hz), 7.28 (1H, dd, J = 5.3 Hz, 2.1 Hz), 7.31 (1H, d, /= 5.7 Hz),
7.87 (1H, ddd, J=9.2 Hz, 7.5 Hz, 1.8 Hz), 8.26 (1H, d, /=4.7 Hz), 8.39 (1H, d, /= 5.7 Hz).

4.45. tert-Butyl ({4-fluoro-5-(2-fluoropyridin-3-yl)-1-[(5-methoxypyridin-2-yl)sulfonyl]
-1H-pyrrol-3-yl}methyl)methylcarbamate (91g)

Compound 91g was prepared from 90 by use of 5-methoxypyridine-2-sulfonyl chloride 77g
following a similar procedure as for the preparation of compound 91a from 90. A yellow oil (93%):
'"H-NMR (CDCl;5) 6 1.47 (9H, s), 2.87 (3H, s), 3.91 (3H, s), 4.26 (2H, brs), 7.16 (1H, dd, J = 8.8 Hz,
2.9 Hz), 7.24-7.30 (1H, m), 7.32 (1H, d, /= 5.5 Hz), 7.52 (1H, d, /= 8.9 Hz), 7.87 (1H, ddd, /=9.2
Hz, 7.4 Hz, 2.1 Hz), 8.23 (1H, d, J=2.4 Hz), 8.26 (1H, ddd, /= 4.9 Hz, 1.9 Hz, 0.9 Hz).

4.46. tert-Butyl ({4-fluoro-5-(2-fluoropyridin-3-yl)-1-[(3-methylpyridin-2-yl)sulfonyl]
-1H-pyrrol-3-yl}methyl)methylcarbamate (91h)

Compound 91h was prepared from 90 by use of 3-methylpyridine-2-sulfonyl chloride 77¢ following
a similar procedure as for the preparation of compound 91a from 90. A colorless oil (47%): 'H-NMR
(CDCIs) 6 1.47 (9H, s), 2.43 (3H, s), 2.90 (3H, s), 4.32 (2H, brs), 7.20 (1H, ddd, /= 7.4 Hz, 5.0 Hz,
1.7 Hz), 7.29 (1H, d, J = 5.7 Hz), 7.36 (1H, dd, J = 7.8 Hz, 4.6 Hz), 7.61 (1H, dd, J = 7.8 Hz, 0.8
Hz), 7.76-7.85 (1H, m), 8.19 (1H, ddd, J = 4.9 Hz, 2.0 Hz, 1.0 Hz), 8.29 (1H, dd, J = 4.5 Hz, 0.9
Hz).

4.47. tert-Butyl ({4-fluoro-5-(2-fluoropyridin-3-yl)-1-[(6-methylpyridin-2-yl)sulfonyl]
-1H-pyrrol-3-yl} methyl)methylcarbamate (91i)
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Compound 91i was prepared from 90 by use of 6-methylpyridine-2-sulfonyl chloride 77e following
a similar procedure as for the preparation of compound 91a from 90. A brown oil (91%): 'H-NMR
(CDCl3) 6 1.46 (9H, s), 2.53 (3H, s), 2.86 (3H, s), 4.26 (2H, brs), 7.23-7.32 3H, m), 7.44 (1H, d, J
=17.5Hz), 7.65-7.70 (1H, m), 7.86-7.92 (1H, m), 8.24-8.25 (1H, m).

4.48. tert-Butyl ({4-fluoro-5-(2-fluoropyridin-3-yl)-1-[(4-methylpyridin-2-yl)sulfonyl]
-1H-pyrrol-3-yl}methyl)methylcarbamate (91j)

Compound 91j was prepared from 90 by use of 4-methylpyridine-2-sulfonyl fluoride 77d following
a similar procedure as for the preparation of compound 91a from 90. A yellow oil (70%): 'H-NMR
(CDCl3) 6 1.47 (9H, s), 2.38 (3H, s), 2.86 (3H, s), 4.27 (2H, brs), 7.24-7.34 (3H, m), 7.36 (1H, s),
7.87 (1H, ddd, J=9.2 Hz, 7.5 Hz, 1.9 Hz), 8.26 (1H, d, /= 3.8 Hz), 8.45 (1H, d, /=4.9 Hz).

4.49. tert-Butyl ({4-fluoro-5-(2-fluoropyridin-3-yl)-1-[(6-fluoropyridin-2-yl)sulfonyl]
-1H-pyrrol-3-yl}methyl)methylcarbamate (91k)

Compound 91k was prepared from 90 by use of 6-fluoropyridine-2-sulfonyl chloride 77b following
a similar procedure as for the preparation of compound 91a from 90. A brown oil (33%): 'H-NMR
(CDCl3) 6 1.47 (9H, s), 2.88 (3H, s), 4.28 (2H, brs), 7.14-7.18 (1H, m), 7.26-7.30 (2H, m), 7.52—
7.55 (1H, m), 7.83-7.98 (2H, m), 8.25-8.27 (1H, m).

