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Figure 1. Metabolism of purine nucleotide to uric acid.
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Figure 2. Xanthine oxidoreductase inhibitors.
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Figure 3. Transporters involved in the uptake and excretion of uric acid in PRTECs.
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Figure 4. Uricosuric agents.
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575) ¥, £, FEHRERVELIMFEMELZ DDA TH, KB LFEHRELHST
9% (Figure5), “h 6O #IZ. BBRWA M7 VAR =X —%[HLESTHH 2 CTHE
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Figure 5. pKa values and the structures of BBR and uric acid.
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Figure 6. Medicines having bis-aryl ketone structure.
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Figure 7. Structure-activity relationship between the structure of BBR related derivatives and the

inhibition activity of mitochondrial respiratory chain.
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ZTLTCEOZERBEERBICHEG TN T VDS, flxIX, X"y 7=
J U ORBEEERIC L 2 REHMEICIT, VN0 E5 35 A0 =X LANREES
L TCW5% (Figure 8) 3%,
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Figure 8. Mechanism of the photoinduced toxicity of benzophenones involving radical intermediates.

COEIRIENLEFRT, MBHNRER T IALEEZAE LB LLAEWIE., M
o THMALECKIC DN ITLoNTWDHI hay RUTIREICEEEZ HI- 2 5 & H#
WLz, ZZ T, BBROEAT Y — A b EEHEICEEZM2 D2 LIk, #
Pz AR L, hOEKBEEE LR T 2L EMEAIRT I EE2HET L & LT,



B AR rD4-E FaxoR_URT 2 RFEROARE REEELD A LR EEME

BBR Z e & L ERERICK > CTHEBEFEMEORHA L BB EZ G SE 5 -
W, FF. LT O CEidZ & & L7 (Figure9),

(1) F FoBEEZ7 I FEE~ERX D :BBROERAT U —F FUEE [Ar-
(CO)-Ar’1% 7 X RAEAEE[Ar-(CO)-N]~EE 2., TV NVOLEEAZ M L.
I ha R T EEERET D,

(2) 7 X FHE [Ar-(CO)-N] O 7T v VAL [Ar-(CO)-] & L TlL, BBR @ 4-t
Xy 7=V VA= VL% ELHE (4-hydroxylbenzoyl) % £ H
L., 2>, 7ot kaztoE RSB CR2D2Z LIk Y 27 EBEZXD,

(3) 73 FHiE [Ar-(CO)-N] O 7 X U#ifz & L TIiL, BBR OX2 V7 T AL
R ZBREMEEZ L S2A VAR AV RUVEDODTIVERHT 5,
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Figure 9. Design of novel benzamide derivatives based on BBR structure.

FROBWKICHLEDEFEROGMET T O, B FHFICBWTRBEOEE (HF
MEMmYIAL) IZHELTWDEAMIRME LM (RPTECs) ~O JREEH Y A 7
PLEMEME (UUD #3FM L7z, ZOFFMRIT. RO TZDITH ZITHEELZL O
THO, ZOMLIZOWTIEE =RVIZFEME LW T 2, £, I ha P T7TEME
DIEL LT . MEMBERELIFELE L2 ba vy Y 7 RS EFE (MIA)
ek L 7=,

EULwic, 7exElcRbosEFRSMEEE LTV T 2V EEZ 24 F— L3
BERIBIOA R UFEK 2250 (BR0EIEX%ZE) ., UUL MIA % 34l L
7~ (Table 1),



Table 1. UUI and MIA of BBR, 1, and 2a

Br CN CN

v O O O
Br N N
N
Me
g8 e )

Me
Benzbromarone Indole analog 1 Indoline analog 2a
(BBR)

Compound uute MIA?
P 1Cs0 (UM) ICso or inhibition (%)

BBR 6.8 3.1 uM

1 10.8 3.6 UM

2a 25 (43%)

¢ UUI Inhibitory activity of urate uptake into RPTECs.
b MIA: Mitochondrial respiratory control ratio (RCR), ICso (uM), or inhibition (%) at 100 uM.

ZTORFE., ZODEWIL in vitro FEE R IZEB W T BBR & W% ® UUI 7~ L
oo —H. MIAIZOWTIE, AV F—AFEE1TIEIBBR EFRETHoTZB, A4~
RU FFEMAR 2a TEBEHG L, 100 uM TH 50%LL EOIEEREE RS R olz, £ D
7% . Table 1 (21X 100 pM IZ BT HHEFEFR (43%) 2R L7, UK H MIAIZD
W T IE, 50%PMEERE (ICso) 28 100 uM BL L2228 A2 iE, @HE. 100 uM 25
FAHER (%) 2T LT 5, LRI, FEHETHIA LV F—LEER
7 IFEER ATV — AT NUBROMEERT Z EICLD EHNTE D,

ZZ T, A FYU FHE 2a D 4-hydroxybenzoic acid E8AZ (I EHFE A2 BN L /-
FREFEMR 2222 AL, FMT Lz, 22T RIBOMEEmI B LY
2a-2i DA IE LIRS,



Scheme 1. Synthesis of indole analog 1

OMOM

QCN OYQ/OMOM O?/Q/OH

Reagents and conditions: (a) EDC-HCL, HOBt in DMF, CHCIs; (b) 4 M HCl in 1,4-dioxane, THF, 35% yield

over two steps.

ft&® 1 O & kik% Scheme 1 127 L7, £F, YVAFLHANLLT I K (DMF)
7RV ADORBERET, 1-2FL-3-3-VAF LT I )T N) LR
A4 2 FHiE&tE (EDC-HCI) & 1-BE Fuex XY U 7Y —)L (HOBt) % f T,
23-VAFNA LU R = E 4 A NF AN U3-VT JLREFR I T vk
L7z, WIZ, THFEBEHF CTHCID 1 4- VA XV VBB EEHSETA RS AT
L (MOM) HzkrEL, (LW 1 2157~ (Scheme 1),

Scheme 2 (21X, {LE&W 2a2i D ERIEZ R L T2,

Scheme 2. Synthesis of indoline analogs 2

H i
N HO,C N CN N CN
a b for 6a

c for 6b

5 6 dfor 6c-6i 2
R;=H, R, = MOM (a) Ry =H (a)
R;=0OMe, R, = MOM (b) R; = OMe (b)
R =1, R, = Me (c) Ry =1(c)
R; =CN, Ry = Me (d) Ry =CN (d)
R; = SMe, R, = Me (e) R1 = SMe (e)
R1 = tert-Bu, Ry, = Me (f) R4 = tert-Bu (f)
R4 = Cyclopropyl, R, = Me (9) R4 = Cyclopropyl (9)
R4 =CIl, Ry = Me (h) R4 =Cl (h)
R1 = CF3, R2 = Me (I) R1 = CF3 (I)

Reagents and conditions: (a) EDC-HCI, HOBt in DMF, CHCIs; () 4 M HCl in 1,4-dioxane, THF; (¢) TFA,
CHCly; (d) LiCl, DMF, 35-91% yield over two steps.
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FT. AR 5 LHEL2OLBFMRFENR 3D & Lt L REROFETHA
i, LW T T =) — VEMRER R B A N ATFAETH D HAICIL, THF
W T HCILD 1 4- VA XY U imikaEFHESE5 (6a), & L IE, lEAF L
WRPCTCRY 7 A nfmEaEAHSES (6b) Z&ICKY 7/ —LEERHSE
oo T, 72/ = VML OBREE R D AFNLIETH S HA 21T DMF B8 T
WALV F o EERESEDZLICEY, V2 -V ETEHESE T,

Table2 2. 2N 6 DFEARD UUL B L O MIA O F — Z (21 2 T LogP (& % 1#)
i L7z,

Table 2. UUI and MIA of compounds 1 and 2

CN

N

Me
Indole analog 1 Indoline analog 2
Uul ¢ b
Compound Ri 1Cs0 (1M) % ICso or ilﬁi?aition (%) LogP*
1 - 10.8 52.1 3.6 UM 3.89
2a H 2.5 67.5 (43%) 2.70
2b OMe > 100 217 g 1((3(1)0% 2.57
2¢ I 53 65.1 53 uM 4.05
2d CN 83.9 26.3 (47%) 2.73
2e SMe > 100 242 40 yM 3.14
2f tert-Butyl 31.6 324 6.6 uM 4.40
2g Cyclopropyl 8.8 67.8 24 uM 343
2h Cl 14.7 38.2 31 uM 3.26
2i CF; > 100 30.0 (40%) 3.62
BBR - 6.8 51.0 3.1 uM 4.95

¢ UUI Inhibitory activity of urate uptake into RPTECs ICsp and % inhibition at 10 uM.
b MIA: Mitochondrial respiratory control ratio (RCR), ICso (uM), or inhibition (%) at 100 uM.
¢ LogP was calculated using ChemBioDraw UltraVer.14.
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INOHEBIEEBIOI bary FY T HEICSOWT, MEEEHEEEEET 5,
FT. IbAEW 2a (Ry =H), 2¢ (R =1), 2g (R; = Cyclopropyl) £ LT 2h (R =
Cl) I ZH ARV UULTEME (ICso<10puM) Z - L7, B GEEEHIL (R =
OMe) #A T 5 2b BLUOETFRIMOBMNERIELZ AT 5 2d (Ri=CN), 2i (R
=CF;) OFEMHIFIE T LE, /2. 2EEWEBIL (tert-Butyl) Z A9 % i HE K 2f
LIEMENRFE LK T L, 2RO 0/RRIT, BTz /) —AVEMOBEELIT T
L, EDOEBONEMBRESLIEMHEICRERERE2 5252 2R LT 05D,
Fo. RIDBIGIZ S @ tert-Butyl i TH 5 2f, B X R R DB AKFBIR T+ TH D 2a
oL L DD, L THREM (LogP) 28 @& WH D UULIEM & & WM
DR BN D,

— T, FLEWOREEEI Fary FU T EELEOMICITHEEND D 2 & 3 H
Bl L 72, Figure 10 |%X. LogP ff (§tH ) & MIAEOMOEFEEZR LD TH
D,

B ALEW 22,2d B XN 2i 1 100 M TO MIA B WT N HHE 50%TH - 7= 2
EP B ICso & 100 uM & L7z, F72, LAY 2b (X100 puM TIE & A EEMEZ RS
o TN, T2 TIEEEMIZ ICso & 200 uM & L 72,

1000

100

MIA (RCR, ICs,)

10

1
2 3 LogP 4 5

Figure 10. Correlation between MIA (RCR, ICso) and LogP in Table 2. Since compound 2a, 2d, and 2i
showed ca. 50% MIA at 100 puM, these ICso values are assigned as 100 pM. Though compound 2b showed
no MIA at 100 puM, the 1Cso value is tentatively assigned as 200 uM.
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ZORRALEDW 1 (A F—AFFEEER) ITHBEEMR S TEHE L. LogP (2% Lk
W MIA 2R L2, ®BMIC, lEA&8 2¢ (R =1) BXO2i (Ry = CF;) 1%, LogP
WZxf LEgW MIA Z7r L7, L2>L., LogPfE & MIA & ORMICITHEBENE G, T’
ERBIIR?=054 THYV ZL OILEMBRHBEEROILITMNE L, Zhid,
BRI BE~OBRMECHEERENEERBLE S TVWDL I EE2REBLTWVDS,
KIZ UUL [10 uyM IZ BT 2 HE R (%) ] & MIA (ICso) D B4R % ~F (Figure
10-1), LT, MIAD/Ph S b UUl bWwL wrEmBAons, LaLl, b
B 2a, 2¢, 2g X Z DM BN, FEFEO MIA Z R T OLH ¥ &~ T UUI
NE, EMELTHHATODL Z ERbhol,

COMBEMIZTE Y EmWIEE (30 720X 100 pM) T UUI 2§74l L 7285 A& T b [ kR
T& - 7= (Figure 10-2, 3),

80

70

* 2g * 2a

¢ 2
60

50 *1

2i
30 *
* 2e
+ 2b
20 2d

uul (%)

10

1 10 100 1000
MIA (ICy,)

Figure 10-1. Relationship between UUI (% inhibition at 10 pM) and MIA (RCR, ICsp). Since compound
2a, 2d, and 2i showed ca. 50% MIA at 100 pM, the ICso values are assigned as 100 uM. Though compound
2b showed no MIA at 100 uM, the 1Cso value is assigned tentatively as 200 uM.
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o 2f

Zg " ¢ 2a

+ 2b

2e -
2i

10

100 1000
MIA (ICqp)

Figure 10-2. Relationship between UUI (% inhibition at 30 pM) and MIA (RCR, ICsp). Since compound
2a, 2d, and 2i showed ca. 50% MIA at 100 uM, the ICso values are assigned as 100 uM. Though
compound 2b showed no MIA at 100 puM, the ICso value is assigned tentatively as 200 pM.
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S *2c
e 1
*
. 2 2h
2d o
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10 100 1000
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Figure 10-3. Relationship between UUI (% inhibition at 100 uM) and MIA (RCR, ICso). Since
compound 2a, 2d, and 2i showed ca. 50% MIA at 100 uM, the ICsp values are assigned as 100 pM.

Though compound 2b showed no MIA at 100 uM, the 1Cso value is assigned tentatively as 200 uM.
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ZIZT, ke 2a, 2 BEV 2 DKM EL TOAREMEZ S HICFHMT 2720,

7y hToOEMEE (PK) %

Table 3. Pharmacokinetic profiles of 2a, 2¢, 2g, and BBR

D L& L7, Table3 21X, &£1L&® O K& M
P (Cmax) & REAEOR TP (Exc.) & F L O,

2
Compound R, ( én/l:;) E(;(()/CO ')b
2a H 0.89 59
2c I 5.95 0.02
2g Cyclopropyl 136 0.35
BBR - 442 0

¢ Maximum concentration (Cpax).

b Excretion rate in urine (%, 0—4 h) after oral administration of 3 mg/kg to rats.

L Z AT Jian BT, BKRBRICEHB W T BBR OEH 2 48 B FEfE L 72 & W )
REREL VWD 3D, —F, RIco@Eickse 33  BBRELGHZDORE
BRI, 48 e ICITmENLBHAE L, RPZFEFEALEHERI ARV, ER
#CchH D 6 MAKEEILA (Figure 11, 6-OH-BBR) 3339 % 14 < 72 B {5 17
LIRFIZ 1.2%28 el S 5,

Figure 11. 6-OH-benzbromarone (6-OH-BBR)
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6-OH-BBR /& BBR (Zt# L ggun 2y, g2 /R4 121L+ 472 URATI FHEFEM %
7~ 3 (6-OH-BBR ICs¢: 0.20 pM, BBR ICso: 0.0345 uM), & 512, URATI (I R #il &
bR o R (R IZRBLL T Y, Bl X HIZ 6-OH-BBR O &) & 78 38
ZhIZBI#E L CTW\WaD Z &b, 6-OH-BBR BNiHFHERB#HMTH O | &M CHERIEIEM %
BT DHZENRB I TG 3537,

L7 L. BBR % 6-OH-BBR IZ ﬁﬁ?é@iLm%y”%ﬁﬁécwxﬁfﬁé
DT RO LI ICZEDEDRLLRMEICEHAEZEL D, LI > T, KD H
BT iamix. %R&i%&@%ﬁMkaf Pz HEM S E D2 RBL T 5 2
EMEFE LW,

I TEHEIT, LR Jan SOBREBLI KNS OHREEZZE L, &Ke i E

J£ (Cmax) 7 BBR E[RIFEETH D . 2o REALIK D 0-4 FF [ D J& b HEiE = (Exc.)
>1.0%CTHH ta, IR EIEMMELELIYmORKMEL L TRETDHI L L
L7,

CORETHLIHDT Table3 2z A5 & LEW 22 1L Coax DA T3 TH D,
J. ALAWY 2¢1E Coax DEWEZ G328, RAPPEHENE W, /. (LAWY 2g 1T
WTHOMES+5TIEARW, EFIE. LA WORYBERR+STHDOD
T, —BRMICBIlbEzZ T WA U R VEONR Y UIILALA T L2 ORI
DIRKDO—>ThH b EHTEL (Figurel2), ZTOHMNOMEE*E 2D L LI, &
DRz H B TED,

Figure 12. Potential oxidizable part of indoline.
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BEH O 1L,1-YF X V-12-YV Fr-3H- 13- XUV FT7 VS — )LD 4t FaFiXy

AT X RFHERDER & IR Y 1A EEVE

BB Tk R7ZZEBY, ARV vD4-v FaxvZEFmRT I NFEIK 2a, 2¢,
2g 78 BBRIZILE ¥4 2 e FM: (UUD 2~ L, 22 b FUTHELEWVWE
EERM UL, LaL, BE&hldo, Zhofbkd®wo PREMIZ o Tl £
DFEKEELTA LY RY D AF L UEMOBILBNRBREDN T,

—HREJIZ N UL CH X E M e R 22 7 5T W, £Z TAF L & CH;
., ANLF= NV SO, ICETIHESEZ, BENBERBFLZZ T RV EDICT
HZ RV WT,

ZTOMRERTIZD, T LEW2e DA R Y VN E 1,1I-VAFV-12-V
t R -3H-13-X Y FT7 Y= VICERLEFER T Z2ARTHLEELE, 2
DAL AW O LogP i (FHEfE) (X285 TH VY, {LAEW 2g D 3.43 XL v /hE < fxt
BB DN A 5 72 Exc. 8 L3425 2 & b #IF L 7=,

&% 71% Scheme 3 1273 HIETEHEKL 7=,

/

Scheme 3. Synthesis of 1,1-dioxo-1,2-dihydro-3H-1,3-benzothiazole derivative 7

gty

COZH cocl

SH
O Oy

2-aminobenzenethiol 10 12a CN
o
“S//O \\S//O
d N> e ©EN>
0] OMe 0] OH
13a  CN 7 CN

Reagents and conditions: (a) SOCly; (b)) HCHO, H>O, diisopropyl ether; (c) 9a, triethylamine, CHCI3; (d) m-
CPBA, 43% yield from 8a; (e) LiCl, DMF, 81% yield.
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LI 2-TI )R VEBUF A= 10 EHRVLATATE FORIGIZEY, ¥
E XY FT Y= 11 2/F, TORMEITZEENMENTZO, KREEL
TOFICRIEBIZHWE, =, KEFRFEHK 8a3V% | SOCL L DISIT LY
NI T HBMEAY 9a lICFEE L, ZoBElmE Lo 11 & % CHCL BB,
PV ZFAT I VOGFETICHASETCT I N 12 287, VT, ZO7 K
IZ CHCIl; %8, m-CPBA #/EH&®H 22 LI2LYD 1,1-YAFV-12-Vt Fr-
3H-1,3-_X2 Y F T YV — Vi EK 13a ~ L fE{L L%, DMF &, LiCl % {EH
SHTI00°CITMBAT L LIk AT N =T VDO AT VIEEREL, L
AW T % 8a b OBBEIE 35% T,

&% 7 O UUL, MIA, PK (Cnax 3 & OV Exc.). B X O CYP2C9 [LEZ (LAY 2¢g
BELOUBBR LB LM REZ L L D7 (Tabled),

Table 4. Properties of compound 7

CN
CN
(@] OH
o) OH
N
g N
oo
7 LogP:2.85 2g LogP:3.43
Compound uul @ MIA * Crnax € Exc. ¢ CYP2C9
P ICso (M) 1Cs0 (1M) (ug/mL) (%) 1Cs0 (UM)
7 19.2 59 3.81 0.6 57
2g 8.8 24 1.36 0.35 -
BBR 6.8 3.1 4.42 0 0.041

¢ UUI Inhibitory activity of urate uptake into RPTECs.
b MIA: Mitochondrial respiratory control ratio (RCR), ICsp (uM).
¢ Maximum concentration (Crmax).

4 Excretion rate in urine (%, 0—4 h) after oral administration of 3 mg/kg to rats.

Table 4 /R T LBV, {bEW T O UUITEMSEIFILEY 2¢ B L OBBR LD 0%
EHEEDODFDICENLRLEESTWVWSE, S MIAIZEVEHELS BGFTHS,
FLT, DI NTIEEI2NHFFFEDY . PK (Cnax B L O Exc.) D EINT-,
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T DB, Cmax (3.8l ug/mL & E L, Exc.d 0.6% &7 o7, B2, {LAEWMT
X CYP2CY FLEEME N < (ICso = 57 uM), AE R EHBEMHEEZA LTS, £ 2 T,
Exc.OS bbb EZBRLILAYM 72 —FNeameL T, 7=/ =& EOD
EHEDO R 5 4 M E (K 1426 (Figure 13) #5752 L L LT,

% S gn L,
N CF3 ©:N> CFs N :Cl N Cl
14 CN 15 CN 16 CN 17 CI

s? s? g S
©[N> iPr ©:N> Et @EN Z ©[N SMe

18 CN 19 CN 20 CN 21 CN
“S//O “S//O ‘:‘3//0 “S//O
<::N CF3 ©EN F [::N SMe @EN CF3
o) OH (o) OH o OH (o) OH
22 ClI 23 ClI 24 Cl 25 OMe
O
2
N Cl
(0) OH
26 OMe

Figure 13. 1,2-Dihydro-3H-1,3-benzothiazole derivatives.

oAb AW DA BT 5 1L Scheme 4 ([ &%) 14-24) 5 X O Scheme 5 ({59 25,
260) [2xT, £, {LE W 14, 1620, 21°(R; = CN, R, = 1), 22, 23, 24°(R; = Cl, R, =
DzAiRofbaEY 7 ERROBKE T, HEVWEHLRLILZEFRFERZRZD Z
EWCE o TAHABRLE, it T, 218 X O 24°12%F L C DMF A HF T 2,2'-bipyridine
(8 mol%) . NiBr, (8 mol%) DOFfEF., Zn (1.6eq.) B L MeSSMe (0.5eq.) %
ERSE5Z2LI0LD, B2 AFLALT 7> = )LFEHEK 21 (R; = CN, R, = SMe) .
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24 (Ri=Cl,R;=SMe)~ & ZHa L=, £/, 12-Y Fr-3H- 13- XV F TV —
VHEER IS ZHEE 20 O MER TOBILERDL R AF LT =T
—TNVNDOAFNLVIEERET D ETAHK L (Scheme 4),

Scheme 4. Synthesis of 1,2-dihydro-3H-1,3-benzothiazole derivatives

RS

CO,H COCI

S
8b—k 9b—k ©E>

N R
SH R
@ - @> P e O
NH,

R4
12b—k

14: (R; = CN, R, = CF3)
16: (R, = CN, R, = Cl)
17: (R;= Cl, Ry = Cl)
18: (R;= CN, R, = iPr)

19: (R; = CN, R, = Et)
20: (R, = CN, R, = Ethynyl)
218 (Ri=CN,Rp=l)  —

R, R, 21: (R1 CN, R, = SMe)

_0
S~ //

13b-k 14, 16-24 22: (R4 =Cl, R, = CFj3)
23 (Ry=Cl, R, = F)
8,9,12,13 " (Ry=Cl,Ry=1)
b: (Ry = CN, Ry = CFg), ¢: (Ry=CN, R, = Cl), o (Ry=Cl.Ry=SMe) ~ 1
d:(Ry=Cl,R,=Cl), e:(R4=CN, R,=iPr),
f: (R;=CN, R, = Et), (R1 CN, R, = Ethynyl),
h: (Ry=CN, Ry = 1), it (Ry = Cl, Ry = CF3),
j:(R1=CI, R, =F), k: (Ry=Cl,Ry=1),

Reagents and conditions: (a) SOCly; (b) HCHO, H»0, diisopropyl ether; (c) 9, triethylamine, CHCls; (d) m-
CPBA, 15-79% yield from 8; (e) LiCl, DMF, 53-99% yield; (f) 2,2'-bipyridine, Zn, NiBr, and MeSSMe,
DMF, 100 °C, 23-29% yield.
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Tz /) =N EOF N NEBRELELTA N VEEZAT OG22 B LV 260 DA
RIZCOWTIE, HEWEL LTAMNRNU AT XU RZEEFRFER 81 8LV 8m
ZRAW, AR & FEOKE (Schemes) THK LA, bbb, £3 . £EEFHE 8]
BIOSm VAR LAEABEALDINBLYIME E RexXv Yy F7 Y — 111 &
i S Ek, m-CPBA ZHWT ALY ¢ REfLZ A VR o~ LBk L7c, &%
2, PA/IC Z R WK FBAEKIGIC LD R DL REZREL T 258 L0026 %
57,

i

Scheme 5. Synthesis of compound 25 and 26

OBn OBn
R1 OMe R4 OMe
a
CO,H COcClI
8l: Ry =CF; 9I: Ry =CF3
8m: R, =ClI Im: R, =ClI

10 11 OMe
12I: Ry =CF;3
12m: R, =ClI
w_0O (\) (0]

131: Ry =CF3 25: R, = CF3
13m: R, =Cl 26: Ry =ClI

Reagents and conditions: (a) SOCl,; (b)) HCHO, H,O, diisopropyl ether; (¢) 9, triethylamine, CHCls; (d) m-
CPBA, 64-65% yield from 8; (e) Ha, 5% Pd/C, 45-76%.

Zh B LA D UUL, MIA, PK (Cnax 8 X OV Exc.) OfE R %2 £ & o7~ (Table 5),
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Table 5. UUI, MIA, and pharmacokinetic profiles of 1,2-dihydro-3H-1,3-benzothiazole derivatives

R2

O}/Q/OH

R

O@/OH

@::z Ri N> R4
g s
14, 16-26 15
b
Compound R, R» ICUUI ‘ Il\(/,fror Cloax © E);C' ’

WM hibition (%) HMY) (%)

14 CN CF; > 100 (12%) i :
15 CN CF; 13.1 55 uM 3.15 0.1
16 CN Cl > 100 (20%) 1.35 23
17 Cl Cl 6.8 27 WM 9.14 1.1
18 CN Isopropyl 83.3 12 uM 4.46 0.1
19 CN Et > 100 37 uM 4.24 1.7
20 CN Ethynyl 3.2 (13%) 1.58 124
21 CN SMe 7.1 (21%) 1.08 9.4
22 CF; Cl 2.6 18 uM 6.41 0.1
23 F Cl 339 63 uM 7.70 4.3
24 Cl SMe 5.7 59 uM 4.64 0.2
25 CF; OMe 17.8 (47%) 3.99 0
26 Cl OMe 4.3 (49%) 1.06 0.1
BBR ; ; 6.8 3.1 uM 442 0

¢ UUI Inhibitory activity of urate uptake into RPTECs.
b MIA: Mitochondrial respiratory control ratio (RCR), ICso (uM) or inhibition (%) at 100 puM.

¢ Maximum concentration (Cpax).

4 Excretion rate in urine (%, 0—4 h) after oral administration of 3 mg/kg to rats.
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bk Xz, {EE&W 17, 20, 21, 22, 24, 26 |£ UUI @ ICsofEEA3< 10 pM &\ 95 7
NEEE R L, ZO0FR THEEW 17, 20 8 X WV 21 1 Exc. > 1.0%TH V| &
W2 172DV TIE Crax 2 9.14 ug/mL & B ThH - 7=,

ZZ T, EHEFIZOWTE#REZESL D, WO DbA% D URATI BLEE
P2 PRI, ZOREFE, B UULIEHE 2 R3S WI1E & URATIL FHE TG 4 % R
FTAEM A S I (Table 6), L7z > T, ZHubfb&®mo UULIEHITEE LT
RPTECs E® URATI fAEIZ X2 b D L HiESI D,

Table 6. URAT1 inhibition and UUI of 1,2-dihydro-3H-1,3-benzothiazole derivatives and BBR

Compound URAT1 inhibition ¢ UUL b
%) %)

! 30 42

15 - w0

16 29 s

17 79 "

19 36 “

21 4 -

BBR 37 .

¢ URAT1: inhibitory activity, % inhibition at 0.1 uM.
b UUI inhibitory activity of urate uptake into RPTECs, % inhibition at 10 uM.

