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AGE advanced glycation end product
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BA bioavailability
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ECs 50% effective concentration
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FDA food and drug administration
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GPCR G protein-coupled receptor
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iminium hexafluorophosphate
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ToIEMEBRSGT 5 2 L THRENER & Bk L7z, X0 2200 & OB PR SE O & 9t %
117z,
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AT IVEET K U TR A 7V U8 % £ itk BRS-3 TEEREMM R L O~ v 2 W @ihie (PK) sBRIC
KoT, EELWPK a7 7 A LaERiob&Y (35¢) =&k L7z, MLEIEAA BRS-3 7 3=
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F—H HIEHEY—4 v bE L TODBRS-3

Bombesin receptor subtype-3 (BRS-3) & ix., A —7 7 G ¥ /87 EIHALZ K (orphan GPCR)
DOD—FETHY ., ZORBAMITHTXR TH HIMET T <, MR, M, ML X OWEgIC oA L
TNHZERMBNTVD W, AZREICKHLEDS S BARIAHET 2 ) v RIERH SR TS
TR fens, 1997 A BinF LI K 0 /B L7 BRS-3 KREEA~ & 2 A3 BT 35 K OWEARGEBR 12 5%
FERTLNMEShE Y, ZhICkY, BRS3 BT SV VI ABEEAAI LI DY AR
PIFT T2 28 FUAETH - HUBE IR B IO AIRUT 72223 5 FTREME DS RIE S du, 2000 AELARE, S TG %872
MENED LN TE T,

T Merck #:0 Guan HILmTEMED DR AT R BRS-3 7 =2 | (1, MK-5046) 787 > |-
A X EOFEFREMT T TR B FEAWZERKRBRICBW TS, HUIEROFIE T o 2K EEA
VER 2 EFERICEZRIORT L 2@ L (Fig.3)® . Lo LRI, BWEAE LTI v b - oA
NZEBWT—@EORIR, L, MEO ERAR O, B MZEBWNT D7 < &b EDEM R
EAMBEBSNTND M, BIETERAZ L SIS, EEERE T CICEROEREZ AL TS
ZEMEL, £ 10%RE OB ME L TS X EMCEL L2 ERRGRK L7202 LD, [H
fEiZ 2010 12 MK-5046 DOBR%E Z ik L7z, X, Zh 6 OrIER AR BRS-3 fEHIC K 2l
IR R ~ORNIBICH KT 26D TH D LHER L AT FICES S MAEZEN LI+ 7 A

X0 PHRER~OCEWIREZIRT SEoEEME BRS-3 7 A= b2 IGTENIE, b
AERBWERZEREL 5 28 ME A TE 5 L £ 27 (Fig. )™ . T/hbb, W% BRS-3
B ZAEIC L0 R EMRE N LR R~OE R >~ 7 VAN k- TR L
OFRCREIER ZBNET 2 2 LA L, 22k, TR ZetEomsWitltE o] &

o v MIED., RIFFEZ B LT,

10



1 (MK-5046)
human BRS-3 EC50= 14 nM
mouse BRS-3 ECSO: 21 nM

Figure 3. Merck #1:E& KBS G4 1 (MK-5046) .
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s S | o
o — kARERR
- mRAETE BRS-371-Ah v ‘m
RIVES S
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X EADI= ]
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Figure 4. BRS-3 OIEBLEAL & ARFEIC BT D 52 7 |
(BBB, blood-brain barrier; GLP-1, glucagon-like peptide-1; PYY, peptide YY)
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R EHEZAT S BRS-3 7 A=A balfGT 2720, BHlba®wZ (477U —z Mz high
throughput screening (HTS) (2 X - T BRS-3 1G22k &%k L, Fig. 5127”7 X 957 "8
PRV DT B GRS D, IEELAY 28, 2b 2045 L7, —J7C. LLET Merck #Eo R4
TN—TIEEREY ) ROT R BB E AT S EiEE LA 3a, 3b AW L Tl 0 2
o RO EMRICBIT 2EPRBOaT 2=y NORBIZEFT LI L L LT, Thbb,
TRALAE Y OREEERIED D | A B2 8 U ISR BUC % B i/ NR O P & FL D |
THFRIEMNE « 55 FBOKBIC L - TIEEN. Wt 2 8L IEdeEz T, KV Ry 7947
FA T @O T HE OS2 T, BEMICIE, K A, BRI DMEEY 23, 2b (I8 51%
PEFBOaT 2=y b CTHDHEEL, (AW 3a, 3b D CERHDDORE, BLIORLKLY U
=BT YN B ~OEBEBATRETIE R VN E B X LAY 4 OREEZ N — A2 LA iR

EITo 7,
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O LY sl
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2a (R=Me) 2b (R= —) 3a (MK-7725) 3b
F

hEC,, =916 nM  hEC,, = 131 nM hEC,, = 73 nM hEC, = 97 nM
MEC,, =256 nM  mEC,, = 34 nM MEC,, = 130 nM mEC,, = 33 M

Bicyclic diazepines
suggested from 2a,b and 3a,b
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N Clinker)
=z
N
F3C N N
H 4

Figure 5. Bttt v MEEW 2a, 2b, Merck ft54 3a (MK-7725) ,3b L 2N oSN D
HWHRB a7 2= k4.
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FPRUL, PRI RFFEMRIER 2 B L. LIAT Liu HI2 K> T Sh - A E 2 59 51Ld
¥ 30 O 4atert-T F LT = = A F EEICEA L P REETE MR (structure—activity

relationship, SAR) #5745 Z &ic L7z,
B=E FH. CRECTEECUMAYOER

TN A — RO ZBREY T B E LG 8a-8d D& EIEE LU FIZ AT (Scheme 1) . TR
D=aF U FEFHERS LHIERER THD 1,2-07 I ) XRPu b mih St f . 160 °C T
R EBHE, IR Y FUT PRV 6 RS, INERT VETICEL - TT ~EEX

FZFET =y T I REASEDZ L THEOILEY 8a-8d & 157-,
(@]
H H
_~_COOH a _ N b _ N
| —_— o —_— o
F,C7 N7 >Cl F3C7 SN N F3C7 SN" N
H H
6

oot ev@ev@

Scheme 1. Reagents and conditions: (a) 1,2-diaminobenzene, ethylene glycol monobutyl ether,
160 °C, 64%; (b) BH3 THF complex, THF, 0 °C~rt, 66%; (c) 4-tert-butylbenzoyl chloride, Et3N,
CH,Cl,, 72%, or arylacetic acid, HATU, (i-Pr),EtN, CH,Cl,, 89-92%.

W, B ZRIEE Y FOT B HEEROGHKIEL Scheme 2 1R F, XM, T2 L5604
MARUBUBRERE LAY ZBIERE L, DR = VEOBRITRIGIC LY BHROFEFFIEA 12
DERZRBTD, ST EIT LR o, THE AR VIRICEET 2 N 05K
PEL RGN L OB FIRBOEITERT 2 LHENShD (ZRET 7 2L 6 DIAVR=VIRE
DI NETRBERFE ) o LAEWS DIV RFVIVEERT U -THF $5REREZ VT T L2 —
AR QIZE TR, RO F Lo U7 I EIRE L, BHEEMASRGICHTZLICXY, A7 V'
ML T7 I 10 21570, Bt~ T 2RO OAALOBIIZEY . TAT v REARK
SELL A RPTHESODIHTARINETL, BHOBRRA IV 11 B3 G617, K Pd-
C i IC X D KFBIRIMIETIE, =% ) —VEHND EA I ~OMMRISERN AL, Hifg
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TF AN TEDEA 12 TG L2, RICT U —VE80W 2 A3 268 13a-13i 1%, shisd
HHNRCBHEEEL DT I FHAIC L > TOEMICELNE, /2. ¥ L7 R 13 12 12125 L.

KNETHT V=N AT F—FEEHSELZETAMK LT, ok, RilZ 7 VX VA 2 H T
A6 &% 13k-13r (ZB8 L TiE. (3-benzyloxyphenyl)acetic acid & #iat. B> U L L T 14 245

Toth, EFET NV NANT A RED SN2 ST I - TE W=,

_~_COOH _ oy b OH c
N | N | /\/N H2 >
FaC” SNl FsC7 N7l N
5 9

e R e o

13a (R? = Ph) 13f (R2 = 2-Py)
13b (R2 = O-F-C6H4) l3g (R2 = 3_Py)
13c (R? = m-F-C;H,) 13h (R2 = 4-Py)

6
j\ /@\ /@ 13d (R? = p-F-CH,) 13i (R? = 6-Me-3-Py)
” o) 13e (R? = p-tolyl)

11

i R
N OH & N ©
) F,C7 SN N)
N H
13k (R2=Me) 130 (R2 = i-Bu)
13l (R2 = Et) 13p (R2 = neopentyl)

13m (R2=i-Pr)  13q (R? = c-pentyl)
13n (R2=n-Bu)  13r (R? = c-hexyl)

12 >

Scheme 2. Reagents and conditions: (a) BHs THF complex, THF, 0 °C~rt, quant.; (b) ethylene
diamine (neat), 120 °C, 62%; (c) MnO,, CH,CIl,/MeOH, 76%, (d) H,, Pd-C, AcOEt, 82%; (e)
arylacetic acid, HATU, (i-Pr),EtN, CH,Cl,, 31-97%:; (f) 1-isocyanato-3-phenoxybenzene, toluene,
90 °C, 91%; (g) (3-benzyloxyphenyl)acetic acid, (i-Pr),EtN, HATU, CH,Cl,, 99%; (h) H,, Pd-C,
EtOH, 98%; (i) alkyl halide, K,CO3, DMF, 60 °C, 31-83%.
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BE FHZ. SBRBED TP ALEY O LY FHEEM

REOE ZFIZBNTARLIZHH -, ZRBECTEE U EmIc >V T, & M~ T X BRS-3
IZBIT DT T=Z MEM (ECsofl) @ invitro #li 217> 7= (Table5) . Merck tH{b-5% 3b D Z v
RN —% 7 VVEICEBR LT 8a TIEIEENWHAR LN, AF LU —%4 L7 8b
Tk M~v R TREREEZZR Lz, RICEHREYEO KRG tert-7 FARE 7« /) F U HRICK
Bl 8c IZB W TRIERIEMRBE N R on=boo, Hitt v MEEY 2b OESHEEEZSZICL
TAZPEHR 7 = ) U HAEA L7z 8d TIXBIARTEMEN EA 7R Lo, WRIC, BB &GO
MRS &b 72D CERU Ay DEREEIT o7& Z A, (3-phenoxyphenylacetyl 7£% 492 13a IZB VT &
LRDTEER EAR N, —FH. By MEE® 2b TIEERDITh T LT U o —~EH LT
13) TiE, FLWIEMEEG N A o7,

Table 5. ECsq values of BRS-3 agonists 8a—8d, 13a and 13j.

R
% N,
\A I B/)"-\\
F3C N N “ C /‘ 8
H Vemat
10 9
Compound R Ring C Human BF;S-3 Mouse BRaS-3
ECSO (nM) EC50 (nM)
O O
3b & i b
((S)-atropisomer) X \©\ 7,8-Me,CqH> 97 33
t-Bu
(0]

8a RJ\[:]\ phenyl >10000 >10000
t-Bu
t-Bu
8b w phenyl 48 227

(o]
8¢ kjiv/[::( j[:j phenyl 368 >10000
8d Q phenyl 25 46
J L3

13a o @ none 8.5 12.2
o
. o
13] E)Lmj[::Loj[:] none 4378 1378

 Data are averages of at least 3 times repeated measurement.
® Data are cited from ref 16a.
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B BRI T BV AL E Y 13a S BAF R TEMEZ /R Lo 720 | o0 PR ORI L OV AT
PEOIR T % Hig L. ABRSEAL R O @ LA H 24T 57 (Table 6) . 723, 5 FIRIEMEDFRHE
LT, pH74 DY EEREEER (RAKRF 2K) & 1-A4 7 2 7 — /D5 EARE Log D74 Z M E
L7z,

KX BB BIC 7 VA a a2 B A L 13b-13d 1B\ T, @IRAEMNETIEH 5 @Gtk 2
R LTc, &0 para-7 /LA B K 13d Al b EIEMHETH U . Z ORI para- /LA LK 13e 128
WTCHREETH 72 (LogDyg>4.8) , 7 = = /LERA~DOERFA OB AN TIINE K S TIEPED K
B UT=A (13F-13h) | 3-B' U VLK 13g ICB W TR B OIEMHEEZ 5 272, —F., 13e 8LV 13g &
FAEDET 6- A FL-3-E° U DK 131 TiX, JHWVIE Y SiEELOIBEME R 6 & 22 o7,
WA BRIFERAL R O T )L F L IEA~DEMEAT 5 7o, BN S 727 L % L8 K 13k-13m Tl
TEMEDJES L, RFEED 4 L E TR S LD 13n-13r TIXRGFRIEETH 722 &b Z OEL
D77 —~aT7F7 L LT, HLBREOY A ADONREMENRNEL SN D T EDRB ST, G L
LTIEy 7 anF ok 18r Bixm T2 b DD, IR L IEWEOBLENG . A Y 7 F /LK 130 53

NS T NVXF AW 13k-13r O TR L NNT  ZAOBNTALEM TH > 72,
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Table 6. ECsq values of BRS-3 agonists 13a—13r.

H
Compound R! Human BRS-3 Mouse BRS-3 Log D;.°
ECso (NM)* ECso (NM)*
13a phenyl 8.5 12.2 4.5
13b 0-F-C6H4 6.9 3.5 4.5
13c m-F-CﬁH4 6.8 8.7 4.8
13d p-F-CH, 3.6 2.7 4.6
13e p-tolyl 1.3 1.0 >4.8
13f 2-pyridyl 254 244 3.2
13g 3-pyridyl 156 106 3.2
13h 4-pyridyl 977 621 3.3
N
13i ~ 9.5 2.8 3.6
X

13k Me 2041 1781 ND®
13l Et 2046 1208 ND°
13m i-Pr 381 569 ND°
13n n-Bu 59 52 ND°
130 i-Bu 70 62 4.3
13p neopentyl 199 121 ND®
13q c-pentyl 41 100 ND°
13r c-hexyl 8.1 8.7 4.4

® Data are averages of at least 3 times repeated measurements.

® The distribution coefficients (Log D7.4) were measured between 1-octanol and phosphate buffered saline
(pH 7.4).

° Not determined.
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BIE MME

AETIX, Hite v MEA® 2a, 2b & Merck #2778 v L {b&% 3a, 3b OREEEELIMEN S A8
ZRT.CROBREBIOANVKR=AY U —%T VN AF LY U — B LT R
TR ALEW 183a ap L7 (Fig. 6) o THKBATIEZIEIT 5720 oA MR NG 3 0 28 4
Zil U CIRRME DI A =G R, 7 U — e LT 6-AF/L-3-E'U Y% 43 5 13i (Log D74
=36), BLOA VYT FIIHEHTH 130 (Log Drs=43) Z2HLELAEME L CES L, W{LAEY
EEIEETIEH 2 b ODOEK E LTIREENEWZD, & 55 KENZ D% OARMER & L TR

O HNT,

Figure 6. ECsq and Log D~ 4 values of novel BRS-3 agonists 13a, 13i and 130.

N

H
Compound 13a 13i 130
R Ph 6-Me-3-Py i-Bu
BRS-3 ECs5q (nM, h/m) 85/12.2 95/2.8 70/ 62
Log D74 4.5 3.6 4.3
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BB PR TIEBRS-3 7 =2 FOBER
B BREEZEALECTEEAEEWOER

HITE O R b R L OPIBATHAR T ~m TS 572 IR MRS L & 7~ Tz
D, CBRETTEE Y Ba P A AT L0 FT A v ET o7, BAEIZIE, YT EE
B L SALICK L, @izt G TE oW NVR U REEANT S Z LIk - T, in vitro &GP 2 frér

L72% % Log Dy NS AIRED & B R ER SR IT L > THEGE L 72,

BnO BnO
a b, c
=z =z o} ’ = N
S S X NHBoc
F;C”7 N7 ~Cl F;C”7 N7 ~ClI FsC~ "N” “Cl

15 16 17
L 10O
d-g
y | N o
X 18 h 19a
F,C N N
3 H (R=CH,0H) —> (R=CO,H)

— 19b (R = H, racemic)

24 (R = Me) —]

l» (R)-19b (R = H, (R)-enantiomer)
+

(S)-19b (R = H, (S)-enantiomer)

Scheme 3. Reagents and conditions: (a) 2-benzyloxy-N-methoxy-N-methyl-acetamide, (i-Pr),NH,

n-BuLi/hexane, THF, -78~-20 °C, 43%; (b) N-Boc-ethylenediamine, Ti(O-i-Pr)s, THF, rt; (c)
NaBH,4, THF/MeOH, 0 °C, 78% (2 steps); (d) 4 N HCI/AcOEt; (e) (i-Pr),EtN, N-methylpyrrolidone,
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160 °C; (f) (3-phenoxyphenylacetic acid, (i-Pr),EtN, HATU, CH,Cl,, 45% (3 steps); (g) H,, 10%
Pd-C, EtOH, 86%; (h) Jones reagent, acetone, 0 °C, 17%; (i) N-Boc-ethylenediamine, Na,SO,,
CH,Cl,, rt, 69%; (j) allylmagnesium bromide/Et,O, THF, 0 °C, 73%; (k) Boc,0, Et3N, CH,Cl,, 59%
(38 steps); (I) 2.5% OsO4/i-PrOH, N-methylmorpholine oxide, acetone, 0 °C~rt; (m) NalOy,
THF/H,0; (n) NaClO,, NaH,PO,4, 2-methyl-2-butene, t-BuOH/H,0; (0) iodomethane, K,CO3z, DMF,
50 °C, 77% (4 steps); (p) 4 N HCI/AcOEt, 92%; (q) (3-phenoxyphenyl)acetic acid, (i-Pr),EtN, HATU,
CH,Cl,, 91%; (r) 2 N aqg. NaOH, THF/MeOH, 88-97%; (s) Chiral separation (CHIRALPAK IC,
hexane/EtOH = 70/30).