4.50. tert-Butyl ({4-fluoro-5-(2-fluoropyridin-3-yl)-1-[(5-fluoropyridin-2-yl)sulfonyl]
-1H-pyrrol-3-yl}methyl)methylcarbamate (911)

Compound 911 was prepared from 90 by use of 5-fluoropyridine-2-sulfonyl fluoride 77a following a
similar procedure as for the preparation of compound 91a from 90. A colorless oil (29%): 'H-NMR
(CDCl3) 6 1.48 (9H, s), 2.88 (3H, s), 4.27 (2H, brs), 7.24-7.34 (2H, m), 7.52 (1H, ddd, J = 8.7 Hz,
7.5 Hz, 2.8 Hz), 7.68 (1H, dd, J = 8.7 Hz, 4.1 Hz), 7.85 (1H, ddd, J = 9.2 Hz, 7.4 Hz, 2.0 Hz), 8.27
(1H, ddd, J=4.8 Hz, 1.8 Hz, 0.9 Hz), 8.45 (1H, d, /= 2.6 Hz).

4.51. tert-Butyl ({1-[(2-chloropyridin-3-yl)sulfonyl]-4-fluoro-5-(2-fluoropyridin-3-yl)
-1H-pyrrol-3-yl}methyl)methylcarbamate (91m)

Compound 91m was prepared from 90 by use of commercially available 2-chloropyridine-3-sulfonyl
chloride following a similar procedure as for the preparation of compound 91a from 90. A colorless
oil (91%): '"H-NMR (CDCl3) & 1.49 (9H, s), 2.92 (3H, s), 4.32 (2H, brs), 7.18 (1H, dd, /= 7.9 Hz,
4.9 Hz), 7.22-7.30 (1H, m), 7.47 (1H, brs), 7.56 (1H, dd, J = 7.9 Hz, 1.9 Hz), 7.73-7.83 (1H, m),
8.21-8.27 (1H, m), 8.57 (1H, dd, /= 4.7 Hz, 1.9 Hz).

4.52. tert-Butyl ({1-[(5-chloropyridin-3-yl)sulfonyl]-4-fluoro-5-(2-fluoropyridin-3-yl)
-1H-pyrrol-3-yl}methyl)methylcarbamate (91n)

Compound 91n was prepared from 90 by use of 5-chloropyridine-3-sulfonyl chloride 80a following
a similar procedure as for the preparation of compound 91a from 90. A colorless oil (78%): 'H-NMR
(CDCIs) 6 1.48 (9H, s), 2.88 (3H, s), 4.27 (2H, s), 7.26 (1H, s), 7.33 (1H, ddd, J = 7.3 Hz, 5.2 Hz,
1.5 Hz), 7.61 (1H, t, J=2.1 Hz), 7.80 (1H, ddd, /= 9.2 Hz, 7.5 Hz, 1.9 Hz), 8.26-8.38 (1H, m), 8.50
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(1H,d, /=19 Hz), 8.76 (1H, d, J=2.3 Hz).

4.53. tert-Butyl ({4-fluoro-5-(2-fluoropyridin-3-yl)-1-[(5-fluoropyridin-3-yl)sulfonyl]
-1H-pyrrol-3-yl}methyl)methylcarbamate (910)

Compound 910 was prepared from 90 by use of 5-fluoropyridine-3-sulfonyl chloride 80b following
a similar procedure as for the preparation of compound 91a from 90. A white solid (62%): 'H-NMR
(CDCl3) 8 1.48 (9H, s), 2.88 (3H, s), 4.27 (2H, s), 7.27-7.43 (3H, m), 7.65-7.93 (1H, m), 8.33 (1H,
d, /J=4.9 Hz), 8.45 (1H, s), 8.68 (1H, d, /= 2.7 Hz).

4.54. tert-Butyl ({4-fluoro-5-(2-fluoropyridin-3-yl)-1-[(2-methylpyridin-3-yl)sulfonyl]
-1H-pyrrol-3-yl}methyl)methylcarbamate (91p)

Compound 91p was prepared from 90 by use of 2-methylpyridine-3-sulfonyl chloride 80¢ following
a similar procedure as for the preparation of compound 90a from 90. A yellow oil (86%): 'H-NMR
(CDCl3) 6 1.49 (9H, s), 2.61 (3H, s), 2.92 (3H, s), 4.32 (2H, s), 7.03 (1H, dd, J = 8.1 Hz, 4.7 Hz),
7.21-7.26 (1H, m), 7.34 (1H, dd, J = 8.1 Hz, 1.7 Hz), 7.42 (1H, brs), 7.79 (1H, ddd, J=9.2 Hz, 7.3
Hz, 2.1 Hz), 8.19-8.26 (1H, m), 8.63 (1H, dd, /J=4.9 Hz, 1.5 Hz).