Y/ mnr EHRFEAR 1715, BBR & HE LFE%EL EO iy UUTL B L O URATI
EEMEEZ AT — . MIA T, BIEE L L 72 Cnax 8 X OV Exc. (>1.0%, 0-4 FEE])
M LT, £72, 171 CYP2C9 Z#fHE L7722 (ICso=5.7uM) . BBR (ICso=0.041
uM) IS L CTH oz, EROENL, BKICEB T 5 REBYEMIEME T 72 <
&L BBR CRIBEELETHY, CYP2CY9 DML E TS L+ ICTEEL TV 5D & HE
s, ZoZenb, KMo rHBEEMIELEHE L TRIRL -,

b 17T OB 2 X VFEMIICHET 2720, EERNFET D () & L3,
e O XFEMFIEEL X OB F— L1128 W T, &8 in vitro 3 L O in vivo ik
Br 21T\ BBR & lbfz L 72,
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B, ALEW 17 O pKa L 4.69 ThH o7z 3, BBR (pK, 5.17) LKL S 51T
FEEE N EmE > TWVD,

Table 7 X URATI # @B BB LMz Hwvw, {L&W O REBEIY A Z L
(URATI fHEVEM) #2FM LM R TH L, (LAEW 17 D 1Cso 1L 37.20M ThH D,
BBR (ICso = 190 nM) XV SEMNZ ENbND, 2. 7 v F PKiB%E 0.3
mg/kg #& W& 5 (p.o.) BLXOFIREHN (iv) TITo72& 25 (Table8), RiF72
Cmax (1085.8 ng/mL + 100.4) 3 X X AUC (5744.7 £ 188.8 ng-h/mL) % /x L., £#

FLHRAE (BA) £868%EEmWVWHLDTH - 7=,

Table 7. URATT1 inhibition activity of 17 and BBR

In vitro URATT inhibition
evaluation ICso (nM)
17 37.2
BBR 190
Table 8. Rat PK profile of 17
a .. b
dose Cinax or Co AUC.inf BA ¢
(ng/mL) (ng-h/mL)
0.3 mg/kg p.o. 1085.8 = 100.4 5744.7 + 188.8
86.8%

0.3 mg/kg i.v. 2401.3 £65.6 6619.5 £2041.8

4 Maximum concentration (Cmax or Cp).

b Area under the blood concentration-time curve (AUC); inf: infinity.

¢ Bioavailability.
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Table 9 35 &K O" Figure 14 (X 7 % 4~ X ¥ )L (Cebus apella) % H > T{LEW 17

D PKBILUOEDZFHANTZHERTHD 39, b, 7 A ~FHF 1 0x, R IREHE
MENRE N ERFECEKLS, 22KR®E (UA) EZ20oBIER#HTHDIT T b1 v
(Alla) o 4 o8 3R (Alla/UA) 28 0.05-0.15 TH V. & b (0.1 LLF) X%
ANiE (01480 F) CRBETHD Z Enn 40 JREHEMIEEFERZ e Mo
LZDICHEMATH D,

R ~DORBH M EDOIIE CTH 5. 0-4h (21T 5 R EHEM 4 H (FEya: Fractional
excretion ofuricacid =REBE 7 V7 7 R/ V7 F=027 U7 F 2 A)E. BBRT
X 30 mg/kg B OHE (po.) CBWT 115%THLoilIcxt L, {b&¥H 17 Tt 5
mg/kg p.oll BV T 16.5% Th o7, 612, LA 171X BBR L v & 58 < i HE R
PRl 2 b S 72, &5 0-8 R fIcB T 2 i IR B T &13/E % 17(5 mg/kg
p.o.) 7% 0.97 mg/dL, BBR (30 mg/kg p.o.) 7 0.46 mg/dL TH o7, Z D58 7%
R, ROFEA ICTHRESLR T RN EDTH S,

Table 9. PK profile and pharmacodynamics of 17

Decrease in APya ¢

Cebus apella AUCo-24n FEua” from control
PK -h/mL 9
(ug-h/mL) (%) (mg/dL)
17
+ +
(5 me/kg p.o) 108.55 +52.94 16.5+4.2 0.97
BBR
(30 mg/kg p.o.) 9324+ 28.12 =72 ne

“ Area under the blood concentration-time curve (AUC).
b FEya: Fractional excretion of urate at 0—4 h; FEya value of control: 8.9 + 4.0%.

¢ APya: Changes in plasma urate level at 0—8 h; value of control: 1.65 + 0.78 mg/dL.
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3 4 -o-Control
g 5 | 417 (5 mg/kg p.o.)
‘ga #BBR (30 mg/kg p.o.)
E |
[ani
=
g 0
8
&
4 -1
-2 T T 1

0 8 16 24

Time after administration (h)

Figure 14. Changes in plasma urate level compared with the pre-dosing value in Cebus apella after oral
administration of 17 (5 mg/kg) or BBR (30 mg/kg). Values are the means + S.D. of five animals. The
average pre-dosing value of control: 2.98 mg/dL. * P < 0.05, significantly different from control at each

time point by Dunnett’s test.

SHIZ ILEM 1T ORREZHR T 270, BHEO T o AR—FZ —~DHE
EHERRFI STz, ZORKER, 17 1%, OATI/3 X BE TO R 2 > T\ 5 b
7 v AR —H — T bH ATP-binding cassette sub-family G member 2 (ABCG2) (T xf
T OB EEME T < 0 R AY R IR B AT WU PR Al (selective urate reabsorption
inhibitor, SURI) T&® % Z & /R S 417z 3, ABCG2 IZxt 3 2 PLE 1L BBR £V &5
WZEnb, BETORBOPMEAZHEF LR NVA TS BBRIZHELAFN TH S,

E MBI 2IkEW 1T ORBIZHONT, FERRFYIZT, 7=/ =D V7

VEBBRAKEHBRBIBAKTHoT, AT U ARBRICE N T, £x ONRH#W
D 0-72 h DR FHMRITZNZN 443%B L 20.0%TH Y 4D, ZOMOMRHFY
X% 58% L FTH-om, iz, A d X 512, BBR I IS H 4 28 B 3 vk o
JRRNCTdH D ET LN S 5,BBR OKISHER#HE LT, HT =2 — LK (CAT),
t Re¥x /K (DBH) 25 WiLZ OBt (DBBQ) N S LTV 5 2% (Figure
15) 2, TNETOLEZALAEH 1T ICTIEZZTOL I 2R#EWITHED SN TR,
IEEM 1T R EERRIBE L L TWVWDLIERRBIND,
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I
7 OH
OH o O OH
BBR caT  Br

@Qﬁﬁ?

Figure 15. Proposed reactive metabolites of BBR.

Sk Em 1T obIcfTo T FENMMEBERABRICEWTEALLEREZ R L,
H AR IZF W T Dotinurad & L TG S L 72, Dotinurad 2 mg @ 3EH M 1T BBR 50
mg L% TH Y 4 BBROK 20~30 fFREMRNE VR D, £/o, b FOREIKE
2P W T, Dotinurad D g KEFKRH &1L 4 mg ThH A, BBR THlZEZ SN 5D
O BEAEOBIGERF 213 1 A A& 10 mg R OERD CHEHER I &I
72N, Dotinurad 1% BBR IZH# U in vitro X b =2 > N U 7 M HFH E &% (MIA)
MR 10 G- Te N, BEBEEZEETH2L, b P TEEHEMFEOI b= I T
FHEEEZDNH D E VR D,

DEoXyic, BIERF A 27 Ez2bNTWb, 2 hary R 7HEMN, Kk
B

MR OFEME L OESEEOB S5, Dotinurad NEIJEF X Z 5l & 23U R
TR W E R SN D,
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FIE /NG

BBR IMilICEE R EMELII S E T ARMETH 2, Lo A H 3K
MTHsd, £Z T, BBROLFHEIZERL, MWEDEZRT & BLOEME
DODRBERBST L E2M T 28O ERAARD Z L L, BBR O{LFEH
R & fidr L. &2 RBBLT 2 ICITIREE & [F AR O % o @ WA Lo B 7 fE
ERLBETHD ERELL, £, WHEEZ BB T2RRIEII b= P 7 HEME
Thh, FJVINERENNLEDIHSEETCHLEAT U — 7 b U ICERK
THENRELE, EZCT.BBROEAT U —)Lb kAR [Ar-(CO)-Ar] %, Ar
e bt o BEWMASMICEE LT 2 FA [N-(CO)-Ar] & ICEH T 5
it Lll, bbb, ZBEBHEOT IV (AN UE) ET 2= ETIVER=
NETH L, ZBET I VEHEIMBEL T O UAT I NFEERZE Y AL
f:o Invitro DFEHRABR E LT, B FBFRICEBEWTIRBOFEMSCHEBINAZH > TS

WAL PR A EEM R (RPTECs) % W72 JREEH D GA A FHEJE M (UUD , B X VR
fEOBHBRINICE N T EREEAZH > TWDLIRENT v AKR—%— (URAT1) OfH
EVEME M L2, REEFIC, FEEOHRMEE LT, I ha v U 7 MRS H &5 %
(MIA) ZFEfiL7=, ZORE. W invitro DEGORHFA LKW kv KU T
BHEAWSYT 54 R UFFEER 2e%) #2052 LIS Lc, 20w T,
TIPFHEAEELZRZLDZ L, BROBEEELE TTL2Z2 NI bary R 7 HEME
ERLTHEDICHETHDLIZE LWL ER-oTZ, L2L, 2T DLFERDIE
WEhRE (PK) DOFFME (Cmax B X R P M E) Z+H5TERNP -T2, £ T in
vivo TOHRtEzm EX 5700, “BUET I VM ERBELZEED D D HEE L
Bt Lim, FMRELT, invitrolEMEB L O PKEMHEDOART R ITENTZ
1,1-P A4 % V-1,2-Y b Ru-3H-13-_XVF 7Y — )LiFHEKk 17 %527 HL -
(Figure 16), BER LR EBMEW 171X, E bOEBEIERAZ PR T 7% 4~
X Y (Cebus apella) % b H W72 invivo BRIZFHB VW T, BBR XD b8 W IREBIKT
ERMEEREINTE, AMeAaEEERLOEMEAE E L CTRIRL., BIKEREE T
TOEHE., BARENCEHRKSE (Dotinurad) & L THARB I, BEWI To B
HbED LN TS
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Q0

0 \\S/,
S e
. N
eon = e Thon T
(0] (0]
R

P OH
(o}
Br R,
Bis-aryl ketone (BBR . .
i ( ) Novel benzamide derivatives 1,1-Dioxo-1,2-dihydro-3H-
possessing bicyclic amine moiety 1,3-benzothiazole derivatives

(R4 = R, = CI: Dotinurad)

Figure 16. Strategy and results of the novel benzamide derivatives possessing bicyclic amine moiety.
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Sfs — S

[
S hFrary FUTEMEAEBLEXCXT I R A R

B HBMHETIVEHOEBEICLORVUATINFEEKOI a2 R T E

(63

B-m TR, JWEENMEE > Tz BBR IR D 5 [E G % B3
T % &) HEEL Dotinurad DB FEZ b » TER SN2, T2 O ERE T,
E2AT7 V=T bW FEHEENI a2 R T HMEORK TH D Al ae M »
RENTEN FARICZEDOFEEN T ONEEME (LogP) EMHEAT L Z &R LK,
TIZTEHFEF, ZOHAREZLEICIPa NI THEEEZILIZMAZDORKREZ %
B L LT RMEDERIMET 2R Z KT 2,

AR E LTIE, 2 FOREHELZETIEL2 2L, BXOFo w4 ik
R4 HZ & H&EICE X, Dotinurad ® BT I UM AEBEEMEOEERLT I
WEEX x5 & a5E L7z (Figure 17),

(0]

,,CQOH
Br

Bis-aryl ketone (BBR)

J Y

S/
N> Ri Q R4

1,1-Dioxo-1,2-dihydro-3H-
1,3-benzothiazole derivatives
(R1 =R, = Cl: Dotinurad)

OH
0

Rz

Novel benzamide derivatives
possesing monocyclic amine moiety

Figure 17. Strategy for designing novel uricosuric compounds.




EEIZT I Ry Faixit. T2k b, 7, MIA N FHE&EICERT
HEWIIRIMEDH OO THIET D720, 7x=/LE =)L s FEK 30a, b %
G L. MIA ZiEfliT25 2 & & L7 (Scheme 6),

Scheme 6. Synthetic pathway for cyclopentene derivatives 30a, b

CocCl
28
X
o *@
CH,CI OH
X 2Ll
27a: X =Cl 30a: X = Cl, two steps 54%
27b: X = Br 30b: X = Br, two steps 75%

BRRICIE, 7= ) = VD ANT VIR ZRD 2D OB 72 )75 ToH % Fries 5
MERALEZ, bbb, 26 v Fy (zaunkBlO0saexi) ¢°F
Ll 7 2/ —N%E, 4, CHhCL R, NV ZFATIVOFAETTY 7 1
RUyTUHANRUBEZa ) FEHWTO-T b Lz, EWVWT, ZTOHERD %
MU ZAFda AR AR CBEICEML T O0°C TH¥\EIT DL, B ET 5 Fries
BN EFT L, # h30a,ba G52 ENTX -,

Table 10. Structure-MIA relationships associated with the cyclopentene derivatives.

0
X
30a: X =Cl
d O 30b: X =Br
OH
X
b
Compound LogP MIA
1Cs0 (WM)
30a 3.39 10
30b 3.93 6.6
BBR 4.95 3.1

“LogP was calculated using ChemDraw v19.

b MIA: mitochondrial respiratory control ratio (RCR), ICso (uM).
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Table 10 (2R T L 212, 7 b 30a 33 X O 30b iX. LogP fE () 7% BBR
(LogP: 4.95) KW EWIZbbo ., M MIAZ/RLZ, HEIE, Zbit
EMDOTY =L E= LT F o EERERTY — A o EERBEICAEL DT Y
INERELLEDZD MIAICEBE LD EHERLT-,

ZIT, ZEMAEINR=ANRE Lo BEBHITLLDIC, RIEFIVTINES
G M T 22l Er— bFEIR3R2 (NRUYANLVFEFBRET IV), 3-8
02U R 34a, b (RO ANVIEMBKRT I V). BLOEr Y U UiEEK 36a (X
YYANVENET I Y) EA L, MIAZREiT 52 & L,

o — L iEE (K 32 /X Scheme 7 I/ R T HFETAM L, bbb, £3., KE

fbF MV D aEREEKEELT, Pue— L2 ZEEFBREAMICEIY N-T b LD
H DMF BB LY Forz2ERHESE2 LIk 72 ) — V2 FEES Y T2,

Scheme 7. Synthetic pathway for pyrrole derivative 32

OMe
Et CN
0y 0y

COocCl Et Et

) ) .
N a 0 OMe b o OH
CN CN

Pyrrole 31 32

Reagents and conditions: (a) NaH, THF; (b) LiCl, DMF, 110 °C, 13% yield over two steps.

3-Er U UFFER 34a, b B XY 1Y U EK 36a (X Scheme 8 (287 ik

THEM LT, kG W 34a, 36a 2OV TlE, T, 3BLOSAICEBREL SO 4-
ANV RZEFBRLEEY ) VU ERE 3t v E, -2 TFA-3-3-VAF LT
R/ T7ua b))V ER YA RERE (EDCHCH) #HWTHiadL-ob, foh
72 N-7 ¥V {K% DMF it ¢k F oL ZEH S22 LIk 77—
PG SESL L TAKLE, (ELAW34b IOV TIT 4- (A FF T A MR Y) &
BEMZ M\, 34a LAAEICL CTEDCHCIZHWTHiE LB, N-7 ¥ LK%
AMBERE BEB-FLVRKIC CHE#EST L2 L THT,
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Scheme 8. Synthetic pathway for 3-pyrroline and pyrrolidine derivatives 34a, b and 36

O R, ’

3-Pyrroline or 33a (3-Pyrroline derivative): 34a (3-Pyrroline derivative):
Pyrrolidine Ry =Et,R,=CN R;=Et,R,=CN
35a (Pyrrolidine derivative): 36a (Pyrrolidine derivative):
R = tert-Bu, R, = CN R = tert-Bu, R, = CN
OMOM

CO2 D Br Q Br
Br

3-Pyrroline 37b 34b
Reagents and conditions: (a) EDC-HCI, CH2Cl; (b) LiCl, DMF (34a: 73%, 36a: 61% yield over two
steps); (¢) 4 M HCI solution in AcOEt, 68% yield over two steps.

Table 11 ([Z/R TV . Er —/LFFE (K 32 (X, BBR XV & LogP BIEWITH b
5P MIA RN o7, — . 3-va2 VU 7 I RFEHEK 34a,34b B L O 36a ® MIA
MRS TH»ro -, B FBIZBWT, 4V F—LHEEK ({LEW 1) O MIA N5

W—FHT, A Y UFEEE (G 2a) © MIAIZHESE T2 2 L2k~ Z
DMEmE BT LR LR oI,

FTITIEkEMIdBLON3e DEEELSILICKEILT A EICEDVFHFLWVWE AT
R PE R R o2 BT & & L (58 ZH),
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Table 11. Structure-MIA relationships associated with compounds 32, 34a, b, and 36a

0 O 0 0
Et Et Br
7/ ~N N N N
_ \ \
OH OH OH OH
CN CN Br CN
32 34a 34b 36a

MIA ®

Compound LogP* ICso or inhibition (%)
32 2.92 6.7 uM
34a 222 > 100 uM (17%)
34b 2.95 > 100 uM (22%)
36a 3.08 > 100 uM (22%)

“LogP was calculated using ChemDraw v19.

b MIA: mitochondrial respiratory control ratio (RCR), ICso (uM) or inhibition (%) at 100 pM.
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Yarand

B HERMET IVAEMAOMEICL ORI AT I FFHEAEOER L RBEIY A
F BEL 5 1E H

J

A Tk _R7-AEREREZL, ISP R THEEZRIRWH LR XA T DR
YR EA ORI EZ BIE T X, E90F, e —vFEE K32, 3-ve ) vFEE
K 34a, ¥rl ¥ UiFEK 36a O invitro FEIEME (URATI B B X OV UUD B &
" MIA % BBR & th# L 72 (Table 12),

Table 12. URAT1 inhibition, UUI, and MIA of compound 32, 34a, and 36a

Compound o : ,U,R,ATI vure .MIA.b.
% inhibition at 3 pM 1Cs0 (UM) ICso or inhibition (%)
32 83% > 1000 6.7 uM
34a 54% > 1000 > 100 pM (17%)
36a 84% > 1000 > 100 uM (22%)
BBR 91% 6.8 3.1 uM

¢UUI: Inhibitory activity of urate uptake into RPTECs.
b MIA: mitochondrial respiratory control ratio (RCR), ICso (uM) or inhibition (%) at 100 pM.

ZOME, TNOLFEEKO UULIZ, ZBRBEOT IV LHFEE LR XT IR
FEELEBL TELLIEVWLD R o7, THHEKITEARKETH > =M,
A CoREZL 12, bEW 34a B LN 36a O MIA (55 < . 100 uM &\ 9 & iR
FIZBWTHLIEEALEHEEEZ RS2, 512, YO ARE TH 5 URATI [
EEMEEZRLTVDHZ e, REBEMEDSKTL TCEYORTRERE L2 LIC X
ST, AR THEEEZ RTAEERL I RNICHLEZAB L, SOCHFEEKRDO A
AL EE LT,

BEMIZE, 7=/ =V EOBEBILEZE 2 72{LAEW (34¢-341, 36b) % AR L,
in vitro 3B ELIL M (URATI B ERB L OV UUD B L O MIA 2§f i+ 252 & & Lz,

IhofbEMOERIE. F —H Scheme 8 127 L72/t& % 34a B X O 36a D5 K
ERIBRIZAT » T,

35



FEL, BHRErLCYZue e L EBLRNVT )V EE LAY 341 12O
WTIE, Scheme 9 (2~ T HiETEKLE, ¥ 28bb, £, NV FAT I D
FAETF.3-vr ) 2 BFB/7a) REAEAISE 7 I FFEEKR 3B 2 A7, it
T, DMF T, ik F v rzFllcs 52 & Tr7 =/ — v zilfiis ¥,

Scheme 9. Synthetic pathway for 3-pyrroline derivatives 341

OMe
CN

9
_ s %& %&
N
H

3-Pyrroline
Reagents and conditions: (a) EN, THF; (b) LiCl, DMF, 130 °C, 55% yield over two steps.

Table 13 [Z/R T & BV | 1FLAETXTOFEENRIL URATI ZHEL., 2o, #l
g (L&) 34e, 34k) ZBRVT 100 pM T S0%REELL ED MIA 28 & 72 hv»o T2,
&% 34k L9812 URATI ZHE L., 2 >HREE O UUI /- L7238, MIA (ICso:
64 uM) %~ L 72, 34e X° 34k (I, LogP "t b A& I thdz L CTE W™ (LogP >3.0)
TENPL, INOHBEBET I VEESBEICHE O AT I FFERKIZEBNTYH,
TR AY E RERICHEEMES MIA ICREBEL TV Z RSN, £,
LogP 2K\ (LogP < 2.0) &% 34d, 34g, 34h |¥ URATI BLES UUI 2855 <, K
HIEHEICLREBEMENEEL T D AREELR D D, —FH . (L&Y 34f © URATI fL5E
BIXOUULIFE 34Kk LIV 580N, MIAZ2Z RS T U —R{EAMELTHETHD &
Ez2bHNT,
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Table 13. URAT1 inhibition, UUI, and MIA of compound 34¢—341 and 36b

0 0}
R Ry
) RS
\
OH OH
R, R2
34

36
URATI UL« MIA b
Compound Ry, Rz % Inhibition at ICso uM inhibition (%) LogP¢
3 uM >0 or ICso (uM)
34c¢ I,CN 79% > 1000 8% 2.68
34d CN, SMe 58% > 1000 6% 1.77
34e Pr, CF; 49% 903 47% 3.54
34f CF3, CN 83% 818 -1% 2.25
34g Cl, CN 66% > 1000 5% 1.89
34h Me, CN 25% > 1000 -10% 1.81
34i Br, CN 69% 747 0% 2.16
34j Pr, CN 70% > 1000 7% 2.65
tert-Bu, o 60%
34k CN 92% 311 (64 M) 3.03
341 Cyclopropyl, 69% > 1000 7% 2.06
CN
36b CF3, CN 66% > 1000 18% 2.29

¢UULI inhibitory activity of urate uptake into RPTECs.
b MIA: mitochondrial respiratory control ratio (RCR), inhibition (%) at 100 uM or ICso (uM).
¢ LogP was calculated using ChemDraw v19.

WL, BREB2TMLEM3MORREATIVE2, 7TEF VY, 3-2AF1-3-V
By FTVIVUBLIOVAXYTFT Y DA LT ER 40a, 41, 424,
BEARTHEE L, T BEATI VoL RBICEVIERENSEL L., MIA
RHHEEICE BT LR TTHEAERED, ZhbEEHO T2 ) -V EDORE
PR ZERLEFEERICONVTHRIFICAK LEEMT 22 & & L,
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TEF Y UBEEER 40a,b B LV 3-AFL-3-v' 0 U U FHEK 41 |3, Scheme 7 &
A7) FEHW HEL LTI ZFATIVE2HAVTAKRLE, —F.
FT VYV YA HEER 42a, b, ¢, d, e [X. Scheme 8 & [A %12 EDC-HCI % A \»
To A RS T ERR LT,

T VFAFYFTVIVUFERAI T LAY 22 A KT S P RIK 38 & 2
27 nuizZ & (m-CPBA) I T@BBfL, YAFXF VYK I9 2/HELOL, 7=/
— L ORERE (-OMe) ZHfR7#E L SR L7 (Scheme 10),

Scheme 10. Synthetic pathway for 1,1-dioxothiazolidine derivative 43

O\\’(’) 0\9
S/> ?\” \s/>
I\N CF,4 N CF3 I\N CF3
_a . _ b
¢} OMe o OMe o OH
CN CN CN
38 39 43

Reagents and conditions: (a) m-CPBA, CH,Cl,, 99% yield; (b) LiCl, DMF, 84% yield.

ZnosfbE®m o UUL, URATI PHEIGME. MIA Z5FMi LiL&Y 34f L b L7
(Table 14),

ZTORE, FEAETXTOEYN URATI AEEMEZ R LT, — K., UULIZ
ONWTIE, TEF VUV FEROEERITFI o720, 3-AFA-3-val o, F7V
VOB IOTAXFYFT YD UFEMRIT 4 ITHEBE L THRWEEE R L,
FT7 VYU ERD tert-Bu B IR 42d X . URATI [LEFEME N K & 882 - 7208,
R HY iR MIA o7 L7c, 2 OWEHE OB M IX BN & WIEEME (LogP > 3) 12X
LZHDEHEZEL TVD,

IHBAEEYHO T TRIZ 4 DOLE Y 341,41, 422 3 X O 42¢ 1E, FHEEME O S
7 A —2% (URATI fHF B L O UUD & mMEHEEDONT A —%— (MIA) ORIZ+
DRTHEZRL, AR THL 2 b EYHFRE (PK) DR (Cmax I £ Y Exc.)
MR T HZ L L LT,
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Table 14. URAT1 inhibition, UUI, and MIA of compound 40, 41, 42, 43

B Me
o) E,l\,\ EN_*
R .
A 40 41
OH A:
CN [ Nes K\N—*
S/ 0=S—/
Ry: CF3, tert-Bu, Br, Et, CN o
'V 43
MIA ®
URAT1 uul“ —— .
Compound Ry A % at 3 UM 1Cso uM inhibition (%) LogP*
° H % or ICso (uUM)
34f 3-Pyrroline 83 818 -1% 2.25
40a Azetidine 75 > 1000 17% 1.84
41 CF; 3-Methyl-3- 88 137 9% 2.42
pyrroline
42a Thiazolidine 84 202 29% 2.58
1,1-Dioxo- 0
43 thiazolidine 55 272 -3% 1.15
40b tert-Butyl Azetidine 71 > 1000 41% 2.62
42b Br 72 401 23% 2.48
42¢ Et 67 124 25% 2.56
Thiazolidine
424 tert-Butyl 92 257 7% 3.36
(27 uM) '

42e CN 62 614 23% 1.69

¢UUI: Inhibitory activity of urate uptake into RPTECs.
b MIA: mitochondrial respiratory control ratio (RCR), inhibition (%) at 100 pM or ICso (uM).
¢ LogP was calculated using ChemDraw v19.

B — Tk~ 72 K 5T, URATL [ZJRME O & Bl g o & eI AL E 3 2 720,
FEHEMERBRICEIRTOEERMCEWOFEELLETH Y RP P E (Exc. %) »
BEECTHDH, £7-. CYP2CO BHEIITH W N FE L,

34f, 41, 42a 3 X OV 42¢ ® PK FiE 3 L Y CYP2C9 @ BH 5 5 fffi #% % 2 Table 15 (2
NN
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Table 15. PK profiles of compound 34f, 41, 42a, and 42c¢ in rats

@%ﬂﬁ@ sged

42a: R, = cF3
42c: Ry = Et
Crnax Exc.? CYP2C9
Compound
(ng/mL) % ICso (M)
34f 2.61 23 52
41 2.22 10 94
42a 3.70 9.0 > 100
42c - 9.5 -
Dotinurad 9.14 1.1 5.7
BBR 4.42 0 0.041

4 Maximum concentration (Crmax).

b Excretion rate in urine (%, 0—4 h) after oral administration of 3 mg/kg to rats.

ZO/RE., T OEWITAERTOEMEICEZE R R P HEM 25 Dotinurad (Exc.
1.1%) L L CE»Notc, L& 34f 1L CYP2CO #HSHF LR, P~
PRI hbbaWOoFT ThbE Lo, ThHo(EAEWITAEERITE W TH 0 RIE
MRS A REMEN D S, Bl 21X, 34f O RPTEC 7 v A 12X 5 UUL &M (818 uM,
Table 13) |E Dotinurad (ICso=6.8 uM) DK 1205 D 1 TH DN, TD T v MRH
HE 31X Dotinurad (Exc.=1.1%) O 20 % CT&H 5, Dotinurad A & + (— H & K
MEdmg) BV TEE®RZRT ZE2BETNLE. M HE+ mgBBEDOHET
T REBRYEM A EER 2 R T AR ERH 5,

T, 7% A ~XY I (Cebus apella) \ZHB1T 25 34 DI EZKRFT T2 2 & &
L 7z (Figurel8), 2B, M1 2N O LD, HWHAE (300 mmg/kg)
THRBR 21T - 72,
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o —o— Control

= —+—34f (300 mg/kg p.o.)
o

g 1
®

5, .

o

z

|

[

<

-2
0 8 16 24

Time (h)
Figure 18. Changes in plasma urate level compared with the pre-dosing value in Cebus apella after oral
administration of 300 mg/kg 34f. Values are the means + S.D. of three animals. The average pre-dosing value

of control: 2.82 mg/dL. *P < 0.05, significantly different from control at each time point by Dunnett’s test.