TCTEBE VB LSV ARF VIR ERS LT 19a DG RIE. TIRIEAE Y 15 A HEME L L
7o VFOULYA YT LT IR (LDA) W= 3ALRINA Y F A bD ., %t 5 Weinreb
7 REREFICHNSELZ LT b 16 #8572, KIZ Ti(O-i-Pr), % Lewis % & L T N-Boc-
TF LUV T IVEMAESE, NaBHIZ Lo TA I VOB EITNY T I 2 17T B’fE LT,
i Boc {b.#% . Hunig MEJAFTE T, 160 °C TMES 2 Z & THFWNERIL I . KBIRINFIGIZ E - T
B Db T H 2L THEDO T b3 — )UK 18 & 1572, 18 OFELEUGE DRAFMFT 21T o7 & 2 A,
Jones I A VD = L TIRINER 203 5 HEYD B VAR Bk 19a & 157- 17,

BEWTSNLICHfE L =y FAEALTZ 190 ODERLERT, T/LTE R 2038 X UN-Boe-=F L
CTIVOMAICEIVA IV EEKE. T IAT ) =y — L EERHSESZ EICED 5T UL
KeBT2YT7 I 21 257, KEOGIEEA 7 ) =% —ViR3EEHWL 2 LT, 5 Llhkx 2E
BREZATOVT B REGHRT 22 ENMREEERA NS, MMM T T 21 @ Boc xRk

L. AR & FERICHE AR . SR MBRIE T 25 2 & THOFNBRILIS Z1TV ., £ D F £ RISHKIZ
Boc,0 % /il % one-pot |Z T Boc Ml L7z 22 2187, WITT UVELIZ)F L, Os filtfitic L5 oA
—VEE(E, NalOy Z WA LBIBZUZ LV 7T & RO 28, Kraus SUSIZ &K 2D VR Ui~
DAL 0, B L OISR T, 7AFANTA FEAWETZAT UEEITV, BOBE Boc b3
HIETAFNT AT e L UCHEBE L., 2% 3-7 = /v 7 == VEFBE L 7 X Niffi
BSEDHT LT 24 25K, REICINZIAKDEST 52 E THRNDOUVAR B 19b 2757, 5
(BRI Z A L7 19b 132 O BICAFIRELZ AT S0, WHIRE (~FH /s ) —)L)

ZIEEPYED N 24 IV TC X 70 7 & (CHIRALPACK IC) % AW 7= Y6 AR IR Y BE A 1T\ %

D% K fES 2 Z & T(R)-19b 5 L UY(S)-19b % HiffE L 7=,

WA S (R)-KEfE—~ = » k28 A L 7= 31a-31c D GBI DWW TiR% (Scheme 4) #I1dIZ

TAT B R20IZx L, SALIC NSRRI T UV VR 2B A9 572 Ellman 5238 L7-F 7 1L &
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LT 47 IR ((S)-t-BuS(O)NH,) ZHie LA I v 25 2447- 19, #74FE Sun & A4S L7- HiE%

<t

W, AV ULBROT U AT e I R NaBr KIESE T, SRICTHHBETL2Z2L T, @R - &®
RBIREIITAL S 26 2457- 20, 7ods. 7 U A IEOHR STARRR B 1 Ellman & 28 L= s A 71 =
ALEINLHEE LT, BIIORS)-VT AT L A~—Zv VWX NI T Ara~ NI T 7 4 —TCKS
IZHBEERRETH Y, 30 gRBREDO R — VOIS TH FEMEIXR VY, 26 DAV T ¢ = VEL % BE M
FHETRREL, 077 I VM 27 2 N-Boc-=F L > U7 IV BXOKFE R T X

RUFRFT R TLEETHT I US> TGSV T I 28 B35 6T,

o} = 0
a - g b g c
20 —» Z | N” j<  —— Z N~ j< —_—
S _ Il H
F;C7 N7 Cl F;C”~ N7 ClI
25 26
= NHBoc
HCl d =z J/ e f 7 N'BOC
= NH, ———— _ N —_— Z |
F.C \NICI M H F5C” SN N)
3 F3C” N7 Cl 3 H
27 28 29

0] 0]
-HCI o)
g-k —0 H I m HO 56 R’
| )
F2C7 SN NN
H

z
| 7
S
F3C” N7 N—g
H
30 3la (R* = p-F-CH,)
31b (R! = i-Bu)
31c (R! = 6-Me-3-Py)
Scheme 4. Reagents and conditions: (a) (S)-t-BuS(O)NH,, Ti(OEt), THF, reflux, 99%; (b) allyl
bromide, In, aq. NaBr, 94%; (c) 4 N HCI/1,4-dioxane, 82%; (d) tert-butyl N-(2-oxoethyl)carbamate,
NaBH(OACc)s;, CH,Cl,, quant.; (e) 4 N HCI/AcOEt, rt; (f) (i-Pr),EtN, N-methylpyrrolidone, 160 °C,
then (Boc),0, 59% (2 steps); (g) 2.5% OsO,/i-PrOH, N-methylmorpholine oxide, acetone/H,0, 0 °C
~rt; (h) NalO4, THF/H,0O; (i) NaClO,, NaH,POy4, 2-methyl-2-butene, t-BuOH/H,0; (j) 2 M TMSCH,N,

in hexane, THF/MeOH, 0 °C; (k) 4 N HCI/1,4-dioxane, 64% (5 steps); (I) l-arylacetic acid,
(i-Pr)2EtN, HATU, CH,CI,, 74%—quant.; (m) 2 N ag. NaOH, THF/MeOH, 90-97%.

Bttt T 28 @ Boc JhZREL, HONT-VT 2 K% 160 °C OINESE T, Hinig ¥k %2 H

WTHFHNBRILEE, 5l&HE 6 (LD k7 X% Boc EfR#ETHZ LTk TEIAT I LY
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T 29 2t L7z, RIZ Scheme 3 DAY 22 H 6 23 ~DZHA & [RIRE DAV SO S8 2 F
T 29 OT U IVEMNL % A F )V AT )L EE Wt 14 F Boc AR E LT- 30 57, XIS
L7 V=)= N ET I REA S, HEBICIKD#EEZITH Z & TS5ALICR)-FifR~= » k

A7 5 HHMLA Y 3la-31c & 2RI AR LT,

o BEMEEREA LD T P ALE Y DAY RS

REOE—HIICBWTAEM LI, 5ALICBERLZEA LT B ALEMIT OV T, b M=y
A BRS-37 Z =X MEME (ECsofl) 3 X UHEHEM: (Log D74) DR A1 T >7- (Table 7) ., Tk
TOARBRFINC LY | BRI R OB ISR/ S WIEEEROEANTETH D Z LN nho
TWeT2 (F— 2 EHBH)  BMEETHI AR A EA LT 19a 280 L=23, K7
TEMEIES & 7eoTc, LI LBURIRWZ &I, RFE#HZ 1 REMELLEHMR2=y F 2 A7 5 19

TIXTEMEDS 13a L RFRE £ THIBICEE L, 7> Log Du b 1.2 T TEBTHZ LN TE /-, 19a
PMETEMETH D IRIKDZLZIZOW T, RET ORI R E W fFar 7+ A= a VOH TR
R5, UTEE VB S MA~OEHRIE RPEAIC L o TRARZENAE Uizloh, AWIEMEO @O
FLPEIR (eutomer) DOIFE(EZHAFE L. BIfE Scheme 3 TR L& Z2HWTH I L0 T 22 HWTH
T ) U F A~ —(R)-19b, (S)-19b Z/ff - Pl AZIT o7z, T ORK, THRE Y (EBETF T A~
—ToHDHR)-19 OAIEMEEZA L, 78I 13a LV IEMED SERER ET5Z &AM L, 2
B, Ko F A~ — O EREE X TV T A5BEH RO (R)-19b &, Scheme 4 T/R L7-A
BT VILEOE (IbE&% 25—526) 22 B85 B2 BRI#I(R)-19b & DX T V71 T L HTIZE T 2 REF

BRI O — Bz LW iEL TV 5,

22



Table 7. ECs¢ and Log D74 values of BRS-3 agonists 13a, 19a, (R)-19b, (S)-19b and 31a-31c.

H 8

1 2 Human BRS-3  Mouse BRS-3 b
Compound R R ECeo (NM)? EC.o (NM)? Log D
13a Ph H 8.5 12.2 4.5
19a Ph CO,H 1562 2260 ND®
19b Ph CH,CO,H 13 15 1.2
(R)-19b }
(less polar) Ph (R)-CH,CO,H 1.6 3.4 1.2
(S)-19b Ph (S)-CH,CO,H 2071 3124 1.2
(more polar)
3la p-F-Ph (R)-CH,COH 1.7 2.7 1.2
31b i-Bu (R)-CH,COH 17 62 0.9

N

31c /\ \ (R)-CH,COH 1.7 3.5 0.3

% Data are averages of at least 3 times repeated measurement.
® The distribution coefficients (Log D7.4) were measured between 1-octanol and phosphate buffered saline (pH 7.4).
° Not determined.

ZOXIITHIB L =y MEAZBWTR)- KO ETEEEZRFF LI &0, REARIZED
(R)-HEfE = b OB ANHERMWHFER AR ZED D ETHE L 7257z, FFE, Scheme 4 (277
N—= R THFINANTTEE U EPMA0 2050, Zh&H EHENE (Table 6) THidEE - f1f2
FE DR & FE o B e AR EAL (bA 9 13d, 130, 130) ZHlABbED Z & T, LR 5fE
AR T £ 72I3fEE R B L7 Ab & 31a-31c 245 L7z, FFIZ 6- A Fv-3-') Uik a A4 % 3lc
TIEINE TTRbEEELDIREE S FH L <K< (LogD74=0.3) . AFENFNZEfE L TV K
HXBITR BRS-3 7 A= MZABLIEAELEMEF 25,

ARETEHEONT-ALILEY 134, 31b, 31c IO W T, FREMMEIL L O~ 7 2 & Hv 7z PK iR
ATV ALE Ot X OB ATIEZ B L7- (Table 8) . MillRAME(LGY 13a TlE, RV
e KO LZEMICLID v ZMPIRENR A+ THY ., EHICHFmERER (polar
surface area, PSA) MMEMETH v MK Z A S 2l CE 2720, FHEBATIE S i ay & fE &

2o TW5 (Kp_brain=0.72) , —F. ¥ T7/EEL = k%&F- 31b, 31c TiXiLd ¥ 37 fEE
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7 U —{kFE (PBfree) b LA L, WM EEFE > Ty o AMHIREET J O H B S L
7=, & BT 31b, 31c D PSA IZHAETH % 7= O FHXBATIEIT M D TR < | e BARIRATED 31c TZ
OB N KL L T b (Kp_brain = 0.002) .

2D XN, TP OBEE) AL E A~ O REEA 512 K D AR MRS & o T, AW - PK
NT A =2 OUER L OMRFHREBATIEAL & [FIRF IS ZER T 5 2 & A TE T,

Table 8. Physical properties and mouse PK parameters of 13a, 31b and 31c.

mouse Solubility
Compd BRS-3  LogD® JP1/JP2 ZE)Eree (Cm‘"‘/xml_)c ?hl:c e (T;;Z '(\(/J'A)S)d PSA® '\K/'Og:nf
ECso ("M) (ug/mL) Ko Ko P
13a 12 4.5 11/5.1 0.67 0.060 0.041 0.82 0.70 53 0.72¢
31b 62 0.9 40/810 3.3 0.36 0.39 3.7 70 88 0.043¢
31c 3.5 0.3 960/950 4.6 0.090 0.20 2.6 94 98 0.0029"

® The distribution coefficients (Log D.4) were measured between 1-octanol and phosphate buffered saline (pH 7.4).
® Unbound fractions (%) in mouse plasma. PB: Protein Binding.
¢ Average of 2 mice dosed at 10 mg/kg po. Each dose was administered by DMA/PG/(20% HPBCD/saline):

10/10/80 as a solvent.

4 Remaining (%) of the tested compound after 0.5 h incubation with mouse liver microsome.

® Polar surface area (A?).

" Kp brain: brain to plasma concentration ratio.

9Kp value was determined after a single administration of compound at 30 mg/kg po. to mice. The measurement
of each concentration was conducted at 2.5 h after administration.

" Measured by racemic compound of 31c.

F=F HEMZZHAWEXR I VBB FOKREICETELR

HifEf Table 7 TR LIZ L DI Hie = = v M &2 F>{LEW 190 I XZ D= F o F A4 ~—H ((R)-19b,
(S)-19b) Tkt R/~ AW FIZEBVTH 1000 fFREEDFE LWIEMENGFET D, — ), K2 X
O—FEToh 5 BRS-31IZDfE M EN R TH D720, insilico IZBIT D Ky FxF 7 A¥T ¢ % H
W HEERATIIARFATRE CTh o 7o, £ 2T, ZOBHBREWERZIZHOWT, FHEIFHFIEZ V- &
LESHREEORBIC IV S Farv i A—va OB SN OHAIS D EREEE L (Fig. 7) .

EE% 190 R0 31b 72 & 3 T A RIS N E Y P U B E CHa X nn M EER %2 AT 585403
RENTT2H, ZHHMBHIC K 2B 2N 2 B THRFEIL LET WbEW a2 v, & ESL

IRECRE 2 B L 7= (OPLS-2005 fifi i, EBRIESR) |
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(R)-19b DEF /MALAY A Tik, BLZTERE S LT FRig 71O7RT & 9 22 M | (Fig—~=v FRY
TEEVRYEE LY BIfET 23R A —vay) DL 2 ERmho7=, Merck &% 3b
b RS BB S VBRSO X B S SR 2 DI T b e T A Y ~— & U TR |
EHETHZENRENTEY . ZoLEBROBEREK BRS-3 ICx L TEWEFMELZ A LT
LT ENMREIND, MATEMDOR)-HEfEL = FDNKEEDLENS | T MEEW A DRE
B = NRUTEEVEEER LY FICALES HEE I (Fig. 8 ) ~ORKERIZEVIEZYIC
KWL TRDOHLEELWVWHHA~—EDRBEENRNELTND EEZBND (LEA(I-11) = Ea(l) -
Ea(ll) =+22kcal/mol) , o X912, 7THER ESMICF I VER==y b RIK) ZEATHZ L
T G TRV O B TR AR SR DA IS . SRS RRIC K D BB | ~DBREERNR AN E T, (&M
SEHDREN L ST, Merck 27 B ¥ ALEY 3b 1d. BLE | ~DEELD 72 DI IR D~
TREZEE L, MiIAFICL o TEIEET ha 77 A4 VY ~—L L THBESh T, LorL, KREMKE

INREEZ2 % T V7 T 2T KD BMERSBEIARAF L TV D & RIRFC T TR a2 7 ' I T

R

FTHMEALHE SN TS 9, —J BT A IRPOICHEET B RE FICS T VERER
WAL, 7 BEREED B EE ER L AR SO TET, RFEE SOOI L B EEELE K

LHMMDOHIET —~ DHEEIZBISHARETH S 9,

(model of (R)-19b)
AE(I-1II)
(kcal/mol)

+2.2

Figure 7. Calculated molecular model structure of compound A with configuration | for the most
stable conformer (hydrogen atoms are omitted for clarity).
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BRSAE 148
(%ﬁﬁ%ﬂ%&h) BRS=#ME

(o]
Y. o
HO" =
e 0
.
F3C )] N

AE(I—II)
(kcal/moal)

Figure 8. Calculated molecular model structure of (S)-19b with configuration | or Il (hydrogen
atoms are omitted for clarity).

WAZFEFED(S)-19b & VT invitro (2815 % BRS-3 i MEEHNE R L OGHEAL I L 2 KL ER
JERI DR T v % VE RV F — 2T 5 ERBNZE LTV RET VLS AR O Z YA R
AE L7z (Fig.8) o meZEmiE L L TR Il 24 L, BRS-31TxF LIKIEMETH 5 (S)-19b 12t L, &
IEMERIECEE  (active conformer) T HELE | ZE D DIZHERRT ¥ ¥y VX VX —%E %5
H3 % & Eg) 10 (1= 1) = Egs)10p (1) = Eqsya0n (1) = =3.1 keal/mol T - 7=, > F ¥, (S)-19b i+ BRS-3
CHHEAERTAEOICARNRay 73 A—ay (B ) ~Z{bd 5 E. 3.1 keal/mol 4y D% &1L
THNAF— (BER~OHFT)) ZHEALTNWDLZ &I D,

—J7 . RISERER & R0 B L ARGy T R E OVRIR P COMBEER KelX, TROFTAFHT 1L
¥F—0EREATRRBEND (eq. 1) ., & Z T Table 7 T/ L7Z(R)-19b, (S)-19b ®~ 7 % BRS-3 in
vitro {EPEfE (MECso, M) & ## & E L K((r)-100), K(s)-100) & #7828 L. =il & 25 °C (298 K) & L TTHU
~m A L7z,

/G =-RTInKy4 (eq. 1)
A5 ((R)-19b—(S)-19b) = ~RTIN(K(s)-190) /K(R)-195))
= ~1.987 x 298 x In(3124/3.4) = ~4.0 (kcal/mol)
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COREE., EROEMEEICKE SV 190 OSEREEROF T X EH AT XL F— %G
((R)-19b—(S)-19b)i%—4.0 kcal/mol & 72> 7=, (S)-19b D iEcFE BMAAB DR T >3 ¥ b R )L F—
ZIZEA L CEHEFIICREH L2 JE &, FHENS BB > A6 RNb HFRED—H AR L
e, FTNAERa =y FORENCHET ORI O XY EE BT HT—F EF 25,

WIZ, T EBE VB E ST AR F VVERER L7z 19a 123880 T BRS-3 &M TH R L 72K
oW, ABEE= T > F 4 ~— (eutomer) TH5DH &L THENS(S)-19a DET WMLEM B %
AWTERLZEREZRE L72L 2A, (R)-19b & [FAERICEE 1 2 &5 2 &AL (Fig.9) . Z
DFER. PSEWAARFVERITRZICEET 2720, RIS L TRIEREE LM A N TR
. EEARHBELMETHD =R XF—3 (5.0 kcal/mol) DO#IFAN T 7 EBEAHE L 72 B 11 IXAFAE
L7272 (AEg (I—11) = Eg(l) - Eg (1) > +5.0 kcal/mol) ., ZDOFEFE X, T MLEW B IZBWT
B TE TR BLEE | 2 BELE 1| ~Z b3 51213472 < & % 5.0 keal/mol B E oD = ¢ L 3 — [@RE DSFAE L
THEY, ZOBRKED LIS SEHARF VML ST 57 2 RE AL R =03 & OSIRRF,
HENEICLDBDOTHL I LETRRLTWD, T72bb5, (S)-19a 23 %K) BRS-3 LA TS
72 Fig9 T/r L7z B ORENS | fiizy (BRRYZ /37 L O BRI G 72) RinldE 25
7 I FEED A T 3 A= a VBT DB 26 R K 2 8 TIRIEME 2 7R LU 7o vl ek

AR PR

(model of (S)-19a)
>5.0

AE(I-II)
(kcal/mol)

Figure 9. Calculated molecular model structures of B with configuration | as a model of (S)-19a
(hydrogen atoms are omitted for clarity).
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IO X, FHEALFRFIE L EEBEO BRS-3EMMHEAZMT 5 2 L T, 5% T AFgL =
DFFOBREENRIET Tl BT HRRE AW ER&ER. B X OEIETER BT L 5 ArE

RPN ERED VR F I NVETRER~L=y P THLIBEEICONTHEERTEI,

BIE  NE

ARETIE, FEoEmTHIHR B EEMmICK L, T B VR LS ALICHERE T = > b & LIRE
RINZEANT 5 Z LI Lo T, &7 51EM A Lo DR SR % Win L= (&% 31b, 31c % 115
L7z (Fig. 10) ., 31b, 3lc (Z#I#Hi R L O~ 7 2 PKERBRICI W T, RIEEMEICH R L2 BRAF 72
M7 a7 7 ANVEBLOMHFREZAE L TEBY ., D TURWHFREITE (Kp_brain) Z/xL72, Z
ORI EATME BRS-3 7 =& ME, KiH% BRS-3 BINAICIEH T2 Z & THIKRHSROREIE
MAEERET 2 Z LS, Bift2 =y MEAICK 2 =) v F A~ —RMOEEEZ G EATH
FIEIC Lo TELRLIZ L Z A, BIEER)-=F v T4~ —190 [T EHRIF 1 | C(S)-BlIE % e 2 ENLAR
FLAEE LTAHLTERY it~ =y M X 2BEEIEE G (L) Ik BRS-3 1 HEFEBL~AF]

TRBLJE A~ DE TE R RS- S 4T,

Compound 31b 3lc
Q N
O ; i
= N (o)
| ) BRS-3 EC_,(Wm, nM) 17/ 62 1.7/35
FsC” N N Log D, , 0.9 0.3
Kp_brain 0.043 0.0022

aMeasured by racemic compound of 31c.