4.55. tert-Butyl ({4-fluoro-5-(2-fluoropyridin-3-yl)-1-[(4-methylpyridin-3-yl)sulfonyl]
-1H-pyrrol-3-yl}methyl)methylcarbamate (91q)

Compound 91q was prepared from 90 by use of 4-methylpyridine-3-sulfonyl chloride 80d following
a similar procedure as for the preparation of compound 91a from 90. A pale yellow oil (53%):
'"H-NMR (CDCls) 6 1.49 (9H, s), 2.36 (3H, s), 2.92 (3H, s), 4.32 (2H, s), 7.19 (1H, d, J = 5.1 Hz),
7.23-7.31 (1H, m), 7.41 (1H, brs), 7.82 (1H, dt, /= 8.3 Hz, 1.9 Hz), 8.18-8.26 (2H, m), 8.58 (1H, d,
J=5.1Hz).

4.56. tert-Butyl ({4-fluoro-5-(2-fluoropyridin-3-yl)-1-[(5-methylpyridin-3-yl)sulfonyl]
-1H-pyrrol-3-yl}methyl)methylcarbamate (91r)

Compound 91r was prepared from 90 by use of 5-methylpyridine-3-sulfonyl chloride 80e following
a similar procedure as for the preparation of compound 91a from 90. A yellow oil (77%): '"H-NMR
(CDCl3) 6 1.48 (9H, s), 2.35 (3H, d, /= 0.4 Hz), 2.86 (3H, s), 4.26 (2H, brs), 7.26 (1H, s), 7.32 (1H,
ddd, J=7.3 Hz, 5.2 Hz, 1.5 Hz), 7.38 (1H, brs), 7.76-7.90 (1H, m), 8.25-8.34 (1H, m), 8.46 (1H, d,
J=2.1Hz), 8.63 (1H, d, /= 1.5 Hz).

4.57. tert-Butyl ({4-fluoro-5-(2-fluoropyridin-3-yl)-1-[(6-methylpyridin-3-yl)sulfonyl]
-1H-pyrrol-3-yl}methyl)methylcarbamate (91s)

Compound 91s was prepared from 90 by use of commercially available 6-methylpyridine-3-sulfonyl
chloride following a similar procedure as for the preparation of compound 91a from 90. A colorless
oil (83%): '"H-NMR (CDCl;s) 6 1.48 (9H, s), 2.62 (3H, s), 2.86 (3H, s), 4.26 (2H, s), 7.20 (1H, d, J =
8.0 Hz), 7.27-7.34 (2H, m), 7.51 (1H, dd, J = 8.0 Hz, 1.9 Hz), 7.76-7.86 (1H, m), 8.27-8.36 (1H, m),
8.50 (1H, d, J=2.3 Hz).

4.58. 1-[4-Fluoro-5-(2-fluoropyridin-3-yl)-1-(thiophen-2-ylsulfonyl)-1 H-pyrrol-3-yl]-/V-

108



methylmethanamine hydrochloride (92a)

To a solution of compound 91a (276 mg, 0.59 mmol) in EtOAc (2 mL) and /PrOH (1 mL) was added
4 mol/L HCI/EtOAc (5 mL), and the mixture was stirred at room temperature for 2 h. The reaction
mixture was concentrated under reduced pressure, and the residue was recrystallized from EtOH to
obtain compound 92a as colorless crystals (168 mg, 70%): mp 196 °C; 'H-NMR (DMSO-d) 8 2.56
(3H, s), 4.05 (2H, s), 7.22 (1H, dd, J = 5.1 Hz, 4.0 Hz), 7.48-7.56 (2H, m), 7.85 (1H, d, J= 5.5 Hz),
7.93 (1H, ddd, J= 9.5 Hz, 7.5 Hz, 2.0 Hz), 8.18 (1H, dd, /= 4.9 Hz, 1.3 Hz), 8.40 (1H, dq, /= 4.9
Hz, 0.9 Hz), 9.12 (2H, brs); Anal. Calcd for CsH14CIF2N30,S,: C, 44.39; H, 3.48; N, 10.35. Found:
C,44.31; H, 3.41; N, 10.35.

4.59. 1-[4-Fluoro-5-(2-fluoropyridin-3-yl)-1-(furan-2-ylsulfonyl)-1H-pyrrol-3-yl]-/V-
methylmethanamine hydrochloride (92b)

Compound 92b was prepared from 91b following a similar procedure as for the preparation of
compound 92a from 91a. Colorless crystals (77%): mp 229 °C; 'H-NMR (DMSO-ds) & 2.58 (3H, s),
4.07 (2H, s), 6.77 (1H, dd, J= 3.8 Hz, 1.7 Hz), 7.17 (1H, d, J = 3.8 Hz), 7.50 (1H, ddd, J = 7.1 Hz,
5.2 Hz, 1.4 Hz), 7.80 (1H, d, J = 5.5 Hz), 7.94 (1H, ddd, J = 9.3 Hz, 7.5 Hz, 1.6 Hz), 8.13 (1H, s),
8.40 (1H, d, J = 4.3 Hz), 9.04 (2H, brs); Anal. Calcd for CisH14CIF2N30sS: C, 46.22; H, 3.62; N,
10.78. Found: C, 46.08; H, 3.50; N, 10.65.