ZORER, ALEY 34f O GICEY MEPIRBIREIXIAEICETLEZN,
Dotinurad 2t L E DIERIZB oo, LrL, AEEWITI b= FU 7 #HMHE
ZIEEAERET (-1%at 100 pM), CYP2CY ZPHET HAEME LTV L5, b
DV EODOHE R IRBYFMIBER LRV BLIALERILEMTH S,

Dotinurad BB SN2 Z &b, (LEW 34Ff 2 5 %, Table13 T/ L 72L& W
41,42a,42¢ O+ R BAEEZ AT > TW 2R WA, 21V 6 L& W 28 IR Be Pk M (e o A & 72
DB DWENREEEZAL TV DL I ERERIND,

o Xoic, ZREDPOHEMHICEB LY FOREEZa Pe—LT 52
AN | A X AR %:/%J'fﬂrﬁz%ﬁTéﬁé_& IRB LT, LG 34f 1
TERMAEEWITH R T invitro BEVEMELR T L7222 Yo REACAKIR o PR
DR EolfRELTinvivo TOEMEEZ R LT EHEREIND,

Fl B _EoMEMREIT IbEMECERTIBZEMAICb L E, 5L H
DLAEBEPN AN THL I xbolO T, EFoEL L LI, Fl
EFHRBBRDA D =X LD FLXALLMBLXLTHLNZRSs TETND i
BIEHIZ+2TCIIdPRIERZRFSEDITX L. J?.Eﬁf)ﬂi%%l_%%ﬂéb
ME AW L EEZ MR L9 2 TRIMEN 28T 2 g X, oA
TLHZENARTHY, EOCARICORNBIAHARFELZEZOND,
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B NS

% — B Tk 7= Dotinurad OB ICHB W TIE., BHEM (LogP) I b= KV
TIRER S E (MIA) RMEET 22 L2 H0WE L TWiz, £ 2 T, Dotinurad ® 7
IUVHEOMEEY " RMEDPOHEBHEOREAX Y I VICEFE L THEEEEZEK T E
52T, R bary R T EMEEZRSTICRBEEZREAT 2L O AR %2 H
L=,

TIVEHMELTHEEFEREOE T — L 2D 4-E RuF R X7 I RF#EK
WD MIAZ R LR, BRXAO3-vel) v ol vy, 7EFVY, FTV
VO v ETIVEMETD2HELEARO MIA IHFAEBVEB L, 20558 R,
FRIRME DR FIZfE W invitro % (URATI [LERS O UULD & F LR, —F
TREMMEDORF~OPEMERNEE D . in vivo TIERHEFEEOK T 2M 5> 2 &2
I, BIZ3-Enl) rFEESLTF 7Y U UV UBERIIEEOANT ANE
<, REW AL AW 34F 13, 7V A~ F VL (Cebus apella) 2 X 5B % i L
7oL 2 A, 300mg/kg (p.o.) TIMBEHIRIMEIEZAEIZIEK T S, (LEW 34f & 1
CHELT, TNHOHBETY I VEZEsME LT 2FERIT. Iba R T H
PED 72T LW IR PR E Al & 72 0 455 49 (Figure 19),

B _EOMEMEIT, F-FoOMEKRLED, FHEBEBICERT 25 %D R
Wb e, BHEEZHOIAIEBBEN A THLZ L a LT, FERDTIEZM
DEANCHEMT 52 &L THEOABICORNLAEERND L . BEELD HET
LZERTHEHTHY, RBIBEEOBVWEARTFELEZLND,

0

\\/,O
S
> R Ri @ CFs
N N
C oH mp jo oH %
0 o} J

R, R, CN
1,1-Dioxo-1,2-dihydro-3H- Novel benzamide derivatives 34f
1,3-benzothiazole derivatives possesing monocyclic amine
(R4 = Ry = CI: Dotinurad) moiety

Figure 19. Strategy and results of the novel benzamide derivatives possessing monocyclic amine moiety.

42



Pz i = =3

[
WAL RS BRI (RPTECs) % AW 7= JR R B 0 JA 7 [ 2 BF i %
D K FL

BoEm TR LB RBIEIBREKRET-EALAB I, K 90% B RME D
BoREnd, BiC Té@&@ﬁ%ﬂitL@ﬁﬁﬁ&%ﬁ%m<%%ﬁé_
WCHE L TR 4O EALRMEOEEMICHBE T 5 URATI PEERER %2 R
7ZLTW5%, Z4iX. URATI BIZ FOXRBIC KD BHERBNIEZHRIET S &
<. URATI [L#EH| T 5 BBR *? I L N Dotinurad > (Z L A HEHEIC L 0, MmH R
MERIKTFTTH5ZELLERTED,

JREEEL Y A BLEMER T, — &M URATI Z B FI R LM, Bl 7 7V
J1 > A = VIR R R E 721X HEK293 Mg 4% 49~ SRR Y A A FH E IS M
(URAT1 BH 5 & LT) o TEFEEMEn2 39, BBR X Dotinurad 122 D £ 95 72
URAT1 BRI B RICB W TREBOMVIALZRET S, LarL, BEEILRTO
ﬁﬁﬁ*OG%ﬁ:xA_iéﬁﬁ%ﬁﬁbfwé@ﬁfﬁb\be%%%@
R ‘ié%ﬁ(ﬁﬁﬁ%)ﬁ%bft\é&iﬁﬁ%fgb\ T, EFLITE NEE
TORBORYIAZLZH > TWDIEAIRME LMK (RPTECs) ZHWT, LD
ERICTEWE =R iR E2WET 222 HMWE LTHIEREZITHY> 2 & & LT,
IhETICH, 7y hEkE F® RPTECs IZOWTOEBEEMHFIEN 2 ST
DS RO IAAR, EMIZLI LW VIAAZBRFIT SIS TWVR
Mmole, £72, RPTECS T W T H 02 RV IAZ ZEB T 5121F, B ToOAE
MR EHEE LT R%Z invitro THETAHZEDRMLETHDL, TRDL, ZORD
%ﬁmméﬂkmwmmﬁ BErRVALTEODOFEGE2ERTHZETHLHD
ZRICEVBELNTEERITE POM P IREBIRELZMEFT 272D 0KEL., REER
f;w@#él% E DI TS TR S REBEMEOHRKZEMET H 2 LI b &
N
UT. ZROMSIZOVWTHEMEIRS,
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# —fi RPTECs & M\ 72 JRER ML D GA A [ #F Al % O B

FT. B MIREE RPTECs ~DRBIMVIALDO IO ORBRGEHERET 57
W, RBEBHET DN T VAR —F —DEETHIEOOEY R R ET B X O
& (buffer) D Ft %17 o7~ (Method A),

URAT1 # /L C/R#E % RPTECs WICHI X T 2 ICIXE /) WV AR BN RHILE &
b, TIZTIX., URATI IR Z MV ATRICKRHBEE L5 2 &ML T
52287 ANARE (PZA) DEH L., ROMELHATL, 2B, PZA I
RHEEEEY IV FIFoORBYWTHL, 707 I FITBERIZBW T, BRI X
DR V77U ARTFTEECERBOLEL SR FTZERMOENL TS 37,

Method A
<HIE>

EdRo X5, ZEBEE L L TPZA Z v, BV A BB 3 2 ik &
LT Mz AV EzREIC - RNICEHASND N-2AFL-D-7 /L7 I~ (NMDG)
buffer [140 mM NMDG, 2 mM potassium gluconate, | mM magnesium gluconate, 1.8 mM calcium
gluconate, 5 mM 2-[4-(2-hydroxyethyl)-1-piperazinyl]ethanesulfonic acid (HEPES), and 5 mM
tris(hydroxymethyl)aminomethane (Tris), pH 7.4] ¥ & OF transport buffer [96 mM sodium gluconate,
2 mM potassium gluconate, 1 mM magnesium gluconate, 1.8 mM calcium gluconate, 5 mM HEPES, and
Tris,pH74] % f &t L 72, RS F T RPTECs ~® MCHE#H L 72 JREE D BV A 7 %
E L. BBRIZ & D FEZaffli L7z,

< >

NMDG buffer Z L7284, PZA1mM F7E T, b L <X PZASmM f£1E T I
BWT BBREZMED [MCl-REOI Y AR ITBZ I ) > 72 (Figure 20),

— J5 . transport buffer #fEH L7254, PZA1 mM F1E T (1 KO A > F =2
—vay), bLIFEPZASmMAET (1HHBLO2KHOAL v Fax—T 3
¥) IZBWT BBR EZ MO [MCI-JREET Y A 238152 S vz (Figure 21),
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Method A
250

200

150

DPM

100

50

0.5h 1h 2h 0.5h 1h

2h

PZA 1 mM PZA 5 mM

EBBR () mBBR (#)

Figure 20. ['*C]-Uric acid uptake into primary human renal proximal tubule epithelial cells (RPTECs) in N-
methyl-D-glucamine buffer and effect of BBR (100 uM) conducted by method A using three wells. DPM,

disintegration per minute; PZA, 2-pyrazinecarboxylic acid. Values are the means + S.D.

250

200

150

DPM

100

50

* > Jx
0.5h 1h 2h 0.5h 1h 2h
PZA 1 mM PZA 5 mM
EBBR () ®mBBR (+)

Figure 21. ['*C]-Uric acid uptake into primary human renal proximal tubule epithelial cells (RPTECs) in

transport buffer and effect of BBR (100 pM) conducted by method A using three wells. DPM, disintegration

per minute; PZA, 2-pyrazinecarboxylic acid. *p <0.05, **p <0.01; significant difference between the groups.

Values are the means + S.D.
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< E B>

Transport buffer | NMDG buffer & (T8 . Zra @) M) U LAREREIC
(96 mM) FENTW5H, URATI #0 L 72 R X ICB WV CTix, REBBO R HILE
ER D PZANRT N U AKRTFEME ) DAVER VBT VAR = — (SMCT) % |Z
EODHBICIMYVAENTWVWEILERDH D, & HIZ SMCTIZ X5/~ PZA
WETIEFT RNV AL AR BLETH D, L2 -> T, NMDG buffer i i L 7=
Y% & (Figure 20), [MCl-REAMBICIRVAEN o EKNE LT, T U T
AAFTUBEFEEN N ERMHEREIND, £, 7T EBEDIREOREICE
BEThbbEDOHYE (Enomoto et al.) 4 775 & | transport buffer X HFH TH 5 Z &
MEFFIN D,

ko X oz, AT 5 buffer OO E VDGR E Y IZIREEO R Y AR &I
ﬂ”fﬂﬁﬁhé*ki):ﬁg AGEAN R 28 URAT1 % 4 L 72 JREE B 0 A %k%}iﬁﬂ%bfb\ék?ﬁ
WT&x%, LaL, transportbuffer ZfHEH L 72 A ICEB W T HIREED Y A H B A
+4r T o 7= (PZASmM, 2 B8 1) 5 +BBR & —BBR @ #:112.7 DPM, Figure
21), 22 C, ROV IAHRZHT /-9, & b RPTECs & A » A U o CHijLH
TR ARD L E L (5 #. Method B), A > A U 2 & IR B8 ifn JiE (2 B
Iz @I Tky %0 F v k RPTECs (28T URATI @ % il & Hf
magszenHEINTWVD D,
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O A A RN X DR DS

B—Hilck T, RPTECs # W 2 7 fli R D AZHILE & LT PZA 7, FEEIK &
L T transport buffer N TH L Z 2 AH L7, LaL., L&Y % @I A
THEDIZE, ZORBORYIAARIZIAT+STH -7,

BRI R NT A A v OERGEICED RBORPHERN BT 52 L 25,
Muscelli HIZ X W #HE I N TS %00, 52, [ RERKETVTHD STZ 7 >
DA R OEER, Ty MEIREIARMEMIE (NRK-E52) ~D A A Y
YOWMIZE D B URATI EEAHEINT 5 Z &2 Toyoki HIZ XLV #HE &
nNTWns 3, 22T, ZhHDOMEIZE-SE, B F RPTECs (28T URATI @D ¥
BLERBOWMYIAHLZMEEL 2 H2HEMEL T, RFMBIZA AT U EIR
4 5z & &R (Method B),

Method B

< HiE>

FEE I & AR IZ oW T UL, Method A (2 THESE L 7= ¥ % W7, RPTECs I
A AV 28 IREEHN S ETZOL, (bEWE Nz 2 BEREZIC[MHCI-IREE DY
AH 7z E L7z (Method B), PRFEIEMME N ATRER T3 R IRV AL & & T 5
72 % . Method B Tl¥ RPTECs ® $t % Method A ® 4 5 & L 7=,

< B>
A AT UOWMITEY RPTECs ~D ROV AHZITE ML, £/, ZOR
fg DHLY JAZ 1L BBRIZC KD AEICHTE S 7z (Figure 22),

< E B>

ZORMPICBIT LM A~OREEORY AL EIT., (LAWY OIREETT %I EIE M
T HICiFZ - Thr EHEINT, B, 2O AV COEMIE, AR L
727y FEIZEBIT D Toyoki HDOFER SV ITFE LRV, Licn>sT, £ AU~
WX DRI ARIEEOREIXZ, 7y P TO/RMEELEFERLELIICE FOMBE R
TO URATI ORBLAHE L Z LICX 2 EERS DL, ZOMELL, B MTBW
TA AU 7 RPTECs M L7 ROV AL ICHKEZH - TEB Y, EHENIZ
ERBRMAEICE S LT WA AREMEN R S,

7% . URAT1 OMREITTEIIREFREIERE ~ v 2 2A4 2 V&L F R T
HIERHREISNTWVWD D, ZOLH7Z b, AXKRY vy 7 R —AZ
BUW T, URATI DBERETLHE L A > AU VEPIENEMRHE L TV D EHH S,
URATI [HERIZZ 0 A 7 v 2 W b8 2 mRgtE 2 & % (Figure 23), 4 % . RPTECs
TORNI U AR—Z—OFKBLLEERENENE SO ICHEMICHET L2128,
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Figure 22. BBR (100 uM)-sensitive uric acid uptake into primary human RPTECs pretreated with or without
insulin in transport buffer conducted by method B using three wells. *p < 0.05, **p < 0.01; significant

difference between the groups. DPM, disintegration per minute. Values are the means = S.D.
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Figure 23. Vicious circle between insulin resistance and URAT1 activation, and the role of URAT1 inhibitor.
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2T, WICARFEAMN R DKM Z HER T << . Method BIZ TRENZR{ILAEHE L
T. BBR. Dotinurad ¥ X MMt &% 34f (Figure24) O EFEEME (UUD) % SREET
Al L 7= (Figure 25),
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Figure 24. Chemical structures of benzbromarone (BBR), Dotinurad, and 34f.
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Figure 25. Inhibition of uric acid uptake into primary human renal proximal tubule epithelial cells (RPTECs)

conducted by method B using three wells.
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HLEIND,

I BT, RRICEBIT D URATL LA D T AR —FZ —1Zxt T LG DO R %
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DBEEN R ERICER TSI bary NI THEERMRERKR THD EHERM LI, =2 T,
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L, £, BBMWEZEK T I LT, in vitro %) (URATI1 fHE B X O UUI)
BT LR, REAMEDORT ~OHMENEE V| in vivo TIZHEBEEEOKT
ERER)>ZEPMMHEINTL, HIC3-vte ) T 7Y I YU ET I VUM ET
4 FrX R X7 I RFEERIFIEEONT 2N RL, Bl 23 LAY 34F
X, 7V A ~F VI (Cebus apella) & X 2 HERBRIZEHB W T, 300 mg/kg (p.o.)
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General Information

"H and '3C were recorded on JEOL INM-EX270 ('H: 270 MHz) or INM-ECZ400S ('H: 400 MHz, '3C: 101
MHz) spectrometers. Chemical shifts (d) are given in parts per million (ppm) relative to tetramethylsilane
(TMYS) as an internal standard. Coupling constant (J) are reported in Hertz (Hz). J: coupling constant, m:
multiplet, sevent: seventet, quint: quintet, q: quartet, dt: double triplet, dd: double doublet, ddd: double double
doublet, t: triplet, d: doublet, s: singlet, brs: broad singlet. CDCl13: deuterium chloroform, DMSO-ds:
deuterium dimethyl sulfoxide, CD3OD: deuterium methanol. Electrospray ionization (ESI) mass spectra
(MS) were determined on Agilent 1100 Series LC/MSD G1946B (Agilent Technologies), high resolution
mass spectra (HRMS) were obtained on LC/MS system (Thermo Fisher Scientific) composed with Q
Exactive Focus MS system and Ultimate3000 HPLC system.

5-(2,3-Dimethyl-1H-indole-1-carbonyl)-2-hydroxybenzonitrile (1)
(a) 4-(Methoxymethoxy)isophthalonitrile
To a solution of 4-nitrobenzonitrile (40.1 g, 0.271 mol) in dimethyl sulfoxide (400 mL) was added

potassium cyanide (26.45 g, 0.406 mol), and the mixture was stirred at 90 °C for 1.5 h. KHCOs3 and
chloromethyl methyl ether (20.4 mL, 0.271 mol) were added at room temperature, and the stirring was
continued for 0.5 h. Water was added, and insoluble materials were removed by filtration through a pad of
Celite. The filtrate was diluted withAcOEt, and the organic layer was washed with H>O and brine, dried over
anhydrous Na,SOs. The solvent was evaporated, and the obtained residue was purified by silica gel column
chromatography to afford a pale-yellow solid (17.8 g, 35% yield).

"H-NMR (270 MHz, CDCl3) d: 3.54 (3H, s), 5.37 (2H, s), 7.36 (1H, d, J = 8.6 Hz), 7.80 (1H, dd, J = 8.6,
2.2 Hz), 7.88 (1H, d, J=2.2 Hz).
(b) Methyl 3-cyano-4-(methoxymethoxy)benzoate

To a solution of 4-(methoxymethoxy)isophthalonitrile (2.97 g, 15.8 mmol) in methanol (150 mL) was

added sodium methoxide (853 mg, 15.8 mmol), and the mixture was stirred at room temperature for 15 h.
The solvent was evaporated, and the residue was dissolved with AcOEt. The solution was washed with H,O
and brine, dried over anhydrous Na,SOs. The residue was dissolved with 1,4-dioxane (30 mL), H,O (15 mL)
and glacial acetic acid (4 mL), and the mixture was stirred at room temperature for 5 h. The solvent was
evaporated, and saturated NaHCOj3 solution was added. The products were extracted with AcOEt, and the
combined extracts were dried over anhydrous Na>SOs. The solvent was evaporated, and the obtained residue
was purified by silica gel column chromatography to afford a colorless solid (1.19 g, 34% yield).

"H-NMR (270 MHz, CDCls) d: 3.54 (3H, s), 3.93 (3H, s), 5.36 (2H, s), 7.28 (1H, d, J = 8.9 Hz), 7.80 (1H,
dd,J=8.9,2.2 Hz), 8.27 (1H, d, J=2.2 Hz).
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(c) 3-Cyano-4-(methoxymethoxy)benzoic acid

To a solution of methyl 3-cyano-4-(methoxymethoxy)benzoate (449 mg, 2.03 mmol) in THF (5 mL)
and H>O (2.5 mL) was added lithium hydroxide monohydrate (128 mg, 3.05 mmol). After the mixture was
stirred at room temperature for 2 h, 1 M HCI (6 mL) and H,O (30 mL) were added. The products were
extracted with AcOEt, and the organic layer was washed with H,O and brine, dried over anhydrous Na,SOs.
The solvent was evaporated to afford a colorless solid (372 mg, 89% yield).

"H-NMR (270 MHz, DMSO-dy) 6: 3.45 (3H, s), 5.46 (2H, s), 742 (1H, d, J = 8.6 Hz), 8.19 (1H, dd, J =
8.9,2.2 Hz), 8.22 (1H, d, J=2.2 Hz).

(d) 5-(2,3-Dimethyl-1H-indole-1-carbonyl)-2-(methoxymethoxy)benzonitrile

To a solution of 3-cyano-4-(methoxymethoxy)benzoic acid (300 mg, 1.45 mmol) in chloroform (9 mL)
and DMF (1 mL) were added 1-hydroxybenzotriazole monohydrate (222 mg, 1.45 mmol) and EDC-HCI (278
mg, 1.45 mmol). After the mixture was stirred at room temperature for 10 min, H>O (10 mL) was added. The
products were extracted with AcOEt, and the organic layer was dried over anhydrous Na,SO4. The solvent
was evaporated to afford HOBL ester.

To a solution of 2,3-dimethylindole (252 mg, 1.73 mmol) in DMF (5 mL) was added the solution of
HOBt ester in DMF (5 mL). After the mixture was stirred at room temperature for 1 h, the reaction mixture
was diluted with AcOEt. The solution was washed with H,O and brine, dried over anhydrous Na>SOs. The
mixture was concentrated, and the obtained residue was purified by silica gel column chromatography to
afford a colorless solid (135 mg, 45% yield).

"H-NMR (270 MHz, CDCls) 6: 2.24 (3H, s), 2.34 (3H, s), 3.57 (3H, s), 5.39 (2H, s), 6.99 (1H, d, J = 8.4
Hz), 7.07 (1H, dt,J= 1.1, 8.1 Hz), 7.20 (1H, dt,J= 1.1, 7.0 Hz), 7.33 (1H, d, J = 8.9 Hz), 7.46 (1H, d, J =
7.8 Hz), 790 (1H dd, J =2.2, 8.9 Hz), 7.97 (1H, d, /= 2.2 Hz).

(e) 5-(2,3-Dimethyl-1H-indole-1-carbonyl)-2-hydroxybenzonitrile (1)

To a solution of 5-(2,3-dimethyl-1H-indole-1-carbonyl)-2-(methoxymethoxy)benzonitrile (130 mg,
0.389 mmol) in THF (6 mL) was added 4 M HCI 1,4-dioxane solution (2 mL), and the mixture was stirred at
room temperature for 20 h. The solvent was evaporated, and the obtained residue was diluted with AcOEt.
The solution was washed with H>O and brine, dried over anhydrous Na>SOs. The solvent was evaporated to
afford a colorless solid (87 mg, 77% yield).

"H-NMR (270 MHz, DMSO-ds) d: 2.20 (3H, s), 2.26 (3H, s), 7.02 (1H, d, J= 8.1 Hz), 7.09 (1H, dt, J = 7.8,
1.4 Hz), 7.15 (1H, d, J= 8.6 Hz), 7.17 (1H, dt, /=73, 1.1 Hz), 7.51 (1H,d, J=7.6 Hz) , 7.79 (1H, dt, J =
8.6,2.2 Hz), 7.98 (1H, d, J = 2.2 Hz); the phenol-OH was not observed.

BC-NMR (101 MHz, DMSO-ds) 6: 8.2, 12.4,99.5, 113.2, 113.9, 115.8, 116.6, 118.0, 122.0, 122.7, 125.6,
130.1, 132.5, 135.6, 135.7, 135.9, 164.2, 166.8.

MS m/z: 289 (M — H).

HRMS (ESI) m/z: caled for CigHi3N20- (M — H) 289.0982, Found 289.0987.
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2-Hydroxy-5-(indoline-1-carbonyl)benzonitrile (2a)
Compound 2a was prepared from indoline instead of 2,3-dimethylindole in a similar way that used for
compound 1 (66% yield).

"H-NMR (400 MHz, DMSO-ds) 6: 3.11 (2H, t,J = 8.2 Hz), 4.08 2H, t,J = 8.2 Hz), 7.06 (1H, d, J= 7.2Hz),
7.11 (1H, d, J=8.7Hz), 7.20 (1H, t, /= 7.2 Hz), 7.31 (1H, d, /= 7.2 Hz), 7.74 (1H, brs), 7.77 (1H, dd, J =
8.7, 1.8 Hz), 7.92 (1H, d, J = 1.8 Hz); the phenol-OH was not observed.

BC-NMR (101 MHz, DMSO-ds) 6: 27.9, 50.5, 98.8, 116.3, 116.56, 116.62, 123.9, 125.1, 126.9, 128.0,
132.7,132.9,134.2,142.7, 162.0, 166.3.

HRMS (ESI) m/z: caled for Ci6H11N202 (M — H) 263.0826, found 263.0830.

2-Hydroxy-5-(indoline-1-carbonyl)-3-methoxybenzonitrile (2b)
(a) Ethyl 3-bromo-4-hydroxy-5-methoxybenzoate

To a solution of ethyl 4-hydroxy-3-methoxybenzoate (3.00 g, 15.3 mmol) in chloroform (30 mL) was
added bromine (0.87 mL, 16.9 mmol), and the mixture was stirred at room temperature for 15 h. The reaction
mixture was quenched by 10% sodium thiosulfate aqueous solution. The products were extracted with AcOEt,
and the organic layer was washed with brine and dried over anhydrous Na>SOs. The solvent was evaporated
to afford a pale-yellow solid (4.30 g, quant.).
(b) 3-Cyano-5-methoxy-4-(methoxymethoxy)benzoic acid

To a solution of ethyl 3-bromo-4-hydroxy-5-methoxybenzoate (2.00 g, 7.27 mmol) in DMF (30 mL)
was added copper (I) cyanide (781 mg, 8.72 mmol). After the mixture was stirred at 150 °C for 18 h, KHCO3
(1.06 g, 7.67 mmol) and chloromethyl methyl ether (0.30 mL, 3.99 mmol) were added at room temperature.
After the stirring was continued at room temperature for 1 h, the mixture was diluted with AcOEt, and
insoluble materials were removed by filtration through a pad of Celite. The filtrate was washed with H,O and
brine, then dried over anhydrous Na,SO4. The solvent was evaporated, and the obtained residue was purified
by silica gel column chromatography to afford a pale-yellow oil (860 mg) as ethyl 3-cyano-5-methoxy-4-
(methoxymethoxy)benzoate.

To a solution of ethyl 3-cyano-5-methoxy-4-(methoxymethoxy)benzoate (860 mg, 3.24 mmol) in THF
(10 mL) and H,O (5 mL) was added lithium hydroxide monohydrate (610 mg, 14.5 mmol). After the mixture
was stirred at room temperature for 4 h, IM HCI (25 mL) was added. The products were extracted with
AcOEt, and the organic layer was dried over anhydrous Na,SOs. The solvent was evaporated to afford a
colorless crystal (678 mg, 39% yield).

"H-NMR (270 MHz, DMSO-ds) J: 3.55 (3H, s), 3.93 (3H, s), 5.33 (2H, s), 7.80 (1H, d, /= 1.9 Hz), 7.83

(1H, d, J=1.9 Hz), 13.43 (1H, brs). MS m/z: 236 (M — H)
(c) 2-Hydroxy-5-(indoline-1-carbonyl)-3-methoxybenzonitrile (2b)

To a solution of 3-cyano-5-methoxy-4-(methoxymethoxy)benzoic acid (300 mg, 1.26 mmol) in CH>Cl»
(9 mL) and DMF (1 mL) were added indoline (151 mg, 1.27 mmol) and EDC-HCI (292 mg, 1.52 mmol).

After the mixture was stirred at room temperature for 1 h, the solvent was evaporated, and the residue was
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diluted with AcOEt. The solution was washed with H,O and brine, then dried over anhydrous Na,;SO4. The
solvent was evaporated, and the residue was dissolved with CH,Cl, (5 mL) and trifluoroacetic acid (5 mL).
After the mixture was stirred at room temperature for 2 h, the solvent was evaporated and the residue was
crystalized with n-hexane/AcOEt to afford a colorless solid (222 mg, 60% yield).

"H -NMR (400 MHz, DMSO-dy) J: 3.08 (2H, t,J = 8.2 Hz), 3.89 (3H, s), 4.07 (2H, t, J = 8.2 Hz), 7.04 (1H,
t,J=73Hz),7.18 (1H,t,J=7.3 Hz,), 728 (1H, d, /= 7.3 Hz), 7.44 (1H, d, J = 1.8 Hz,), 7.81 (1H, brs),
7.46 (1H, d, J= 1.8 Hz); the phenol-OH was not observed.

BC-NMR (101 MHz, DMSO-ds) J: 27.8, 50.4, 56.4, 98.7, 115.2, 116.3, 116.5, 123.0, 123.8, 125.0, 126.8,
128.4, 132.8, 142.7, 147.9, 151.9, 166.2.

MS m/z: 293 (M — H).

HRMS (ESI) m/z: caled for Ci7H13N>03 (M — H) 293.0931, found 293.0937.