Figure 10. ECs, Log D+ 4 (pH = 7.4), and Kp_brain values of novel BRS-3 agonists 31b and 31c.
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EHUE 775Ky 7B BRS-37I=X |

T8 SORAZTEBITHEREZER LT T KT v S FEORA

5 =B ClIEIE M IR BAT L &4 31b, 3lc Z M4 L7223, RAX R O REIER 2 5242 [A]
BT D2 0ITE, < ED R TR A~ OILE WIREE & B RALLUT O L ~Lk TIRET 2 LB
EZbl, £Z T, —MIHHIETH L AT oA RREANHENATWD 70T RIv7
bl LWIFREVEH NS ZEELE (Fig 1l) . T72DbL, TR~ LT WERERE (=
AT V) BT Ko T, DAL E D DRI TR BIETE PR~ & e A =
v, 7R 6 N R~ OTEMEIRIREE 2 R S & 5 2 & THXR BRS-3 fEM Bk 5 FiET
HbH, INETIANESLE BREYT B AMLEDRHT. TN B IEERBUCA K s dH 5
FREDRE SOREMENVLATH Y . ORI EREIEFATEN LN LV L TV 2z,
O-V o W—HMra = AT NVIRICEMRM L T T R v k&7 2 & L Lic, RFEEZSFAHRAO
TILFVEBA 3 BLOT U — VBRI SICICEA LZE 2 A T U — LT ATV EAT LA
¥ (Fig. 11, R = Ph) O&A TIHEMENHEE L (F—# FEHE), €2 CEEE RICITFET L ¥
NEEEBATHZ &L L, AGFEEERIC L TEMEEFMMB L O~ 2 PKRBRICE > T, 7

TRIZ T ELTCOENZT 0 7 7 AN ERT HILEMORKEEIT ST,

0] (0]
HO HO
= N OJ\R acting on = N OH
| ) intestinal BRS-3 | )
FsC” NN _L FaC” SN N
H . H
metabolic

0 e 0
j\/@\( inactivation j\/@\(
Z N R Z N

BRS-3 active BRS-3 inactive

Figure 11. lllustration of ante-drug applied to 31b and 31c.
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ETIEH TUT RSB TREMEEMDERR

TrT RT TR TE Y AbA Y 35a-35f 35 KL O 37a-37f 1%, & = Scheme 4 TH/F T L
A 29 2 HREWE L LTAM L7 (Scheme5) , HIFEWE 29 % Ald & [FEED A R #15 %
WTRU DNV T AT AR 32 ~ & Btk . WBPESE R T Boc KA BifRi L C 33 ZMEmE L L TH
BEL7-, 73— i T CHBIRMICT 2 > LA TTRER MG AH DMT-MM 22 T 7 = /) —
V34 HfGT, THNERFET VRNAEMEE v ) e DOREEH, KBERIMZ K> TRV VAR
PN ifri# L 35b-35f A p Lz, —F. ZEBFBRT AT )L 37a-37f IZ O\ Tk, Hifgh 33 (12
XURINT 2P HNAR BT ) T AT VAT X Niffie S8 RO TKERINC LD A2 kic

XoTHLNT,

-2HCI
Boc Bn‘O BrLO
N a—d e
o ) : )
N
H
32 33
(0]
fe) g for 35a
f BnO hifor 3sb-3st MO oR
33 — ~ N OH
<L)
F3C N N
H

35a (R=H)

35b (R = CO-i-Pr)

35¢ (R = CO-i-Bu)
35d (R = CO-n-Bu)
35e (R = COCH,-c-Pr)
35f (R = COCH,t-Bu)

o}
o k for 37a
j BnO o  |for37b-37f HO 0
33— N ‘R > o.
= = N R
| ) o)
X N
F3C N N
H

37a (R=H)

37b R =i-Pr)

37c (R = i-Bu)

37d (R = n-Bu)
37e (R = CH,-c-Pr)
37f (R = CH,t-Bu)
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Scheme 5. Reagents and conditions: (a) 2.5% 0OsO,/i-PrOH, N-methylmorpholine oxide,
acetone/H,O, 0 °C~rt; (b) NalO4, THF/H,O; (c) NaClO,, NaH,PO4-2H,0, 2-methyl-2-butene,
t-BUOH/H,0; (d) BnBr, K,CO3, acetone, 60 °C; (e) 4 N HCI/1,4-dioxane, 80% (5 steps); (f)
(3-hydroxyphenyl)acetic acid, DMT-MM, MeOH, 77%; (g) H,, Pd-C, EtOH, 87%; (h) alkylacyl
chloride, EtzN, CH,Cl,; (i) H,, Pd-C, EtOH, 46—-96% (2 steps); (j) arylacetic acid, (i-Pr),EtN, HATU,
CH,Cl,; (k) 2 N ag. NaOH, THF/MeOH, quant.; (I) H,, Pd—C, EtOH, 74-80% (2 steps).

B=E TUT RT v IRUT Y ACEY DLW FERTAMR

REF HTERLET VT 7 v 7B EMIZONT, B M~ T ABRS3IZBITL7 F=
FEM: (ECsofE) @ in vitro fEAi 21T > 7= (Table 9) . Bl CTilk~~7= X 912, HHIREREL S DETE
PEATEVERBICMAE W) MR Z T D X912, 7=/ — Uik 35a 3Gt 2 e elcilk Lz, —
FAYTrENLTZ AT NI LT AFAEEZNEEm LTS EFERIT ER L xAFXFor
T A7)V 35f Tk MIHBWT 10nM LA F O @EIEMEE R L7z, mifi T LR ATIE(L &9 31b
EHBLTCH. AT AEEHA LA Y 7 F v 27 )L 36¢ [T W@ 0 [RIFRE OTEMEZ2 fFF L C

WHZEDBHBMNE ST,

Table 9. ECs, values of BRS-3 agonists 31b and 35a—35f.

N
35b-35f : 35a
Compound R Human BRS-3 ECs, (NM)*® Mouse BRS-3 ECs, (nM)*
31b - 17 62
35a - >10000 >10000
35b i-Pr 68 282
35¢ i-Bu 12 43
35d n-Bu 19 35
35e CH,-c-Pr 42 81
35f CH,-t-Bu 8.7 20

® Data are averages of repeated measurements at least 3 times.
7 REWRTEER 37a-37f OGETEEMBZ LI FIZaRd (Table 10) , 7 = / — /LB (K 35a-35f

DG LR UL ARICIEEHEEZ FF 220D VAR CBRIR 37a l33EEMETH Y | 7% Lo X
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T b L7z 37b-37f TIXBAFRIEEEZ R LT, I A Y 7 F VR Lo S Em S 2 H 7 % 37¢-37f
ICBWTIZE M~ Z2DOWT i H ECso i 10nM LA FOEIEETHY, 7=/ — L= AT LD
HOLEWRE (35b-35f) &Il L, 2RRITIENED B 2R e,
TOEIC ARKETIIT T F7 v 7{bx B L CEREHFARMED & Wy 1A RIREALIC % B
L. O-U v —%aRMONCARLZEIRT AT VI~ B LT L 2 A IEERHER - SET 52 & %
R L7,

Table 10. ECs values of BRS-3 agonists 37a-37f.

H
37b-371

Compound R Human BRS-3 ECs, (nM)? Mouse BRS-3 ECs, (nM)?
37a H >10000 >10000

37b i-Pr 40 45

37c i-Bu 4.2 5.4

37d n-Bu 4.0 5.6

37e CHj,-c-Pr 3.4 3.7

37f CH,-t-Bu 5.6 8.1

® Data are averages of repeated measurements at least 3 times.
EUE TUT RT v SRS T R UAEY O RYERE M

ATETCHUS L7 7 = / — /L= 2 7 /UK 35a-35f 33 L OV B &R K 37a-37f ICKf L, 77 KT »
7L L THRERPK T 7 7 A NVERT AW ERKT D520, ~ U AR OHKE 2 KB ETO
TEPER R K OIREME AR O PR ERE 21T > 72 (Table11) . 972 b b miEME= A2 7 /L {K 35b-35f,
37b-37f NHALE T FEBLT % BRS-3IT/EM L 72 RICIHILERE OIS 4L, RHERMICAD £ T
CAERNRH & 321, FETENR 35a £ 7213 37a ~EH S S BIA &G L7,

TREFRT ATV 37b-37f X7 = / — /L= A7 L 35b-35f & &IRIMNIZ kA5 @iEtEE 632 b
DO, MHIZEBWTEMER CREMER) 2385 T Uiz, S2ES IGPERIT33 2 3B (AN)

X, b7 37c (R=COpi-Bu) T 0.0145 Zos L. R0 S IEMARD A% 2 ~ DR FE 53 %
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A& N, —77. 35b=35f [T AR K DK S Z £ 0 2174 < . 35b, 35¢, 35e DiFE

MR CIZmF cae<mEanrolz (AN1=0) ., Fig. 12 (Z:7T L 212, &0 biFx b IEEEERD

e I H R BE D iR v o 72 35¢ 13 B4 0-2 FERIIC B8 W) THREARFETE MR 35a DA & K L 72 (Cpax OF

=126 uM, A/l =0) , 728, {LEW 3Ba DAHEFRIFMETY T AR OELE %

S =

T2 &, 1FEAEM

FHZIRTE S 720 (Coax = 0.04 uM, 30 mg/kg) . Z DR 5, 35c X 1HAL & i EE £ Tl IdmE)

I —TEBNEMERE L THEME L, EFER M PICREGET S £ TICAERNRHHC L > Te T 35 1c%

WENTWAZERRBEIND, FICIDODA IV TFAREEETAH T2 ) — LT AT )L 35¢c #HLE

BT TRy 7RUEEME U TERE L, RETORD AR 2 Efid 25 2 & & Lz,

Table 11. Mouse PK parameters of 35b—35f and 37b-37f.

Mouse PK (po, 30 mg/kg)®

Active compound (A) Inactive metabolite (1)

Cmax (UM) of A Cmax (M) of | Ratio of A/l
35b (R = O,C-i-Pr) 35a (R = OH) 0o° 0.68 0o°
35¢ (R = 0,C-i-Bu) 35a (R = OH) o° 1.26 o°
35d (R = 0,C-n-Bu) 35a (R = OH) 0.0285 1.63 0.0175
35e (R = 0,CCH,-c-Pr)  35a (R = OH) o° 0.607 o°
35f (R = 0,CCH,-t-Bu)  35a (R = OH) 0.0058 0.0325 0.179
37b (R = CO,-i-Pr) 37a (R = CO,H) 1.24 0.918 1.35
37¢ (R = CO,-i-Bu) 37a (R = CO,H) 0.0308 2.12 0.0145
37d (R = CO,-n-Bu) 37a (R = CO,H) 0.0285 1.63 0.0175
37e (R = CO,CHy-c-Pr)  37a (R = CO,H) 0.0393 0.300 0.131
37f (R = CO,CH,t-Bu)  37a (R = CO,H) 0.0127 0.197 0.0643

@ Average of 2 or 3 mice dosed at 30 mg/kg po. Each dose was administered with 0.5% MC (methyl cellulose) as a

solvent.
® Under limit of qualification.
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Figure 12. PK profile of 35¢ (mice, 30 mg/kg, po, n = 2).

HLAY 35¢c OIEE, WIS L OVPK 27 7 A L& 57T (Table 12) , Bk O X 512K
Ui 7 VDA L o T BRS-3 7 A=A MEWEITA L A THIBEAEETH D O A, HEEMEN
#0352 DAKREME S @< EIMCHEH ST WHEE A A L TWD, £, RISy PR
T (PSA) 28 75A2LL RI272 % LAY M B P 2 @it LIz < < R0 . FIRBITHEME T 5
ZEBRMBENTWS P Wz, 35¢, 35a D PSA 75 100A%LL LD @A77 2 &%, FAXR BRS-3
HREOBIER 28+ 5 ETE L T\Wb, 35c D PK 717 7 A L%, Fig. 12 IR T &k 9zl T
EHEERNE R S Zen—T7, FEIEMEAR 35a 1328 Chx BEZRT 720, 77 K

Ty 7L LUTRIERMETH 2,
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Table 12. Physical properties and mouse PK parameters of 35¢ and its metabolite 35a.

@]
O O
HO U\
yZ N O
L)
F3C N N
H 35¢
In vitro ECsq Solubility PB d d d d
Compd (human/mouse, Iboga JP1/JP2  free® PSA® Ih'gax (Cma/XmL) '(AF]L:C mL) -(rhl)’z
nM) 74 (uMimL) (%) Hg i
35c
(active 12/43 0.7 62/900 10.8 1015 ND°® O of of
compound)
35a
(inactive >10000/>10000 -0.8 750/780 >30.0 101.0 0.259 1.269 1.239 0.259
metabolite)

® The distribution coefficients (Log D7.4) were measured between 1-octanol and phosphate buffered saline (pH 7.4).

® Unbound fractions (%) in mouse plasma. PB: Protein Binding.

® Polar surface area (A?).

4 Average of 2 mice dosed at 30 mg/kg po. Each dose was administered with 0.5% MC (methyl cellulose) as a
solvent.

¢ Not determined.

"under limit of qualification.

9 Each PK parameter of 35a was observed in the administration of 35¢ at 30 mg/kg po.

BHE 77 FT7 v 7ELEY 35c DIELHFEMm

A CELNZ, ToT RI v 7 ELTEELWPK e 7 7 A vEAT % 35¢c 2% LT, 1H
LEEMA BRS-3 7 2 =2 b & L TOHNEMIEMN 27 ~< | %~ v % (C57BLI6N ~ 7 )
W ERMGIRER 21T -7 (Fig. 13) ,C57BL/6N ~ 7 A 2% L fbA% 35¢ % 1, 3, 10, 30 mg/kg
O 4 AEICTROEREL LzE 25, AREKEFENZBEROMEIA R SN, FilkEmMAED
30 mg/kg #HIZEB VT, vehicle &G RECxF LFEFHICAE B2 EBRMHEERZBA SNz (P <
0.05) . AMBEIZEBVWTH 0NOEEEOIMFIN O Z &b, KERGRBREZITY) 2 LIk
D R 72 =k L X — RO T ZAUSHE D PUERER (REBAER) BfSh D, FEE.
JHAEE T /LD dbldb 7 2~ 12 H M AE#E A #5308k 10 mg/kg 2B W T, mABtEY U (kr B
=27 A=A R) LIRS (B0%RE) OERERINIEI OIS RS (F— 2B o 2o

EEMHEIVERN BRS-3 KiERI~ T 2% HWIZRGEBORB TR ONZ o722 & B L OTEHERK
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35c DM HIRFEN BRI S NR 2722 b REEWITIELE ITFBLT 5 BRS-3 IZIEMT 5
LETHEGERBELI-bDEEZLND,

LLEX Y FMET 7 BT v 27 35¢ 12 & - TRIEAR BRS-3 A RO RIFIC K 5L (FE M
HEM) Z 0l TR LTc, RRFIC, PREBITRIEYW TH 5 Merck tLA% 3a, 3b Ot H 5
AR T S B RMEERIZ. PARREROA TR < Z0—H2AHLE kD BRS-3 ~Dil

WaEMLTWDEZERHALMNTR o T,

1

1.6

Cumulative food intake

3 10 30 (mak
Vehicle (mglkg)

Compound 35¢

Figure 13. Effect of 35¢c on food intake in C57BL/6N mice. Mice were fasted for 16 hours and fed
normal chow 1 hr after the compound administration. Cumulative food intake of each mouse over 6
hours was measured. Data are mean £S.E.M. n = 4-5. *, P < 0.05, Dunnett’s test.