4.60. 1-[4-Fluoro-5-(2-fluoropyridin-3-yl)-1-(furan-3-ylsulfonyl)-1H-pyrrol-3-yl]-N-
methylmethanamine hydrochloride (92¢)

Compound 92¢ was prepared from 91c¢ following a similar procedure as for the preparation of
compound 92a from 91a. Colorless crystals (76%): mp 234 °C; 'H-NMR (DMSO-ds) 6 2.57 (3H, s),
4.05 (2H, s), 6.72 (1H, dd, J= 1.9 Hz, 0.8 Hz), 7.49 (1H , ddd, /= 7.3 Hz, 5.0 Hz, 1.7 Hz), 7.85 (1H,
d,J=5.7Hz), 791 (1H, ddd, /= 9.6 Hz, 7.5 Hz, 1.9 Hz), 7.96 (1H, t, J= 1.9 Hz), 8.33 (1H, dd, J =
1.5 Hz, 0.8 Hz), 8.36-8.41 (1H, m), 9.32 (2H, brs); Anal. Calcd for C;5H4CIF2N303S: C, 46.22; H,
3.62; N, 10.78. Found: C, 46.26; H, 3.58; N, 10.80.

4.61. 1-[4-Fluoro-5-(2-fluoropyridin-3-yl)-1-(pyridin-2-ylsulfonyl)-1H-pyrrol-3-yl]|-/V-
methylmethanamine hydrochloride (92d)

To a solution of compound 91d (221 mg, 0.477 mmol) in EtOAc (2 mL) and EtOH (2 mL) was
added 4 mol/L HCI/EtOAc (4 mL), and the mixture was stirred at room temperature for 2 h. The
reaction mixture was concentrated under reduced pressure, and the residue was recrystallized from
EtOH/EtOAc (1/3) to obtain compound 92d as colorless crystals (175 mg, 92%): mp 187-188 °C;
"H-NMR (DMSO-de) & 2.56 (3H, s), 4.06 (2H, s), 7.42-7.48 (1H, m), 7.72-7.92 (4H, m), 8.07-8.15
(1H, m), 8.33-8.38 (1H, m), 8.70-8.74 (1H, m), 9.18 (2H, brs); Anal. Calcd for CisH;5CIF2N40,S: C,
47.94; H, 3.77; N, 13.98. Found: C, 48.01; H, 3.74; N, 14.04.

4.62. 1-{4-Fluoro-5-(2-fluoropyridin-3-yl)-1-[(6-methoxypyridin-2-yl)sulfonyl]-1 H-pyrrol-3-yl}
-N-methylmethanamine hydrochloride (92e)
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Compound 92e was prepared from 91e following a similar procedure as for the preparation of
compound 92a from 91a. Colorless crystals (51%): mp 202-204 °C; 'H-NMR (DMSO-ds) & 2.58
(3H, s), 3.79 (3H, s), 4.08 (2H, s), 7.21 (1H, d, J= 8.4 Hz), 7.32 (1H, d, J = 6.9 Hz), 7.42-7.46 (1H,
m), 7.81-7.89 (2H, m), 7.94 (1H, dd, J = 8.4 Hz, 6.9 Hz), 8.33-8.35 (1H, m), 8.96 (2H, brs); Anal.
Calcd for C17H17CIF2N4O3S: C, 47.39; H, 3.98; N, 13.00. Found: C, 47.27; H, 3.90; N, 13.00.

4.63. 1-{4-Fluoro-5-(2-fluoropyridin-3-yl)-1-[(4-methoxypyridin-2-yl)sulfonyl]-1H-pyrrol-3-yl}
-N-methylmethanamine hydrochloride (92f)

Compound 92f was prepared from 91f following a similar procedure as for the preparation of
compound 92a from 91a. Colorless crystals (79%): mp 205-208 °C; 'H-NMR (DMSO-dc) & 2.57
(3H, s), 3.87 (3H, s), 4.06 (2H, s), 7.17 (1H, d, J= 2.3 Hz), 7.33 (1H, dd, J = 5.7 Hz, 2.7 Hz), 7.46
(1H, ddd, J = 6.9 Hz, 5.2 Hz, 1.5 Hz), 7.80 (1H, d, /= 5.7 Hz), 7.89 (1H, ddd, J = 9.3 Hz, 7.6 Hz,
1.7 Hz), 8.30-8.39 (1H, m), 851 (IH, d, J = 5.7 Hz), 9.01 (2H, brs); Anal. Calcd for
C17H17CIF2N4OsS: C, 47.39; H, 3.98; N, 13.00. Found: C, 47.47; H, 3.97; N, 12.97.