2-Hydroxy-5-(indoline-1-carbonyl)isophthalonitrile (2d)
(a) Methyl 3-cyano-4-methoxy-5-vinylbenzoate

To a solution of methyl 3-cyano-5-ethynyl-4-methoxybenzoate (782 mg, 3.63 mmol) in THF (10 mL)
was added 5% palladium on barium sulfate (78 mg), and the mixture was stirred under a hydrogen atmosphere
at room temperature for 4 h. The insoluble materials were removed by filtration through a pad of Celite, and
the filtrate was concentrated under reduced pressure. The obtained residue was purified by silica gel column
chromatography (n-hexane/AcOEt = 5:1) to afford the title compound as a colorless solid (705 mg, 89%
yield).

"H-NMR (270 MHz, CDCl;) 6: 3.94 (3H, s), 4.10 3H, s), 5.49 (1H, d, J= 11.2 Hz), 5.90 (1H,d, J=17.7
Hz), 6.95 (1H,d,J=11.2,17.7 Hz), 8.17(1H, d, /= 2.1 Hz), 8.35 (1H, d, /= 2.1 Hz).
(b) Methyl 3-cyano-5-formyl-4-methoxybenzoate

To a solution of methyl 3-cyano-4-methoxy-5-vinylbenzoate (350 mg, 1.61 mmol) in acetone (8 mL),
acetonitrile (4 mL) and water (4 mL) were added 4-methylmorpholine N-oxide (943 mg, 8.05 mmol) and
10% microencapsulated osmium tetroxide (201 mg, 0.08 mmol). After the mixture was stirred for 18 h at
room temperature, the insoluble materials were removed by filtration through a pad of Celite.

To the filtrate was added sodium periodate (1.72 g, 8.04 mmol), and the mixture was stirred at room
temperature for 30 min. Water was added, and the mixture was extracted with AcOEt. The combined extracts
were washed with brine and dried over anhydrous Na>SO4. The solvent was evaporated, and the obtained
residue was purified by silica gel column chromatography (n-hexane/AcOEt = 3:1) to afford the title
compound as a pale brown oil (308 mg, 87% yield).

"H-NMR (270 MHz, CDCls) d: 3.96 (3H, s), 4.39 (3H, s), 8.49 (1H, d, /=2.2 Hz), 8.67 (1H, d, /= 2.2 Hz),
10.40 (1H, s).
(c) Methyl 3,5-dicyano-4-methoxybenzoate

To a solution of methyl 3-cyano-5-formyl-4-methoxybenzoate (308 mg, 1.41 mmol) in THF (10 mL)

was added hydroxylamine hydrochloride (117 mg, 1.68 mmol). After stirring at room temperature for 20 h,
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the mixture was concentrated under reduced pressure, then water was added. The products were extracted
with AcOEt, and the organic layer was washed with brine and dried over anhydrous Na,SOj4. The solvent was
evaporated under reduced pressure, the residual solid was washed with n-hexane/AcOEt (1:1, 5 mL).

To a solution of the obtained material in THF (5 mL) were added triethylamine (1.0 mL, 7.21 mmol)
and 2-chloro-1-methylpyridinium iodide (370 mg, 1.45 mmol). After the mixture was stirred at room
temperature for 1 h, the solvent was evaporated under reduced pressure. 1 M HCI was added, and the products
were extracted with AcOEt. The combined extracts were washed with 1 M aqueous NaOH, 10% aqueous
sodium thiosulfate and brine, and dried over anhydrous Na,SOj4. The solvent was evaporated under reduced
pressure to afford the title compound as a pale-yellow solid (234 mg, 77% yield).

"H-NMR (270 MHz, CDCl3) 6: 3.97 (3H, s), 4.46 (3H, s), 8.43 (2H, s).

(d) 3,5-Dicyano-4-methoxybenzoic acid

To a solution of methyl 3,5-dicyano-4-methoxybenzoate (331 mg, 1.53 mmol) in THF (10 mL) and
water (5 mL) was added lithium hydroxide monohydrate (128 mg, 3.05 mmol). After the mixture was stirred
at room temperature for 90 min, the organic solvent was evaporated under reduced pressure. Water was added
to the residue, and the aqueous solution was acidified with 1 M HCI. The products were extracted with AcOEt,
the organic layer was washed with brine and dried over anhydrous Na>SOs. The solvent was evaporated under
reduced pressure to afford the title compound as a pale-yellow solid (312 mg, 100% yield).

"H-NMR (270 MHz, DMSO-ds) 6: 4.36 (3H, s), 8.49 (2H, s). MS (m/z): 201 (M — H)-.

(e) 2-Hydroxy-5-(indoline-1-carbonyl)isophthalonitrile (2d)

To a solution of 3,5-dicyano-4-methoxybenzoic acid (250 mg, 1.16 mmol) in CH>Cl, (9 mL) and DMF
(1 mL) were added indoline (138 mg, 1.16 mmol) and EDC-HCI (267 mg, 1.39 mmol), and the mixture was
stirred at room temperature for 1 h. Then the solvent was evaporated, and the residue was dissolved with
AcOEt. The organic solution was washed with H,O and brine, and dried over anhydrous Na>SOa. The solvent
was evaporated, and the residue was dissolved with DMF (10 mL). Lithium chloride (445 mg, 10.5 mmol)
was added, and the mixture was stirred at room temperature for 1 h. 1 M HCI (40 mL) was added, and the
products were extracted with AcOEt, and the organic layer was dried over anhydrous Na>SO4. The solvent
was evaporated to afford a light brown solid (267 mg, 80% yield).

"H-NMR (400 MHz, DMSO-d;) J: 3.09 (2H, t,J = 8.2 Hz), 4.07 (2H, t, J= 8.5 Hz), 7.06 (1H, dd, J = 6.9,
7.5Hz,), 7.20 (1H, t, J=17.5 Hz), 7.29 (1H, d, J= 6.9 Hz), 7.80 (1H, brs), 8.19 (2H, s); the phenol-OH was
not observed.

3C-NMR (101 MHz, DMSO-ds) 6: 27.8,50.3,102.4,115.7,116.6, 124.0, 125.1, 126.9, 127.5, 132.8, 137.9,
142.5,163.9, 164.6.

MS m/z: 288 (M — H).

HRMS (ESI) m/z: caled for Ci7H10N3O2 (M — H) 288.0778, found 288.0783.
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2-Hydroxy-5-(indoline-1-carbonyl)-3-iodobenzonitrile (2¢)
(a) Methyl 3-bromo-4-hydroxybenzoate

To a solution of methyl 4-hydroxybenzoate (25.0 g, 164 mmol) in chloroform (225 mL) and methanol
(25 mL) was added a solution of bromine (8.46 mL, 164 mmol) in chloroform (30 mL). After the mixture
was stirred at room temperature for 2 h, the solution was diluted with chloroform. The solution was washed
with water, 10% aqueous sodium thiosulfate and brine, then dried over anhydrous Na>SOs. The solvent was
evaporated to afford the title compound as a colorless solid (37.8 g, 100% yield).

"H-NMR (270 MHz, CDCl;) ¢: 3.90 (3H, s), 7.05 (1H, d, J = 8.6 Hz), 7.92 (1H, dd, J = 2.0, 8.6 Hz), 8.19
(1H, d, J = 2.0 Hz). The 'H-NMR spectroscopic data of the obtained material was fully consistent with that
reported in the literature. 2

MS (m/z): 230 (M — H).

(b) Methyl 3-cyano-4-hydroxybenzoate

To a solution of methyl 3-bromo-4-hydroxybenzoate (37.8 g, 164 mmol) in DMF (250 mL) was added
copper cyanide (22.0 g, 246 mmol), the mixture was stirred at 150 °C for 16 h. Potassium carbonate (68.0 g,
492 mmol) and chloromethyl methyl ether (14.8 mL 195 mmol) were added under ice cooling, and the stirring
was continued for 2 h. The insoluble materials were removed by filtration through a pad of Celite. Water was
added to the filtrate, the products were extracted with AcOEt. The combined extracts were washed with water
and brine, and dried over anhydrous Na;SOs. The solvent was evaporated, and the obtained residue was
dissolved in chloroform (30 mL). Trifluoroacetic acid (30 mL) was added, and the mixture was stirred at
room temperature for 2 h. The reaction mixture was concentrated under reduced pressure, and the obtained
solid was washed with n-hexane/AcOEt (2:1, 45 mL) to afford the title compound as a pale-yellow solid
(6.53 g, 22% yield).

"H-NMR (270 MHz, DMSO-dy) 6: 3.78 (3H, s), 7.07 (1H, d, J = 8.8 Hz), 8.02 (1H, dd, J = 2.1, 8.8 Hz),
8.10 (1H, d, J=2.1 Hz), 12.06 (1H, brs). The 'H-NMR spectroscopic data of the obtained material was fully
consistent with that reported in the literature. %

MS (m/z): 176 (M — H).

(c) Methyl 3-cyano-4-hydroxy-5-iodobenzoate

To a solution of methyl 3-cyano-4-hydroxybenzoate (6.47 g 36.5 mmol) in chloroform (80 mL) and
methanol (10 mL) were added N-iodosuccinimide (8.63 g 38.4 mmol) and trifluoromethanesulfonic acid (2.5
mL). After the mixture was stirred at room temperature for 1 h, the solvent was evaporated, and the obtained
solid was washed with water (100 mL) to afford the title compound as a pale-yellow solid (11.1 g, quant.).

"H-NMR (270 MHz, DMSO-ds) ¢: 3.60 (3H, s), 8.15 (1H, d, J= 2.1 Hz), 8.45 (1H, d, J=2.2 Hz).

MS (m/z): 302 (M — H).

(d) Methyl 3-cyano-5-iodo-4-methoxybenzoate
To a solution of methyl 3-cyano-4-hydroxy-5-iodobenzoate (11.1 g, 36.5 mmol) in DMF (230 mL)
were added potassium carbonate (49.2 g, 0.356 mol) and dimethyl sulfate (17.0 mL 0.179 mol). After the

mixture was stirred at room temperature for 18 h, the insoluble materials were removed by filtration. Water
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(920 mL) was added to the filtrate, and a precipitated solid was collected by filtration to afford the title
compound as a pale-yellow solid (8.99 g, 78% yield).

"H-NMR (270 MHz, DMSO-ds) 6: 4.20 (3H, s), 4.40 (3H, s), 8.63 (1H,d, J= 1.9 Hz), 8.88 (1H,d, J=1.9
Hz).

(e) 3-Cyano-5-iodo-4-methoxybenzoic acid

To a solution of methyl 3-cyano-5-iodo-4-methoxybenzoate (8.00 g, 25.2 mmol) in THF (100 mL) and
water (50 mL) was added lithium hydroxide monohydrate (4.23 g, 101 mmol). After the mixture was stirred
at room temperature for 4 h, the solvent was evaporated under reduced pressure. Water was added, and the
aqueous solution was washed with n-hexane and acidified with 2 M HCI. The products were extracted with
AcOEt, and the organic layer was washed with brine and dried over anhydrous Na>SO4. The solvent was
evaporated to afford the title compound as a colorless solid (7.26 g, 95% yield).

"H-NMR (270 MHz, DMSO-ds) J: 4.38 (3H, s), 8.58 (1H, d, J = 2.0 Hz), 8.86 (1H, d, J = 2.0 Hz), 13.89
(1H, brs).

MS (m /z): 302 (M — H).
(f) 2-Hydroxy-5-(indoline-1-carbonyl)-3-iodobenzonitrile (2¢)

Compound 2¢ was prepared from 3-cyano-5-iodo-4-methoxybenzoic acid in a similar way that used
for compound 2d (66% yield).

"H-NMR (400 MHz, DMSO-dy) 6: 3.08 (2H, t, J = 8.0 Hz), 4.05 (2H, t, J = 8.0 Hz), 7.05 (1H, t, J = 6.9
Hz),7.17 (1H,d, J=6.9 Hz), 7.28 (1H, d, /= 6.9 Hz), 7.74 (1H, brs) 7.95 (1H, d, /= 2.3 Hz), 8.22 (1H, d,
J =2.3 Hz); the phenol-OH was not observed.

3C-NMR (101 MHz, DMSO-dy) J: 27.8, 50.3, 88.8,100.2, 116.0, 116.5, 124.0, 124.9, 125.0, 126.8, 132.6,
132.8,142.5,142.9,160.2, 164.7.

HRMS (ESI) m/z: caled for Ci6H10IN2O> (M — H) 388.9792 found 388.9801.

2-Hydroxy-5-(indoline-1-carbonyl)-3-methylsulfanylbenzonitrile (2¢)
(8) Methyl 3-cyano-4-methoxy-5-methylsulfanyl benzoate

To a solution of methyl 3-cyano-4-hydroxy-5-iodobenzoate (p. 60) (1.00 g, 3.30 mmol) in DMF (10
mL) were added 2,2'-bipyridine (52.0 mg, 0.333 mmol), zinc powder (432 mg, 6.61 mmol), nickel (II)
bromide (72.0 mg, 0.329 mmol) and dimethyl disulfide (156 mg, 1.66 mmol). After the mixture was stirred
at 90 °C for 16 h under an argon atmosphere, 1 M HCI was added, and insoluble materials were removed by
filtration through a pad of Celite. The filtrate was diluted with AcOEt, and the solution was washed with H,O
and brine, and dried over anhydrous Na,SOs. The solvent was evaporated, and the residue was dissolved with
DMF (20 mL). Potassium carbonate (4.56 g, 33.0 mmol) and dimethyl sulfate (1.60 mL, 16.9 mmol) were
added, and the mixture was stirred at room temperature for 1 h. The insoluble materials were removed by
filtration through a pad of Celite. The filtrate was diluted with AcOEt, the solution was washed with H,O and
brine, and dried over anhydrous Na,SO4. The solvent was evaporated, and the obtained residue was purified

by silica gel column chromatography to afford a colorless solid (276 mg, 35% yield).
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"H-NMR (270 MHz, CDCls) d: 2.50 (3H, s) 3.94 (3H, s), 4.18 (3H, s,), 7.95 (1H, d, J= 1.9 Hz), 8.03 (1H, d,
J=1.9 Hz).
(b) 3-Cyano-4-methoxy-5-methylsulfanylbenzoic acid

To a solution of methyl 3-cyano-4-methoxy-5-methylsulfanylbenzoate (270 mg, 1.14 mmol) in THF
(4 mL) and H,O (2 mL) was added lithium hydroxide monohydrate (192 mg, 4.56 mmol), and the mixture
was stirred at room temperature for 1.5 h. 1 M HCI (10 mL) was added, and the products were extracted with
AcOEt. The combined extracts were washed with H>O and brine, and dried over anhydrous Na,SOs. The
solvent was evaporated to afford a colorless solid (241 mg, 95% yield).

"H-NMR (270 MHz, DMSO-ds) 6: 2.52 (3H, s), 4.05 (3H, s), 7.92 (1H, d, J= 2.2 Hz), 8.01 (1H,d, J=2.2
Hz), 13.49 (1H, brs).

MS m/z: 222 (M — H).

(¢) 5-(Indoline-1-carbonyl)-2-methoxy-3-methylsulfanylbenzonitrile

To a solution of 3-cyano-4-methoxy-5-methylsulfanylbenzoic acid (235 mg, 1.05 mmol) in CH>Cl, (9
mL) and DMF (1 mL) were added indoline (126 mg, 1.06 mmol) and 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide hydrochloride (242 mg, 1.26 mmol). After the mixture was stirred at room temperature
for 1.5 h, 1 M HCI (40 mL) was added, and the products was extracted with AcOEt. The organic layer was
washed with H>O and brine, dried over anhydrous Na,SO4. The solvent was evaporated to afford the title
compound.

(d) 2-Hydroxy-5-(indoline-1-carbonyl)-3-methylsulfanylbenzonitrile (2e)

To a solution of 5-(indoline-1-carbonyl)-2-methoxy-3-methylsulfanylbenzonitrile (c) in N,N-
dimethylformamide (10 mL) was added lithium chloride (445 mg, 10.5 mmol). After the mixture was stirred
at 100 °C for 1.5 h, 1 M HCI (40 mL) was added. The products were extracted with AcOEt, and the organic
layer was washed with H>O and brine, dried over anhydrous Na,SOs. The solvent was evaporated to obtain
a colorless crystal a colorless solid (267 mg, 82% yield from indoline).

"H-NMR (400 MHz, DMSO-dy) 6: 2.43 (3H, s), 3.08 (2H, t,J = 8.2 Hz), 4.04 (2H, t,J = 8.2 Hz), 7.03 (1H,
t,J=7.5Hz),7.16 (1H,t,J=7.5Hz), 727 (1H,d,J=7.5 Hz), 7.62 (1H,d, J=1.8 Hz), 7.67 (1H,d, J=1.8
Hz), 7.73(1H, brs); the phenol-OH was not observed.

BC-NMR (101 MHz, DMSO-ds) é: 14.6, 27.6, 50.2, 99.9, 116.2, 116.3, 123.6, 124.8, 126.6, 128.4, 129.1,
129.2,130.2,132.6, 142.5, 157.8, 165.8.

MS m/z: 309 (M — H).

HRMS (ESI) m/z: caled for Ci7H13N20.S (M — H) - 309.0703, found 309.0710.

3-tert-Butyl-2-hydroxy-5-(indoline-1-carbonyl)benzonitrile (2f)
(a) Methyl 3-tert-butyl-4-hydroxybenzoate

To a solution of methyl 4-hydroxybenzoate (3.0 g, 19.7 mmol) in methanesulfonic acid (15 mL) was
added 2-bromo-2-methylpropane (11.1 ml, 98.8mmol). After the mixture was stirred at 70 °C overnight,
methanol (20 ml) was added, and the stirring was continued at 50 °C for 3 h. 30% Potassium hydroxide
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aqueous solution was added, and the products were extracted with AcOEt. The combined extracts were
washed with 10% aqueous potassium carbonate and brine, dried over anhydrous Na,;SO4. The solvent was
evaporated, and the residue was purified by silica gel column chromatography to afford the title compound
as a pale-yellow solid (1.83 g, 45% yield).
"H-NMR (270 MHz, CDCl3) d: 1.42 (9H, s), 3.88 (3H, s), 5.37 (1H, s), 6.69 (1H, d, J= 8.4 Hz), 7.79 (1H,
dd,J=8.4,19 Hz),7.99 (1H, d,J=1.9 Hz).
(b) Methyl 3-fert-butyl-4-hydroxy-5-iodobenzoate
To a solution of methyl 3-tert-butyl-4-hydroxybenzoate (1.83 g, 8.78 mmol) in CH>Cl, (24 mL) and
methanol (3 mL) was added N-iodosuccinimide (2.08 g, 9.24 mmol) and trifluoromethanesulfonic acid (3
ml). After the mixture was stirred at room temperature for 15 min, water was added. The products were
extracted with CH»Cly, and the organic layer was washed with 10% aqueous sodium thiosulfate and brine,
then dried over anhydrous Na;SOs. The solvent was evaporated to afford the title compound as a brown solid
(2.77 g, 94% yield).
"H-NMR (270 MHz, CDC13) 6: 1.41 (9H, s), 3.88 (3H, s), 5.92 (1H, s), 7.95 (1H, d, J= 1.9 Hz), 8.24 (1H,
d,J=1.9 Hz).
(c) Methyl 3-fert-butyl-5-iodo-4-methoxybenzoate
To a solution of methyl 3-ztert-butyl-4-hydroxy-5-iodobenzoate (2.77 g, 8.29 mmol) in DMF (50 ml)
were added potassium carbonate (12.0 g, 86.8 mmol) and dimethylsulfate (4.1 ml, 43.2 mmol). After the
reaction mixture was stirred at room temperature overnight, water was added. The products were extracted
with AcOEt, and the organic layer was washed with water and brine, then dried over anhydrous Na,;SO4. The
solvent was evaporated to afford the title compound (2.77 g, 96% yield).
"H-NMR (270 MHz, CDCls) d: 1.40 (9H, s), 3.90 (3H, s), 3.93 (3H, s), 8.01 (1H, d, J = 2.2 Hz), 8.36 (1H,
d,J=2.2 Hz).
(d) Methyl 3-tert-butyl-5-cyano-4-methoxybenzoate
To a solution of methyl 3-tert-butyl-5-iodo-4-methoxybenzoate (2.77 g, 7.96 mmol) in DMF (30 ml)
was added copper cyanide (965 mg, 10.8 mmol). After the mixture was stirred at 150 °C for 2.5 h, 10%
aqueous potassium carbonate was added. The products were extracted with AcOEt, and the organic layer was
washed with water and brine, then dried over anhydrous Na>SO4. The solvent was evaporated, and the residue
was purified by silica gel column chromatography to afford the title compound (1.48 g, 75% yield).
"H-NMR (270 MHz, CDCls) d: 1.39 (9H, s), 3.92 (3H, s), 4.22 (3H, s), 8.15 (1H, d, J = 2.2 Hz), 8.19 (1H,
d,J=2.2 Hz).
(e) 3-tert-Butyl-5-cyano-4-methoxybenzoic acid
To a solution of methyl 3-tert-butyl-5-cyano-4-methoxybenzoate (1.48 g, 5.98 mmol) in methanol (20
ml), THF (5 ml) and water (5 ml) was added lithium hydroxide monohydrate (753 mg, 17.9 mmol). After the
mixture was stirred at room temperature for 2 h, 10% aqueous HCI was added. The products were extracted
with AcOEt, and the organic layer was washed with brine, then dried over anhydrous Na;SO4. The solvent

was evaporated to afford the title compound (1.18 g, 85% yield).
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"H-NMR (270 MHz, CDCls) 6: 1.41 (9H, s), 4.26 (3H, s), 8.23 (1H, d,J=2.2 Hz), 8.25 (1H, d, J= 2.2 Hz).
(f) 3-tert-Butyl-2-hydroxy-5-(indoline- 1-carbonyl)benzonitrile (2f)

Compound 2f was prepared from 3-fert-butyl-5-cyano-4-methoxybenzoic acid in a similar way that
used for compound 2d (67% yield).

"H-NMR (400 MHz, DMSO-dy) J: 1.36 (9H, s), 3.08 (2H, t,J = 8.2 Hz), 4.05 (2H, t,J = 8.2 Hz), 7.03 (1H,
t,J=73Hz),7.17 (1H,d,J=7.3 Hz), 7.27 (1H,d, J="7.3 Hz), 7.65 (1H, d, J=2.3 Hz), 7.76 (1H, brs), 7.77
(1H, d, J = 2.3 Hz); the phenol-OH was not observed.

BC-NMR (101 MHz, DMSO-ds) J: 27.8, 29.1, 34.9, 50.5, 101.9, 116.5, 117.1, 123.8, 125.0, 126.8, 127.2,
130.3, 130.9, 132.8, 139.7, 142.7, 159.9, 166.5.

HRMS (ESI) m/z: caled for C20H19N202 (M — H) - 319.1452, found 319.1457.

3-Cyclopropyl-2-hydroxy-5-(indoline-1-carbonyl)benzonitrile (2g)
(a) Methyl 3-cyano-5-cyclopropyl-4-methoxybenzoate
To a solution of methyl 3-cyano-4-hydroxy-5-iodobenzoate (p. 60) (1.00 g, 3.30 mmol) in 1,4-dioxane
(15 mL) were added potassium carbonate (1.31 g, 9.48 mmol), cyclopropylboronic acid (325 mg, 3.78 mmol)
and [1,3-bis-(2,6-diisopropylphenyl)imidazole-2-ylidene](3-chloropyridyl)palladium dichloride (108 mg,
0.158 mmol). After the mixture was stirred at 95 °C for 22 h, the insoluble materials were removed by
filtration through a pad of Celite. The filtrate was concentrated, and the obtained residue was purified by
silica gel column chromatography using a n-hexane/AcOEt (4:1) to afford the title compound as a pale-
yellow solid (348 mg, 46% yield).
"H-NMR (270 MHz, CDCls) 6: 0.74-0.80 (2H, m), 1.04-1.12 (2H, m), 2.14-2.25 (1H, m), 3.91 (3H, s),
4.15(3H,s), 7.70 (1H, d, J= 2.1 Hz), 8.07 (1H, d, J=2.1 Hz).
(b) 3-Cyano-5-cyclopropyl-4-methoxybenzoic acid
To a solution of methyl 3-cyano-5-cyclopropyl-4-methoxybenzoate (491 mg, 2.12 mmol) in THF (7.5
mL) and water (2.5 mL) was added lithium hydroxide monohydrate (359 mg, 8.56 mmol), and the mixture
was stirred for 20 h at room temperature. After the organic solvent was evaporated, the residue was diluted
with water, and the aqueous solution was washed with n-hexane and acidified with 1 M HCI. The products
were extracted with AcOEt, and the organic layer was washed with brine, then dried over anhydrous Na;SOs.
The solvent was evaporated to afford the title compound as a pale brown solid (394 mg, 86% yield).
"H-NMR (270 MHz, DMSO-ds) 6: 0.74-0.79 (2H, m), 1.03-1.10 (2H, m), 2.13-2.23 (1H, m), 4.06 (3H, s),
7.65 (1H,d, J=2.0 Hz), 8.04 (1H, d, /=2.0 Hz).
MS (m/z): 216 (M — H).
(c) 3-Cyclopropyl-2-hydroxy-5-(indoline-1-carbonyl)benzonitrile (2g)
Compound 2g was prepared from 3-cyano-5-cyclopropyl-4-methoxybenzoic acid in a similar way that

used for compound 2d (76% yield).
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"H-NMR (400 MHz, DMSO-ds) J: 0.65-0.71 (2H, m), 0.93-0.99 (2H, m), 2.07-2.14 (1H, m), 3.07 (2H, t,
J=8.2Hz),4.01 2H,t,J=8.0 Hz), 7.03 (1H, t,J= 7.3 Hz), 7.16 (1H, t, J="7.3 Hz), 7.27 (1H,d, /= 7.3
Hz),7.32 (1H, d, J=1.8 Hz), 7.70 (1H, d, J= 1.8 Hz), 7.71 (1H, brs); the phenol-OH was not observed.

3C-NMR (101 MHz, DMSO-ds) d: 7.9,9.7,27.8,50.3,99.8,116.5, 116.9, 123.8, 125.0, 126.8, 128.7, 129 4,
129.6, 132.0, 132.8, 142.7, 160.1, 166.3.

HRMS (ESI) m/z: caled for CioH1sN>,O, (M — H)  303.1139, found 303.1145.

3-Chloro-2-hydroxy-5-(indoline-1-carbonyl)benzonitrile (2h)
(a) Methyl 3-chloro-5-cyano-4-hydroxybenzoate
To a solution of methyl 3-cyano-4-hydroxybenzoate (2.00 g, 11.3 mmol) in chloroform (15 mL) and
methanol (5 mL) were added N-chlorosuccinimide (3.62 g, 27.1 mmol) and 4 M HCI AcOEt solution. After
the mixture was stirred at room temperature for 1 h, the solvent was evaporated, and 10% aqueous methanol
(40 mL) was added. The precipitated solid was collected by filtration and washed with water (10 mL) and
isopropyl alcohol (4 mL) to afford the title compound as a colorless solid (1.27 g, 53% yield).
"H-NMR (270 MHz, DMSO-ds) 6: 4.16 (3H, s), 8.45 (1H, d, J= 2.0 Hz), 8.46 (1H, d, J= 2.0 Hz).
MS (m/z): 210 (M — H), 212 (M +2 — H).
(b) Methyl 3-chloro-5-cyano-4-methoxybenzoate
To a solution of methyl 3-chloro-5-cyano-4-hydroxybenzoate (1.27 g, 6.00 mmol) in DMF (20 mL)
were added potassium carbonate (5.00 g, 36.2mmol) and dimethyl sulfate (1.70 mL, 17.9 mmol). After the
mixture was stirred at room temperature for 18 h, the insoluble materials were removed by filtration, and
water was added to the filtrate. The products were extracted with AcOEt, and the organic layer was washed
with water and brine, then dried over anhydrous Na>SOs. The solvent was evaporated to afford the title
compound as a colorless solid (1.03 g, 76% yield).
"H-NMR (270 MHz, CDCls) 6: 3.94 (3H, s), 4.19 (3H, s), 8.17 (1H, d,J=2.1 Hz), 8.25 (1H, d, J= 2.1 Hz).
(c) 3-Chloro-5-cyano-4-methoxybenzoic acid
To a solution of methyl 3-chloro-5-cyano-4-methoxybenzoate (1.02 g, 4.52 mmol) in THF (15 mL)
and water (6 mL) was added lithium hydroxide monohydrate (759 mg, 18.1 mmol). After the mixture was
stirred at room temperature for 90 min, the organic solvent was evaporated. Water was added, and the aqueous
solution was washed with n-hexane and acidified with 1 M HCI. The products were extracted with AcOEt,
and the organic layer was washed with brine and dried over anhydrous Na,SOs. The solvent was evaporated
to afford the title compound as a colorless solid (946 mg, 99% yield).
"H-NMR (270 MHz, DMSO-ds) 6: 4.43 (3H, s), 8.55 (2H, s), 14.00 (1H, brs).
MS (m/z): 210 (M — H), 212 (M + 2 — H)".
(d) 3-Chloro-2-hydroxy-5-(indoline-1-carbonyl)benzonitrile (2h)
Compound 2h was prepared from 3-chloro-5-cyano-4-methoxybenzoic acid in a similar way that used

for compound 2d (89% yield).
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"H-NMR (400 MHz, DMSO-dy) 6: 3.08 (2H, t, J = 8.2 Hz), 4.06 2H, t, J = 8.2 Hz), 7.05 (1H, t,J = 7.3
Hz), 7.18 (1H, t,J=7.3 Hz), 7.29 (1H, d, J= 7.3 Hz), 7.78 (1H, brs), 7.92 (1H, d, /= 2.3 Hz), 7.94 (1H, d,
J = 2.3 Hz); the phenol-OH was not observed.