BTBAE TUT N7y 7BEY 35c ODLMERY X7 FAM

WIT, 35C ZFREMALE T B — 7V RICEIRF e G- (iv infusion) 5 Z &2 L - T, L %
(cardiovascular, CV) U A 7 FliikBr 2175 2 & & L=, CV U R 7 3HIaRBR L. *REW O LK
(heart rate, HR) <°IfiL/£ (blood pressure, BP) ZE#h% fRIFHIICE =% —4 5 Z & THRHEDRIME
M %5 2 5ETH Y . Merck tH{EE& % 1 (MK-5046) DEEKRBIZ L AVWbhihiEch s, K
RERIZIBNWT, 7T T v 7 35¢ 36 L UK B Re DSl L 72 AR P AT (L &% 31lb D CV U
A7 Ef T S Z ik AFRARHEZ TR T VW AT VEOEAN, T RbbLT T T
v 7L & S FIE NS AR O IR 2 BRI HEEE L TV D 0 & MEE L 72 (Fig. 14) . 31b, 35¢ i
FhEhone 2 URLE L7 e — LR (n=2) 12X L., 30 57 [EA ) T 3 mg/kg/3 mL @ HEHIE
WA TR RLIEA L7z, 31b D56 | BREEHR G4 TR (30 /018) Ty —H L THINL T
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W5, MEICELTH, —flDoA X (animal #2) ICBWTHREK 7T HHHEIC LR E2RLTE

V. EEE L TORBHER 2N INEEC e o 72720 5Bk 48 nE ORF R TRRAZ PR LT,

—7

T, 35¢ ICRI L TliE. OFIEIIE B Z 10%F8 FE o EAME R, 3 X OUILE L 10 mmHg AN %%

RN E D L0 ) BRIFRFEREZEZ, 7ok, ARBRIZHE VT 10 mmHg FE O M+ EA1X

vehicle e EREICH R ONHPFTHLTH D,

(a)

HR change (+% from pre)

(

g

BP change (1 mmHg from pre)

80
70
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40
30
20
10
0
-10
-20

|| —4— 31b, animal #1
—8— 31b, animal #2
—— 35c,animal #1

| =~ 35¢,animal #2

iv infusion

0 15 30 45 60

Time (min)

| | —d— 31D, animal #1
—8— 31b, animal #2
——35C, animal #1
—8— 35¢C, animal #2

iv infusion

0 15 30 45 60

Time (min)

Figure 14. Effect of 31b (animal #1, #2, red) and 35c (animal #1, #2, blue) on (a) heart rate (HR)
and (b) blood pressure (BP) in dogs (n = 2/group). The compound 31b and ante-drug 35c were
administered to halothane anaesthetized dogs at 3 mg/kg/3 mL for 30 min by iv infusion (the
duration of the iv infusion is shown as a light blue zone). Cardiovascular (CV) change was
normalized by the pre-administration values (at O min) for the heart rate and blood pressure. The
observation of the animal #2 was forcibly stopped at 48 min (18 min after completing dosage) due
to the difficulty of anesthetic maintenance.
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Table 13. Dog PK parameters of 31b and 35c¢.?

Blood conc. (uM) at 30 min Blood conc. (uM) at 60 min
Compound . - g -
animal #1 animal #2 animal #1 animal #2
31b 16.85 18.67 1.01 1.28
35¢ 1.73 1.39 0 0

@ Test compounds were dispersed in 20% v/w HPBCD solution, at the concentration of 1 mg/mL. Dogs were
anesthetized with halothane (0.5-1.5% end-tidal concentration) proceeded by intravenous injection of thiopental
(30 mg/kg of body weight).

(PR EE & PR EE OB A TR~ D 72 F5-BRI 5 30, 60 43 1% D AALE ) O i i BE % ) E
L7 (Table13) .30 43 C3 T, 31b (F LAY S WML PR EZ 7R LT Y (Caomin = 16-19 uM),
RN L > TR T 560D, 603% TH 1 pM FEE O 1 P EREE A fEdd Lo, xFRRAYIZ. 35¢
TITE G TEZ O 30 0% O S TEEICERW I EE (Csomin=1.3-1.7 uM) TH V| 60 511X
THNTRHERANSEEIICHEEL TV, 20X 51T, 35ciIA XITBWTH, EYEREmIc T
YT RT v TE L TCORMEERMICEBEL TWAZ ERHLNE ST, Thbb ., 14K
(BN LT AT VED | G RFNE L O GBI A RNEERIZ & o TR iR 2
ZF, PR EEZ R IERMA~DIEERIBZEZBRE CIKTSEZ, twH e Thd, —H.
31b BIEFIARVFARFEATIE (Kp_brain = 0.043) TH L Z L& BET 5D L. Kp EOM/IMED AT
LE/NT A—4— (HR, BP) OZE#Z5%ERICERET D2 Z L IINRVRNETHL Z L Z2REB LT
W5,

PLEDORERE Y 3Bc @A LT T R v 7kl FEICL > T, FRARRBIEHRTH 50

MmE%Y A2 (HR,BP OZAH) NEGEAHE THDL Z ERHLMNE T2,
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BEME NG

ARETIX, B THARTRBITHEEY 31b 121 5, I < ED72 PA R~ I g E % (1]
WS D720, X0 rehomnT o7 NIy Z7fbFREEZHWS 2 &L L (Fig. 15) . T/b b,
BRI A O R WA RIS 0 ~MUHIIC AL E R = AT VA KFEEANT 5 2 L T PR~
DTEVERRE 2R T 2720, aT VX NVEEZH/TLT7 07 N7 v 7 OERK - A5 i) a2 52
fiti L7z,

~ U A PKRBRIZ L o T kA RS/ S & RO 7 L I8 A 38 A L 7= (kA& 8 35b-35f, 37b-
St DHH, A YT FNHERD 3B WHVE Y M T BB INT . D OoORIEERHY 35a D
MABRENR R KR E D Z e /A LT,

Invivo F4hFkBR & L C 35¢ &~ v A CHERE NG L7z & 2 A, 1-30 mg/kg (2350 T R
TR B MR 2 R L,

AR R~ DL VIR & LT, BRERLE L7 A X ~OHREFH 512 X 5 08 R (CV)
U A 2 Gl & F2hE L7 AR OB AT IE(L A 31b TIE—PEDE G TR 22 DA LB L OFE T 0O
ME BNl SN0 L, 77 KT v 2 35¢ TR /RT A —ZIZBIT2HERE(ITAD
AT, PR EROEIEH OB Z /T 22 E LWERE ST, &5 30, 60 55 % OE&W iR
EEPE L2 A, HDHEREORFEEZRDT 31b 12K L, 35¢ TIXMFigREENFE < | 2H1H

B ~DAL G DOERLF & OHGR ~DBREE 750 A9 Bk &S 7z,

- iwmﬁﬁ
FsC N N (F3EMHAE) FsC

H
35¢c

O
HILEBRS 3 o
_ /l N OH
.90,
H

BRS-3 EC,,(Wm, nM) 17/ 43 >10000 / >10000
BRS-3 active BRS-3 inactive

Figure 15. BRS-3 agonist 35¢ with ante-drug profile.
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*eIE

1T, LB 72 R HR BRS-3 #45H & LR P IRBATE LS MOBREMEIERIC LS. XV
LAMED @V RPUERFE OB I 2 5 L | SRR & PR ENE BN 2 N LT 7 R
7 v 7" 35c =45 L7z (Fig. 16) .

FTHTS L E ozt v MEAEY 2a, 2b 1 1 O Merck #LEGRAL &9 3a (MK-7725) D id&%H
LI E R L, MEm L e EdGEZ BRR L) RYTEE L 3bIZBITH C/X— hOFFER
frE. BEXO B N=h DALV KR Y U —EWE2AToTc, TS XD o5 FRENE 2 AR L 7o EiE
MbE Y 13a 245 L7z, L2 L 13aldmlEdtE (Log D74=4.5) 1T K AR E M0 m TR
TP L0 | IREEMEAIRE S LB L 75Tz, £ 2 C13a ~OMEEOEAZKRF LIz A, VT8
v UBR ESAICHEfE = v N A FFO 190 TIEMR L OWIEdER R b7z (Log Dr4=1.2) ., &KIC
XTINHTLERNE 190 DLER EAFREONFSENZLY, RIKTH S (R)-190 DA BRS-3
EHEEAT L2 2R L, AEARIEOEBBEHZE Y. Ellman OF TV AL T f =LA
Y ERWTESLARRIRE T U VN K o T2 O &EIETES 7 U{b&Y 3la-3lc OREME K%
R LT,

&AW 13a, 31b, 31c DY, ~ T A PK /N T A= —%JE LIz & 2 A ARAREMEAL G 31b,
lc iFM G ToMmPIREMIN, SR ENR ERGFRMET 07 7 A V25 2Tz, SHICH
WRBATHE DS T 5 M /AP E e (Kp_brain) fEOMIEIC L - T, 31b, 31c 23 TV
Kp_brain iz ~34Z & 3HBH L 7=,

EFE LA 31b, 31c 28T 5 T O R PR RIRE 2 BT 5720 LV ZEREOEmWNT T
N7y ZRIFEERWDZ L L, 7206, BReETFAEMED WA RERmE 7~ AN
ERDITZTRT VT AT NVIEEZEAN LT bG ¥ 35b-35f, 37h-37f 7 A L7z, ZhiTk b,
fbEW R HLE @i RIE%R BRS-3 AR Z R Lk, MLd THELLITRE 22 T TRIEME
& 35a, 37a ~ & &ML 5 Z L AIfF ST,

~ 7 A% T2 AbG ¥ 35b-35f, 37b-37f D PKRERIZ L T, 77 KT v 7 & L TORBBEIM
AT TR, BRAx BB SOT VX M AZFFOFERIED 5 b 4 Y 7 F VM % £ 35¢ 1L
TREIZHEK L, DORNEMENRHY 35a O M IRENR KN THD Z EHB LT,
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WKIZ in vivo Ehakhk & LT, 35¢ & 1-30 mg/kg D HETREFE~ v AR OEE LA, H
BRI 7248 I R 2R L. 30 mg/kg I B W THREHIATEZED & 5 H 2RO T, KIERN 5
ZAVE T Merck #172 £ 234 U 72 XM BRS-3 HSkR OB A IHIEH O —HAH/bE BRS-3 IZH H
KL TWEZ DR SNTe L RIRFICHHGR Z I S 2RI R BRS-3 ZARORIHIZ L 5, #A&
VR O RN 5 Bl A& W60 TRk LT,

AP EER & L C, BREMLE L2 B — VRO FIRFEARGIZ L DA X0IMER (CV)
U 27 5l A Sl U 72, BRI L E AR R AT ML &4 31b TIZ— L OSER] TR LA
b L OETFOMmME EAPBR I z0ils L, 77 K7 w7 35c TIXZ D X 5 eBE R X
Ao THRCRBCROREIWER OEDEZ R4 52 E LW RE/HF7, &5 30, 60 771 OfLE Wi
HIREZHE LI Z A, HOHREDOREEFEZROIILEW 3Lb IZX L, 77 K7 v 7 35¢ Tl
FH IR B VPR ER L T~ DAL &) O Ed KX O HCR ~DBRER 7Y Y HIARE £ 36 0 2 R [a]kE =
ATWD Z e LT,

ZOE T, FHEPUEEEE U CHEEEAR BRS-3 7 2= BB EZHE L, MO EOF
WOCRERER b [ARERTRE/R T > T BT v ZIE 2R IEBATH L o8I D FL & L TERMT 5 2 & T EEM
HIVEF & kR BIE A [E058E 2 837 U 72 (b &% 35¢ D S8 1% & 2k U 7o, ABFZE D Bk 2% KA % BRS-3
HIIC X 2 KBRS ~D —B b 72 5 Z L | 72 5 QNI IR IGICEZ 0o TH 0

SEEMEDE VTR ¢ L THEFESIETOBRBEICEBRTENIT., EH0=E0TH S,

o)

S J@ oy RO« PO

HO

o S ahtee
< g

FaC™ N H ) (R)-19b (R = Ph) F3C” N N)

H
31b (R=i-Bu) 35b-35f (R = alkyl)
31c (R = 6-Me-3-Py)

H
37b-37f (R = alkyl)

Figure 16. Representative BRS-3 agonists of this study.
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B—E Fram

B BERR LI

BERI% (diabetes mellitus) & 1%, BEB ML HWINDA P A Y VEDOIK T, B X OMFHESE
Wih78 EORRMHMBTOA VA ) AMNERBEDIKT (o 2 ) UHEBIME) 1T X o THbEE M 124
BN ERF Rm B A2 R~ TR LT, ZOREN—EHMES &, R TNEZrE L RT VT IV
R EDAERNY Ry B (7 r—a ) BT, T OREBIGHREE OMEE % b ok b
#PEY (advanced glycation end product, AGE) % i3 % *Y, AGE (ZMih, BHARTEALAE, 181EE R
& TNINA = —IRDIEN, FERFEIHEIC L > THAERN~EET 5, £7- AGE 1% DAE
WRIC K > THELDIEESE (A——A4F T K B RaxTIV0L) KX MEED LD
F.ovrm Ty =Y MENEME, 08 R EO AGE ZERICIER L, Milay 7 Vs
e U C MR ERE D TTHE, B X A EMED YA b b A RN T Oy A RET S P, %
DFER. FERIFE O ZKREDHE CTd 2 BERIFIEMEBIE . BRE, MREEEE OI1Eh, B MR B LR
BAEK L, B&EO QOL (quality of life) Z2F LK TFEEDZ LcR b,

20 AL X LARE O AR TERR K O VEIRIL & B &GI8 2 @8 &0 D3 £ - T, 2 BB R 1345
RSB CHHEZ BRI IR LT 2 1EBERETH D, S HIZHE—F - B KO T H IR~
& o, Bl e U =@ I ER T 5 A B OB RS ZAEHENICINESE TS, 2013
ERE R, TR 510 TN, T720H 6 I 1 ADPERF Tz s LTnd EH#FI S, £D
TR 5 Ky (5480 (8 RVIHE) 13, JEHEOEERFOEMICLR->TW05 2,

2013 AT HEIRIG & 2 S vz s N BB ST T 3.7 (BN (20~79 mE A kL 8.3%) . H ARENIC
BWTH 720 B (I 7.6%) (2 LD, KRB RZE L S, BEIZSHIZZVWEEBEZLNT
W5 (Fig. 17) . EFEO3EE REICIT 2P RFEBE O AHZE L, 2030 FI2i3#5034 1.5
EZHINT 2 L TSN TV D720, BN 2B R PTERRIEOMESLIT, QOL M i L OMERE
FmEMOmEN s, 2% b RIS EENLHEETH D,

BEIRI 1% 1 BOBE RIS & 2 BUBE PRI I /B S, £ DRR DK 95% 28 2 BUPEIR I T 5, 1 BUBEIR
T CARERERBICEVERHRENSBIEIND D, A VAV U EGICEDIRERLEL ) £

DL PEFEHICHIET D, —FH, BEMERICNZ, 74 7AZANVORER EEERFIZE -
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THIE R Z &5 2B RIFIE, A VAU VIBIEOR K E A R U WEDORD NKRIKTH Y |
HRJERDZ LW O RIERF A OMEE N EHE Ly, UL L., & MUEE O R e I R A3 Br e g 1 1 ke R

ORI EY) 2 AEE = > b o — 21T 2E A R Y RPN SGE S KR & RSk

L9252 EDNERANICHMSN TV D,

BRFREEORAADOLE(%)
<4 ®7-9
. 45  @9-12
Bx  §§172 57 @12
L 1 1 1 1 1 1 1 1 1 1
0 10 20 30 40 50 40 70 80 90 100

(8AA)

Figure 17. 2013 D FR DR N (20~79 %) OFEIRISBE L A7 10 B [E (CCHk 26 225 IT/ERK) .

BUIERRIR THW O TV D HUBE RISy F 3 &2 LU TICRd (Table 14) . S b HIHNTES LA
YAV O IMBFED AR = VRFE (SU) BT N RLEAIRE TR b O IR TER 2 A L, KA v
AV Oy UWARE IO FERET A 2 BUBEIR I HBE D\ H AR N OEYETRIRIE & U CHUE S P L& E %
RIZLTWD0, RIIFEY 2 7 CRIEIRIZ L2 ZIREDABER I TN D, 4 A U5k
FBUTHDA I VTF R DR ZLET 5 DPP-IV LEANZEN TS 2010 12 Bl S 4.
18 MHEIRF L2 O A B T 3~ 2 /E BT O 7= DR IIEE U 2 7 MR, a-Z v a v X —BHEKIL, &
BT T 7 ESREFHOECRIN OBIEIZ K BEOMEE Y — 7 20 S 505, 22IERF O & i
FRAMICIIAE E S T0d, A VAV VEZEEZRED DI ES T A R (BG) EXF 7/ Vv
(TZD) FIIWENED A > AV 3 RE 2 IR T D 1E M 2 £ b | BfIR £ SU K & D —EDFMEIR S H

LI KBEHINTWAER O —>TH D, EREIMEHE L TBGIHTITHmRT v F— A, TZD

44



SECITVRIE, (REEMN 2 ERHE SN TV LR, B g v R UikbitkdEE & L CHtitp T
A S TWD, FFE, TZD SRIEANIHURE RGO R = ZIHI T 0 F M 76 Bz T, 2007
FRFRTE RV T T ZICRS ZFEBOT =T (24%, 55 FV) 2 025 EFTITHRE L
72 3, 2014 FFICAARICEBNT S & F b U DA/ a— 2 LR (SGLT2) FLEANX
F U DAL IS S D 7V 2 — A O RME RN~ O BRI % BLE S 5 B SIS 3R &
LCHRIEER SN TV D

LLED X 91z, BOBERFI E LT SU K UBIRALD 225> 72 1960 £ L kT 5 & ZH]
PRI X o T 2> b e — A O FIEERBICHESZ Z T 72, Lo L, BIER ORISR A

VOWMERRFEHEOE bR DR E | REMIRT REFEITEI ATV D

Table 14. BEJRIFHEE QIO F 7o FE%H.