4.64. 1-{4-Fluoro-5-(2-fluoropyridin-3-yl)-1-[(5S-methoxypyridin-2-yl)sulfonyl]-1H-pyrrol-3-yl}
-N-methylmethanamine hydrochloride (92g)

Compound 92g was prepared from 91g following a similar procedure as for the preparation of
compound 92a from 91a. Colorless crystals (88%): mp 229-233 °C; 'H-NMR (DMSO-dc) & 2.54
(3H, s), 3.91 (3H, s), 4.03 (2H, s), 7.38-7.46 (1H, m), 7.51-7.58 (1H, m), 7.62-7.70 (1H, m), 7.75—
7.87 (2H, m), 8.33 (1H, dt, J=4.7 Hz, 0.8 Hz), 8.36 (1H, d, J = 3.0 Hz), 9.20 (2H, brs); Anal. Calcd
for C17H17CIF2N4O3S: C, 47.39; H, 3.98; N, 13.00. Found: C, 47.35; H, 4.27; N, 12.77.

4.65. 1-{4-Fluoro-5-(2-fluoropyridin-3-yl)-1-[(3-methylpyridin-2-yl)sulfonyl]-1H-pyrrol-3-yl}
-N-methylmethanamine fumarate (92h)

To a solution of compound 91h (107 mg, 0.223 mmol) in EtOAc (2 mL) and iPrOH (1 mL) was
added 4 mol/L HCI/EtOAc¢ (3 mL), and the mixture was stirred at room temperature for 1 h, and then
concentrated under reduced pressure. A solution of NaHCO;3; was added to the residue, and the
mixture was extracted with EtOAc. The extract was washed with brine, dried over anhydrous
MgSO0,, filtered and concentrated in vacuo. The residue was purified by basic silica gel column
chromatography (n-hexane/EtOAc = 4/1-1/1), and then the obtained oil (45 mg) was dissolved in
EtOAc (2 mL). A solution of fumaric acid (13.6 mg, 0.117 mmol) in EtOH (2 mL) was added at
room temperature, and the mixture was concentrated under reduced pressure. The residue was
crystalized from EtOH/EtOAc (1/10) to produce compound 92h as colorless crystals (51 mg, 46%):
mp 150 °C; '"H-NMR (DMSO-ds) & 2.35 (3H, s), 2.38 (3H, s), 3.73 (2H, s), 6.53 (2H, s), 7.32-7.39
(1H, m), 7.48 (1H, d, J= 5.7 Hz), 7.63 (1H, dd, /= 7.8 Hz, 4.4 Hz), 7.74-7.83 (1H, m), 7.93 (1H, d,
J=17.6 Hz), 8.27 (1H, d, J = 4.2 Hz), 8.41 (1H, d, J = 4.5 Hz), 3H not detected. Anal. Calcd for
C21H20F2N4O6S: C, 51.01; H, 4.08; N, 11.33. Found: C, 50.70; H, 4.16; N, 11.19.

4.66. 1-{4-Fluoro-5-(2-fluoropyridin-3-yl)-1-[(6-methylpyridin-2-yl)sulfonyl]-1H-pyrrol-3-yl}
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-N-methylmethanamine hydrochloride (92i)

Compound 92i was prepared from 91i following a similar procedure as for the preparation of
compound 92a from 91a. Colorless crystals (53%): mp 217-220 °C; 'H-NMR (DMSO-ds) & 2.49
(3H, s), 2.54 (3H, s), 4.04 (2H, s), 7.43-7.48 (1H, m), 7.58-7.64 (2H, m), 7.79 (1H, d, J = 5.4 Hz),
7.88-7.99 (2H, m), 8.34-8.35 (1H, m), 9.21 (2H, brs); Anal. Calcd for C7H7CIF2N4O,S: C, 49.22;
H, 4.13; N, 13.51. Found: C, 49.23; H, 4.11; N, 13.49.

4.67. 1-{4-Fluoro-5-(2-fluoropyridin-3-yl)-1-[(4-methylpyridin-2-yl)sulfonyl]-1H-pyrrol-3-yl}
-N-methylmethanamine succinate (92j)

To a solution of compound 91j (333 mg, 0.696 mmol) in EtOAc (2 mL) and iPrOH (1 mL) was
added 4 mol/L HCI/EtOAc (3 mL), and the mixture was stirred at room temperature for 1 h, and then
concentrated under reduced pressure. The residue was crystalized from EtOAc, and the obtained
crystals were recrystallized from EtOAc/EtOH (5/1) to produce 1-{4-fluoro-5-(2-fluoropyridin-3-yl)
-1-[(4-methylpyridin-2-yl)sulfonyl]-1H-pyrrol-3-yl} -N-methylmethanamine hydrochloride (191 mg,
66 % from 91j) as colorless crystals; mp 181-185 °C; 'H-NMR (DMSO-ds) 6 2.37 (3H, s), 2.56 (3H,
s), 4.05 (2H, s), 7.45 (1H, ddd, J = 7.3 Hz, 5.0 Hz, 1.7 Hz), 7.54 (1H, s), 7.59-7.66 (1H, m), 7.77—
7.90 (2H, m), 8.33-8.40 (1H, m), 8.55 (1H, d, J = 4.9 Hz), 9.11 (2H, brs); Anal. Calcd for
Ci17H17CIF2N4OsS: C, 49.22; H, 4.13; N, 13.51. Found: C, 49.30; H, 4.42; N, 13.61.