3C-NMR (101 MHz, DMSO-ds) 6: 27.8,50.4,101.8, 115.9, 116.6, 122.1, 124.0, 125.1, 126.9, 129.0, 131 4,
132.8, 133.8, 142.5, 157.4, 164.9.

HRMS (ESI) m/z: caled for CisHi10CIN2O> (M — H) 297.0436, found 297.0442.

2-Hydroxy-5-(indoline-1-carbonyl)-3-trifluoromethylbenzonitrile (2i)
(a) Methyl 3-cyano-4-methoxy-5-trifluoromethylbenzoate
To a solution of methyl 3-cyano-5-iodo-4-methoxybenzoate (p. 60) (5.65 g, 18.6 mmol) in DMF (110
mL) were added copper iodide (679 mg, 3.57 mmol) and methyl fluorosulfonyldifluoroacetate (6.85 g, 35.7
mmol). After the mixture was stirred at 130 °C for 90 min, insoluble materials were removed by filtration
through a pad of Celite. The filtrate was concentrated, and the residue was purified by silica gel column
chromatography (n-hexane/AcOEt = 6:1) to afford the title compound as a colorless solid (4.17 g, 87% yield).
"H-NMR (270 MHz, CDCl3) 6: 3.97 (3H, s), 4.30 (3H, s), 8.45 (2H, s).
(b) 3-Cyano-4-methoxy-5-trifluoromethylbenzoic acid
To a solution of methyl 3-cyano-4-methoxy-5-trifluoromethylbenzoate (4.17 g, 16.1 mmol) in THF
(60 mL) and water (20 mL) was added lithium hydroxide monohydrate (2.70 g, 64.3 mmol). After the
mixture was stirred at room temperature for 3 h, the solvent was evaporated, and the residue was acidified
with 2 M HCI. The products were extracted with AcOEt, the organic layer was washed with brine and dried
over anhydrous Na,;SO4. The solvent was evaporated to afford the title compound as a colorless solid (3.92
g, 99% yield).
"H-NMR (270 MHz, DMSO-ds) 6: 4.23 (3H, s), 8.33 (1H, d, J= 2.2 Hz), 8.54 (1H, d, J= 2.2 Hz).
MS (m/z): 244 (M — H).
(c) 2-Hydroxy-5-(indoline-1-carbonyl)-3-trifluoromethylbenzonitrile (2i)
Compound 2i was prepared from 3-cyano-4-methoxy-5-trifluoromethylbenzoic acid in a similar way
that used for compound 2d (91% yield).
"H-NMR (400 MHz, DMSO-dy) J: 8.23 (1H, d,J = 1.8 Hz), 8.06 (1H, d, /= 1.8 Hz), 7.81 (1H, brs), 7.28
(1H,d,J=17.5Hz), 7.18 (1H, t,J=7.5 Hz), 7.05 (1H, t, J= 7.5 Hz), 4.06 (2H, t, J = 8.2 Hz), 3.08
(2H, t, J = 8.2 Hz); the phenol-OH was not observed.
BC-NMR (101 MHz, DMSO-dy) 6: 27.8, 50.4,102.8, 115.6, 116.7, 119.1 (q,J = 30.0 Hz), 122.9 (q, J =274
Hz), 124.1,125.1, 126.9, 128.3, 131.3 (q, / =4.8 Hz), 132.9, 136.9, 142.5, 159.1, 164.9.
HRMS (ESI) m/z: caled for Ci7H10F3N202 (M — H)  331.0699, found 331.0705.

3-(3-Cyano-5-cyclopropyl-4-hydroxybenzoyl)-1,1-dioxo-1,2-dihydro-3 H-1,3-benzothiazole (7)
(8) 3-Cyano-5-cyclopropyl-4-methoxybenzoyl chloride (9a)
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To a solution of 3-cyano-5-cyclopropyl-4-methoxybenzoic acid (p. 64) (200 mg, 0.921 mmol) in
toluene (2 mL) were added DMF (1 droplet) and thionyl chloride (0.10 mL, 1.39 mmol). After the mixture
was stirred at 60 °C for 16 h, the solvent was evaporated. The obtained residue was dissolved with toluene
(2mL), and the solvent was evaporated. The obtained residue was used for the step (c).

(b) 1,2-Dihydro-3H-1,3-benzothiazole (11)

37% Formalin (0.23 mL) was diluted with water (3.5 mL), and diisopropyl ether (3.5 mL) and 2-
aminobenzenethiol (346 mg, 2.76 mmol) were added. After the mixture was stirred at room temperature for
30 min, the organic layer was separated. The aqueous phase was extracted with diisopropyl ether. The
combined organic layers were washed with brine and dried over anhydrous Na;SOs. The solvent was
evaporated, and the obtained residue was used for the next step.

(c) 3-(3-Cyano-5-cyclopropyl-4-methoxybenzoyl)-1,2-dihydro-3H-1,3-benzothiazole (12a)

To a solution of 1,2-dihydro-3H-1,3-benzothiazole in chloroform (3 mL) were added triethylamine
(0.38 mL, 2.74 mmol) and 3-cyano-5-cyclopropyl-4-methoxybenzoyl chloride. After the mixture was stirred
at room temperature for 2 h, the solvent was evaporated. Water was added, and the products were extracted
with AcOEt. The combined extracts were washed with 1 M HCI, 1 M aqueous NaOH and brine, then dried
over anhydrous Na>SOs. The solvent was evaporated, and the obtained residue was used for the next step.
(d) 3-(3-Cyano-5-cyclopropyl-4-methoxybenzoyl)-1,1-dioxo-1,2-dihydro-3H-1,3-benzothiazole (13a)

To a solution of 3-(3-cyano-5-cyclopropyl-4-methoxybenzoyl)-1,2-dihydro-3 H-1,3-benzothiazole in
chloroform (5 mL) was added 70% 3-chloroperbenzoic acid (422 mg, 1.71 mmol). After the mixture was
stirred at room temperature for 16 h, 10% sodium thiosulfate was added. The solvent was evaporated, then 1
M aqueous NaOH was added. The products were extracted with AcOEt, and the organic layer was washed
with 1 M aqueous NaOH and brine, and then dried over anhydrous Na,SOs. The solvent was evaporated, and
the obtained residue was crystallized from n-hexane/AcOEt/MeOH to afford the title compound as a colorless
solid (147 mg, 43% yield).

(e) 3-(3-Cyano-5-cyclopropyl-4-hydroxybenzoyl)-1,1-dioxo-1,2-dihydro-3H-1,3-benzothiazole (7)

To a solution of 3-(3-cyano-5-cyclopropyl-4-methoxybenzoyl)-1,1-dioxo-1,2-dihydro-3H-1,3-
benzothiazole (142 mg, 0.385 mmol) in DMF (2 mL) was added lithium chloride (163 mg, 3.85 mmol). After
the mixture was stirred at 100 °C for 23 h, 1 M HCl was added. The products were extracted with AcOEt,
the combined extracts were washed with 1 M HCI and brine, and dried over anhydrous Na,SO4. The solvent
was evaporated, and the obtained residue was crystallized from n-hexane/AcOEt to afford the title compound
as a colorless solid (115 mg, 81% yield).

"H-NMR (270 MHz, DMSO-d;) d: 0.670.73 (2H, m), 0.93-1.00 (2H, m), 2.05-2.15 (1H, m), 5.26 (2H, s),
7.38 (1H,d, J=2.1 Hz), 742 (1H, dd, /= 7.8, 7.8 Hz), 7.73 (1H, dd, /= 7.8, 8.4 Hz), 7.79 (1H, d, /= 2.1
Hz),7.87 (1H, d, J= 7.8 Hz), 7.97 (1H, d, J = 8.4 Hz); the phenol-OH was not observed.

BC-NMR (101 MHz, DMSO-dy) J: 7.6, 9.6,. 67.0, 100.1, 116.4, 120.3, 121.0, 125.3, 125.5, 128.8, 130.0,
130.6, 132.3,134.2,139.4, 161.5,166.3.

MS (m/z): 353 (M —H).
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HRMS (ESI): m/z caled for Ci1sH13N204S (M — H) 353.0601, found 353.0609.

3-(3-Cyano-4-hydroxy-5-trifluoromethylbenzoyl)-1,1-dioxo-1,2-dihydro-3 H-1,3-benzothiazole (14)
Compound 14 was prepared from 3-cyano-4-methoxy-5-trifluoromethylbenzoic acid (p. 66) in a
similar way that used for compound 7 (18% over all yield).

"H-NMR (270 MHz, DMSO-ds) 6: 5.37 2H, s), 7.44 (1H, dd, J = 7.8, 7.8 Hz), 7.77 (1H, ddd, J= 1.3, 7.8,
7.9 Hz), 791 (1H, dd, J= 1.3, 7.8 Hz), 8.09 (1H, d, /= 7.9 Hz), 8.10 (1H, d, J=2.1 Hz), 827 (1H, d. J =
2.1 Hz); the phenol-OH was not observed.

BC-NMR (101 MHz, DMSO-dy) ¢: 66.9, 103.0, 115.7, 119.3 (q, J = 31.0 Hz), 120.6, 121.4, 123.1 (9, J =
278 Hz), 124.7, 126.1, 128.8, 132.3, 134.6, 138.0, 139.4, 161.0, 165.4.

MS (m/z): 381 (M — H).

HRMS (ESI) nvz: caled for C16HsF3N204S (M — H)  381.0162, found 381.0167.

3-(3-Cyano-4-hydroxy-5-trifluoromethylbenzoyl)-1,2-dihydro-3 H-1,3-benzothiazole (15)
3-(3-Cyano-4-methoxy-5-trifluoromethylbenzoyl)-1,2-dihydro-3 H-1,3-benzothiazole (12b) was
prepared from 3-cyano-4-methoxy-5-trifluoromethylbenzoic acid (p. 66) in a similar way that used for
compound 12a. The title compound was prepared from compound 12b in a similar way that used for

compound 7 (56% yield).

"H-NMR (270 MHz, DMSO-ds) 6: 5.38 (2H, s), 7.04-7.14 (2H, m), 7.32-7.38 (1H, m), 7.55 (1H, br), 8.05
(1H, d, J=2.1 Hz), 8.22 (1H, d, J = 2.1 Hz); the phenol-OH was not observed.

BBC-NMR (101 MHz, DMSO-dy) é: 53.7, 102.9, 115.8, 119.1, 119.2 (q,J = 30.0 Hz), 122.85, 122.94 (q, J
=275 Hz), 124.9,125.5, 125.8, 131.1, 131.8 (q, J = 4.8Hz), 137.5, 138.7, 160.6, 165.6.

MS (m/z): 349 M - H).

HRMS (ESI) m/z: caled for CisHsF3N2O,S (M — H) 349.0264, found 349.0270.

3-(3-Chloro-5-cyano-4-hydroxybenzoyl)-1,1-dioxo-1,2-dihydro-3H-1,3-benzothiazole (16)
Compound 16 was prepared from 3-chloro-5-cyano-4-methoxybenzoic acid (p. 65) in a similar way
that used for compound 7 (30% over all yield).

"H-NMR (270 MHz, DMSO-ds) J: 5.32 (2H, s), 7.44 (1H, dd, J= 8.4, 7.3 Hz), 7.75 (1H, ddd, J = 8.6, 7.3,
1.4 Hz), 7.88 (1H, dd, J = 8.4, 1.4 Hz), 7.99 (1H, d, J=2.2 Hz), 8.00 (1H, d. /=2.2 Hz), 8.06 (1H, d. J =
8.6 Hz); the phenol-OH was not observed.

MS (m/z): 347 M - H).

HRMS (ESI) m/z: caled for CisHsCIN,O4S 346.9898 (M — H), found 346.9899.

3-(3,5-Dichloro-4-hydroxybenzoyl)-1,1-dioxo-1,2-dihydro-3 H-1,3-benzothiazole (17, Dotinurad)
(a) 1,2-Dihydro-3H-1,3-benzothiazole (11)
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37% Formalin (5.2 mL) was diluted with water (80 mL), and diisopropyl ether (80 mL) and 2-
aminobenzenethiol (7.84 g, 62.6 mmol) were added. After the mixture was stirred at room temperature for
30 minutes, the organic layer was separated, and the aqueous phase was extracted with diisopropyl ether. The
combined organic layers were washed with brine, dried over anhydrous Na,SOa. The solvent was evaporated,
and the obtained residue was used for the next step (c).

(b) 3,5-Dichloro-4-methoxybenzoyl chloride (9d)

To a solution of 3,5-dichloro-4-methoxybenzoic acid (8.81 g, 39.9 mmol) in toluene (170 mL) were
added DMF (5 droplets) and thionyl chloride (6.0 mL, 83.2 mmol). After the mixture was stirred at 60 °C for
16 h, the solvent was evaporated. The residue was dissolved with toluene, and the solution was concentrated.
The obtained residue was used for the next step.

(c) 3-(3,5-Dichloro-4-methoxybenzoyl)-1,2-dihydro-3H-1,3-benzothiazole (12d)

To a solution of 1,2-dihydro-3 H-1,3-benzothiazole (a) in chloroform (50 mL) were added triethylamine
(17.4 mL, 126 mmol) and 3,5-dichloro-4-methoxybenzoyl chloride (b). After the mixture was stirred at room
temperature for 1 h, the solvent was concentrated. The obtained residue was diluted with AcOEt, and the
solution was washed with 1 M HCI, 1 M aqueous NaOH and brine, and then dried over anhydrous Na>SOs.
The solvent was evaporated, and the obtained residue was used for the next step.

"H-NMR (400 MHz, DMSO-dy) J: 3.90 (3H, s) 5.33 (2H, s), 7.06-7.14 (2H, m), 7.35 (1H, dd, J= 7.6, 2.4
Hz), 7.63 (1H, brs), 7.78 (2H, d. /= 8.4 Hz).
(d) 3-(3,5-Dichloro-4-methoxybenzoyl)-1,1-dioxo-1,2-dihydro-3 H-1,3-benzothiazole (13d)

To a solution of 3-(3,5-dichloro-4-methoxybenzoyl)-1,2-dihydro-3H-1,3-benzothiazole in chloroform
(230 mL) was added 70% 3-chloroperbenzoic acid (43.25 g, 175 mmol) at 0 °C. After the mixture was
stirred at room temperature for 20 h, the reaction was quenched with 10% sodium thiosulfate. The solvent
was removed under reduced pressure, and the residue was dissolved with AcOEt. The solution was washed
with 1 M aqueous NaOH and brine, then dried over anhydrous Na,;SO4. The solvent was evaporated to afford
the title compound as a colorless solid (13.25 g, 57% yield from the step (a)).

"H-NMR (400 MHz, DMSO-ds) 6: 3.91 (3H, s), 5.33 (2H, s), 7.47 (1H, dd, J = 7.2, 7.6 Hz), 7.79 (1H, dd,
J=17.2,72Hz),7.86 (2H,s),7.93 (1H, d, J=7.2 Hz), 8.15 (1H, d, J= 7.6 Hz).
(e) 3-(3,5-Dichloro-4-hydroxybenzoyl)-1,1-dioxo-1,2-dihydro-3H-1,3-benzothiazole (17)

To a solution of 3-(3,5-dichloro-4-methoxybenzoyl)-1,1-dioxo-1,2-dihydro-3H-1,3-benzothiazole
(1.00 g, 2.69 mmol) in DMF (5 mL) was added lithium chloride (570 mg, 13.4 mmol). After the mixture was
stirred at 130 °C for 2 h, 1 M HCI was added. The products were extracted with AcOEt, and the organic layer
was washed with 1 M HCI and brine, then dried over anhydrous Na;SOs. The solvent was evaporated, and
the obtained residue was crystallized from ethanol to afford the title compound as a colorless solid (749 mg,
78% yield).

"H-NMR (400 MHz, DMSO-dy) J: 5.36 (2H, s), 7.44 (1H, t, J= 8.0 Hz), 7.75 (2H, s), 7.76 (1H, td, J= 1.2,
8.0 Hz), 791 (1H, dd, /= 1.2, 8.0 Hz), 8.04 (1H, d, /= 8.0 Hz), 11.05 (1H, brs).
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13C-NMR (101 MHz, DMSO-ds) 8: 66.98, 120.57, 121.33, 122.22, 125.97, 126.59, 128.66, 128.97, 134.51,
139.34, 152.20, 165.58.

MS (ESI): 356 (M — HY, 358 (M + 2 — H)-.

HRMS (ESI): m/z caled for C14HsCLNO-S (M — H) 355.9556, found 355.9564.

3-(3-Cyano-4-hydroxy-5-isopropylbenzoyl)-1,1-dioxo-1,2-dihydro-3H-1,3-benzothiazole (18)
Compound 18 was prepared from 3-cyano-4-methoxy-5-isopropybenzoic acid in a similar way that
used for compound 7 (66% over all yield).

"H-NMR (270 MHz, DMSO-ds) J: 1.18 (6H, d, J = 6.8 Hz), 3.35 (1H, sevent, J = 6.8 Hz), 5.34 (2H, s),
7.43 (1H, ddd,J=0.8,7.8, 7.8 Hz), 7.75 (1H, dd, /= 7.8, 8.4 Hz), 7.76 (1H, d, /= 2.3Hz), 7.87 (1H, d, J =
2.3 Hz), 7.90 (1H, dd, /= 7.8, 0.8 Hz), 8.00 (1H, d, J = 8.4 Hz); the phenol-OH was not observed.

BC-NMR (101 MHz, DMSO-ds) 6: 22.2,26.1, 67.1,100.7, 116.7, 120.6, 121.3, 125.7, 125.8, 128.9, 131.2,
134.4,137.4,139.5, 159.8, 166.5.

MS (ESI) m/z: 355 (M — H).

HRMS (ESI): m/z caled for CigHisN>O-S (M — H)  355.0758, found 355.0765.

3-(3-Cyano-5-ethyl-4-hydroxybenzoyl)-1,1-dioxo-1,2-dihydro-3H-1,3-benzothiazole (19)
Compound 19 was prepared from 3-cyano-5-ethyl-4-methoxybenzoic acid in a similar way that used
for compound 7 (66% over all yield).

"H-NMR (270 MHz, DMSO-ds) 6: 1.15 (3H, t,J=7.6 Hz), 2.68 (2H, q, /= 7.6 Hz), 5.34 (2H, s), 7.43 (1H,
dd, J=17.6,7.6 Hz), 7.74(1H, d, /= 2.2 Hz), 7.75 (1H, dd, J = 7.6, 8.4Hz), 7.88 (1H, d, J = 2.2 Hz), 7.90
(1H,d,J=17.6 Hz), 8.00 (1H, d, /= 8.4 Hz), 11.01 (1H, brs).

BC-NMR (101 MHz, DMSO-ds) 6: 13.7,22.5,67.2,100.4, 116.8, 120.7, 121.3, 125.3, 125.9, 129.0, 131.5,
132.9, 134.0, 134.5, 139.6, 160.8, 166.5.

MS (m/z): 341 M — H).

HRMS (ESI): m/z caled for Ci7H13N20O-S (M — H) 341.0601, found 341.0608.

3-(3-Cyano-5-ethynyl-4-hydroxybenzoyl)-1,1-dioxo-1,2-dihydro-3 H-1,3-benzothiazole (20)
Compound 20 was prepared from 3-cyano-5-ethynyl-4-methoxybenzoic acid in a similar way that used
for compound 7 (8% over all yield).

"H-NMR (270 MHz , DMSO-dy) J: 4.58 (1H, s), 5.35 (2H, s), 7.44 (1H, dd, J= 7.6, 7.6 Hz), 7.76 (1H, dd,
J=17.6,84Hz),791 (1H,d,J=8.4 Hz), 7.93 (1H, d. /J=2.4 Hz), 8.04 (1H, d, J=2.4 Hz), 8.05 (1H, d, J =
7.6 Hz); the phenol-OH was not observed.

MS (m/z): 337 M — H).

HRMS (ESI): m/z caled for Ci7HoN>O-S (M — H)™ 337.0288, found 337.02902.
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3-(3-Cyano-4-hydroxy-5-methylsulfanylbenzoyl)-1,1-dioxo-1,2-dihydro-3 H-1,3-benzothiazole (21)

3-(3-Cyano-4-hydroxy-5-iodobenzoyl)-1,1-dioxo-1,2-dihydro-3H-1,3-benzothiazole (21°) was  prepared
from 3-cyano-5-iodo-4-methoxybenzoic acid (p. 61) in a similar way that used for compound 7 (27% over
all yield).

To a solution of compound 21” (334 mg, 0.927 mmol) in DMF (3.5 mL) were added 2,2'-bipyridine (11
mg, 0.070 mmol), zinc powder (95 mg, 1.45 mmol), nickel (II) bromide (16 mg, 0.073 mmol) and dimethyl
disulfide (0.04 mL, 0.44 mmol). After the mixture was stirred at 80 °C for 1 h, the insoluble matters were
removed by filtration through a pad of Celite. The filtrate was diluted with AcOEt, and the solution was
washed with 1 M HCI and brine, then dried over anhydrous Na;SO4. The solvent was evaporated, and the
obtained residue was dissolved in DMF (3 mL). Potassium carbonate (298 mg, 2.16 mmol) and dimethyl
sulfate (0.13 mL 1.37 mmol) was added. After the mixture was stirred at room temperature for 1 h, water was
added. The products were extracted with AcOEt, and the organic layer was washed with water and brine,
then dried over anhydrous Na>SOs. The solvent was evaporated, and the obtained residue was purified by
silica gel column chromatography (n-hexane/AcOEt).

To the obtained products in DMF (1 mL) was added lithium chloride (64 mg, 1.51 mmol). After stirring
at 100 °C for 1.5 h, the mixture was diluted with AcOEt. The solution was washed with 1 M HCI and brine,
then dried over anhydrous Na;SOj4. The solvent was concentrated under reduced pressure, and the obtained
residue was crystallized from n-hexane/chloroform to afford the title compound as a yellow solid (95 mg,
29% yield).

"H-NMR (270 MHz, DMSO-ds) 6: 2.46 (3H, s), 5.34 (2H, s), 7.45 (1H, dd, J = 7.6, 7.3 Hz), 7.68 (1H, d, J
=2.2Hz),7.77 (1H, dd, J=17.6, 8.4 Hz), 7.82(1H, d, J= 2.2 Hz), 791 (1H, d, /= 7.3 Hz), 8.08 (1H, d, J =
8.4 Hz); the phenol-OH was not observed.

MS (m/z): 359 (M — H).

HRMS (ESI): m/z caled for CisH11N204S; (M — H) 359.0165, found 359.0166.

3-(3-Chloro-4-hydroxy-5-trifluoromethylbenzoyl)-1,1-dioxo-1,2-dihydro-3H-1,3-benzothiazole (22)
Compound 22 was prepared from 3-chloro-4-methoxy-5-trifluoromethybenzoic acid in a similar way
that used for compound 7 (14% over all yield).

"H-NMR (270 MHz, DMSO-dy) J: 5.36 (2H, s) 7.44 (1H, ddd, J = 0.8, 7.8, 7.8 Hz), 7.77 (1H, ddd, J = 1.3,
7.8,8.2 Hz), 7.86 (1H, d,J=2.1 Hz), 7.91 (1H, dd, /= 0.8, 7.8 Hz), 8.06 (1H, d,/=2.1 Hz), 8.07 (1H, d, J
= 8.2 Hz); the phenol-OH was not observed.

MS (m/z): 390 (M — H).

HRMS (ESI): m/z caled for CisHsCIF3NO4S (M — H)™ 389.9820, found 389.9829.

3-(3-Chloro-5-fluoro-4-hydroxybenzoyl)-1,1-dioxo-1,2-dihydro-3 H-1,3-benzothiazole (23)
Compound 23 was prepared from 3-chloro-5-fluoro-4-methoxybenzoic acid in a similar way that used

for compound 7 (61% over all yield).
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'H-NMR (270 MHz, DMSO-ds) &: 535 (2H, s), 7.43 (1H, dd, J = 7.4, 7.4 Hz), 7.59 (1H, dd, J= 1.8, 11.1
Hz), 7.61 (1H, s), 7.76 (1H, ddd, J = 1.2, 7.4, 8.4 Hz), 7.90 (1H, d, J = 7.4 Hz), 8.02 (1H, d, J = 8.4 Hz),
11.35 (1H, brs).

13C-NMR (101 MHz, DMSO-ds) &: 67.1, 115.1 (d, J = 21.3Hz), 120.6, 121.3, 122.3 (d, J = 3.8 Hz), 124.6,
125.8 (d, J=17.5 Hz), 125.9, 129.0, 134.5, 139.4, 145.4 (d, J = 15.6 Hz), 151.3 (d, J = 245 Hz), 165.8.

MS (m/z): 340 (M — HY, 342 (M + 2 — H)".

HRMS (ESI): m/z caled for C14HsCIFNO4S (M — H) 339.9852, found 339.9852.

3-(3-Chloro-4-hydroxy-5-methylsulfanylbenzoyl)-1,1-dioxo-1,2-dihydro-3 H-1,3-benzothiazole (24)
3-(3-Chloro-4-hydroxy-5-iodobenzoyl)-1,1-dioxo-1,2-dihydro-3H-1,3-benzothiazole =~ (24°)  was

prepared from 3-chloro-5-iodo-4-methoxybenzoic acid in a similar way that used for compound 7 (19% over
all yield). The title compound was prepared from compound 24’ in a similar way that used for compound 21
(23% yield).

"H-NMR (270 MHz, DMSO-ds) 6: 2.44 (3H, s), 5.34 (2H, s), 7.38 (1H, s), 7.43 (1H, dd, J = 7.6, 7.8 Hz),
7.54 (1H,s), 7.76 (1H, dd, J =7.8, 8.6 Hz), 7.90 (1H, d, /= 7.6 Hz), 8.02 (1H, d, J = 8.6 Hz), 10.54 (1H, s).

BC-NMR (101 MHz, DMSO-ds) 6: 14.1,67.3,120.1,120.7,121.3,124.0, 124.1, 125.9, 126.8, 129.0, 129.7,
134.5,139.6,151.9, 166.6.

MS (m/z): 368 (M — H).

HRMS (ESI): m/z caled for CisHi1CINO4S, (M — H) 367.9823, found 367.9831.

3-(4-Hydroxy-3-methoxy-5-trifluoromethylbenzoyl)-1,1-dioxo-1,2-dihydro-3H-1,3-benzothiazole (25)

3-(4-Benzyloxy-3-methoxy-5-trifluoromethylbenzoyl)-1,1-dioxo-1,2-dihydro-3 H-1,3-benzothiazole
(131) was prepared from 4-benzyloxy-3-methoxy-5-trifluoromethylbenzoic acid in a similar way that used
for compound 13a (65% over all yield).

To a solution of compound 131 (574 mg) in THF (6 mL) was added 5% palladium on carbon (310 mg),
and the mixture was stirred at room temperature for 22 h under a hydrogen atmosphere. The mixture was
filtered through a pad of Celite, and the filtrate was concentrated under reduced pressure. The obtained
residue was crystallized from n-hexane/chloroform to afford the title compound as a colorless solid (353 mg,
76% yield).