EHR O3 (TEREF)

A VR Y UorWRER AR VRS (SU) 3 FJ7&\F&k(% HAR)
(WERR D A > R U o 45 Wh % A TE) 7YVNr7 T Rl (BN

JYAEY R (5=
BB LAY Y RURER oy sFrv=Fne
(GEL S A AU Ay IMIETE)
DPP-IV fHEZ VERIVTF TRIVTF
(FIMFERED A RV o3 WElE 72 L
& T 3Gyl

15 DB SE 3K a-ﬁ/l/:‘!“/ﬁ"—“lflsﬁ%ﬁ FHAR—A, RTYR—2p L
(NG D 7 v = — WU % R SE)

AR VIR EER v 75A4 K (BG) E ARTHNIv, THRALI VL
(1T C D WE BT AE A& )
FT7TY v (TZD) E AT E el
(BRI D A > AV V&%
P % )

PR E K Na/Z v a— k%R (SGLT2) # 7V ovnuvy, hF+7 U 7n
FHEFE Dok

(RANE > b OFEF RN & FHE)

B BERBICBIT A U RY EGUE L BB L L TOBEG

A A Y CEPIESGERERIT, B A A IS KX DRI EEd K ORIk D U X 7 Z Bl L
D HEMERF CTH LT, BRI OMmAE = > b o — VR ATRERA R IR TH D5, T2 L

ITAEFEH STV iPS #llfid (induced pluripotent stem cell) % W 7= FAEEROIEIC L - TP
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W% E CEM &, TR R A EICHEST LT T B R 2 TR S % WML B B, LinL
Z OBRAIE A E CICIERZEBMET 5720, BBME O EBATARE L LTA > R Y Vi
A A Y ARBIE SRR A C OFERFE RN T B BN BB, E VDI, A 2R Y AR
PRSI SR R T E T IS L 0 L RANCIED M=o b o —b 35 K OMRHLRE ) 2 2 2 15
L9 5 HBREHTH S,

£ U A Y RBIESEE TH D TZD EAERICH 2 9 282 R L, BECHLASATNS
LB, B A S L T L CABKE L, Fig. 18 IORT LIS, B MCBWTRK
EE (40%) & 5D EHMGITAEENTTEL LD 7L a— 2B A H - T 5 2, 2 R R R
FIZBWTCEZORBHEEFHE IR T LTV D7D BBMICERT 288 A > A U U RbiEdeE
SEOPIFIE I RBAIETE B, WIS, 2D 2 R Y S & B BEGA 2 Heh R0 i
LA 2R ARBIERIE DS THE ORI O —Bh & 723, BRI, A4 RY v v v Fa—A
L2 OABHED RIS, IIEERRICSRNS D L b RIAENS, £ 2 CHIE. B E X — 5
be LA v 2 AP RO RIC BT 5 2 Lk LT,

7.

T - HILE

(mg/kg/min)

7N a— ARBEEE

2RUE IR A
BE

Figure 18. ‘B#MICEBIT 514 v A U RPUE (CCHL 28 % S FRIZIER).
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F =M Fatty acid transport protein 1 (FATP1) FHEH/IZ>WT

Fatty acid transport protein 1 (FATPL) (., B, BN, 18 @05 LI 2 < FEEB
L. W IENGlE O WG EE M Cd 5 7 L 1-CoA A IEME (acyl-CoA synthase) ZH 4 DR 4Z
N7 LELTHLATWS (Fig. 19)* %0, msLIFIC I T FATP I3 JRTERAL - E DR % 6 DDH

BT DK 77— (FATP1-6) % Uik L. .FATPA DAHFRIMEN B b 5 < 64% Tdh % D, — 7,
~ ALt NEOFATPLICET 57 7 AHFEMEIT RS < L 89% TH 5 2, BeiiMiu b Dk,
FATPL, FATP4 X5 DRBINTLHET D —TJ7, FATPL DHNA LAY v 7 F RS L CRfaRE A~
HAJE  (translocation) 9% 728 FATPL X7 /L& U HIEINC K 2 BEIABEER D SA 2 B3 - T D Al iEE
WHEZ BT,

FATPL D ERBENL A A Y v 7 IZIRE LTt o lrEE RSNV (free fatty acid, FFA),
BRBEELE LT VIF U A7 7V V7 78 ) vBEICBiAT Z & Th b, 21
SIZHMIN TRET 2 7 2 L-CoA i, & S MEsN (triglyceride, TG) ~& A 5729
FATP1 Z 1t L7 IENIREBGA 7 & TG # I 6 1F DHERERI B LML MR STz, Inx TR AFSE
TN—FIZEY . @R TO FATPL XM~ v 23 AT OREBIAZEOIK T, 3LV TG
LRA~OMMEZ RS EnmEsnz ¥, hboHELY | FATPL [EZ A LB G ~DRE
WiERBUAZ DI K > T, TG HFMEEEF R b NTA » 2 U UREUE DO SCEER RS ]IfF Sz,

VL EORBUCEE A, A FATP 1 HEAIOBRFSIC L > T, FrLWERABTFAETH 10 2 ) VIR
PitkeE R oRIRZ AR Lz, BREMITE MCBIT2RABEHRTH Y . A 2 U VIFRFR 2R
ABPAIRERIERIZRE TH D —T7. TN E THMEHICEZEEN LA X U ARPUE & g3 2 K5
X EH STy, F 7o BRI AR R T FATP Z4ER & L 7oA AFZEIE FATP4 BLEAI O in vitro
IEHEA EICBT 2 BE BB THY 3 ABFZRIC K > TA v A Y VRBIESREIIE A 7 = X A

CETH LWRFRNRLEOND B b,
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[ERAR] A 22) v RAE TNF

JNK, mTOR

UL xF-¥
|— PKCs, IKKb

FOLARY YA

| HEREEHRR |

®\ﬂ1[

DAG Acyl-CoA
ll_ synthase

|

) 7 2 L-CoA

GLUT4/) fid i ‘K?___————————'—' AN '
\ HARAPI D RS SRS - FEACiSHAE

Figure 19. ‘B OHMINIZ I T D IEMEEEBUAZA & A 2 Y RGO E AT
(CCHK 30 & 2 & 2 1ERK, TG: triglyceride, DAG: diacylglycerol, CD36: cluster of differentiation 36)
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FIUET AR OBE

FH S DOHFZE 7 )V —7TiX. H4E high throughput screening (HTS) O Efiic L v HEo5h/7= U 7
V= AbLEW 38,39 B LT Y L BT DAL EW 8,59 D ROt v MUB M OFFEMRERRIC
KV, A2 AARFUESCEEN 24 3 2 88l FATPL [REHI OB 217> 72 (Fig. 20) .

ARETIE, BERFOTR L A 2T UHEPE, BIOA 2 Y ViEH L LT FATPL [HEA
DRIFEFEAIZ B9 5 A FPEIZ DWW Tk~ 7,

TETIE BRI EEOUELY FIR & LFFEAREMIC LY . = X7 VRO
RIZOWTHAD, £~ U X iv EEIZ KRBT & - THIBT L 727 X RELOINK 73 fif 2
[alkE U 7o A — /LK 540, 54p 2455 Z & T, 7 v MLHLEMZ RIEICEE LT,

B =F TIL, 540, 54p O PK /T A —& — (MLHIRE) 28GE L bEW e G~ 7= =
NERT O UEEEHETDHE v MEAW 58, 59 ODARERICOW TS, ~T A PKRARLD
AR L) Tla i3 h & 8 7 e 7 U — R (PB free) A3 <. T k9~ 2 M kELAR i B2 e
# (Kp_soleus) H RIFTHHZ &b, ¥ A FATPL ICs UL LD % — 77 Nk ~D + 57 7l
IR STs, £ 2 TREE B8, Tlax fv . v U R invivo iR (TG & FEFLE ) % FATP1
B (B 7 AM. BEREAL. FFIER) ICTHEM Lz, 24k v, FATPLFEIC X 2MikaN TG 4
R B B AR N IR ER DB LRI T 2 B AT, A R ) URFE S EE O 2 v
X7 L L TOD FATPL O E%E RAE L 7=,

PIF, 50 CAREDNA 4 REMIC iRk T 5,

e e
2\©\”Jol\/s\;\l>/s/\© AQN\:\\”JOI\/N(\N/Q/ Q‘\lﬁ/,\j\)

39 (HTS hit) 58 (HTS hit) 59 (HTS hit)
0 oy
Q \ HN — o (\N N
YJ LN N
\( \!
540 54p 71a
(R=CF,) (R=OCF,)

Figure 20. Bt HTS & v MLAW 39, 58, 59 & AFZEICHIT 5 EE(LAY.
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BE MITYNRIEEHDOEERRE

B Bitey MEE® 38,39V —RL LN T Y —ABEEDOERE
ELHOOFRT DENILEMT A 7TV —&2HNT- HTS 2% LR, & & FATPL @ ICs

EAUM F— X —ZHT 5, WEHEIEEO e v MEA Y 2 E5IS L7 (Fig. 21) . FATPL Z4
U 7ol el N BB I e D F% 25137 2 /b-CoA Bl Z #9572 8D, HTS (28 W\ THOBEE R &2 v 7z

T vEARICESTT T L-CoA ERIEMEDEREZMEL, b0k v MW aE®REk LT,

0 | i
O™ SO L

/ \
N
38 39
human FATP1IC_, = 6.6 uM human FATP1IC_, = 7.6 uM
mouse FATP1 IC_, >10 pM mouse FATP1 IC., >10 uM

Figure 21. HTS I L v i sz 8 U 7V — LR {bA5%) 38, 39.

WALAPITRFM S LT FHRENICN 7Y —LBREZ2HALTEREY, b~ FATPL BREEM T
BREOIEMEZ R LEN, v AZEBWTIH 10 uM DL EDOIIEETH 72, S 512,38 D7 U L E,
39 DF AN VNERLT AT NI BROGFIREICT I RN FET 52 b, RE#AR
REENTFRINID, 2O OEREEBRICET Lz, S#ELEMOEGRIEZ L FICRT

(Scheme 6)
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é HN/©
HS\«NV

N-N
41

NG
H,N~ N
e

40

3
4 2
1 1 o ! Q ( /©
TN | PRI s S SN L)
e ——— cIl ——— S N
NH2 H)J\/ H)J\/ \« ))
N-N

42a-42q 43a-43q 44a (R'= 4-COEt) 44j (Rt=4C)  44n (R = 4-COMe)
44b (R'= 3-COEt) 44k (Rt =4-OMe) 44o (R! = 4-COEY)
44d (R! = 4-CO,+-Bu) 44| (R! = 4-S0,Me) 44p (R! = 4-CO-n-Pr)
44i (R = H) 44m (R = 4CN)  44q (R! = 4-COPh)
o)
2 e for 44c 2 =
L S e e
4p)d— )J\/S N _—
H 0 )J 44g (R? = NMe,)
N-N 44h (R?= NHEY)
44e (R? = OH)
o é /@ . Q é HN/©
g h HN i 3 S_ N
“ et e b e

N-N o

o
46a (R®= Et)ﬁ 5, ) EtO
o 2N 46d (R®=
H

46b (R®= Etk@.@g ) o

[e) Me _EtO

46c (R3= EtJK[J ) e (02 )kQ/N}B)
N
Et

Scheme 6. Reagents and conditions: (a) EtINCS, NaOH, THF, H,0, reflux, 84%; (b) chloroacetyl
chloride, EtsN, THF, rt; (c) 41, AcONa, EtOH, reflux, 33-83%; (d) TFA , CH,Cl,, 68%; (e) Mel,
K,CO3s, DMF, rt, 23%; (f) corresponding amine, WSCI-HCI, HOBt-H,0, Et;N, CH,Cl,, 31-66%; (g)
tert-butyl bromoacetate, AcONa, EtOH, reflux, 68%; (h) TFA, CH,Cl,, 53%; (i) corresponding amine,
HATU, (i-Pr),NEt, CH,Cl,, 13-77%.
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N )

ARBEAMOE RV 40 L= FNTFAA VT 2 — MEEAENSFE T TR ST 2 LICLY,
NUT Y —VBREMELPEIE 4 2572, —F, £#7 =Y k42 % o7 nuafiffErsa ) R
IZ& > T 43~ ik 41 & D Sp2 FUSIT & - THhERAJIZ 44a, 44b, 44d, 44i-44q Z B K LT,
93 FFERGGENL D T3 VAR = VD ZEHITEI LT, tert-7 F /LT AT /UK 44d A FEPESAE T THIK
YR U AIVIR VR e ~EE L T AT AKICE 5T 44c B, FAEAFI HATU & W4T 2
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EDREARITE D T X NK 44f-44h 2T G, FEMEN A~ Y U UBRAZEA L 46a,
7 3 REALA N-7 Lk L7 46b, 46c. B L O BREDT F T Fu¥ /U 46d 0V oA
v =/ 46e DERICHOWTIL, TORE2=y ZEANL-FME 45 EHkOEFET I &0
AL > TR E ST,

FWT, RUXFXHY —VEEZAT D MY T Y — LiEER 54a-54p DA KRG IEE UL TFILRT
(Scheme 7), M @E#IE RZOME G () KT VA EAEHET S 49a [2HOWTiE, HRD
2-acetylaminophenol (47) % Lewis % (AICIls) {F7E T Friedel-Crafts 7 > /b 21T\, L7 & F 11k
FOSIC & » TiB7-, BE#IE RTOME (4 47) 127 V% AT 5 49¢ 1%, 3H-1,3-benzoxazol-2-one
(50) (Zxt LAY VU g% 7= Friedel-Crafts 7 > uAk., #i< N R EDORLT 2 AL L - T
B2 AFe Ra¥s 7 = /) —/L{K 49a-49d, 49i-49p % o-7 n 0 fiffi 7 v J K CT7 /LKt L T 52a—
52d, 52i-52p #3712, p- MV U AR UEE ) V=0 Ax it s U TnBGER S5 2 & T
Bibx®, XU X4 %Y —/1 53a-53d, 53i-53p Ak Lz, ZNEFA— /LK 41 & Sy2 X
IR ko TR U, AT oo HBO% 54a-54d, 54i-54p %137, AR UMK Bde B L OVT L2 — Lk
54f (28 L Tid.54an b DI £ 721 TBE TSR T THMT =V LD RN R b TzT-0,
Boc RS N727 =V > 55 A HBEWE & L7z, 55 & Sn2 RGBT K D FER = 2 7 VL DIE A |
E RZ Y RE, Hi< b TV —BILIZE 5T 56 ~&EWN -, ek EFRERIC S-T AFAkIic L -
TSP TFNVT ML BT AR AAXH Y — L 57T 2L, TNENAX 7 0 ai@i g
FleE WAL 7 ¢ FEEL £ 7213 NaBH, 2 W 72 VR = Vg e OB . 1S Boc 2% % i 4
#9725 Z L T 5de, bAf 1572, A F T LK 549,540 ITOWTIE, Sda DA LR = LML B Refd v

AT I, FFIEO0-AF e Rex T I v elAkiEST A L TCELNT,
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°% . % A OH
C[NJ\ T /\('(CE”J\ - /Y©:NH2

H
48
47 o 5
o c o
OH
@[ =0 \)‘\CE N
N N
H NH,
51 49c
R OH . R o . R: o
—_ = —_— /> \
R? NH, Rz: j :HJ\/CI RZ:[IN

50

49a-49d, 49i-49p 52a-52d, 52i-52p 53a-53d, 53i-53p
R
g 54a (R! = H, R? = COEt) 54k (R! = H, R? = Me)
—R? 54b (R!'=H, R?= CO,Et) 54| (Rl = H, R? = Et)
j\/ \N HN 54c (R= COEt, R2=H)  54m (R! = H, R2 = Cl)
N= S\« )J 54d (Rl = H, R2= CO--Pr)  54n (Rl = Cl, R2 = H)
N-N 54i (Rl = R2=H) 540 (R =H, R?=CF,)
54j (R! = H, R? = OMe) 54p (R'=H, R?= OCF,)
. Boc
QRSN A &Q @
Boc\N HS S
H
55 56 57
I, m for 54e
n, m for 54f
O Q O O\ HN or HO 0 \ HN
N)\/S N)J P s. N
N-N =N
54e 54f

\ HN
S N
Ao 5
N-N
549 (R = H)
54h (R = Me)

Scheme 7. Reagents and conditions: (a) propionyl chloride, AICl3;, DMF, 80 °C, 37%; (b) 10 N HCI,
100 °C, 79%; (c) propionic acid, polyphosphoric acid, 90 °C, 15%; (d) 10 N aq. NaOH, reflux, 50%;
(e) chloroacetyl chloride, EtzN, THF, 22—-71%; (f) PPTS, xylene, 150 °C, 52-80%; (g) 41, AcONa,
EtOH, reflux, 43—-93%; (h) methyl bromoacetate, NaO-t-Bu, THF, 46%; (i) hydrazine monohydrate,
EtOH, reflux, 91%; (j) EtNCS, NaOH, THF, H,0, 60 °C, 52%; (k) 53a, AcONa, EtOH, reflux, 76%;
(D m-CPBA, CH)CI,, 73%; (m) 4 N HCI/AcOEt, 61-84%; (n) NaBH4, MeOH, 0 °C, 98%; (0)
hydroxylamine HCI salt or O-methyl hydroxylamine, AcONa, EtOH, 80 °C, 80-87%.
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F_H Bttty M 38,39% U — K& Lk b 7V —LVFHEE A YFER R

AREDE BV THER LIALAEHIZOWNWT, & M~ A FATPL [REIEMED in vitro 7 v &
A &{T-7= (Table15) ., £9°. v MLEW 39 O+ HME O LT HH%E, vy Mes
Y38 OFFOT =V ik 4da ~EHLTZEZ A, B MB X~ T AT FATPL BTG E2S 10 524 F
[ E Uiz, RARLENTRENDLEMERAT VILEZRET D720, 7 = = /VE EE#IEOFHEEL
BMaEAT -T2, A BN AT VEBK 44b TIHVERRT L1z, — . "IN F LT AT ILE AT
VT ATV tert-T FIVT AT )b TV AW LTS DT OTEME SR L7 (44c-44e)
WIZT VXTI RES~OREB BT o722, 44f-44h TR TEMZHR L, W T AT VS
H, ClJFF, A M UEFREI AV VE~ER LN, IR L (44i-44) , —J5, 7/
FEHR 44m ICBWTET O~ T AIEWREZ R Lz, WICZ AT /VHEENEEILT., xRS
EHTDHT VXIS b2 dAn-44q BB LT & 2 A, 4ddo, 44p TRIFRIENZ/RL, B M~ T A

|2 10 FEREEE DVEMEM L AR Uiz, 72720, 7 == b K 44q DA TEEITIEK LT,

54



Table 15. ICsq values of FATP1 inhibitors 38, 39, and 44a—44q.