A solution of NaHCO; was added to the crystals (751 mg, 1.81 mmol), and the mixture was
extracted with EtOAc. The extract was washed with brine, dried over anhydrous MgSOs, filtered and
concentrated in vacuo to afford 1-{4-fluoro-5-(2-fluoropyridin-3-yl)-1-[(4-methylpyridin-2-yl)
sulfonyl]-1H-pyrrol-3-yl} -N-methylmethanamine (647 mg, 62% from 91j) as a yellow oil: "H-NMR
(CDCl3) & 2.38 (3H, s), 2.45 (3H, s), 3.64 (2H, s), 7.23-7.30 (2H, m), 7.33 (1H, d, J= 5.7 Hz), 7.36
(1H, s), 7.88 (1H, ddd, /= 9.3 Hz, 7.4 Hz, 1.9 Hz), 8.22-8.29 (1H, m), 8.45 (1H, d, /= 4.5 Hz), 1H
not detected.

The obtained oil (189 mg, 0.50 mmol) was dissolved in EtOAc (2 mL). A solution of succinic acid
(59 mg, 0.50 mmol) in EtOH (2 mL) was added at room temperature, and the mixture was
concentrated under reduced pressure. The resulting solid was recrystallized from EtOH/H,O (10/1)
to obtain compound 92j as colorless crystals (232 mg, 58% from 91j): mp 166-168 °C; 'H-NMR
(DMSO-ds) 6 2.34 (3H, s), 2.36 (4H, s), 2.37 (3H, s), 3.66 (2H, s), 7.39-7.49 (2H, m), 7.52 (1H, s),
7.55-7.63 (1H, m), 7.86 (1H, ddd, J=9.5 Hz, 7.4 Hz, 1.9 Hz), 8.34 (1H, ddd, /=4.9 Hz, 1.9 Hz, 0.9
Hz), 8.54 (1H, d, J=4.9 Hz), 3H not detected. Anal. Calcd for C21H22F2N4O6S: C, 50.80; H, 4.47; N,
11.28. Found: C, 50.77; H, 4.52; N, 11.37.

4.68. 1-{4-Fluoro-5-(2-fluoropyridin-3-yl)-1-[(6-fluoropyridin-2-yl)sulfonyl]-1H-pyrrol-3-yl}
-N-methylmethanamine hydrochloride (92k)

Compound 92k was prepared from 91k following a similar procedure as for the preparation of

compound 92d from 91d. Colorless crystals (53%): mp 215-218 °C; 'H-NMR (DMSO-ds) & 2.58
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(3H, s), 4.08 (2H, s), 7.44-7.48 (1H, m), 7.65-7.78 (3H, m), 7.87-7.92 (1H, m), 8.28-8.37 (2H, m),
8.85 (2H, brs); Anal. Calcd for CisH14CIF3N4O.S: C, 45.88; H, 3.37; N, 13.38. Found: C, 45.51; H,
3.38; N, 13.26.

4.69. 1-{4-Fluoro-5-(2-fluoropyridin-3-yl)-1-[(5-fluoropyridin-2-yl)sulfonyl]-1H-pyrrol-3-yl}
-N-methylmethanamine hydrochloride (921)

Compound 921 was prepared from 911 following a similar procedure as for the preparation of
compound 92a from 91a. Colorless crystals (51%): mp 200-204 °C; 'H-NMR (DMSO-ds) & 2.58
(3H, s), 4.07 (2H, s), 7.41-7.49 (1H, m), 7.80 (1H, d, J=5.5 Hz), 7.82-7.91 (2H, m), 8.05 (1H, dt, J
= 8.6 Hz, 2.8 Hz), 8.36 (1H, ddd, J = 4.9 Hz, 1.9 Hz, 0.9 Hz), 8.78 (1H, d, J = 2.8 Hz), 8.97 (2H,
brs); Anal. Calcd for CisH14CIF3N4O,S: C, 45.88; H, 3.37; N, 13.38. Found: C, 45.95; H, 3.46; N,
13.43.