"H-NMR (DMSO-ds, 270 MHz) §: 3.93 (3H, s), 5.35 (2H, s), 7.43 (1H, dd, J= 7.3, 8.1 Hz), 7.47 (1H, s),
7.54 (1H,s), 7.76 (1H, dd, J=7.3,7.3 Hz), 7.90 (1H, d, /= 7.3 Hz), 8.02 (1H, d, J = 8.1 Hz), 10.68 (1H, s).

BBC-NMR (101 MHz, DMSO-ds) J: 56.6, 67.3, 70.4, 114.8, 115.7 (d, J = 30.0 Hz), 118.9, 120.7, 121.3,
123.6 (q, J =274 Hz), 125.8, 129.0, 134.4, 139.7, 148.4, 149.3, 167.0

MS (m/z): 386 (M — H).

HRMS (ESI): m/z caled for Ci¢H11F3NOsS (M — H) 386.0315, found 386.0324.
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3-(3-Chloro-4-hydroxy-5-methoxybenzoyl)-1,1-dioxo-1,2-dihydro-3H-1,3-benzothiazole (26)

3-(4-Benzyloxy-3-chloro-5-methoxybenzoyl)-1,1-dioxo-1,2-dihydro-3H-1,3-benzothiazole (13m)  was
prepared from 4-benzyloxy-3-chloro-5-methoxybenzoic acid in a similar way that used for compound
13a (64% over all yield). The title compound was prepared from compound 13m in a similar way that
used for compound 25 (45% yield).

"H-NMR (270 MHz, DMSO-ds) 6: 3.88 (3H, s), 5.34 (2H, s), 7.27 (1H, s), 7.35 (1H, s), 7.43 (1H, dd, J =
7.6,7.6 Hz), 7.75 (1H, dd, J = 7.6, 8.4 Hz), 7.90 (1H, d, J= 7.6 Hz), 7.99 (1H, d, J = 8.4 Hz); the phenol-
OH was not observed.

BC-NMR (101 MHz, DMSO-ds) 6: 56.5,67.4,110.5,119.9,120.7,121.3, 122.2, 124.5, 125.8, 129.0, 134.4,
139.7, 146.7, 148.5, 166.9.

MS (m/z): 352 (M — H).

HRMS (ESI): m/z caled for CisHiiCINOsS (M — H)™ 352.0051, found 352.0053.

Cyclopent-1-en-1-yl(3,5-dichloro-4-hydroxyphenyl)methanone (30a)
(a) 2,6-Dichlorophenyl cyclopent-1-ene-1-carboxylate

To a solution of cyclopent-1-ene-1-carboxylic acid (1.00 g, 8.92 mmol) in CH>Cl, (30 mL) were
added thionyl chloride (1.3 mL, 17.8 mmol) and catalytic amount of DMF. After the mixture was refluxed
for 30 min, the solution was concentrated under reduced pressure to afford a crude acid chloride.

To a solution of 2,6-dichlorophenol (1.45 g, 8.92 mmol) and triethylamine (1.94 mL, 17.8 mmol) in
CH>Cl, (30 mL) was added the acid chloride in CH>Cl> (10 mL) under ice cooling. After the mixture was
stirred for 1 h, the solution was diluted with chloroform. The solution was washed with 10% aqueous
potassium carbonate solution and bine, then dried over anhydrous Na>SOs. The solvent was evaporated, and
the obtained residue was purified by silica gel column chromatography (n-hexane/AcOEt = 3:1) to afford the
title compound as a colorless oil (2.16 g, 94% yield).

(b) Cyclopent-1-en-1-yl(3,5-dichloro-4-hydroxyphenyl)methanone (30a)

2,6-Dichlorophenyl cyclopent-1-ene-1-carboxylate (1.00 g, 3.89 mmol) was added to
trifluoromethanesulfonic acid (5 mL) at 0 °C. After stirring at room temperature overnight, the reaction
mixture was poured into ice-water. The products were extracted with chloroform, and the organic layer was
washed with brine and dried over anhydrous Na,SO4. The solvent was evaporated under reduced pressure.
The obtained residue was purified by silica gel column chromatography (n-hexane/AcOEt = 3:1) to afford
the title compound as a colorless solid (542mg, 54% yield).

"H-NMR (400 MHz, CDCl3) 6: 2.02 (2H, ddd, J=7.3, 7.8, 15.1 Hz), 2.60-2.77 (4H, m), 6.22 (1H, s), 6.52—
6.56 (1H, m), 7.73 (2H, s). 3C-NMR (101 MHz, DMSO-ds) J: 22.2, 31.9, 34.1, 122.0, 129.2, 130.6, 142.7,
146.8, 152.7, 189.5.

MS (m/z): 255 (M — H), 257 (M + 2 — HY..
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Cyclopent-1-en-1-yl(3,5-dibromo-4-hydroxyphenyl)methanone (30b)
(&) 2,6-Dibromophenyl cyclopent-1-ene-1-carboxylate

To a solution of cyclopent-1-ene-1-carboxylic acid (1.00 g, 8.92 mmol) in CH,Cl, (30 mL) were
added thionyl chloride (1.3 mL, 17.8 mmol) and catalytic amount of DMF. After the mixture was refluxed
for 30 min, the solution was concentrated under reduced pressure to afford a crude acid chloride.

To a mixture of 2,5-dibromophenol (2.25g, 8.92 mmol) and triethylamine (1.94 mL, 17.8 mmol) in
CH:Cl; (30 mL) were added the obtained acid chloride in CH,Cl, (10 mL) under ice cooling. After stirring
for 1 h, the mixture was diluted with chloroform. The solution was washed with 10% potassium carbonate
and bine, and dried over anhydrous Na,SOs. The solvent was evaporated under reduced pressure, and the
obtained solid was washed with n-hexane/diisopropyl ether (1:1) and dried under reduced pressure at 60 °C
to afford the compound as a colorless solid (2.35 g, 76% yield). The obtained compound was used for the
next step (b).

(b) Cyclopent-1-en-1-yl(3,5-dibromo-4-hydroxyphenyl)methanone (30b)
To trifluoromethanesulfonic acid (5 mL) was added 2,6-dibromophenyl cyclopent-1-ene-1-carboxylate

(1.00 g, 2.89 mmol) at 0 °C. After stirring at room temperature overnight, the reaction mixture was poured
into ice-water. The products were extracted with chloroform, and the organic layer was washed with brine,
dried over anhydrous Na>SQs. The solvent was evaporated under reduced pressure, and the obtained residual
solid was washed with n-hexane/diisopropyl ether (1:1) and dried under reduced pressure at 60 °C to afford
the title compound as a colorless solid (745 mg, 75% yield).

"H-NMR (400 MHz, CDCl3) 6: 2.01 (2H, ddd, J=7.6, 7.8, 15.1 Hz), 2.60-2.77 (4H, m), 6.22 (1H, s), 6.52—
6.56 (1H, m), 7.90 (2H, s).

BC-NMR (101 MHz, DMSO-d) 6: 22.2,31.9, 34.1, 111.5, 131.9, 132.9, 142.7, 146.8, 154.4, 189.3.

MS (m/z): 343 (M —H) 345 M + 2 —H), 347(M + 4 — H)".

3-Ethyl-2-hydroxy-5-(pyrrole-1-carbonyl)benzonitrile (32)

To a solution of pyrrole (67.0 mg, 1.00 mmol) in THF (2 mL) was added sodium hydride 60% in oil
(50 mg, 1.25 mmol) and 3-cyano-5-ethyl-4-methoxybenzoyl chloride (223 mg, 1.00 mmol) at 0 °C. After the
mixture was stirred at room temperature overnight, ice-water and 1 M HCI were added. The products were
extracted with AcOEt, the organic layer was washed with water and brine, and dried over magnesium sulfate.
The solvent was evaporated, and the obtained residue was purified by silica gel column chromatography (n-
hexane/AcOEt = 5:1) to afford a solid (55 mg, 22%).

To a solution of the obtained compound in DMF (1.5 mL) was added lithium chloride (55mg, 1.30
mmol). After the mixture was stirred at 110 °C for 5 h, ice-water and 1 M HCI was added. The products were
extracted with n-hexane/AcOEt (1:1), and the organic layer was washed with 1 M HCI and brine, then dried
over magnesium sulfate. The solvent was evaporated, and the residue was washed with diisopropyl ether to

afford the title compound as a brown solid (30 mg, 59% yield).
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'H-NMR (270 MHz, CDCls) 6: 1.29 (3H,t, J = 7.5 Hz), 2.75 (2H, q, J = 7.5 Hz), 6.39 (2H, dd, J = 2.2, 2.4
Hz), 7.24 (2H, dd, J = 2.2, 2.4 Hz), 7.80 (1H, d, J = 1.9 Hz), 7.82 (1H, d, J = 1.9 Hz).

MS (m/z): 239 (M — H)'.

HRMS (ESI) m/z: calcd for C14H11N202 (M — H)™ 239.0826, found 239.0823.

5-(2,5-Dihydro-1H-pyrrole-1-carbonyl)-3-ethyl-2-hydroxybenzonitrile (34a)
(@) 5-(2,5-Dihydro-1H-pyrrole-1-carbonyl)-3-ethyl-2-methoxybenzonitrile
To a solution of 3-cyano-5-ethyl-4-methoxybenzoic acid (206 mg, 1.00 mmol) in CH>Cl, (10 mL) were
added EDC-HCI (230 mg 1.20 mmol) and 2,5-dihydro-1H-pyrrole (70 mg, 1.01 mmol). After the mixture
was stirred at room temperature for 1 h, the solvent was evaporated, and the residue was dissolved with
AcOEt. The solution was washed with 1 M HCI, 1 M aqueous NaOH and brine, and dried over anhydrous
NaySOs. The solvent was evaporated, and the obtained residue was used for the next step.
(b) 5-(2,5-Dihydro-1H-pyrrole-1-carbonyl)-3-ethyl-2-hydroxybenzonitrile (34a)
To a solution of 5-(2,5-dihydro-1H-pyrrole-1-carbonyl)-3-ethyl-2-methoxybenzonitrile in DMF (5
mL) was added lithium chloride (212 mg, 5.00 mmol). After the mixture was stirred at 150 °C for 2 h, the
solvent was evaporated, and 1 M HCI was added. The products were extracted with AcOEt, the organic layer
was washed with 1 M HCI and brine, dried over anhydrous Na,SO4. The solvent was evaporated to afford
the title compound as a pale brown solid (178 mg, 73% yield over two steps).
"H-NMR (270 MHz, DMSO-ds) 6: 1.33 (3H, t,J = 7.4 Hz), 2.66 (2H, q, J= 7.4 Hz), 4.26 (4H, s), 5.84 (1H,
d,J=6.5Hz),5.94 (1H,d,J=6.5 Hz), 7.63 (1H, d, J=2.2 Hz), 7.72 (1H, d, /= 2.2 Hz), 10.65 (1H, brs).
BC-NMR (101 MHz, DMSO-ds) 6: 13.94, 22.50, 53.52, 55.25, 99.95, 116.89, 125.35, 126.14, 128.53,
129.80, 132.29, 133.35, 158.61, 166.74.
MS (m/z): 241 (M — H).

(3,5-Dibromo-4-hydroxyphenyl)(2,5-dihydro-1H-pyrrol-1-yl)methanone (34b)
(@) [3,5-Dibromo-4-(methoxymethoxy)phenyl](2,5-dihydro-1H-pyrrol-1-yl)methanone

To a solution 3,5-dibromo-4-(methoxymethoxy)benzoic acid (340 mg, 1.00 mmol) in CH,Cl, (10 mL)
were added EDC-HCI (230 mg, 1.20 mmol) and 2,5-dihydro-1H-pyrrole (70 mg, 1.01 mmol). After the
mixture was stirred at room temperature for 1 h, the solvent was evaporated, and the residue was dissolved
with AcOEt. The solution was washed with 1 M HCI, 1 M aqueous NaOH and brine, and dried over
anhydrous Na,SOjs. The solvent was evaporated, and the obtained residue was used for the next step.
(b) (3,5-Dibromo-4-hydroxyphenyl)(2,5-dihydro-1H-pyrrol-1-yl)methanone (34b)

To a solution of 4 M HCl in AcOEt (6 mL) was added (3,5-dibromo-4-(methoxymethoxy)phenyl)(2,5-
dihydro-1H-pyrrol-1-yl)methanone (a), and the mixture was stirred at room temperature for 1 h. The solvent
was evaporated, and the residue was purified by silica gel column chromatography (n-hexane/AcOEt = 1:1)

to afford the title compound as a pale brown solid (235 mg, 68% yield over two steps).
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"H-NMR (270 MHz, DMSO-dp) d: 4.26 (4H, s), 5.84 (1H, d,J= 5.9 Hz), 5.93 (1H, d,J= 5.9 Hz), 7.76 (2H,
s).

BC-NMR (101 MHz, DMSO-dy) d: 53.6, 55.3, 111.4,125.3, 126.1, 130.4, 131.3, 152.3, 165.5.

MS (m/z): 344 M — H)", 346 (M + 2 — H)", 348 (M + 4 — H)".

3-tert-Butyl-2-hydroxy-5-(pyrrolidine-1-carbonyl)benzonitrile (36a)
(a) 3-tert-Butyl-2-methoxy-5-(pyrrolidine-1-carbonyl)benzonitrile

To a solution of 3-tert-butyl-5-cyano-4-methoxybenzoic acid (p. 63) (500 mg, 2.14 mmol) in DMF (15
mL) were added pyrrolidine (0.213 ml, 2.58 mmol) and EDC-HCI (822 mg, 4.29 mmol). After the mixture
was stirred at room temperature overnight, 10% aqueous potassium carbonate solution was added. The
products were extracted with AcOEt, the organic layer was washed with water and brine, and dried over
anhydrous Na;SOs4. The solvent was evaporated, and the residue was purified by silica gel column
chromatography to afford the title compound as a colorless oil (340 mg, 56% yield).

(b) 3-tert-Butyl-2-hydroxy-5-(pyrrolidine-1-carbonyl)benzonitrile (36a)

To a solution of 3-fert-butyl-2-methoxy-5-(pyrrolidine-1-carbonyl)benzonitrile (610 mg, 2.13 mmol)
in DMF (20 mL) was added lithium chloride (903 mg, 21.3 mmol). After the mixture was stirred at 120 °C
overnight, 10% potassium carbonate aqueous solution was added. The aqueous solution was washed with
AcOEt and acidified with 1 M HCL. The products were extracted with AcOEt, and the organic layer was
washed with brine and dried over anhydrous Na,;SO4. The solvent was evaporated, and the obtained residue
was washed with diethyl ether to afford the title compound as a colorless solid (354 mg, 61% yield).

"H-NMR (270 MHz, CDC15) J: 1.42 (9H, s), 1.87-2.02 (4H, m), 3.45 2H, t, J = 6.5 Hz), 3.64 2H, t, J =
6.5 Hz), 6.78 (1H, s), 747 (1H, d, J=2.2 Hz), 7.70 (1H, d, J = 2.2 Hz).

BBC-NMR (101 MHz, DMSO-ds) 6: 23.9, 26.1, 29.1, 34.9, 46.3, 49.1, 101.8, 117.2, 128.8, 130.2, 131.0,
1394, 159.5, 166.6.

MS (m/z): 271 (M — H).

HRMS (ESI) m/z: caled for Ci6H19N20,2 271.1452 (M — H)", found 271.1453.

2-Hydroxy-5-(pyrrolidine-1-carbonyl)-3-trifluoromethylbenzonitrile (36b)

(@) 2-Methoxy-5-(pyrrolidine-1-carbonyl)-3-trifluoromethylbenzonitrile

To a solution of 3-cyano-4-methoxy-5-trifluoromethylbenzoic acid (p. 66) (300 mg, 1.22 mmol) in CH,Cl,
(10 mL) were added EDC-HC1 (280 mg, 1.46 mmol) and pyrrolidine (97 mg, 1.36 mmol).  After the mixture
was stirred at room temperature for 2 h, the solvent was evaporated, and 1 M HCI was added. The products
were extracted with AcOEt, and the organic layer was washed with 1 M aqueous NaOH and brine, and dried
over anhydrous Na;SOs. The solvent was evaporated, and the obtained residue was purified by silica gel

column chromatography (n-hexane/AcOEt = 1:1) to afford the title compound as a colorless oil.
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(b) 2-Hydroxy-5-(pyrrolidine-1-carbonyl)-3-trifluoromethylbenzonitrile (36b)
To a solution of 2-methoxy-5-(pyrrolidine-1-carbonyl)-3-trifluoromethylbenzonitrile in DMF (5 mL)

was added lithium chloride (119 mg, 2.81 mmol). After the mixture was stirred at room temperature for 35
min, the solvent was evaporated. 1 M HCI was added, and the products were extracted with AcOEt. The
organic layer was washed with 1 M HCI and brine, and dried over anhydrous Na,SOs. The solvent was
evaporated to afford the title compound as a colorless solid (206 mg, 59% yield over two steps).

"H-NMR (270 MHz, CDCl;) 6: 1.88-2.07 (4H, m), 3.45 (2H, t, J = 6.3 Hz), 3.68 (2H, t, J = 6.7 Hz), 7.77
(1H,d,J=2.1 Hz), 7.92 (1H, d, J=2.1 Hz).

BC-NMR (101 MHz, DMSO-ds) 6: 23.9, 26.0, 46.3, 48.8, 102.6, 115.6, 118.9 (J = 30.8 Hz), 122.9 (J =
272.6 Hz), 128.60, 131.9 (J=4.8 Hz), 136.7, 158.7, 165.0.

MS (m/z): 283 (M — H).

HRMS (ESI) m/z: caled for Ci3H10F3N202(M — H) 283.0699, found 283.0700.

5-(2,5-Dihydro-1H-pyrrole-1-carbonyl)-2-hydroxy-3-iodobenzonitrile (34¢)
(a) 5-(2,5-Dihydro-1H-pyrrole-1-carbonyl)-3-iodo-2-methoxybenzonitrile
To a solution of 3-cyano-5-iodo-4-methoxybenzoic acid (p. 61) (500 mg, 1.64mmol) in CH>Cl, (9 mL)
and DMF (1 mL) were added 2,5-dihydro-1H-pyrrole (114 mg, 1.65 mmol) and EDC-HCI (380 mg, 1.98
mmol). After the mixture was stirred at room temperature for 1 h, the solvent was evaporated, and the residue
was dissolved with AcOEt. The solution was washed with 1 M HCI, 1 M aqueous NaOH and brine, then
dried over anhydrous Na,SOs. The solvent was evaporated, and the obtained residue was used for the next
step.
(b) 5-(2,5-Dihydro-1H-pyrrole-1-carbonyl)-2-hydroxy-3-iodobenzonitrile (34c)
To a solution of 5-(2,5-dihydro-1H-pyrrole-1-carbonyl)-3-iodo-2-methoxybenzonitrile in DMF (10
mL) was added lithium chloride (700 mg, 16.5 mmol). After the mixture was stirred at 120 °C for 3h, the
solvent was evaporated, and the residue was diluted with AcOEt. The solution was washed with 1 M HCl
and brine, and dried over anhydrous Na,SOs. The solvent was evaporated under reduced pressure to afford
the title compound as a pale brown solid (540 mg, 96% yield over two steps).
"H-NMR (270 MHz, DMSO-dp) J: 4.26 (4H, s), 5.85 (1H, d, J= 6.8 Hz), 5.93 (1H, d, J= 6.8 Hz), 7.93 (1H,
d,J=22Hz),8.19 (1H,d,J =2.2 Hz).
BC-NMR (101 MHz, DMSO-ds) d: 53.5, 55.2, 88.7, 100.1, 116.0, 125.2, 126.1, 130.0, 132.4, 143.0, 160.0,
165.1.
MS (m/z): 339 (M — H).
HRMS (ESI) m/z: caled for Ci2HsIN>O> (M — H) 338.9636, found 338.9637.

5-(2,5-Dihydro-1H-pyrrole-1-carbonyl)-2-hydroxy-3-methylsulfanylbenzonitrile (34d)
(@) 5-(2,5-Dihydro-1H-pyrrole-1-carbonyl)-2-methoxy-3-methylsulfanylbenzonitrile
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To a solution of 3-cyano-4-methoxy-5-methylsulfanylbenzoic acid (230 mg, 1.03mmol) in CHCl, (9
mL) and DMF (1 mL) were added EDC-HCI (237 mg) and 2,5-dihydro-1H-pyrrole (75 mg, 0.39 mmol).
After the mixture was stirred at room temperature for 1 h, the solvent was evaporated, and the residue was
dissolved with AcOEt. The solution was washed with 1 M HCI, 1 M aqueous NaOH and brine, and dried
over anhydrous Na,;SOj. The solvent was evaporated, and the obtained residue was used for the next step.
(b) 5-(2,5-Dihydro-1H-pyrrole-1-carbonyl)-2-hydroxy-3-methylsulfanylbenzonitrile (34d)

To a solution of 5-(2,5-dihydro-1H-pyrrole-1-carbonyl)-2-methoxy-3-methylsulfanylbenzonitrile (a)
in DMF (10 mL) was added lithium chloride (437 mg, 10.3 mmol). After the mixture was stirred at 120 °C
for 3 h, the solvent was evaporated. The residue was dissolved with AcOEt, and the solution was washed
with 1M HCI, brine, and dried over anhydrous Na,SOs. The solvent was evaporated to afford the title
compound as a pale brown solid (238 mg, 89% yield over two steps).

"H-NMR (270 MHz, DMSO-ds) 6: 2.45 (3H, s), 4.27 (4H, s), 5.85 (1H, d, J= 6.4 Hz), 5.94 (1H, d, J= 6.4
Hz),7.58 (1H,d, J=2.1 Hz), 7.68 (1H, d, J=2.1 Hz), 11.24 (1H, brs).

BC-NMR (101 MHz, DMSO-ds) J: 14.4, 53.5, 55.3,99.8, 116.5, 125.3, 126.2, 128.1, 129.4, 129.8, 157.1,
166.4.

MS (m/z): 259 (M — H).

HRMS (ESI) m/z: caled for Ci3H11N202S (M — H)™ 259.0547, found 259.0547.

(2,5-Dihydro-1H-pyrrol-1-yl)(4-hydroxy-3-propyl-5-trifluoromethylphenyl)methanone (34e)
(a) Methyl 4-hydroxy-3-iodo-5-propylbenzoate
To a solution of methyl 4-hydroxy-3-propylbenzoate (1.92 g, 9.89 mmol) in chloroform (20 mL) was
added N-iodosuccinimide (2.25 g, 10.0 mmol). After the mixture was stirred at room temperature for 20 h,
the solvent was evaporated. The residue was diluted with AcOEt, and the solution was washed with water,
10% aqueous sodium thiosulfate and brine, then dried over anhydrous Na,SO4. The solvent was evaporated,
and the obtained residue was purified by silica gel column chromatography (n-hexane/AcOEt =4:1) to afford
the title compound as a pale yellow solid (2.72 g, 86% yield).
"H-NMR (270 MHz, CDCl;) 6: 0.96 (3H, t, J = 7.3 Hz), 1.58-1.72 (2H, m), 2.67 (2H, t, J = 7.6 Hz), 3.88
(3H, s),5.67 (1H, s), 7.78 (1H, d, J= 1.9 Hz), 8.21 (1H, d, J= 1.9 Hz).
(b) Methyl 3-iodo-4-methoxy-5-propylbenzoate
To a solution of methyl 4-hydroxy-3-iodo-5-propylbenzoate (2.72 g, 8.50 mmol) in DMF (20 mL) were
added potassium carbonate (3.52 g, 25.5 mmol) and dimethyl sulfate (1.21 mL, 12.8 mmol). After the reaction
mixture was stirred at room temperature for 15 h, insoluble materials were removed by filtration through a
pad of Celite. The filtrate was acidified with 1 M HCI. The products were extracted with AcOEt, and the
organic layer was washed with water and brine, then dried over anhydrous Na>SO4. The solvent was
evaporated to afford the title compound as a pale-yellow solid (2.74 g, 96% yield).
"H-NMR (270 MHz, CDCl;) 6: 0.97 (3H, t, J= 7.3 Hz), 1.59-1.73 (2H, m), 2.67 (2H, t, /= 7.8 Hz), 3.82
(3H, s),3.89 (3H, s), 7.85 (1H, d, J=2.1 Hz), 8.30 (1H, d, /= 2.1 Hz).
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(c) Methyl 4-methoxy-3-propyl-5-trifluoromethylbenzoate

To a solution of methyl 3-iodo-4-methoxy-5-propylbenzoate (1.43 g, 4.28 mmol) in DMF (30 mL)
were added copper iodide (153 mg, 0.80 mmol) and methyl fluorosulfonyldifluoroacetate (1.50 g, 7.8 mmol).
After the mixture was stirred at 150 °C for 5 h, the insoluble materials were removed by filtration through a
pad of Celite. The filtrate was diluted with AcOEt, and the solution was washed with brine and dried over
anhydrous Na,;SOs. The solvent was evaporated, and the residue was purified by silica gel column
chromatography (n-hexane/AcOEt = 6:1) to afford the title compound as a colorless oil (1.14 g, 96% yield).

"H-NMR (270 MHz, CDCl;) 6: 1.00 (3H, t, J = 7.3 Hz), 1.55-1.77 (2H, m), 2.70 2H, t, J = 8.1 Hz), 3.88
(3H,s), 3.93 (3H, s), 8.08 (1H, d, J=2.1 Hz), 8.12 (1H, d, J=2.1 Hz).

(d) 4-Methoxy-3-propyl-5-trifluoromethylbenzoic acid

To a solution of methyl 4-methoxy-3-propyl-5-trifluoromethylbenzoate (1.13 g, 4.09 mmol) in THF
(14 mL) and water (7 mL) was added lithium hydroxide monohydrate (1.03 g, 24.5mmol). After the mixture
was stirred at room temperature for 19 h, the solvent was evaporated, and the residue was acidified with 2 M
HCIL. The products were extracted with AcOEt, and the organic layer was washed with brine, and dried over
anhydrous Na>SOs. The solvent was evaporated to afford the title compound as a colorless solid (1.07 g,
100% yield).
(e) (2,5-Dihydro-1H-pyrrol-1-yl)(4-methoxy-3-propyl-5-trifluoromethylphenyl)methanone

To a solution of 4-methoxy-3-propyl-5-trifluoromethylbenzoic acid (274 mg, 1.04 mmol) in CH>Cl,
(10 mL) were added 2,5-dihydro-1H-pyrrole (72 mg, 1.04 mmol) and EDC-HCI (239 mg, 1.25 mmol). After
the mixture was stirred at room temperature for 1 h, the solvent was evaporated, and the residue was diluted
with AcOEt. The solution was washed with 1 M HCI, 1 M aqueous NaOH and brine, then dried over
anhydrous Na,SOs. The solvent was evaporated, and the obtained residue was used for the next step.
(f) (2,5-Dihydro-1H-pyrrol-1-y1)(4-hydroxy-3-propyl-5-trifluoromethylphenyl)methanone (34e)

To a solution of (2,5-dihydro-1H-pyrrol-1-yl)(4-methoxy-3-propyl-5-trifluoromethylphenyl)methanone
synthesized in step (e) in DMF (10 mL) was added lithium chloride (440 mg, 10.4 mmol). After the mixture
was stirred at 150 °C for 21 h, the solvent was evaporated. 1 M HCIl was added, and the products were
extracted with AcOEt. The combined extracts were washed with 1 M HCI and brine, then dried over
anhydrous Na;SOs4. The solvent was evaporated, and the residue was purified by silica gel column
chromatography (n-hexane/AcOEt = 2:1) to afford the title compound as a pale brown solid (64 mg, 21%
yield over two steps).

"H-NMR (270 MHz, DMSO-ds) 6: 0.91 (3H, t,J = 7.5 Hz), 1.55 2H, tq, J = 7.5, 7.5 Hz), 2.67 2H, t, J =
7.5 Hz), 4.27 (4H, s), 5.85 (1H, d, J= 6.1 Hz), 5.94 (1H, d, /= 6.1 Hz), 7.57 (1H, d, J=2.0 Hz), 7.62 (1H,
d, J=2.0 Hz), 9.83 (1H, brs).

MS (m/z): 298 (M — H).