: g
4
R~©\2 Q (" HN
N
H

S~

/,
N

Compound R Human FATP1 ICs0® (uM) Mouse FATP1 ICs,® (uM)
38 (HTS hi) 6.6 >10
39 (HTShi) 7.6 >10
44a 4-CO,Et 0.33 11
44b 3-CO,Et >1 2.9
44c 4-CO,Me 0.54 ND"
44d 4-CO,-t-Bu >1 >10
44e 4-CO;H >1 >10
44f 4-CONHMe >1 >10
449 4-CONMe, >1 >10
44h 4-CONHEt >1 >10
44 H >1 >10
44j 4-Cl >1 >10
44k 4-OMe >1 >10
44] 4-S0,Me >1 >10
44m 4-CN >1 5.1
44n 4-COMe >1 ND"
440 4-COEt 0.40 1.0
44p 4-CO-n-Pr 0.23 11
44q 4-COPhO >1 >10

% Inhibition of recombinant human or mouse acyl-CoA synthetase activity of FATP1. The ICso
values represent the average of at least n = 2.
® Not determined.

LEX0EonzmiGEELEY 440 DI VT T A%< TR VEGICESTHELREEZ A
WICEEEZ R L, MPICB T H2IERMELEEZ RE LTz, S 5IZ LC-MSIMS Z o~ o 2
WIFEHTIC LV . LB 440 1T iv 5 5 D RICIIAHIC L o TR »b5E2ITHERE L, 7 I AL
UMW S 7 EREY ML, B RO b U EALNE T SRR M2 ICEH STV D 2 &M

HIA L7z (Fig. 22) . £ 2 THRAE, ZOMREALZERT I FEMLE L O b oEALEDEE 2 & A L7z
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FENEZIT O RIS, 7 v MR Z VT 2 RFHA 2 F 2= a9 RO EWIRFR (rat

0 N HNO
s. N
i 0 Aty
N-N
ﬁk@\ o \ HN Mouse plasma

- M1
N >
NJ\,S\« WJ L gk, v OH + /@
H N-N after 5 min o \ HN
440 A s N7J
N X
N-N

M2
Figure 22. v U R iv 52 W 72/b&% 440 OREENT & REFEALOFRIE.

blood stability (%)) # 5% & L. ML EMEDSEE AT,

Table 16. ICsq values of FATP1 inhibitors 440, 46a—46e, and 54a-54b.

N HN

.S_N
R
N—-N
Human FATP1 Mouse FATP1 Blood stability®
Compound R
P ICs0 (uM) ICs0 (uM) (%)

(o)
440 HK@L 0 0.40 1.0 28
A
o H
46a HH@ o 0.40 1.5 ND®
N uM
(o)
(o)
46D @NM 0.58 2.0 1.9

o]
46¢ Hﬁ o >1 >10 ND®
NM
L

(0]
46d 0 0 >1 2.9 ND”
)J\%M
Q (@]
46e S%M >1 >10 ND"
o
54a &o 0.19 0.36 8.9
NN

o
/ (¢]
54b JLQM 0.68 0.84 0

& Remaining (%) of the test compound after 2 hour incubation with rat blood.
® Not determined.
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i AR 2 E ) b A AR ) U 72 AR R B O 5 R A& Table 16 (2R3 (LG 440 13T » M4
EVED 28% EKfEZ /R LTz, IR T2 EELE Y PUREZE ALK 46a T~ 7 ATEERC
LT L. N-AF /LR 46b THFAR T, N-TF /LK 46¢ (ZTEMETH R Th o 72, 46b TIELIRREEIC
KD 7 X REALOMAK G fRENRE A IR L7223, MiRZ EMETTe L ABIFICIR N L7z, N-A F LR T
TEMEZMER L7272, 0 AR IS K D06 - ZEMEm EaEm L, ZBREOT Foe Frx /Y
YAed RV R A v R—/L 46e ZH R LT, TEMRIZVEE LTz, 7235, 46d, 46e = AT V%
ALTHDDIFRHEAFMEDIZOTH D, BIRDMER AL — L LT, T I REAO IR =)L
FERVPUREAEE LN XA = SMa kAR Lm L 2 A I eI LR
HbDD (8.9%) . v U A b MU IMGREDOIEER LR R 6T, = AT VK B4b TIXE HIC
LEMDEAL LT2Z &b 54a D F b AR MK P22 EMEO R IR L HEE L, 2 OFREERD
W7 D RERIELICE T LT,

R XA X — VB E B IVR = VENL s U 72 SRR O in vitro TR PEREAAS F A Table
17129, =F 7 b AL ONLE RIER TH 5 bde, BEL O Y 7m0y b 54d TIHEHZE
EPEIEM L7200 EERITIKR T L, 2O XN XA XYY — VB EOEHILONE - &
B SIC Ko TMRLEEMENRELSEBT L LD ZOEMOREEIIZ X > TEME - ZEMEEZ
S LT AL B HUE~DOHIR 3 E E o o, BRLII 221 5 £ B2 bTe ST &2 ALk =V Bk
Ziff L7z Bde 1XIEME - REM L bIC&ELRD o7, —Ji, 54a O~ 7 AT % BTV
BIRL L THAR=Z N ORIEN A ONT-Z LD TOZOMMIZETL LT /L2 —)L 54f %
BT D & REMEITSE LA, TG 10 (5L FIE T L7, W72 7 b Ui o & e LTAF
VABM EAR LI A, EEICHIEHE AR LR D M2 EMEN 100% F TH B L, 4%
¥ LR A F AL LTz 5ah TIEMEW KT 5 2 &b Z O BICHIENHE B 2 fF>7 7 —~
AT F T DALV R E N T, NP U REEEHIC L 540 TIRERITEENEET L -7, 5
LEHIE DRI Z RS E DI - T, ~ U ATEE B SCEEHNICH 5 2 & 2VHB L7 (54i-54],
540) . 54m & 54n O 6 7 LV 5 LEHENEIEETH Y, £ 54 & bak DLLEL) HE
FRIFRLOFEANENER EICFHFHE L T2 &b, Y 7uda A MU A28 A LTz 54p 6k

L7z, B4p it M~ T AMGIZENT, b BHR ICHERTZENRPHLMNE R T,
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Table 17. ICsq values of FATP1 inhibitors 54a—54p.

Human FATP1 Mouse FATP1 Blood stability®

=)

Compd R

1Cs0 (HM) 1Cs0 (M) (%)
54a 5-COEt 0 0.19 0.36 8.9
54b 5-CO,Et 0 0.68 0.84 0
54c 6-COEt 0 0.90 1.2 35
54d 5-CO-i-Pr 0 0.60 0.52 42
54e 5-COEt 2 1.67 >10 44
54f 5-CH(OH)Et 0 >1 3.7 80
549 5-C(=NHOH)Et 0 0.26 0.20 100
54h 5-C(=NHOMe)Et 0 >1 >10 ND"
54i H 0 >1 >10 ND"
54; 5-OMe 0 >1 2.7 ND"
54k 5-Me 0 >1 >10 ND"
54 5-Et 0 >1 1.8 ND"
54m 5-Cl 0 >1 2.3 92
54n 6-Cl 0 >1 5.4 ND"
540 5-CFj 0 0.36 0.36 ND"
54p 5-OCF; 0 0.10 0.091 100

% Remaining (%) of the test compound after 2 hour incubation with rat blood.
® Not determined.

CEWR+ 72 PREZAH L TV ai T 2720, TE TOREFILEME LTS
X — LK bda, 540 B LN B4p ik L, T v F PKERBRZIT o7 (Table 18) . & ~ /L%
H3 25 b4a TIIBHTRE A7 VT T A% R L7IZA (Cl_mouse = 378 mL/min/kg) . Z 4% [Ali#
L 7z 540, 54p TIEKIERSGEM M A R Hhiz, FERIC, 5da TIERAKREGHZR., 7 v Fofd THit
FRALLT O ML EEFE (Craw AUC) TH - 7-DITK} L, 540, 54p TIEEAE 7B A Loz,
—J5. 540, 54p FLIZAEWFERIHE (BA (%)) IZHEBMHEEELZRLTBY, 2T FOLOEND
BV (Log Drg) ICEK LTV D EBZx LD, FEEE 54p O~V AFI 7oy —AFHET
O ZEEME (MS_mouse) ZIELZE 2 A, A FaX—1 a3 30 EREBEFEEN 0.2% & Mo
TIRETHY ., o7 5EE7 ) —KE (PBfree rat) & 29% CTh-o7-, L7I=d»> T, AWFZEDH

BETdh D ‘FATPL ICsfELL Eoifih () ~DEEWREEIC L5 in vivo HN OGS OBLE»
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5. MU T Y — IV RKALE Y 540, 54p X FATPLIEE O ZALE TR L OO, PK 707 7 A
JVIRTEAR T THY . W SE I T 7- KRIERIBEEER FTAMLETHD EE 2 b,

Table 18. Rat PK parameters of 54a, 540, and 54p.

Combd Log Tinad Crnax AUC? Tio® cP vd® BA
P D74 (hr) (ug/mL)  (hr*ug/mL) (hr) (mL/min/kg) (L/kg) (%)
S4a 3.1 LOQ®  LOQ® LOQ® LOQ® 378 2.69 ND
(R = COEY)
540 ND 033 022 0.28 1.23 56.0 1.86 9.2
R = CF.) . . . . . . .
54p 43 033 019 0.20 1.02 52.0 1.73 5.4
(R = OCFy) . . . . . . . .

# Average of two rats dosed at 10 mg/kg po in DMA/PG/(20% HPBCD/saline): 10/10/80.
® Average of two rats dosed at 1 mg/kg iv in DMA/PG/(20% HPBCD/saline): 10/10/80.
¢ Under limit of quantification.
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B /NG

ARETIE, BHALEMTZ A 77V —O HTS Z L TR NI T Y —LEREHET 5 v MEEW
38, 39 &Y — NMb&aM L L. & M~ ARG Talv FATPL BLETENE 27”354 54o, 54p % 15
L7 (Fig. 23) . 39 ORHMBIARLERMELRET D72, FARCEBUVBR EOZ ATV EEZ T
W b LT 440 I2T 10 5 UL EOTEMESGEDS R SN TR, v IRGICE T 5~ v ARG
Bre7 X NI MBSO PRI LTc, £ 2 CT7 X REMLEIRED 72D, Fl 2 53 i B 2 fR et
LR XA FH Y — L bda NEWEEE RS> L2 R L7z, 54a DT v ML EENA+55 T
Hollz, 7 NN OEEREICE Y R XAFH Y — VR ESALIC Y Tt AT
FFE N A w A MR VEERT L ETEELEY 5do, 54p HAFT-, W LEWITT v PK B
WZR-oT, MHPBRESLI VT T AR EDKHIENT A —F —DUWEN R LN b DD, IR L
L CRlBE PRI ERST 2IEROIF 7 v Y — AREILEWRR S VX756 7 ) — K2R LT, Z
WHDRANG, R FATPL 2B L TV 5 L S B LOMMEETICH L, +obay
REE 2 52 272 DIiE, IREMEIRBAR EICE 2T R 2WMHIEET 07 7 A VHEO LB

MmeETpoT,

*FATP1 IC_. (human/mouse
50

0
Eto)k©\ o Y s R—Qo N HN
N >
”J\,S\{\\I_EJ b N)\/s\(,\\llsz
39

54a (R = COEY)
(7.6 uM/>10 puM)* (0.19 uM/0.36 pM)*

; { => v
o N 540 (R=CF;)  54p (R=OCF,)
J\/ s N (0.36 uM/0.36 uM)*  (0.10 uM/0.091 pM)*
N \« WJ Log D, ,: 4.3
H N-N

Rat blood
440 stability (%): 100
(0.40 uM/1.0 pM)* Mouse microsome

stability (%): 0.2

Amide-type Benzoxazole-type
Figure 23. hU 7 YV — Bz AT 2% FATPL [HEAI O G A=,
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FB=ZE Tz ERTFTUURILEVMDOERIER
ET—f HTSt v MEAW58,50%2 ) —RE L7z VRS D UBEROARKRE

B OEOAMERICE TR LE N 7Y — LG 540, 54p IXEIEHETH D H DD KK &
LTI 7 v Y — Lt O ZEMENE L <KL RIEZRWPEIPK NT A — 2 —dEERLETH -

72, FZCHIEL. HTS TRHENE 72 BRSO UEKERETDE Y MESWTHS 58, 59

O

CHEH L, FEERREMAZITO Z LI L (Fig. 24) .

O o Qik

human IC5 = 0 026 uM human IC5 =3.0uM
mouse IC_,=5.1 uM mouse IC_ = Not Determined

Figure 24. HTS Ik W AR &7z 7 ==L BT P R{LEW 58, 59.

FFWIDIT, b b FATPL BETEMENIER 2@\ B v MEA Y 58 (WFATPL ICs, = 26 nM) D% E (R
EBIIC AT L7- (Scheme 8) , ERAYIZIZ., 58 DFFOENRIANED o 7 1~ W AL AR 3 22
PEIC DR D LB 2, FTIINEEMEERBZ Em LeFEBREmk 41T o7,

{bA Y 62a—62g 133K A 7% 2 BepE ARk TR L 7=, 7 ' — /1 60a—60d, 60f, 60g & 7= 14 %4>/
—LT v 63 FBEROFIETHME P, oo/ muliiks v ) FICk 57 2k &5 T 6la-61d,
61f, 61g, 64 % & 5% L . (4-fluorophenyl)piperazine (2 X % S\2 [ Jii2 & » T HBYY 62a—629 % 5- 2 7=,
AN HE ~ EHEE 2 A3 5 65a-651 (X, ETHFEE T 20 & iR E 7 I3 BER O G Rl THIE
Yl L o-7 v {k 6la £7213 64 & SN2 UG E1T 9 Z & TR BT, N-7 /b Lk L 7275544 65m,
65N 1L, 7oy s a~kth /v (66) EN-mFLF AU LT LETZ ) — g S THRAERL
SHENZFAFTY =TI 67b & L7, ok, 67a [THilibEMEH W, ZD#%,

1-(5-fluoropyridin-2-yl)piperazine & @ Sy2 FiZ & - T HMW & Bifs L 7=,
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R R 1 F
RL}/\S - RL}/\ 9 - ) s O N/©/
2
NP, Ny e H\/NANJUJ
H

60a-60d, 60f, 60g 61a-61d, 61f, 61g 62a (R! = R2=-(CH,),)
62b (R! = R2 = Me)
62c (Rl = R? = H)
62d (R! = R? = -(CH),")
62f (R! = R2 = -(CH,).)
629 (R! = R? = -(CH,),")
F

Q:?\ -2 . Qo o b Qo 0 N/C
N NH, N7\\NJ\/CI NANJ]\/N\)
H
63 64H 62e

R® 65a (R3 = phenyl) 65e (R®=c-hex) 65i (R®= 2,6-pyrimidyl)
QS o _°c o QS O (N aop (Rizpiolyl) 65 (RE=2-Py) 65 (R° = 2-thiazoyl)
N7\\NJ\/C' NANJI\/N\) 65c (R®= 3-F-Ph) 659 (R3=3-Py) 65k (R® = 5-F-2-Py)
H H 65d (RS = COPh)  65h (R3= 4-Py)
6la

/(TF
L
N

o d Qo o) N
A AN
H
65l

/(j/F
|
Q:o —° - Qs X ad Qs o N N7
Cl N?‘\N/R NANJ]\/N\)
H 14
R

66 67a (R* = Me, commercially available) 65m (R* = Me)
67b (R* = Et) 65n (R* = Et)

Scheme 8. Reagents and conditions: (a) chloroacetyl chloride, EtsN, THF; (b) 4-fluorophenyl
piperazine, KI, DMF or THF, 80 °C, 7-78% (2 steps); (c) aryl- or alkyl-piperazine, KI, DMF, 80 °C,
16-75%; (d) 1-(5-fluoropyridin-2-yl)piperazine, EtsN, DMF, 80 or 90 °C, 13-45%; (e) N-ethyl
thiourea, EtOH, reflux, 61%.