4.70. 1-{1-[(2-Chloropyridin-3-yl)sulfonyl]-4-fluoro-5-(2-fluoropyridin-3-yl)-1H-pyrrol-3-yl}
-N-methylmethanamine hydrochloride (92m)

Compound 92m was prepared from 91m following a similar procedure as for the preparation of
compound 92d from 91d. Colorless crystals (90%): mp 219 °C; 'H-NMR (DMSO-ds) 6 2.59 (3H, s),
4.09 (2H, s), 7.40-7.48 (1H, m), 7.52 (1H, dd, J = 8.0 Hz, 4.5 Hz), 7.72-7.79 (1H, m), 7.81-7.91
(1H, m), 7.93-8.02 (1H, m), 8.32-8.36 (1H, m), 8.75 (1H, dd, J = 4.7 Hz, 1.7 Hz), 9.21 (2H, brs).
Anal. Calcd for CisH14CI,F2N4O5S: C, 44.15; H, 3.24; N, 12.87. Found: C, 43.98; H, 3.41; N, 12.86.
4.71. 1-{1-[(5-Chloropyridin-3-yl)sulfonyl]-4-fluoro-5-(2-fluoropyridin-3-yl)-1 H-pyrrol-3-yl}
-N-methylmethanamine hydrochloride (92n)

Compound 92n was prepared from 91n following a similar procedure as for the preparation of
compound 92a from 91a. Colorless crystals (95%): mp 211-216 °C; 'H-NMR (DMSO-dc) & 2.57
(3H, s), 4.05 (2H, s), 7.52 (1H, ddd, J = 7.3 Hz, 5.1 Hz, 1.9 Hz), 7.93 (1H, ddd, /= 9.6 Hz, 7.5 Hz,
2.0 Hz), 8.01 (1H, d, J= 5.5 Hz), 8.11 (1H, t, J= 2.2 Hz), 8.43 (1H, ddd, /=4.9 Hz, 1.8 Hz, 0.8 Hz),
8.57 (1H, d, J=2.1 Hz), 9.05 (1H, d, J= 2.1 Hz), 9.33 (2H, brs); Anal. Calcd for CisH14CI,F2N4O,S:
C, 44.15; H, 3.24; N, 12.87. Found: C, 44.20; H, 3.56; N, 12.90.

4.72. 1-{4-Fluoro-5-(2-fluoropyridin-3-yl)-1-[(5-fluoropyridin-3-yl)sulfonyl]-1 H-pyrrol-3-yl}
-N-methylmethanamine hydrochloride (920)

Compound 920 was prepared from 910 following a similar procedure as for the preparation of
compound 92a from 91a. Colorless crystals (65%): mp 228-233 °C; 'H-NMR (DMSO-dc) & 2.57
(3H, s), 4.05 (2H, s), 7.51 (1H, ddd, J = 7.4 Hz, 5.1 Hz, 1.9 Hz), 7.92 (1H, ddd, /= 9.5 Hz, 7.6 Hz,
1.9 Hz), 8.01 (1H, d, J= 5.3 Hz), 8.05 (1H, dt, J= 7.7 Hz, 2.4 Hz), 8.36-8.46 (1H, m), 8.49 (1H, s),
9.03 (1H, d, J = 2.7 Hz), 9.36 (2H, brs); Anal. Calcd for Ci¢H14CIF3N4O,S: C, 45.88; H, 3.37; N,
13.38. Found: C, 45.94; H, 3.35; N, 13.47.

4.73. 1-{4-Fluoro-5-(2-fluoropyridin-3-yl)-1-[(2-methylpyridin-3-yl)sulfonyl]-1 H-pyrrol-3-yl}

-N-methylmethanamine fumarate (92p)
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Compound 92p was prepared from 91p following a similar procedure as for the preparation of
compound 92h from 91h. Colorless crystals (85%): mp 182-185 °C; 'H-NMR (DMSO-ds) & 2.41
(3H, s), 2.49 (3H, s), 3.77 (2H, s), 6.53 (2H, s), 7.31 (1H, dd, /= 8.1 Hz, 4.7 Hz), 7.42 (1H, ddd, J =
7.2 Hz, 5.1 Hz, 1.7 Hz), 7.47 (1H, dd, /= 8.3 Hz, 1.5 Hz), 7.71 (1H, d, J=5.7 Hz), 7.84 (1H, ddd, J
= 9.6 Hz, 7.5 Hz, 1.9 Hz), 8.28-8.34 (1H, m), 8.73 (1H, dd, J = 4.7 Hz, 1.7 Hz), 3H not detected;
Anal. Calcd for Co1HooFaN4O6S: C, 51.01; H, 4.08; N, 11.33. Found: C, 51.06; H, 4.10; N, 11.37.
4.74. 1-{4-Fluoro-5-(2-fluoropyridin-3-yl)-1-[(4-methylpyridin-3-yl)sulfonyl]-1H-pyrrol-3-yl}
-N-methylmethanamine fumarate (92q)

Compound 92q was prepared from 91q following a similar procedure as for the preparation of
compound 92h from 91h. Colorless crystals (78%): mp 205-208 °C; 'H-NMR (DMSO-ds) & 2.33
(3H, s), 2.40 (3H, s), 3.76 (2H, s), 6.53 (2H, s), 7.43 (1H, ddd, /="7.3 Hz, 5.1 Hz, 1.8 Hz), 7.52 (1H,
d,/J=5.1Hz),7.72 (1H,d, J= 5.7 Hz), 7.85 (1H, ddd, /= 9.5 Hz, 7.4 Hz, 1.9 Hz), 8.14 (1H, s), 8.32
(1H, ddd, J=4.9 Hz, 1.9 Hz, 0.9 Hz), 8.70 (1H, d, J = 5.1 Hz), 3H not detected; Anal. Calcd for
Co1HaoFaN4O6S: C, 51.01; H, 4.08; N, 11.33. Found: C, 50.95; H, 4.11; N, 11.37.