HRMS (ESI) m/z: caled for CisH;sFsNO; (M — H) 298.1060, found 298.1060.
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5-(2,5-Dihydro-1H-pyrrole-1-carbonyl)-2-hydroxy-3-trifluoromethylbenzonitrile (34f)
(a) 5-(2,5-Dihydro-1H-pyrrole-1-carbonyl)-2-methoxy-3-trifluoromethylbenzonitrile

To a solution of 3-cyano-4-methoxy-5-trifluoromethylbenzoic acid (245 mg, 1.00 mmol) (p. 66) in
CH:Cl; (10 mL) were added 2,5-dihydro-1H-pyrrole (70 mg, 1.01 mmol) and EDC-HCI (230 mg, 1.20 mmol).
After the mixture was stirred at room temperature for 1 h, the solvent was evaporated, and the residue was
acidified with 1 M HCI. The products were extracted with AcOEt, and the organic layer was washed with 1
M aqueous NaOH and brine, then dried over anhydrous Na,;SOs. The solvent was evaporated, and the
obtained residue was used for the next step.

(b) 5-(2,5-Dihydro-1H-pyrrole-1-carbonyl)-2-hydroxy-3-trifluoromethylbenzonitrile (34f)

To a solution of 5-(2,5-dihydro-1H-pyrrole-1-carbonyl)-2-methoxy-3-trifluoromethylbenzonitrile
synthesized in step (a) in DMF (5 mL) was added lithium chloride (212 mg, 5.00 mmol). After the mixture
was stirred at room temperature for 1 h, the solvent was evaporated. The residue was acidified with 1 M HCl,
and the products were extracted with AcOEt. The organic layer was washed with 1 M HCI and brine, then
dried over anhydrous Na»SOs. The solvent was evaporated, and the residue was washed with n-
hexane/AcOEt (8 mL) to afford the title compound as a colorless solid (196 mg, 70% yield over two steps).

"H-NMR (270 MHz, DMSO-ds) 6: 4.29 (4H, s), 5.85 (1H, d, J= 6.5 Hz), 5.94 (1H, d,J = 6.5 Hz), 8.02 (1H,
d,J=2.1 Hz), 8.22 (1H, d, J=2.1 Hz).

BC-NMR (101 MHz, DMSO-ds) 6: 53.7, 55.2,102.7, 115.6, 119.0 (q, J = 29.9 Hz), 122.9 (q, J = 273 Hz),
125.3,126.1,128.3, 131.3 (q, /=4.8 Hz), 136.7, 158.8, 165.4.

MS (m/z): 281 M — H)".

HRMS (ESI) m/z: caled for Ci3HsF3N>O» (M — H) 281.0543 (M — H), found 281.0543.

3-Chloro-5-(2,5-dihydro-1H-pyrrole-1-carbonyl)-2-hydroxybenzonitrile (34g)
(a) 3-Chloro-5-(2,5-dihydro-1H-pyrrole-1-carbonyl)-2-methoxybenzonitrile

To a solution of 3-chloro-5-cyano-4-methoxybenzoic acid (p. 65) (269 mg, 1.27 mmol) and 2,5-
dihydro-1H-pyrrole (88 mg, 1.27 mmol) in CH>Cl, (10 mL) was added EDC-HCI (293 mg, 1.51 mmol). After
the mixture was stirred at room temperature for 1 h, the solvent was evaporated, and 1 M HCI was added.
The products were extracted with AcOEt, and the organic layer was washed with 1 M aqueous NaOH and
brine, then dried over anhydrous Na;SOs. The solvent was evaporated, and the obtained residue was used for
the next step.

"H-NMR (270 MHz, DMSO-ds) 6: 4.43 (3H, s), 8.55 (2H, s), 14.00 (1H, brs).
MS (m/z): 210 (M — H), 212 (M + 2 — H)".
(b) 3-Chloro-5-(2,5-dihydro-1H-pyrrole-1-carbonyl)-2-hydroxybenzonitrile (34g)

To a solution of 3-chloro-5-(2,5-dihydro-1H-pyrrole-1-carbonyl)-2-methoxybenzonitrile synthesized
in the step (a) in DMF (10 mL) was added lithium chloride (269 mg, 6.35 mmol). After the mixture was
stirred at 120 °C for 1 h, the solvent was evaporated. 1 M HCI was added to the residue, and the products
were extracted with AcOEt. The organic layer was washed with 1 M HCl and brine, then dried over anhydrous

80



Na,S04. The solvent was evaporated to afford the title compound as a pale brown solid (254 mg, 80% yield
over two steps).

"H-NMR (270 MHz, DMSO-ds) 6: 4.27 (4H, s), 5.85 (1H, d, J= 6.2 Hz), 5.94 (1H, d,J= 6.2 Hz), 7.91 (1H,
d,/=2.1Hz),792 (1H,d,J=2.1 Hz).

3C-NMR (101 MHz, DMSO-ds) 6: 53.7,55.2,101.8,115.8,121.9,125.3,126.2,129.1, 131.3, 133.9, 156.9,
165.4.

MS (m/z): 247 (M — H), 249 (M + 2 — H).

HRMS (ESI) m/z: caled for Ci12H3CIN>O» (M — H) 247.0280, found 247.0278.

5-(2,5-Dihydro-1H-pyrrole-1-carbonyl)-2-hydroxy-3-methylbenzonitrile (34h)
(a) Methyl 3-cyano-4-methoxy-5-methylbenzoate
To a solution of methyl 3-cyano-4-hydroxy-5-iodobenzoate (p. 60) (1.50 g, 4.95 mmol) in 1,4-dioxane
(15 mL) were added potassium carbonate (1.96 g, 14.2 mmol), methylboronic acid (340 mg, 5.68 mmol) and
[1,3-bis(2,6-diisopropylphenyl)imidazole-2-ylidene](3-chloropyridyl)palladium dichloride (32 mg, 0.05
mmol). After the mixture was stirred at 60 °C for 24 h under an argon atmosphere, 1 M HCl was added.
The products were extracted with AcOEt, and the organic layer was washed with 1 M aqueous NaOH and
brine, then dried over anhydrous Na,SOs. The solvent was evaporated, and the obtained residue was purified
by silica gel column chromatography (n-hexane/AcOEt = 6:1) to afford the title compound as a pale brown
oil (412 mg, 41% yield).
"H-NMR (270 MHz, CDCls) d: 2.00 (3H, s), 3.60 (3H, s), 3.81 (3H, s), 7.73 (1H, d, J = 1.9 Hz), 7.80 (1H,
d, /=19 Hz).
(b) 3-Cyano-4-methoxy-5-methylbenzoic acid
To a solution of methyl 3-cyano-4-methoxy-5-methylbenzoate (412 mg, 2.01 mmol) in THF (6 mL)
and water (3 mL) was added lithium hydroxide monohydrate (337 mg, 8.03 mmol). After the mixture was
stirred at room temperature for 4 h, the solvent was evaporated. Water was added, and the aqueous solution
was washed with diethyl ether, then acidified with 1 M HCI. The products were extracted with AcOEt, and
the organic layer was washed with brine, and dried over anhydrous Na,SO4. The solvent was evaporated to
afford the title compound as a light brown solid (378 mg, 98% yield).
"H-NMR (270 MHz, DMSO-dj) J: 2.32 (3H, s), 4.01 (3H, s), 8.08 (2H, s), 13.34 (1H, br).
MS (m/z): 190 (M — H).
(¢) 5-(2,5-Dihydro-1H-pyrrole-1-carbonyl)-2-methoxy-3-methylbenzonitrile
To a solution of 3-cyano-4-methoxy-5-methylbenzoic acid (255 mg, 1.34 mmol) in CH>Cl, (10 mL)
was added 2,5-dihydro-1H-pyrrole (93 mg, 1.35 mmol) and EDC-HCI (306 mg, 1.60 mmol). After the
mixture was stirred at room temperature for 1 h, the solvent was evaporated, then 1 M HCI was added. The
products were extracted with AcOEt, and the organic layer was washed with 1 M aqueous NaOH and brine,

and dried over anhydrous Na,SO4. The solvent was evaporated, and the obtained residue was purified by
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silica gel column chromatography (n-hexane/AcOEt = 1:3) to afford the title compound as a colorless oil
(278 mg, 86% yield).
(d) 5-(2,5-Dihydro-1H-pyrrole-1-carbonyl)-2-hydroxy-3-methylbenzonitrile (34h)

To a solution of 5-(2,5-dihydro-1H-pyrrole-1-carbonyl)-2-methoxy-3-methylbenzonitrile (278 mg,
1.16mmol) in DMF (5 mL) was added lithium chloride (282 mg, 6.65 mmol). After the mixture was stirred
at 120 °C for 2 h, the solvent was evaporated, and acidified with 1 M HCI. The products were extracted with
AcOEt, and the organic layer was washed with 1 M HCI and brine, then dried over anhydrous Na;SOa. The
solvent was evaporated, and the obtained residue was washed with n-hexane/AcOEt (12 mL, 3:1) to afford
the title compound as a colorless solid (205 mg, 67 % yield).

"H-NMR (270 MHz, DMSO-ds) J: 2.25 (3H, s), 4.26 (4H, s), 5.84 (1H, d, J= 6.3 Hz), 5.94 (1H,d, J= 6.3
Hz),7.64 (1H,d, J=2.1 Hz),7.71 (1H, d, J=2.1 Hz), 10.61 (1H, br).

BC-NMR (101 MHz, DMSO-ds) J: 16.4, 53.6, 55.3,99.7, 116.9, 125.4, 126.2, 126.5, 128.3, 129.9, 134.9,
159.3, 166.8.

MS (m/z): 227 (M — H).

HRMS (ESI) m/z: caled for Ci3H11N>O> (M — H) 227.0826, found 227.0822.

3-Bromo-5-(2,5-dihydro-1H-pyrrole-1-carbonyl)-2-hydroxybenzonitrile (34i)
(a) Methyl 3-bromo-5-formyl-4-hydroxybenzoate
To a solution of methyl 3-bromo-4-hydroxybenzoate (10.0 g, 43.3 mmol) in acetic acid (100 mL) was

added hexamethylenetetramine (6.11 g, 43.6 mmol). After the mixture was refluxed for 16 h, the solvent was
evaporated, and 1 M HCI was added. The products were extracted with AcOEt, and the organic layer was
washed with brine, and dried over anhydrous Na;SO4. The solvent was evaporated, and the residue was
purified by silica gel column chromatography (chloroform/n-hexane = 2:1) to afford the title compound as a
colorless solid (6.12 g, 55% yield).

"H-NMR (270 MHz, CDCl3) 6: 3.95 (3H, s), 8.29 (1H, d, J = 2.0 Hz), 8.46 (1H, d, J = 2.0 Hz), 9.92 (1H,
s), 12.02 (1H, s).

MS (m/z): 257 (M —1—-H), 259 M + 1 — H)~.
(b) Methyl 3-bromo-5-formyl-4-methoxybenzoate

To a solution of methyl 3-bromo-5-formyl-4-hydroxybenzoate (3.10 g, 12.0 mmol) in DMF (60 mL),

were added potassium carbonate (16.5 g, 119 mmol) and dimethyl sulfate (5.7 mL, 60.1 mmol). After the
mixture was stirred at room temperature for 2 h, the insoluble materials were removed by filtration through
a pad of Celite. Water was added to the filtrate. The products were extracted with AcOEt, and the organic
layer was washed with water and brine, dried over anhydrous Na,SO4. The solvent was evaporated, and the
residue was purified by silica gel column chromatography (n-hexane/AcOEt = 6:1) to afford the title
compound as a colorless solid (2.50 g, 76% yield).

"H-NMR (270 MHz, CDCls) d: 3.94 (3H, s), 4.05 (3H, s), 8.46 (1H, d, /=2.1 Hz), 8.48 (1H, d, /= 2.1 Hz),
10.35 (1H, s).
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(c) Methyl 3-bromo-5-hydroxyiminomethyl-4-methoxybenzoate
To a solution of methyl 3-bromo-5-formyl-4-methoxybenzoate (1.00 g, 3.66 mmol) (b) in ethanol (20
mL) and THF (5 mL) were added sodium acetate (900 mg, 11.0 mmol) and hydroxylamine hydrochloride
(382 mg, 5.50 mmol). After the mixture was stirred at room temperature for 45 min, and the solvent was
evaporated. Water was added, and the products were extracted with chloroform. The combined extracts were
washed with brine and dried over anhydrous Na,SO4. The solvent was concentrated, and the obtained residue
was used for the next step.
(d) Methyl 3-bromo-5-cyano-4-methoxybenzoate
To a solution of methyl 3-bromo-5-hydroxyiminomethyl-4-methoxybenzoate (c) in chloroform (20
mL) were added triethylamine (1.5 mL, 10.8 mmol) and 2-chloro-1-methylpyridinium iodide (1.12 g, 4.38
mmol). After the mixture was stirred at room temperature for 1 h, the solvent was evaporated, and 1 M HCI
was added. The products were extracted with AcOEt, and the organic layer was washed with 10% aqueous
sodium thiosulfate and brine, then dried over anhydrous Na;SOj4. The solvent was evaporated to afford the
title compound as a colorless solid (970 mg, 98% yield over two steps).
"H-NMR (270 MHz, CDCls) 6: 3.95 (3H, s), 4.19 (3H, s), 8.22 (1H, d, /= 2.1 Hz), 8.43 (1H, d, J= 2.1 Hz).
(e) 3-Bromo-5-cyano-4-methoxybenzoic acid
To a solution of methyl 3-bromo-5-cyano-4-methoxybenzoate (970 mg, 3.59 mmol) in THF (20 mL)
and water (10 mL) was added lithium hydroxide monohydrate (603 mg, 14.4 mmol). After the mixture was
stirred at room temperature for 90 min, the organic solvent was evaporated. The obtained residue was
acidified with 1M HCI. The products were extracted with AcOEt, and the organic layer was washed with
brine, dried over anhydrous Na,SOa. The solvent was evaporated to afford the title compound as a colorless
solid (891 mg, 97% yield).
"H-NMR (270 MHz, DMSO-dj) J: 4.41 (3H, s), 8.59 (1H, d, J= 2.0 Hz), 8.69 (1H, d, /= 2.0 Hz).
MS (m/z): 254 M — 1 —H), 256 M + 1 — H)".
(f) 3-Bromo-5-(2,5-dihydro-1H-pyrrole-1-carbonyl)-2-methoxybenzonitrile
To a solution of 3-bromo-5-cyano-4-methoxybenzoic acid (256 mg, 1.00 mmol) in CH»Cl, (10 mL)
were added EDC-HCI (230 mg, 1.20 mmol) and 2,5-dihydro-1H-pyrrole (69 mg, 1.00 mmol). After the
mixture was stirred at room temperature for 1 h, the solvent was evaporated, and the residue was acidified
with 1 M HCIL. The products were extracted with AcOEt, and the organic layer was washed with 1 M aqueous
NaOH and brine, then dried over anhydrous Na,SOs. The solvent was evaporated, and the obtained residue
was used for the next step.
(9) 3-Bromo-5-(2,5-dihydro-1H-pyrrole-1-carbonyl)-2-hydroxybenzonitrile (34i)
To a solution of 3-bromo-5-(2,5-dihydro-1H-pyrrole-1-carbonyl)-2-methoxybenzonitrile (f) in DMF
(10 mL) was added lithium chloride (212 mg, 5.00 mmol). After the mixture was stirred at 120 °C for 1 h,
the solvent was evaporated, and 1 M HCI was added. The products were extracted with AcOEt, and the
organic layer was washed with 1 M HCI and brine, then dried over anhydrous Na>SO4. The solvent was

evaporated to afford the title compound as a pale brown solid (239 mg, 82 % yield over two steps).
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'H-NMR (270 MHz, DMSO-ds) 6: 4.27 (4H, s), 5.85 (1H, d, /= 6.3 Hz), 5.93 (1H, d, /= 6.3 Hz), 7.94 (1H,
d,J=2.1 Hz), 8.04 (1H, d,J=2.1 Hz).

13C-NMR (101 MHz, DMSO-ds) : 53.6,55.2,101.6, 111.9, 115.9, 125.3,126.1, 129.4, 131.8, 136.9, 157.8,
165.2.

MS (m/z): 291 (M — 1 — HY, 293 (M + 1 — H)-.

HRMS (ESI) m/z: caled for C1,HsBrN,0; (M — H) 290.9775, found 290.9777.

5-(2,5-Dihydro-1H-pyrrole-1-carbonyl)-2-hydroxy-3-propylbenzonitrile (34j)
() Methyl 3-cyano-4-methoxy-5-propylbenzoate
To a solution of methyl 3-iodo-4-methoxy-5-propylbenzoate (1.36 g, 4.07 mmol) in DMF (30 mL) was
added copper cyanide (400 mg, 4.47 mmol). After the mixture was stirred at 150 °C for 75 min, the insoluble
materials were removed by filtration through a pad of Celite. Water was added to the filtrate, and the products
were extracted with AcOEt. The organic layer was washed with water and brine, then dried over anhydrous
Na>SOs. The solvent was evaporated, and the obtained residue was purified by silica gel column
chromatography (n-hexane/AcOEt = 6:1) to afford the title compound as a pale-yellow solid (895 mg, 84%
yield).
"H-NMR (270 MHz, CDCl;) 6: 0.96 (3H, t, J = 7.3 Hz), 1.56-1.70 (2H, m), 2.64 (2H, t, J = 7.8 Hz), 3.92
(3H,s),4.14 (3H, s), 8.04 (1H, d, J=2.1 Hz), 8.12 (1H, d, J=2.1 Hz).
(b) 3-Cyano-4-methoxy-5-propylbenzoic acid
To a solution of methyl 3-cyano-4-methoxy-5-propylbenzoate (885 mg, 3.79 mmol) in THF (14 mL)
and water (7 mL) was added lithium hydroxide monohydrate (318 mg, 7.58 mmol), and the mixture was
stirred at room temperature for 3 h. The organic solvent was evaporated, and 2 M HCI was added. The
products were extracted with AcOEt, and the organic layer was washed with brine and dried over anhydrous
Na,S0O4. The solvent was evaporated to afford the title compound as a colorless solid (713 mg, 86 % yield).
"H-NMR (270 MHz, DMSO-dy) : 0.91 3H, t, J = 7.3 Hz), 1.51-1.65 (2H, m), 2.65 2H, t, J = 7.6 Hz),
4.03 (3H, s), 8.06 (1H, d, /J=2.2 Hz), 8.09 (1H, d, J=2.2 Hz).
MS (m/z): 218 (M — H).
(c) 5-(2,5-Dihydro-1H-pyrrole-1-carbonyl)-2-methoxy-3-propylbenzonitrile
To a solution of 3-cyano-4-methoxy-5-propylbenzoic acid (285 mg, 1.30 mmol) in CH>Cl, (10 mL)
were added EDC-HCI (299 mg, 1.56 mmol) and 2,5-dihydro-1H-pyrrole (90 mg, 1.30 mmol). After the
mixture was stirred at room temperature for 1 h, the solvent was evaporated, and 1 M HCIl was added. The
products were extracted with AcOEt, and the organic layer was washed with 1 M aqueous NaOH and brine,
then dried over anhydrous Na,SOa. The solvent was evaporated, and the obtained residue was used for the
next step.
(d) 5-(2,5-Dihydro-1H-pyrrole-1-carbonyl)-2-hydroxy-3-propylbenzonitrile (34j)
To a solution of 5-(2,5-dihydro-1H-pyrrole-1-carbonyl)-2-methoxy-3-propylbenzonitrile (c) in DMF
(10 mL) was added lithium chloride (276 mg, 6.51 mmol). After the mixture was stirred at 120 °C for 5 h,
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the solvent was evaporated. 1 M HCI was added, and the mixture was extracted with AcOEt. The organic
layer was washed with 1 M HCI and brine, dried over anhydrous Na,SO4. The solvent was evaporated, and
the obtained residue was purified by silica gel column chromatography (chloroform/methanol = 19:1) to
afford the title compound as a pale brown solid (224 mg, 67% yield over two steps).

"H-NMR (270 MHz, DMSO-dy) 6: 0.90 3H, t,J = 7.3 Hz), 1.53 2H, dt, J = 7.3, 7.3 Hz), 2.62 2H, t, J =
7.3 Hz), 4.26 (4H, s), 5.85 (1H, d, J= 6.4 Hz), 5.94 (1H, d, /= 6.4 Hz), 7.62 (1H, d, J=2.1 Hz), 7.71 (1H,
d,J=2.1 Hz), 10.58 (1H, br).

BC-NMR (101 MHz, DMSO-ds) J: 13.7,22.4,31.2, 53.5, 55.3, 100.0, 117.0, 125.4, 126.2, 128.1, 130.0,
130.7, 134.2, 159.0, 166.8.

MS (m/z): 255 (M — H).

HRMS (ESI) m/z: caled for CisHisN>,O, (M — H)™ 255.1139, found 255.1138.

3-tert-Butyl-5-(2,5-dihydro-1H-pyrrole-1-carbonyl)-2-hydroxybenzonitrile (34Kk)
(@) 3-tert-Butyl-5-(2,5-dihydro-1H-pyrrole-1-carbonyl)-2-methoxybenzonitrile
To a solution of 3-tert-butyl-5-cyano-4-methoxybenzoic acid (p. 63) (300 mg, 1.29 mmol) in DMF (10
mL) were added EDC-HCI (493 mg, 2.57 mmol) and 2,5-dihydro-1H-pyrrole (0.117 ml, 1.54 mmol). After
the mixture was stirred at room temperature overnight, water was added. The products were extracted with
AcOEt, and the organic layer was washed with 5% aqueous citric acid and brine, and dried over anhydrous
NayS0s. The solvent was evaporated, and the residue was purified by silica gel column chromatography to
afford the title compound as a colorless oil (280 mg, 77% yield).
(b) 3-tert-Butyl-5-(2,5-dihydro-1H-pyrrole-1-carbonyl)-2-hydroxybenzonitrile (34k)
To a solution of 3-fert-butyl-5-(2,5-dihydro-1H-pyrrole-1-carbonyl)-2-methoxybenzonitrile (280 mg,

0.992 mmol) in DMF (10 mL) was added lithium chloride (417 mg, 9.84 mmol). After the mixture was
stirred at 120 °C for 3 h, 10% aqueous potassium carbonate was added. The aqueous solution was washed
with AcOEt and acidified with 1 M HCI. The products were extracted with AcOEt, and the organic layer was
washed with water and brine, then dried over anhydrous Na>SOs. The solvent was evaporated, and the
obtained solid was washed with diethyl ether and collected by filtration to afford the title compound as a
colorless solid (163 mg, 61% yield over two steps).

"H-NMR (270 MHz, CDC13) é: 1.42 (9H, s), 4.25 (2H, brs), 4.45 (2H, brs), 5.73-5.81 (1H, m), 5.90-5.97
(1H, m), 6.41 (1H, s), 7.55 (1H, d,J=2.2 Hz), 7.73 (1H, d, /J=2.2 Hz).

BC-NMR (101 MHz, DMSO-ds) é: 29.1, 34.9, 53.6, 55.3, 101.8, 117.2, 125.4, 126.2, 128.3, 130.0, 131.0,
139.5, 159.6, 166.9.

MS (m/z): 269 (M — H).

HRMS (ESI) m/z: caled for Ci6Hi17N20» (M — H) 269.1296, found 269.1297.
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3-Cyclopropyl-5-(2,5-dihydro-1H-pyrrole-1-carbonyl)-2-hydroxybenzonitrile (341)
(a) 3-Cyano-5-cyclopropyl-4-methoxybenzoyl chloride

The mixture of 3-cyano-5-cyclopropyl-4-methoxybenzoic acid (p. 64) (190 mg, 0.875 mmol) in thionyl
chloride (5 mL, 69.3 mmol) was stirred at 60 °C for 2 h. The reaction mixture was concentrated, and the
residue was used for the next step.

(b) 3-Cyclopropyl-5-(2,5-dihydro-1H-pyrrole-1-carbonyl)-2-methoxybenzonitrile

To a suspension of 2,5-dihydro-1H-pyrrole hydrochloride (95 mg, 0.90 mmol) in CH,Cl, (3 mL) were
added triethylamine (0.60 mL, 4.33 mmol) and a solution of 3-cyano-5-cyclopropyl-4-methoxybenzoyl
chloride in CH2Cl, (3 mL) at 0 °C. After the mixture was stirred at room temperature for 3 h, the solvent was
evaporated. 1 M HCI was added, and the products were extracted with AcOEt. The organic layer was washed
with 1 M aqueous NaOH and brine, and dried over anhydrous Na,SOs. The solvent was evaporated, and the
residue was used for the next step.

(c) 3-Cyclopropyl-5-(2,5-dihydro-1H-pyrrole-1-carbonyl)-2-hydroxybenzonitrile (341)

To a solution of 3-cyclopropyl-5-(2,5-dihydro-1H-pyrrole-1-carbonyl)-2-methoxybenzonitrile (b) in
DMF (10 mL) was added lithium chloride (340 mg, 8.02 mmol). After the mixture was stirred at 130 °C for
3 h, 1 M HCI was added. The products were extracted with AcOEt, and the organic layer was washed with
water and brine, then dried over anhydrous Na,SO4. The solvent was evaporated, and the obtained crystal
was washed with diethyl ether to afford the title compound as a light brown crystal (121 mg, 55% yield over
three steps).

"H-NMR (270 MHz, DMSO-ds) J: 0.65-0.71 (2H, m), 0.92-1.00 (2H, m), 2.03-2.13 (1H, m), 4.22 (2H, s),
4.24 (2H, s),5.83 (1H,d, J=6.8 Hz), 593 (1H, d, /= 6.8 Hz), 7.29 (1H, d, J=2.0 Hz), 7.67 (1H, d, J=2.0
Hz), 10.71 (1H, brs).

BC-NMR (101 MHz, DMSO-ds) 6: 7.9,9.7,53.5,55.2,99.7,116.9, 125.3,126.2, 128.5, 129.2, 129.6, 131.8,
159.8, 166.7.

MS (m/z): 253 (M — H).

HRMS (ESI) m/z: caled for CisH13N>0> (M — H) 253.0983, found 253.0981.

5-(Azetidine-1-carbonyl)-2-hydroxy-3-trifluoromethylbenzonitrile (40a)
(8) 3-Cyano-4-methoxy-5-trifluoromethylbenzoyl chloride

To thionyl chloride (5 mL, 69.3 mmol) was added 3-cyano-4-methoxy-5-trifluoromethylbenzoic acid
(p. 66) (300 mg, 1.14 mmol). After the mixture was stirred at 50 °C for 5 h, the solvent was evaporated.
Toluene was added, and the solvent was evaporated, and the obtained residue was used for the next step.
(b) 5-(Azetidine-1-carbonyl)-2-methoxy-3-trifluoromethylbenzonitrile

To a suspension of azetidine hydrochloride (126 mg, 1.35 mmol) in CH,Cl, (5 mL) were added
triethylamine (0.85 mL, 6.13 mmol) and a solution of 3-cyano-4-methoxy-5-trifluoromethylbenzoyl chloride
in CH2Cl; (5 mL) at 0 °C. After the mixture was stirred at room temperature for 1 h, the solvent was

evaporated. | M HCI was added, and the products were extracted with AcOEt. The organic layer was washed
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with 1 M aqueous NaOH and brine, and dried over anhydrous Na,SOs. The solvent was evaporated to afford
the title compound as a colorless oil.
(c) 5-(Azetidine-1-carbonyl)-2-hydroxy-3-trifluoromethylbenzonitrile (40a)

To a solution of 5-(azetidine-1-carbonyl)-2-methoxy-3-trifluoromethylbenzonitrile (356 mg, 1.25
mmol) in DMF (10 mL) was added lithium chloride (155 mg, 3.66 mmol). After the mixture was stirred at
100 °C for 30 min, the solvent was evaporated. 1 M HCI was added, and the products were extracted with
AcOEt. The organic layer was washed with 1 M HCI and brine, and dried over anhydrous Na,SO4. The
solvent was evaporated to afford the title compound as a colorless solid (297 mg, 90% yield over two steps).

"H-NMR (270 MHz, DMSO-dp) 6: 2.26 (2H, quint, J = 7.8 Hz), 4.04 (2H, brs), 4.37 (2H, brs), 8.01 (1H, d,
J=2.1Hz),8.12 (1H, d, J=2.1 Hz).