WIC, AIFEVDUREEMICAET 28 v MEG ) 59 OXFEFEMR 7T1a-71i DA L% LA
TIZRT (Scheme 9) . fb&W 71a, 71c-71g 1%, ST HAMBEA S L IXHilRkOT U —L7 >~
JUIK 69a, 69c—69g & HHFEME & L CTHWE 3, 2 b % 25% R4k EERHERE 2 Bl VW T 7 m
Eib L. %< 1-(5-fluoropyridin-2-yl)piperazine dihydrochloride % Sp2 K& TS ® 5 Z & THRK
L7, 7TAbIZBE L TiE, HilkD 2-7 2 7 E U P2 (68) Z NN-DAFILRNLLT I ROAF AT &
F—=N TBRETEFALRAEL, M UPERSELZETAIFYEY V69 ~EBRILL,
EREERIERICT m ' bR, BT VAR E D SN2 RIUSIZ & o TR T, firtaffb L7125 FER &2 Ff

D T71h IZ25WTIE, 71a ik L 10% Pd-C fitiiE 2 FH vy, BEPESRMFE T AKFBIRINTHZ L THOLERND
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HEOW 2 157-, TLHICHOWTIIINE A2 WETSH720, 69b /= % ) — Vit hESME T o
KBRS L » TFOE ST L7 691 ~& EBHats . [FEEIc 7 aEib, XTIk ED

SN2 BUSIZ & o TRAFRIUR THRALE A~ LB,

(0] (0]
@ JEEINPS QEEE §
N N
~a O L
N N

68

N/
‘)\—’V/Br — ‘/k/N\)
69a-69i 70a-70i
71a (Ar = C ) 7le (Ar= (\XD)‘
\
71b (Ar = QNJ)H 71f (A Q)/\
\ )
N N

H
71c (Ar = QZ)&,) 71g (Ar= Qj/\ )
71d (Ar = Q%) 71i (Ar = Qj}s,)

N-N
H

7la ——— 710 (Aer'f )
N

Scheme 9. Reagents and conditions: (a) N,N-dimethylformamide dimethylacetal, toluene, 80 °C,
then bromoacetone, EtOH, reflux, 18%; (b) H, (50 psi), 10% Pd-C, 1 N HCI/EtOH, 59%;
(c) bromine, 25% HBr/AcOH, 96-100%; (d) 1-(5-fluoropyridin-2-yl)piperazine dihydrochloride, Et3N,
DMF or THF, 8-51%; (e) H,, 10% Pd—C, 4 N HCI/AcOEt, 1.4%.
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FT_H HTSty MEAWS8,59%2 Y —R& L7 2=V ERTG DUFHFEERD &Y FERTME

REOE —~FIZBWTER LIALEWITONT, b M~v T A FATPL JLETEMED in vitro 7 v &
A &#1T-7= (Table 19) , ¥ 7 o ~FH VB EDOXAFILILEZRE LT 62a TIHiEMEZ MR Lo,
NEVEMEAR T &R EM R EN R oz, YA TR 62b Tkt ~ FATPLIEMEN 55 L, T
TV = VR 62¢ TIXFERIIEMEE R Lz, —F, XY F 7Y —/b 62d it FTE T OIEMEMARE
(hFATP1 ICso = 0.49 uM) IZH E o722 &0 D, T AWM & LT RBEEFR POV I/ 0T L
XNEPIEVERBUCEE CTHL Z N LLE. 622D SHEFA2 ORFCEBMLIET M T R
YA FH Y =)L 62e TiE~ U ATEMED 2 ERREMRT L7222y IR EIR T B L O T o2 et
i B2 S AL, 62a & Hhlt LT, 5 BERFH SR 62f CIXRIEIGMERES L, 7 BERFEAK 629 TIiIE
WM ORIV~ 7 Z3EMEIT 2 50 B, b MEMIIEE Lz, L EORIR LD | Z OFAL o E L

ELTCT R RaR_RUXFT Y — L GaNixiE Chd NP LMNERoT,

64



Table 19. ICxq values of FATP1 inhibitors 58 and 62a—62g.

oy

L

Human FATPL | Mouse FATPL |
Compd R (H‘;A";a” Co &;ﬁe Co gD, MS (%)°
58 (HTS hi) Q\s 0026 51 51 30
Ny
62a Q\s 0077 40 45 V)

62b s 043 17 37 56
Ny

62c /s >1.0 >10 28 ND*
A
62d Qs 049 >10 44 ND*
Ny
62e Q\o 0.18 54 30 53
N AV
62f s 049 >10 40 ND*

62g Qj\/ 012 20 50 ND*

# Inhibition of recombinant human or mouse acyl-CoA synthetase activity of FATP1. The ICso values represent the
average of at least n = 2.

® The distribution coefficients (Log D7.4) were measured between 1-octanol and phosphate buffered saline (pH = 7.4).

¢ Remaining (%) of the test compound after 0.5-h incubation with mouse liver microsome.

9 Not determined.

WAZ 62a DA HIIEH O AR EB 21T - 7= (Table 20) , 62a ® 4-7 /A utkZzRE L7 65a %
KA F VBT @B L7- 65b, B8L3-7 44 1% 65¢ TWTiLh b M~ 7 X FATPLIEME
DI LTzl 4-7 A a7 = = VEREERBICE L TWbD, 7Y o —%4 L7 65d,
7 a2 UIR 656 TITIEMEDNTH R LTc, & 70 5 FATPL BHETEM: & B2 EtEm L2 B L.,
RUBUVEONT R T Y= VERAOE#REFE R LT, N JRTFOMEORRLIEI TV UVREEZAETD
65f—65h [ZRB W\ Tid, 2-B°U Pk 65f 23 b BAF2piEtE 2 n L —J7, €U IV 66i, F7V —
JU 65] TRIEIZIEMERE Lz, U EOMAEZMAERYZ 4-7 04 m-2-v) UNLEAE A L7z 65k T
X, E MU RZBWTIRE CTHRmEEREZ R LI, RBZEEbSE L (65k: h/m
FATP1 ICso = 46 nM / 600 nM, MS_mouse = 63%) , — 5 C7 7 b Ra_X X4 FxH% > —/L 65 T

IINEAEMEIR T (Log D74 =2.7) 12FE S RETLEEMSGEIIR bR o7, KW T 65k DT I RERNL
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ZN-7 X AT 5 2 & TR E 2R S 72 65m, 65n & G/ L7z, N- X F /LK 65m Tidigtk
HEFF L 7o SR E MR I X dcE 97, 65n CIRIEMEA TR LT,

HI)—DODT 2= ERTVUREy MEEWTH Y  EMABHIZA I XY B D UREAET D
59 O EIEMEFABI 2 k3 (Table 21) , 59 35 K O 65k OREEFELINED S | ARV~ 4-7 LA 1 -2-
B O E B ~NEALEEZ A, PREEY Tla 3B e M~ U A FATPL [EEEO S E S
R, 65k &L L TYH BIFeigIAYER 5 2 7= (71a: h/m FATP1 ICs, = 430 nM / 390 nM, Log D74 =
28) , AFNIEZFRE L 7T1b TS B2 51EMM L& Log D4R AR S, ~ v 2 GHZE
PEIZ 98% & W O BHERUGEHIMZ R LT, A I Y EYTVUVER EO N JRFEEZ 28 L 728k
Tle-7Tle # R L7zhy, B 7y vt vy 7Tle TH T OIEMHMRFICR E o7z, A > F—/L 71f |39&
PEZHEE L, XY 77 71g Tlide b FATPL BREEHIIMRE L7200, v~ U X TR OE
JREMZ R LTz, St T 77 Y — LR {BEW 65k O AEQHABE O & IEEMBE 22 Z 12 L, HHEER
EWoMfFL LT e ka2 Y Uy Ttha Ak Lz 2 A, Tlallkf L e MRER
Mo b EMREMHERBA Lo Tc, AFVEZRE L 710 TIIIREMELET 2 LS KRR T

= O FATPL BLEEME A 7k L7z (71i: h/m FATP1 1Cs = 0.10 uM / 0.16 uM, Log D74 =2.1) .
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Table 20. ICgg values of FATP1 inhibitors 62a, and 65a—65n.

Human FATP1IC Mouse FATP1ICy, b ¢
Com X R R? & L MS (%
pd (HM)a (}JM)a OgD74 ( 0)
62a S H \/@F 0077 40 45 42
65a S H \/@ 0.28 90 43 ND*
65b S H \(@( 0.25 >10 48 ND*
65¢ S H \/@ >1.0 >10 ND* ND*
F
[e]
65d S H I >1.0 >10 21 ND*
65e S H \/O >1.0 >10 30 ND*
65f S H ® 020 49 39 ND"
N
659 S H B >1.0 >10 33 ND’
_N
65h S H N >1.0 >10 20 ND*
=
65i S H N‘ﬁ >1.0 >10 37 ND’
o
65 S H \(N[\§ 052 7.9 38 ND
S
65k S H B F 0.046 0.60 41 63
-
65l 0 H ~" 010 17 27 63
P
65m S Me ‘ F 0.041 0.62 39 65
P
65n S Et ~F 078 >10 ND* ND*

P>

N

% Inhibition of recombinant human or mouse acyl-CoA synthetase activity of FATP1. The ICso values represent the
average of at least n = 2.

® The distribution coefficients (Log D~7.4) were measured between 1-octanol and phosphate buffered saline (pH = 7.4).

¢ Remaining (%) of the test compound after 0.5 h incubation with mouse liver microsome.

4 Not determined.
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Table 21. ICgo values of FATP1 inhibitors 59, 65k, and 71a—71i.

F
X

L

N

J

HumanFATP1ICy,  Mouse FATPLI
Compd. R (”‘,‘vl)a 0 , ul\/lI;a Co |ogD, MS (%)°
59 (HTS hit) 30 ND* ND° ND?
65k s 0.046 060 41 63
NAN}‘\
N
7la L W 043 039 28 52
\ |
71b \\NJ)\ 013 0.29 25 98
\ |
71c h >1 >10 ND? ND?
{ \NWN/\
71d QA >1 >10 28 ND?
N—:\l
N
7le LS 033 11 25 84
.
71 Qj)‘ >1 >10 ND? ND*
4
N
71g Q/j)‘ 047 19 39 76
]

71h QN 019 040 25 55
N I

71i QNJ/\ 010 0.6 21 86
N

# Inhibition of recombinant human or mouse acyl-CoA synthetase activity of FATP1. The ICso values represent
the average of at least n = 2.

® The distribution coefficients (Log D7.4) were measured between 1-octanol and phosphate buffered saline (pH = 7.4).

¢ Remaining (%) of the test compound after 0.5-h incubation with mouse liver microsome.

4 Not determined.
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FB=H FLILEW 65K Tla Dt - EYENES 07 7 ()L

Pavan

B, BB AFERBHA TR LT T Y — LR ELEW 65k, BLOAM I XV E
VYU RAEAW T T XY BT L TRl oA TW A ZLAY Tla 2oV T, invivo FAN T
RIS 2 &, T bbb a2l U IZERT ~OEYRELZ A L T D0 % s
L7, v U A PKRER & W MREM A S hE L7- (Table 22)

WPET 1 7 7 A VIZDOWTIEL, A IFYEY U Tladk v MG 58 & ik L TIRABEMED
T O « 2 NI FEE T ) — RO R TEIL TV (7T1a: PB free = 27.5%) , S HIZ~v 7 Af%
M35 (10 mg/kg) 12X > TEEKEMFEE (Cha) 2057 Y —K#HE L7 free Coy Z HHT 5
& .58 L U6SkITIRWZ 7 G T U —{KEE (PB free) D 7= free Cmax i3~ ¥ A in vitro ICsg
a5 LRl 7T1allB W TIE+H5712 ICs E (0.14 ng/mL) ZH R 5 Z &23HB L
72 (free Cmax = 0.61 pg/mL) . &KIZ, FATPL @ E/2 5 Bllgds T 5 B TOLEWIRE D /71
BoONDNERIELTZ, Thbb, (bLAWOE T AT 2T (L&Y O i bR
FELE; Kp_soleus) ZFFli L7 2 A, RIEBIZBWTYH 7Tla kb BIF 72l %Z 7~ L7z (Kp_soleus =
11) . ZHHLOFEREY . 7la % in vivo EhZ =T AIREME & b mVMEMIE G & L TiEE L,

R BRI~ & D 72,
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Table 22. Physical properties and mouse PK parameters of 58, 65k, and 71a.

F
X
F ~F P
| = O N” "N
Qs o N QS o NN NN
AN e "
N b
58 65k 71a
Inviro  Solubiity  ppeee T b G b FeeCn® AUC vd®  cf BA

Compd Mo SPURZ gt ) Gom) Gom)  (rugml) (kg (mUminkg) (%) soeus’

(g/ml)  (ug/ml)
58 2.0 540/0.7 0.43 0.25 1.8 0.0077 2.3 15" 46 62 0.33
65k 0.22 700/2.4 0.15 0.33 55 0.0083 36 0.57 5.0 100 0.030
7la 0.14 >700/350 27.5 0.33 2.2 0.61 5.5 0.20 6.4 21 11

@ Unbound fractions (%) in mouse plasma.

® Average of three mice dosed at 10 mg/kg po in DMA/PG/(20% HPBCD/saline): 10/10/80.

°Free Cmax = PB free (%) x in vitro ICso.

¢ Average of two mice dosed at 1 mg/kg iv in DMA/PG/(20% HPBCD/saline): 10/10/80.

 Soleus to plasma concentration ratio. K, value was determined after 1-week repeated administration of
compounds at 10 mg/kg po to mice. The measurement of each concentration was conducted at 3 h after
administration.

" Dosed at 5 mg/kg iv.

BE e 71a D= U R invivo EEFHE (FIEMHRT TG EMEAERER)

AT CAR7ba TLa lIZRFRPK 7B 7 v AV EH L, XU R IEET ) —RROFHEH~D
FARBATMEZ N LT h ~ 7 X FATPL ICs IELL LD+ 03 b EWRE L WIF T&E 72, £ 2T, 7la
@ invivo 3EZhFEAM & L T, MIRRWNIEREEIEE (FFA) OGHED TH O | T L L TH LT
WL MU ZURY R (TG) OFEMAFIMEHRBRZITV FATPL FHEMEM & OFEE M 2§~ (Fig.

25) . BARMURHE ik L LT, @B R ~ U A2 4 AL, @A be— R
L TG &R LT VRILIC LTl &, FATPL BEINE 2 b0 2 PN - A&/ (b 7 A 5. WEIEAR)
WO TG BAEZ L, (bkEMROEGICL D TG HMILEFEM 27 e Lz, B AiEE LT,
RENCHE T L~ o A2kt L, @EREHBE LA b v MG 58 LU I 4
VYA EY Tla 25 METI R IERAKREG L. Zhe 4 kS, S Lz,

EIEM RS T, MENTC EARIT= Y be— BRI L, IR CIX3FIE RN Ao
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A, BEEF CIEETOAEZE, BIUE 7 ABICBVWTIRZOEIR LN olz, TR
L. 7la % 3, 10, 30 mg/kg TH5- L7275 TG HHEAFFEHIZTETOHETHR TE T, FEORKE
ME8 THHELNT, RO, FTT7V —LREY 65k IZ-2\ T b jlliE 1, 10, 100 mg/kg D H &
W R FER R 5B AT o 72, TG B A RO NI RS R oTe (T — 2 IHFEH)

LLE®D X 51z, 58,65k D72 53 kT FATPLIZ ICs ELh E D+ 72 (A WG 2 v /X
A7) —RBETHD-> TNDE EZZXLND TlallB\\Th TG HRMEMEMMN R bnienoTo
Z LB FATPL 241 LB FR BOA 2 FHE & MK TG #5458 o T I ELEE A 72 B RE B E ME AV R
ZEBHBENE R o7, JRIKE LT, FATPL FHEIC &L o T O EIIERREHRE K O L HECARUE 23
U, TGEAICEDL D EMREF M (RAAAX TV R) BEHWTZAREREZLND,
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BIE MME

RETIE, 7V EXTOUEE AT 288 FATPL LEH OFFEMAER . 4 X O in vivo 3£
SR & L CHEAEY Tla O~ U A TG HRAEEMARBR ATV, FATPL BRLE/E A B C i3
W TG AR E B 2 RN AEIIEE OB L, BERH N ERH LN o7,

—BETRHE LEEE N Y 7Y — LR (A& 540, 54p DRI R EMEEZ S ET L TV —b
BRI UUEEE o v MEAY 58, 59 OFERERM ATV, 58 I oW TT AT FERIC
LA TE2-Y ) DA R 65k & RH L7= (Fig. 26) , WKIZ 65k OB [AFEE 7 U — kR & L X
L7z, 59 OFERER AT o7, 65k & OREELIMEN G, 59 DA 3 4-7 v A m-2-2 Y
UNEEBANT H Z L TRIBNCIEMER | L7z 7Tla Z b BRI /A Lz, S BIZEMA I x4y v v
VERZEHIZ LV | FEBROEH AT LI LA TR EIC L o TIRIEBMHR T & RELE® 2 m
LTI ZRHTICES T,

LAY Ta i3 Z v RIS 7 ) —RESBEH~OMBBITIEEL ZE L Tb R Y vy
OV A EWGREN G SN mIE R~ U AR T 280 4 8 EEpER BB 21T -
72725, 3,10, 30 mg/kg O EHEICEH VT FATPL OB (B 7 AFh. BEER. IFiE) <o 76 &

FEEFEMTA SR> T,

*FATP1 IC,, (human /mouse)

Mouse MS (%): 52

M PB f %): 27.5
(0.026 uM/ 5.1 uM)* (0.43 pM/ 0.39 uM)* Ousfp soI:aeues(f)J_

v => F
LT3 k" A QA

Log D, ;4.1

Qo | |quov
7la

Mouse MS (%): 63 . Log Dx 2.1.
Mouse PB free (%): 0.15 71 Mouse MS (%): 86
(0.046 HM/ 0.60 uM)*  Kp_soleus: 0.030 (0.10 pM/ 0.16 pM)*
Tetrahydrobenzothiazole-type Imidazopyridine-type

Figure 26. 7V — /L BT VUL & A9 %5 FATP1 BHLEA| O 75 S R

72



*eIE

AWFFETIE, M FATPLILEAIE L CHMHTS kv R L7 % F ok v MeaH 39, 58, 59
HER—2A L LEHERREEIC L D2HEEY T1a DS, B IO 71a @ in vivo FEZhFEHE (=7 A
TG LREPLEIE AR OFEMIC LV, FATPL BEMEMITMIAN TG FAEMLEICK L CTHE R
ERIFES RN AR L2 (Fig. 27) .