4.75. 1-{4-Fluoro-5-(2-fluoropyridin-3-yl)-1-[(5-methylpyridin-3-yl)sulfonyl]-1H-pyrrol-3-yl}
-N-methylmethanamine fumarate (92r)

Compound 92r was prepared from 91r following a similar procedure as for the preparation of
compound 92h from 91h. Colorless crystals (76%): mp 178-182 °C; 'H-NMR (DMSO-ds) & 2.33
(3H, s), 2.35 (3H, s), 3.70 (2H, s), 6.54 (2H, s), 7.50 (1H, ddd, J = 7.3 Hz, 5.1 Hz, 1.9 Hz), 7.63—
7.71 (2H, m), 7.90 (1H, ddd, J = 9.6 Hz, 7.5 Hz, 2.0 Hz), 8.36-8.41 (1H, m), 8.42 (1H, d, J=2.3
Hz), 8.76 (1H, d, J= 1.3 Hz), 3H not detected; Anal. Calcd for C21H20F2N4O6S: C, 51.01; H, 4.08; N,
11.33. Found: C, 50.88; H, 4.06; N, 11.31.

4.76. Bis{1-[4-fluoro-5-(2-fluoropyridin-3-yl)-1-(6-methypyridin-3-ylsulfonyl)-1H-pyrrol-3-yl]
-N-methylmethanamine}fumarate (92s)

Compound 92s was prepared from 91s following a similar procedure as for the preparation of
compound 92h from 91h. Colorless crystals (70%): mp 192-195 °C; 'H-NMR (DMSO-ds) & 2.30
(3H, s), 2.56 (3H, s), 3.61 (2H, s), 6.51 (1H, s), 7.45-7.53 (2H, m), 7.60 (1H, d, J = 5.7 Hz), 7.79
(1H, dd, J = 8.3 Hz, 2.3 Hz), 7.91 (1H, ddd, J = 9.6 Hz, 7.5 Hz, 1.9 Hz), 8.35-8.40 (1H, m), 8.48
(1H, d, J = 2.3 Hz), 2H not detected; Anal. Calcd for Ci9HsF2N4O4S: C, 52.29; H, 4.16; N, 12.84.
Found: C, 52.32; H, 4.28; N, 12.86.

4.77. Measurement of H",K*-ATPase activity

This procedure was performed using the method described above (2.55).

4.78. An assay of inhibition of acid secretion in anesthetized rats by intravenous administration
This assay was performed by the method described above (2.56).

4.79. An assay of inhibition of acid secretion in anesthetized rats by oral administration

This assay was conducted in a manner similar to a method reported above (3.105). A test compound
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at doses of 1, 2, 3, or 4 mg/kg (as the free base) or vehicle was administered orally 1 h before
pylorus ligation and histamine 2HCI (30 mg/kg, subcutaneous) administration. Gastric contents were
collected 3 h after histamine administration, and the total acid output was calculated.

4.80. Measurement of pH of a gastric perfusate under conditions of histamine stimulation in
anesthetized rats

This assay was performed by the method described above (3.106).

4.81. An assay of inhibition of acid secretion in Heidenhain pouch dogs

This assay was performed by the method described above (3.107).

4.82. A pharmacokinetic experiment in rats

Test compounds were administered intravenously via cassette dosing to fasted male Sprague-Dawley
rats. After that, blood and the stomach were collected. The blood samples were centrifuged to obtain
the plasma fraction. The plasma and a 20% stomach homogenate in saline were deproteinized with
acetonitrile containing an internal standard. After centrifugation, the supernatant was diluted and
centrifuged again. The compound concentrations in the supernatant were measured by LC/MS/MS.
4.83. A cytotoxicity assay

This assay was carried out by the method described above (3.108).

4.84. Whole-cell patch-clamp for a hERG inhibition assay

This assay was conducted using a procedure described above (3.109).

4.85. Measurement of CYP3A4-inhibitory activity

This activity of test compounds was evaluated by incubating 100 pmol/L testosterone with 10
nmol/L CYP3A4 derived from CYP3A4-expressing insect cells (BD Bioscience) in the presence of
10 pmol/L test compound. The reaction mixture was incubated for 15 min at 37 °C. The
concentration of 6p3-hydroxytestosterone was measured by means of an HPLC system equipped with

an ultraviolet light detector.
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