BC-NMR (101 MHz, DMSO-ds) 6: 15.56, 48.86, 53.00, 102.7, 115.8, 119.1 (q, J=29.9 Hz), 122.9 (q, J =
271.7 Hz), 124.1, 131.5 (q, J=4.8 Hz), 137.1, 160.2, 165.7.

MS (m/z): 269 (M — H).

HRMS (ESI) m/z: caled for Ci2HgF3N>O» (M — H) 269.0543, found 269.0544.

5-(Azetidine-1-carbonyl)-3-ferz-butyl-2-hydroxybenzonitrile (40b)
(@) 5-(Azetidine-1-carbonyl)-3-tert-butyl-2-methoxybenzonitrile

To a solution of 3-tert-butyl-5-cyano-4-methoxybenzoic acid (p. 63) (300 mg, 1.29 mmol) in CH,Cl,
(10 mL) were added thionyl chloride (0.188 ml, 2.61 mmol) and a catalytic amount of DMF. After the mixture
was stirred at 60 °C for 1 h, the solvent was evaporated to afford the acid chloride.

To a solution of the obtained acid chloride in CH>Cl, (5 ml) were added a solution of azetidine
hydrochloride (132 mg, 1.41 mmol) and triethylamine (0.54 ml, 3.90 mmol) in CH>Cl, (10 ml). After the
mixture was stirred at room temperature for 2 h, water was added. The products were extracted with
chloroform, and the organic layer was washed with brine, then dried over anhydrous Na>SOs. The solvent
was evaporated, and the residue was purified by silica gel column chromatography to afford the title
compound as a colorless solid (300 mg, 85% yield).

(b) 5-(Azetidine-1-carbonyl)-3-tert-butyl-2-hydroxybenzonitrile (40b)

To a solution of 5-(azetidine-1-carbonyl)-3-tert-butyl-2-methoxybenzonitrile (300 mg, 1.10 mmol) in
DMF (10 mL) was added lithium chloride (467 mg, 11.0 mmol). After the mixture was stirred at 120 °C
overnight, an aqueous 10% potassium carbonate solution was added. The aqueous solution was washed with
AcOEt and acidified with 1 M HCI, and the products were extracted with AcOEt. The organic layer was
washed with water and brine, and dried over anhydrous Na,SO4. The solvent was evaporated, and the residue
was filtered and washed with diethyl ether to afford the title compound as a colorless solid (193 mg, 68%
yield).

"H-NMR (270 MHz, CDCl3) 6 :1.42 (9H, s), 2.37 (2H, quint, J = 7.6 Hz), 4.17-4.38 (4H, m), 6.26 (1H, s),
7.62 (1H,d, J=2.2 Hz), 7.85 (1H, d, J=2.2 Hz).
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I3C-NMR (101 MHz, DMSO-ds) J: 15.6, 29.1, 34.9, 48.7, 53.2, 101.9, 117.2, 124.8, 130.7, 131.3, 139.6,
160.36, 167.2.

MS (m/z): 257 (M — Hy.

HRMS (ESI) m/z: caled for C1sHi7N20, (M — H) 257.1296, found 257.1295.

2-Hydroxy-5-(3-methyl-2,5-dihydro-1 H-pyrrole-1-carbonyl)-3-trifluoromethylbenzonitrile (41)
(a) 2-Methoxy-5-(3-methyl-2,5-dihydro-1H-pyrrole-1-carbonyl)-3-trifluoromethylbenzonitrile

To a suspension of 3-methyl-2,5-dihydro-1H-pyrrole hydrochloride (170 mg, 1.42 mmol) in CH»Cl,
(5 mL) were added triethylamine (2 mL, 14.4 mmol) and a solution of 3-cyano-4-methoxy-5-
trifluoromethylbenzoyl chloride (p.87, prepared from 3-cyano-4-methoxy-5-trifluoromethylbenzoic acid
300mg, 1.14 mmol) in CH2Cl, (5 mL) at 0 °C. After the mixture was stirred at room temperature for 1 h, the
solvent was evaporated. 1 M HCI was added, and the products were extracted with AcOEt. The organic layer
was washed with 1 M aqueous NaOH and brine, and the dried over anhydrous Na;SO4. The solvent was
evaporated under reduced pressure to afford the title compound as a pale-yellow solid.

(b) 2-Hydroxy-5-(3-methyl-2,5-dihydro-1H-pyrrole-1-carbonyl)-3-trifluoromethylbenzonitrile (41)

To a solution of 2-methoxy-5-(3-methyl-2,5-dihydro-1H-pyrrole-1-carbonyl)-3-trifluoromethyl-
benzonitrile in DMF (10 mL) was added lithium chloride (246 mg, 5.80 mmol). After the mixture was
stirred at 130 °C for 30 min, the solvent was evaporated. 1 M HCI was added, and the products were extracted
with AcOEt. The organic layer was washed with 1 M HCI and brine, and dried over anhydrous Na,SOa. The
solvent was evaporated under reduced pressure, and the obtained solid was washed with n-hexane/AcOEt
(1:1,9 mL) to afford the title compound as a colorless solid (177 mg, 52% yield over three steps).

"H-NMR (270 MHz, DMSO-ds) J: 1.70 and 1.77 (3H, brs), 4.18 and 4.23 (4H, brs), 5.46 and 5.54 (1H, brs),
8.00 (1H, d, J=2.1 Hz), 8.20 (1H, d, J=2.1 Hz).

MS (m/z): 295 (M — H).

HRMS (ESI) m/z: caled for Ci14H10F3N202(M — H)  295.0700, found 295.0699.

2-Hydroxy-5-(thiazolidine-3-carbonyl)-3-trifluoromethylbenzonitrile (42a)
(a) 2-Methoxy-5-(thiazolidine-3-carbonyl)-3-trifluoromethylbenzonitrile

To a solution of 3-cyano-4-methoxy-5-trifluoromethylbenzoic acid (p. 66) (300 mg, 1.22 mmol) and
thiazolidine (120 mg, 1.35 mmol) in CH»Cl, (10 mL) was added EDC-HCI (280 mg, 1.46 mmol). After the
mixture was stirred at room temperature for 1 h, the solvent was evaporated. 1 M HCI was added, and the
mixture was extracted with AcOEt. The combined extracts were washed with 1 M aqueous NaOH and brine,
and dried over anhydrous Na>SOs. The solvent was evaporated to afford the title compound as a colorless oil
(373 mg, 97% yield).
(b) 2-Hydroxy-5-(thiazolidine-3-carbonyl)-3-trifluoromethylbenzonitrile (42a)

To a solution of 2-methoxy-5-(thiazolidine-3-carbonyl)-3-trifluoromethylbenzonitrile (292 mg, 0.92
mmol) in DMF (10 mL) was added lithium chloride (212 mg, 5.00 mmol). After the mixture was stirred at
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120 °C for 1h, the solvent was evaporated. 1 M HCI was added, and the products were extracted with AcOEt.
The combined extracts were washed with 1 M HCl and brine, and dried over anhydrous Na>SOj4. The solvent
was evaporated, and the obtained solid was washed with n-hexane/AcOEt (1mL) to afford the title compound
as a colorless solid (162 mg, 58% yield).

"H-NMR (270 MHz, DMSO-dy) J: 3.03 2H, t,J= 6.4 Hz), 3.78 (2H, t, J = 6.4 Hz), 4.61 (2H, s), 7.97 (1H,
d,/=2.1 Hz), 8.16 (1H, d, J=2.1 Hz).

BC-NMR (101 MHz, DMSO-dy) 6: 30.0 (brs), 48.8 (brs), 50.4 (brs), 102.7, 115.5, 119.0 (q, J = 30.8 Hz),
122.8 (q, J=273.6 Hz), 127.8, 131.5 (q, J=4.8 Hz), 137.1, 159.1, 165.3.

MS (m/z): 301 (M — H).

HRMS (ESI) m/z: caled for Ci2HsF3N>O,S (M — H) 301.0264, found 301.0263.

3-Bromo-2-hydroxy-5-(thiazolidine-3-carbonyl)benzonitrile (42b)
(a) 3-Bromo-2-methoxy-5-(thiazolidine-3-carbonyl)benzonitrile

To a solution of 3-bromo-5-cyano-4-methoxybenzoic acid (p. 83) (200 mg, 0.781 mmol) and
thiazolidine (70 mg, 0.785 mmol) in CH>Cl, (10 mL) was added EDC-HCI (180 mg, 0.94 mmol). After the
mixture was stirred at room temperature for 1 h, the solvent was evaporated under reduced pressure. 1 M
HCl was added, and the products were extracted with AcOEt. The combined extracts were washed with 1 M
aqueous NaOH and brine, and dried over anhydrous Na,SOs. The solvent was evaporated, and the obtained
residue was used for the next step.

(b) 3-Bromo-2-hydroxy-5-(thiazolidine-3-carbonyl)benzonitrile (42b)

To a solution of 3-bromo-2-methoxy-5-(thiazolidine-3-carbonyl)benzonitrile (a) in DMF (10 mL) was
added lithium chloride (166 mg, 3.92 mmol). After the mixture was stirred at 120 °C for 1 h, the solvent was
evaporated. 1 M HCI was added, and the products were extracted with AcOEt. The combined extracts were
washed with 1 M HCI and brine, and dried over anhydrous Na;SO4. The solvent was evaporated, and the
obtained solid was washed with AcOEt (1 mL) to afford the title compound as a colorless solid (185 mg,
76% yield over two steps).

"H-NMR (270 MHz, DMSO-dy) 6: 3.02 (2H, t,J= 6.3 Hz), 3.77 (2H, t, J = 6.3 Hz), 4.59 (2H, s), 7.89 (1H,
d,J=2.1 Hz), 8.00 (1H, d, J=2.1 Hz).

BC-NMR (101 MHz, DMSO-ds) J: 29.8,49.6, 51.0, 101.7, 112.0, 115.8, 129.0, 132.2, 137.1, 158.1, 165.2.

MS (m/z): 311 M —1-H), 313 (M + 1 —H).

HRMS (ESI) m/z: caled for Ci1HsBrN>O,S (M — H)™ 310.9495, found 310.9496.

3-Ethyl-2-hydroxy-5-(thiazolidine-3-carbonyl)benzonitrile (42c)
(8) 3-Ethyl-2-methoxy-5-(thiazolidine-3-carbonyl)benzonitrile

To a solution of 3-cyano-5-ethyl-4-methoxybenzoic acid (300 mg, 1.46 mmol) and thiazolidine (130
mg, 1.46 mmol) in DMF (6 mL) were added EDC-HCI (420 mg, 2.20 mmol). After the mixture was stirred

at room temperature for 5 h, water was added, and the products were extracted with AcOEt. The organic layer
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was washed with water, aqueous NaHCO3, 1 M HCI and brine, then dried over magnesium sulfate. The
solvent was evaporated to afford the title compound as a solid (350 mg, 87% yield).
(b) 3-Ethyl-2-hydroxy-5-(thiazolidine-3-carbonyl)benzonitrile (42c)

To a solution of 3-ethyl-2-methoxy-5-(thiazolidine-3-carbonyl)benzonitrile (365 mg, 1.32 mmol) in
DMF (5 mL) was added lithium chloride (470 mg, 11.1 mmol). After the mixture was stirred at 110 °C
overnight, 1 M HCI was added, and the mixture was extracted with AcOEt. The combined extracts were
washed with water and brine, then dried over magnesium sulfate. The solvent was evaporated, and the
obtained residue was washed with diisopropyl ether to afford the title compound as a colorless solid (120 mg,
35% yield).

"H-NMR (400 MHz, DMSO-ds) J: 1.13 (3H, t,J = 7.5 Hz), 2.70 (2H, t, J = 7.6 Hz), 3.01 2H, d, J = 6.2
Hz),3.76 (2H, t, J = 6.2 Hz), 4.59 (2H, brs), 7.59 (1H, d, J=2.2 Hz), 7.69 (1H, d, J = 2.2 Hz).

BC-NMR (101 MHz, DMSO-dy) 6: 13.9, 22.5, 29.4 (brs), 48.5 (brs), 50.6 (brs), 100.0, 116.8, 128.0, 130.3,
1324, 133.6, 159.0, 166.8.

MS (m/z): 261(M — H).

HRMS (ESI) m/z: caled for Ci3H13N20OS (M — H) 261.0703, found 261.0702.

3-tert-Butyl-2-hydroxy-5-(thiazolidine-3-carbonyl)benzonitrile (42d)
(a) 3-tert-Butyl-2-methoxy-5-(thiazolidine-3-carbonyl)benzonitrile

To a solution of 3-fert-butyl-5-cyano-4-methoxybenzoic acid (p. 63) (300 mg, 1.29 mmol) and
thiazolidine (0.12 ml, 1.52 mmol) in DMF (10 mL) was added EDC-HCI1 (493 mg, 2.57 mmol). After the
mixture was stirred at room temperature overnight, water was added. The products were extracted with
AcOEt, and the organic layer was washed with water and brine, then dried over anhydrous Na>SOs. The
solvent was evaporated, and the residue was purified by silica gel column chromatography to afford the title
compound as a colorless oil (350 mg, 89% yield). The obtained compound was used in the next step.

(b) 3-tert-Butyl-2-hydroxy-5-(thiazolidine-3-carbonyl)benzonitrile (42d)

To a solution of 3-tert-butyl-2-methoxy-5-(thiazolidine-3-carbonyl)benzonitrile (350 mg, 1.15 mmol)
in DMF (10 mL) was added lithium chloride (487 mg, 11.5 mmol). After the mixture was stirred at 120 °C
overnight, water was added. The aqueous solution was washed with AcOEt, then acidified with 1 M HCL
The products were extracted with AcOEt, and the organic layer was washed with water and brine, and dried
over anhydrous Na,SOs. The solvent was evaporated, and the residue was collected by filtration and washed
with diethyl ether to afford the title compound as a colorless solid (207 mg, 62% yield).

"H-NMR (270 MHz, CDCl3) d: 1.42 (9H, s), 3.07 (2H, t, J = 5.9 Hz), 3.85-3.96 (2H, m), 4.56-4.68 (2H,
m), 6.35 (1H, s), 7.55 (1H, d, J=2.2 Hz), 7.71 (1H, d, /= 2.2 Hz).

BBC-NMR (101 MHz, DMSO-ds) 6: 29.0, 29.9 (brs), 34.9, 48.7 (brs), 50.5 (brs), 101.8, 117.0, 127.9, 130.6,
131.2,139.6, 159.8, 166.8.

MS (m/z): 289 (M — H).

HRMS (ESI) m/z: caled for CisH17N20>S (M — H) 289.1016, found 289.1017.
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2-Hydroxy-5-(thiazolidine-3-carbonyl)isophthalonitrile (42¢)
(a) 2-Methoxy-5-(thiazolidine-3-carbonyl)isophthalonitrile

To a solution of 3,5-dicyano-4-methoxybenzoic acid (325 mg, 1.61 mmol) (p. 59) and thiazolidine
(144 mg, 1.62 mmol) in CH,ClI, (10 mL) was added EDC-HCI (370 mg, 1.93 mmol). After the mixture was
stirred at room temperature for 1 h, the solvent was evaporated. 1 M HCI was added, and the products were
extracted with AcOEt. The organic layer was washed with 1 M aqueous NaOH and brine, and dried over
anhydrous Na,SOs. The solvent was evaporated, and the obtained residue was used for the next step.

(b) 2-Hydroxy-5-(thiazolidine-3-carbonyl)isophthalonitrile (42¢)

To a solution of 2-methoxy-5-(thiazolidine-3-carbonyl)isophthalonitrile (a) in DMF (10 mL) was
added lithium chloride (341 mg, 8.04 mmol). After the mixture was stirred at 120 °C for 1 h, the solvent was
evaporated. 1 M HCI was added, and the products were extracted with AcOEt. The organic layer was washed
with 1 M HCI and brine, and dried over anhydrous Na;SOs. The solvent was evaporated under reduced
pressure, and the obtained solid was washed with n-hexane/AcOEt (1:2, 6 mL) and methanol (1 mL) to afford
the title compound as a pale-yellow solid (198 mg, 47% yield over two steps).

"H-NMR (270 MHz, DMSO-dy) d: 3.03 2H, t,J= 6.3 Hz), 3.77 (2H, t, J = 6.3 Hz), 4.59 (2H, s), 8.13 (2H,
S).

BC-NMR (101 MHz, DMSO-dp) 6: 29.9, 48.8,49.9, 102.4, 115.4, 127.6, 138.0, 163.3, 165.0.

MS (m /z): 258 (M — H).

HRMS (ESI) m/z: caled for C12HsN30,S (M — H)™ 258.0343, found 258.0342.

5-(1,1-Dioxo-1A%-thiazolidine-3-carbonyl)-2-hydroxy-3-trifluoromethylbenzonitrile (43)
(@) 5-(1,1-Dioxo-1A°-thiazolidine-3-carbonyl)-2-methoxy-3-trifluoromethylbenzonitrile

To a solution of 2-methoxy-5-(thiazolidine-3-carbonyl)-3-trifluoromethylbenzonitrile (373 mg, 1.18
mmol) in CH>Cl, (10 mL) was added 70% 3-chloroperbenzoic acid (611 mg, 2.48 mmol). After the mixture
was stirred at room temperature for 30 min, 10% aqueous sodium thiosulfate was added. The organic solvent
was evaporated, and 1 M aqueous NaOH was added. The products were extracted with AcOEt, and the
organic layer was washed with brine, then dried over anhydrous Na;SOs. The solvent was evaporated to
afford the title compound as a colorless solid (406 mg, 99% yield).
(b) 5-(1,1-Dioxo-1A°-thiazolidine-3-carbonyl)-2-hydroxy-3-trifluoromethylbenzonitrile (43)

To a solution of 5-(1,1-dioxo-1A%-thiazolidine-3-carbonyl)-2-methoxy-3-trifluoromethylbenzonitrile
(400 mg, 1.15 mmol) in DMF (10 mL) was added lithium chloride (243 mg, 5.73 mmol). After the mixture
was stirred at 130 °C for 30 min, the solvent was evaporated. 1 M HCl was added, and the products were
extracted with AcOEt. The organic layer was washed with 1 M HCI and brine, and dried over anhydrous
Na,S0j4. The solvent was evaporated, and the residual solid was washed with n-hexane/AcOEt (1:1) to afford
the title compound as a colorless solid (321 mg, 84% yield).

"H-NMR (270 MHz, DMSO-dy) d: 3.46 (2H, t,J=7.1 Hz), 4.05 (2H, t,J=7.1 Hz), 4.73 (2H, s), 7.95 (1H,

d,/=2.1Hz),8.13 (1H, d,J=2.1 Hz).
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BC-NMR (101 MHz, DMSO-d;) J: 48.2 (brs), 53.5 (brs), 102.8, 115.7, 119.2 (J = 31.0 Hz), 1229 (J =
273.9 Hz), 124.8, 131.7 (J=4.8 Hz), 137.4, 160.2, 166.4. (around 39: one peak is sealded in solvent peak).

MS (m/z): 333 (M — H)..

HRMS (ESI) m/z: caled for C12HsF3N>O4S (M — H) 333.0162, found 333.0162.
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1) RPTEC assay
Uric acid uptake inhibition assay using primary human renal proximal tubule epithelial cells

Primary human renal proximal tubule epithelial cells (RPTEC) were cultured in T75 cell culture flasks
till 80% confluency. RPTEC were seeded in a 24 well plate at a density of 160,000 cells per well in 800 uL
of complete medium with 0.1 uM insulin and incubated at 37 °C, 5% CO; incubator for 24 h. Following
incubation, the cells were treated with 2-pyrazinecarboxylic acid (PZA) at a concentration of 5 mM with care
taken that the pH of the solution was in the physiological range (pH 7.4). The assay plate was incubated for
0.5 h at 37 °C after gentle shaking. The buffer containing PZA was discarded, and cells were washed twice
with 800 pL of ice-cold transport buffers without PZA. For the inhibition assay, 600 pL of 37 °C warmed
transport buffer containing test compounds (final concentration: 1, 3, 10, 30, and 100 pM) were added and
pre-incubate for 15 min at 37 °C. Uptake assay initiated by adding 20 pM ['*C]-uric acid was performed for
2 h at 37 °C on a plate shaker set at 300 rpm. Following uptake, the cells of all the wells were dissociated
using cell dissociation buffer and collected in tubes. The cells were washed twice with 300 pL of ice-cold
PBS and lysed with 75 pL of 0.1 M NaOH, and incubated for 10 min at 37 °C. The content of the tubes was
transferred to 96 well white opaque plates. Microscint-40 was added to all the wells and the radioactivity was

measured using scintillation counter.

2) URAT1 assay
i) URAT1-mediated uric acid uptake assay
General experimental method was similar to that by Anzai et al.*” HEK293 cells overexpressing

URATT1 were preincubated in serum- and chloride-free Hanks’ Balanced Salt Solution (HBSS) buffer at 37 °C
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for 10 min. To initiate uptake of ['*C]-uric acid, cells were incubated with uptake buffer containing 10 uM
['4C]-uric acid and test compounds at 37 °C. After 5 min, uptake was terminated by washing the cells three
times with ice-cold HBSS buffer. Then, cells were solubilized with 0.1 M NaOH solution. Radioactivity was
measured using a liquid scintillation counter (LSC6100, Aloka, Japan). Cellular protein level was also
determined in a separate experiment and ['“C]-uric acid uptake was expressed as pmol/mg protein.
ii) URAT1 assay for Dotinurad

Methods for preparation of oocytes, in vitro synthesis of URAT1 (SLC22A12)-cRNA, and uptake
experiments were described previously.®®) In brief, the oocytes were injected with cRNA and cultured for 2
days and then preincubated in ND96 buffer at 25 °C for 15 min. To initiate uptake of ['*C]-uric acid, the
oocytes were incubated with uptake buffer containing 20 uM ['*C]-uric acid and test compounds at 25 °C.
After 60 min, uptake was terminated by washing the oocytes three times with ice-cold uptake buffer. The
oocytes were solubilized with 5% sodium dodecyl sulfate solution. Radioactivity was measured using a liquid
scintillation counter (Perkin Elmer, Boston, MA). Uptake was expressed as the cell/medium ratio (microliters

per oocyte), obtained by dividing the uptake amount by the concentration of substrate in the uptake buffer.

3) Oxygen consumption as an index of mitochondrial respiration

Rat mitochondria were isolated from the liver by differential centrifugation according to the method
of Hoppel et al.® Oxygen consumption was measured in a chamber equipped with a Clark-type oxygen
electrode (Instec Laboratories, Inc., PA USA) at 30 °C.%® The respiratory control ratio (RCR) was determined
as a marker of the coupling of oxidative phosphorylation of the mitochondria. The RCR is the ratio of the
rate of the oxygen consumption in the presence of a substrate and ADP (state 3) to the rate after complete

conversion of ADP to ATP (state 4).5”)

4) Pharmacokinetics in rats

Each compound was orally administered to fasted rats at a dose of 3 mg/kg. Blood was collected from
jugular vein at several time points after dosing and centrifuged to obtain plasma. In separate experiments,
urine collection at 0—4 h was performed. Concentrations of the compound in plasma and urine were
determined by HPLC. As an index of urinary excretion, the excretion rate in urine (%) per amount of

compounds treated was determined.

5) Pharmacodynamics in Cebus monkeys

Five Cebus monkeys that were fasted for 18 h before drug administration orally received 5 mg/kg
dotinurad, 30 mg/kg benzbromarone, and 0.5% methylcellulose (MC) as a control. *® The other experiment,
three Cebus monkeys fasted for the same time orally received 300 mg/kg 34f and 0.5% MC. Blood samples
(about 1 mL) obtained from the saphenous vein at; before; and 2, 4, 8, and 24 h after drug administration
using a heparinized needle were kept on ice. Plasma was obtained from the blood samples by centrifugation

at 3000 rpm for 10 min at 4 °C. Urine samples were collected 0—4, 4-8, and 824 h after drug administration.
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Urate and creatinine levels in the samples were measured by a U-3000 spectrophotometer using an latro LQ
UAII (Mitsubishi Chemical Medience, Corp., Tokyo, Japan) and L-type Wako Creatinine F (Wako Pure
Chemical Industries, Ltd.). Each treatment was administered in 13-day intervals to wash out drugs, and
treatment and sample collection were performed as crossover experiments. Fractional excretion of urate
(FEua) was calculated as the ratio of urate clearance to creatinine clearance. Urinary urate excretion was

calculated as urinary urate concentration X urine volume.

[1]

O EBR
Materials for cell assays

Primary human RPTECsS, renal epithelial cell growth kits, renal epithelial cell basal medium, trypsin-
EDTA for primary cells, trypsin-neutralizing solution for primary cells, and Dulbecco's phosphate-buffered
saline were obtained from ATCC. Sodium gluconate, potassium gluconate, magnesium gluconate, calcium

gluconate, NMDG, and insulin solution were obtained from Sigma-Aldrich (St. Louis, MO, USA).

Cell assay, method A

Primary human RPTECs were cultured in T75 cell culture flasks until 80% confluence, trypsinized,
counted, and plated. RPTECs were seeded at a density of 40,000 cells per well in a poly-D-lysine (50
ug/well)-coated tissue culture plate in 200 pL of complete medium and incubated at 37 °C in a 5% CO;
incubator for 24 h. Cells were pre-incubated with 100 uM of the reference compound; BBR for 15 min at
37 °C in the respective buffers; transport buffer [96 mM sodium gluconate, 2 mM potassium gluconate, 1
mM  magnesium gluconate, 1.8 mM calcium gluconate, 5 mM 2-[4-(2-hydroxyethyl)-1-
piperazinyl]ethanesulfonic acid (HEPES), and 5 mM tris(hydroxymethyl)aminomethane (Tris), pH 7.4], and
NMDG buffer [140 mM NMDG, 2 mM potassium gluconate, 1 mM magnesium gluconate, 1.8 mM calcium
gluconate, 5 mM HEPES, and 5 mM Tris, pH 7.4]. The cells were then treated with 20 pM [*C]-uric acid
and PZA at 1 mmol/L and 5 mmol/L in the respective buffers and incubated for 0.5, 1,and 2 h at 37 °C on a
plate shaker set at 300 rpm. Cells were washed twice with 200 pL of ice-cold phosphate-buffered saline (pH
7.4), then lysed by the addition of 75 pL of 0.1 M NaOH and incubated for 10 min at 37 °C and 300 rpm.
Microscint™-40 (PerkinElmer) was added to all wells, and the plate was incubated for 15 min at 37 °C and
300 rpm. The ['*C]-uric acid uptake by the cells was read in a MicroBeta? scintillation counter (PerkinElmer,
Hopkinton, MA, USA) using counts per minute (CPM) mode and converted to disintegration per minute
(DPM).

Cell assay, method B

Primary human RPTECs were cultured as described in method A. RPTECs were seeded at a density
of 160,000 cells per well in 800 pL of complete medium with or without 0.1 pM insulin and incubated at
37 °C in a 5% CO> incubator for 24 h. The cells were then treated with 5 mM PZA adjusted to pH 7.4 by
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adding 0.1 M NaOH, and incubated for 0.5 h at 37 °C with gentle shaking. Thereafter, the buffer containing
PZA was discarded. In method B, only the transport buffer was used for uptake study. The cells were washed
twice with 800 puL of ice-cold transport buffer without PZA. Pre-warmed transport buffer (600 pL, 37 °C)
containing BBR, Dotinurad, and compound 34f (final concentration: 1, 3, 10, 30, 100, 300, and 1000 uM)
was added to each well and incubated for 15 min at 37 °C. Uptake was performed by adding ['*C]-uric acid
at a final concentration of 20 pM and incubating at 37 °C for 2 h and 300 rpm. The cells were dissociated
using trypsin, collected in tubes, washed twice with 300 pL of ice-cold phosphate-buffered saline, and lysed
with 75 pL of 0.1 M NaOH by incubation for 10 min at 37 °C. The contents of the tubes were transferred to
96-well white opaque plates. Microscint™-40 was added, and the radioactivities were measured as per the

method described for method A.

Statistics

Data are presented as means = S.D. The statistical difference between the groups was determined by
either Student’s ¢ test (normal distribution data) or Mann—Whitney U test (non-normal distribution data) and
a p value of 0.05 or less was considered statistically significant. Percent inhibition of the test compounds was
analyzed. ICsp values of compounds were determined by Prism statistical analysis software (GraphPad, La

Jolla, CA, USA), with extrapolation of the ICso value using Growth syntax from MS Excel.
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