BT TIE, BAEHTS OEIZ L v BEoniz b 7Y —L%te v MeA® 39 Ik L TR 3 2D
AFAREL., FERRLZFE/m L, T72bb, O 7 AD invitro &R _EIZ X 2 FZAEOSE
(mouse ICso < 0.1 uM ) . @ NEIEMERINIC & 2BV RO BATF 2L AW DOIRAE. @ FATPL ICs fif
Ll Eoo i frds KOsk H IR EE (I X 5| invivo %) (IR ERFLE B LU > 2 U AARHUE) o
e, THDH, 9. IR ALEMDORREZE2 L v MEAEW 39 D= AT VL%
TTFNT b~ FARCONVEET =) ) EA~C@EBT S 2 LT IEMEIR 10 520 B\ L 44a
B, Lol dda i 2ett (7 v b)) BME»ozi2d, ~ 7 A iv 512 L DRt 217
Sl A &G 5 NBITIET X RELOMKGIE, BHF 07 b AL OE T B S 7z,
IO RBALZERIAOMENEEZ B L2 GRUEICK Y (7 I M2 4 F Y —VICBR{E S,
FhrE M) TZVFaAFARLRNY A A NFUICEE LT 5o, 54p HES Lo, LA
b b, wUAMGTEIEREZ R L, Ty MLPREME S RiICeE Lz, L~y ARA8RER
RCIEHLIBREDOMAPBEEL G258, v~V AFI 7 vy — AR OBRRHEENE, KX 87 fEE
7 U —RROTZ FATPL 3 H T L ik~ DL EWIREE DO S TR+ TH D Z L3I LT,

BoETIE, A7 o= v ERT UK E AT S Y MEAW 58,59 ICEH L, Hi
ECER LGRPSTZPK T m 7 7 A VOWELZ HiE LB SRR EZER L., 7 T ey
RFT =N RO A 58 1Tkt L, @ REIER AL DB A F LIS R, v 7 madd o
B DA FOVIERRE AF P — VBRSO BRI L o TEEHERF L oD BE 2 B TR T 5 2 &
INTET, WICEME D ANTALTZ NN A r B LB UBRA L Mi~D N 75 A KE T
D ZEa R L, BT & B~ 0 A3EMED KIEIZm B L 7e{b&4 65k 24572, —J7. 65k
IEHRRE ORBL EME (MS_mouse = 63%) Tholzlzd, 7 I FENFE T ET LR LIZE - T
NN7K 53 R 2 3R 7 T 3 . L EMEUGE B KOG PR BIZ R 5o 7z,

73



AIFVEVDUREZFFOE v MEEW 59 OFERERIZ OV TIL, 65k & OREHLIMEN D
FABALA~ 4-7 VA a-2-B ) PVEEZEATLHZ LT b, ~UALCRIFRIGHEEZ RO Tla %
57, TlalXBAFRIERMEZ A LTV izA (Log Dra=2.8) . & B 2R DIREMARI D 7= A F L5k
DFrE, BLOA I XY EY UUBROEMSEMEAZITWIEE-RETZEMEL S bICdE L 71
Z 5 L7z (Log D74 = 2.1, MS_mouse = 86%) ., &RMOILEWOMNE, PK /XT X —X — % HIE
Liee A AIFY YV Tankb ATV AORNE7T 07 7 A VER Lz, Frlcmd & v
NI FEET7 U — KRR E L (PBfree =27.5%) | M3 5 ik PR L3 (Kp_soleus = 1.1)
HRIEFTHY ., ALEW Tla [TAERIFRL T H 2 H A ~D ICso IELL LD+ 53 7Bk iE 3 W75 ST,

In vivo FENRHMT & LT, JEMmAHY Ch 5 TG HRMEMFEMNRBRZ SE &~ 7 A2 Tk
H 4 HEERR G5 21T o7, Ll vy MEa®w 58 B X OV LEa 71a ke, B GEMEICE
WTT FATPL 8B (b 7 Af. BEER . IFlE) To TG FRMEMIITR SNtz = U
2 A FATPL BRIFEHAICEB VTS TG HHMEN A SN2 eI 7 LV — 72 X D&k
D DL AR OFEREZ MR T S & FATPL LE M CIEMIIAN TG AR &b 5 £ KNIE
s OECAHNI X LEBRHWE S 25, LEER->T, FATPL XA~ AD T = ) X A4
ELTHRONTEE S 72, TEMEBUAZFICER T 5 TG HREEFEM. I L OPEBUAZ IR T O
PN LT, AR TR L7z FATPLBEEAI CEBT 20IXRETH L 2 ERH LN E o T,
Tk FATPL O 72 HH8REfRA 28 7 . ABFIE TR U 72 EECE A& O s LA D 2 M AT FET —

~ICEM &S, BEET 2 RETBROBFICHEMRT 5 2 L 2> TIEER,

: e
Et0,C o S — o] (\N
Ol d O Qs ™ G

39 (HTS hit) 58 (HTS hit) 59 (HTS hit)
N F
o~y k] o T
O, & :
/N;\/S\(N% QS 0 (NN RN
i A

T G
540 54p 65k R= ]
71a 71i

(R=CF,) (R=OCF,

Figure 27. Representative FATP1 inhibitors of this study.
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EEBRDOE
= —3 HLIER 2K bombesin receptor subtype-3 (BRS-3) 7 =2 k DAI&IHFZE
1. Chemistry for BRS-3 agonists

Unless otherwise noted, materials were obtained from commercial suppliers and used without further
purification. NMR spectra were recorded on a Varian Mercury 400 or 500 spectrometer with
tetramethylsilane as an internal reference. Mass spectra were recorded on an Agilent Technologies Agilent
1100 or 1200 series LC/MS. Optical rotations were measured on an Autopol V Plus. TLC analysis was
performed on 60F254 plates. Flash column chromatography was performed on Shoko scientific cartridge

series (S1-60).
2-(Trifluoromethyl)-6,11-dihydropyrido[3,2-c][1,5]benzodiazepin-5-one (6).

A mixture of 2-chloro-6-(trifluoromethyl)pyridine-3-carboxylic acid 5 (400 mg, 1.77 mmol) and
1,2-diaminobenzene (196 mg, 1.81 mmol) in ethylene glycol monobutylether (5 mL) was stirred at 160 °C
for 6 h. The cooled reaction mixture was diluted with water, and the resulting suspension was filtered off.
The obtained solid was washed with water and dissolved in AcOEt (30 mL). The organic solution was
washed with brine, dried (Na,SO,), concentrated and purified by silica gel column chromatography
(hexane/AcOEt = 1:1) to provide 6 (317 mg, 64%) as a colorless solid. *H-NMR (CDCls) &: 8.42 (1H, d, J =
8.2 Hz), 7.54 (1H, brs), 7.24 (1H, d, J = 7.8 Hz), 7.10-7.03 (2H, m), 6.91-6.89 (1H, m), 6.87-6.85 (1H, m),
6.68 (1H, brs).
2-(Trifluoromethyl)-6,11-dihydro-5H-pyrido[3,2-c][1,5]benzodiazepine (7).

A solution of borane-THF complex in THF (1.0 M, 3.3 mL, 3.3 mmol) was added to a solution of 6 (307
mg, 1.10 mmol) in THF (5 mL) under N, atmosphere at 0 °C, and the mixture was stirred at the same
temperature for 2 h. The reaction mixture was raised to room temperature and further stirred for 16 h. After
addition of methanol (1 mL), the reaction mixture was concentrated under reduced pressure and the residue
was purified by silica gel column chromatography (hexane/AcOEt = 1:1) to provide 7 (192 mg, 66%) as a
colorless solid. *H-NMR (CDCly) &: 7.37 (1H, d, J = 7.4 Hz), 7.22 (1H, br s), 7.00 (1H, d, J = 7.4 Hz),

6.91-6.87 (1H, m), 6.85-6.81 (2H, m), 6.76 (1H, d, J = 7.4 Hz), 4.23-4.19 (3H, m).

75



(4-tert-Butylphenyl)-[2-(trifluoromethyl)-5,11-dihydropyrido[3,2-c][1,5]benzodiazepin-6-ylJmethanon

e (8a).

4-tert-Butylbenzoyl chloride (103 uL, 0.57 mmol) was added to a solution of 7 (100 mg, 0.38 mmol) and
Et3N (158 plL, 1.13 mmol) in CH,CI; (5 mL) at room temperature, and the reaction mixture was stirred for 3
h. The mixture was diluted with CH,Cl, (30 mL), washed with brine, dried (Na,SO,4), concentrated and
purified by silica gel column chromatography (hexane/AcOEt = 3:1). The obtained solid was triturated in
hexane/CH,Cl,, and filtered to provide 8a (116 mg, 72%) as a colorless solid. *H-NMR (CDCls) &: 7.67 (1H,
br s), 7.45 (1H, s), 7.19-7.09 (6H, m), 6.98 (1H, d, J = 7.8 Hz), 6.70-6.68 (2H, m), 5.89-5.85 (1H, m),
4.10-4.06 (1H, m), 1.22 (9H, s). MS (ESI") m/z: 426 (M+H)". Anal. Calcd for C,4H,,F3N30: C, 67.79; H,

5.21; N, 9.88. Found: C, 67.57; H, 5.23; N, 9.79.

2-(4-tert-Butylphenyl)-1-[2-(trifluoromethyl)-5,11-dihydropyrido[3,2-c][1,5]benzodiazepin-6-yl]ethan

one (8b).

4-tert-Butylphenylacetic acid (75 mg, 0.39 mmol) was added to a solution of the diazepine 7 (80 mg, 0.30
mmol), HATU (126 mg, 0.33 mmol), and (i-Pr),EtN (165 uL, 0.90 mmol) in CH,CI, (5 mL) at room
temperature, and the reaction mixture was stirred overnight. The mixture was diluted with CH,ClI, (20 mL),
washed with saturated ag. NaHCO3; and brine, dried (Na,SO,), concentrated and purified by silica gel
column chromatography (hexane/AcOEt = 3:1). The obtained solid was triturated in hexane/CH,Cl,, and
filtered to provide 8b (120 mg, 91%) as a colorless solid. *H-NMR (CDCls) &: 7.59 (1H, d, J = 7.4 Hz),
7.22-7.16 (2H, m), 7.13-7.09 (2H, m), 7.05 (1H, d, J = 7.4 Hz), 6.99-6.95 (2H, m), 6.81 (1H, dd, J = 8.0,
1.4 Hz), 6.73-6.70 (2H, m), 5.40 (1H, d, J = 15.2 Hz), 3.86 (1H, d, J = 14.9 Hz), 3.52 (2H, s), 1.24 (9H, s).
MS (ESI") m/z: 440 (M+H)". Anal. Calcd for CysH»4F3N3O- 0.25H,0: C, 67.63; H, 5.56; N, 9.46. Found: C,

67.62; H, 5.39; N, 9.71.
2-(4-Phenoxyphenyl)-1-[2-(trifluoromethyl)-5,11-dihydropyrido[3,2-c][1,5]benzodiazepin-6-yl]ethano
ne (8c).

8c was prepared in a similar manner described for 8b. Yield: 92%. 'H-NMR (CDCls) &: 7.64 (1H, d, J =

7.4 Hz), 7.34-7.29 (2H, m), 7.25-7.21 (3H, m), 7.10-7.07 (2H, m), 7.03-7.01 (1H, m), 6.98-6.96 (2H, m),
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6.91 (1H, dd, J = 8.0, 1.4 Hz), 6.82-6.77 (4H, m), 5.45 (1H, d, J = 14.9 Hz), 3.94 (1H, d, J = 14.5 H2), 3.57
(2H, s). MS (ESI) m/z: 476 (M+H)". Anal. Calcd for C,;H,F3N30,: C, 68.24; H, 4.24; N, 8.84. Found: C,

68.02; H, 4.25; N, 8.71.

2-(3-Phenoxyphenyl)-1-[2-(trifluoromethyl)-5,11-dihydropyrido[3,2-c][1,5]benzodiazepin-6-yl]ethano

ne (8d).

8d was prepared in a similar manner described for 8b. Yield: 89%. *H-NMR (CDCl5) 8: 7.63 (1H, d, J =
7.8 Hz), 7.32-7.28 (2H, m), 7.24-7.17 (2H, m), 7.12-7.07 (4H, m), 6.99-6.95 (1H, m), 6.92 (2H, d, J = 8.6
Hz), 6.85 (1H, d, J = 8.2 Hz), 6.80 (1H, d, J = 8.2 Hz), 6.61 (1H, d, J = 8.2 Hz), 6.48 (1H, s), 5.45 (1H, d, J
= 14.9 Hz), 3.93 (1H, d, J = 14.9 Hz), 3.57 (2H, s). MS (ESI") m/z: 476 (M+H)*. Anal. Calcd for

Co7H20F3N30,: C, 68.24; H, 4.24; N, 8.84. Found: C, 68.45; H, 4.34; N, 8.98.
[2-Chloro-6-(trifluoromethyl)-3-pyridyllmethanol (9).

A solution of borane-THF complex in THF (0.9 M, 70 mL, 63 mmol) was added to a solution of
2-chloro-6-(trifluoromethyl)pyridine-3-carboxylic acid 5 (5.10 g, 22.1 mmol) in THF (100 mL) under N,
atmosphere at 0 °C, then the mixture was gradually raised to room temperature and stirred for 20 h. After
addition of methanol (10 mL), the reaction mixture was diluted with AcOEt (100 mL), washed with brine,
dried (Na,SO,), concentrated under reduced pressure and the residue was purified by silica gel column
chromatography (hexane/AcOEt = 1:1) to obtain the alcohol 9 (4.66 g, quant.) as a colorless oil. *H-NMR
(CDCls) 8: 8.12 (1H, d, J = 7.8 Hz), 7.69 (1H, d, J = 7.8 Hz), 4.87 (2H, d, J = 5.5 Hz), 2.06 (1H, t, J = 5.5

Hz).
[2-(2-Aminoethylamino)-6-(trifluoromethyl)-3-pyridylJmethanol (10).

The alcohol 9 (42.4 g, 201 mmol) was dissolved in ethylenediamine (161 mL, 1.20 mol), and the reaction
mixture was stirred at 120 °C for 12 h. The cooled mixture was diluted with brine, extracted with AcOEt
(300 mL x 3). The organic layer was dried over Na,SO,4, concentrated and purified by silica gel column

chromatography (hexane/AcOEt = 3:1) to provide 10 (29.4 g, 62%) as a colorless oil. *H-NMR (CDCl5) &:
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7.33 (1H, d, J = 7.4 Hz), 6.85 (1H, d, J = 7.4 Hz), 6.03 (1H, br s), 4.59 (2H, s), 3.72 (2H, g, J = 5.9 Hz),

3.48 (2H, t, J = 6.3 Hz).
8-(Trifluoromethyl)-2,3-dihydro-1H-pyrido[2,3-e][1,4]diazepine (11).

MnO, (98.8 g, 1.00 mol) was added to a solution of 10 (29.4 g, 125 mmol) in CH,Cl,/MeOH (700 mL/100
mL), and the reaction mixture was stirred at room temperature for 2 h. The mixture was filtered through a
Celite pad, concentrated to provide 11 (20.4 g, 76%). *H-NMR (CDCl3) 8: 8.27 (1H, t, J = 1.6 Hz), 7.75

(1H,d,J=7.8 Hz), 7.04 (1H, d, J = 7.8 HZz), 5.99 (1H, br s), 4.14-4.11 (2H, m), 3.49-3.46 (2H, m).
8-(Trifluoromethyl)-2,3,4,5-tetrahydro-1H-pyrido[2,3-e][1,4]diazepine (12).

10% Pd-C (8.00 g) was added to a solution of 11 (20.4 g, 94.8 mmol) in AcOEt (250 mL), and the reaction
mixture was stirred under H, atmosphere at room temperature for 4 h. The mixture was filtered through a
Celite pad, concentrated, and purified by silica gel column chromatography (CH,Cl,/MeOH = 8:1) to
provide the diazepine 12 (16.9 g, 82%) as a yellow oil. *H-NMR (CDCl;) &: 7.46 (1H, d, J = 7.4 Hz), 7.07

(1H, d, J = 7.4 Hz), 5.11 (1H, s), 3.91 (2H, br s), 3.49 (1H, s), 3.28-3.25 (2H, m), 3.11-3.09 (2H, m).

2-(3-Phenoxyphenyl)-1-[8-(trifluoromethyl)-1,2,3,5-tetrahydropyrido[2,3-e][1,4]diazepin-4-yl]ethanon

e (13a).

(3-Phenoxyphenyl)acetic acid (41 mg, 0.18 mmol) was added to a solution of the diazepine 12 (30 mg,
0.14 mmol), HATU (63 mg, 0.17 mmol), and (i-Pr),EtN (75 uL, 0.48 mmol) in CH,Cl, (3 mL) at room
temperature, and the reaction mixture was stirred for 15 h. The mixture was diluted with CH,Cl, (20 mL),
washed with brine, dried (Na,SO,), concentrated and purified by silica gel column chromatography
(hexane/AcOEt = 2:3). The obtained solid was triturated in hexane/CH,ClI,, and filtered to provide 13a (49
mg, 85%) as a colorless solid. *"H-NMR (CDCls) a mixture of conformers §: 7.66-7.30 (3H, m), 7.25-7.10
(3H, m), 6.98-6.83 (5H, m), 5.21 (0.4H, br s), 5.03 (0.6H, br s), 4.61 (1.2H, s), 4.48 (0.8H, s), 3.91-3.88
(0.8H, m), 3.76-3.74 (1.2H, m), 3.73 (0.8H, s), 3.70 (1.2H, s), 3.44-3.40 (0.8H, m), 3.31-3.27 (1.2H, m).
MS (ESI") m/z: 428 (M+H)". Anal. Calcd for C,3H,0F3sN30,: C, 64.67; H, 4.72; N, 9.84. Found: C, 64.49; H,

4.73; N, 9.72.
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2-[3-(2-Fluorophenoxy)phenyl]-1-[8-(trifluoromethyl)-1,2,3,5-tetrahydropyrido[2,3-¢e][1,4]diazepin-4-

yllethanone (13b).

The synthesis of 13b was prepared in a similar manner described for 13a. Yield: 71%. ‘H-NMR (CDCl5) a
mixture of conformers &: 7.65 (0.6H, d, J = 7.4 Hz), 7.23-6.90 (7H, m), 6.84-6.80 (2.4H, m), 5.20 (0.4H, br
s), 5.01 (0.6H, br s), 4.60 (1.2H, s), 4.47 (0.8H, s), 3.91-3.89 (0.8H, m), 3.75-3.70 (3.2H, m), 3.45-3.41
(0.8H, m), 3.28-3.24 (1.2H, m). MS (ESI") m/z: 446 (M+H)". Anal. Calcd for C3H19F4N3O,: C, 62.05; H,

4.30; N, 9.44. Found: C, 61.92; H, 4.33; N, 9.29.

2-[3-(3-Fluorophenoxy)phenyl]-1-[8-(trifluoromethyl)-1,2,3,5-tetrahydropyrido[2,3-¢e][1,4]diazepin-4-

yl]ethanone (13c).

The synthesis of 13c was prepared in a similar manner described for 13a. Yield: 92%. 'H-NMR (CDCl;) a
mixture of conformers &: 7.64 (0.6H, d, J = 7.4 Hz), 7.30-7.22 (3H, m, overlapped with CHCI3), 7.10-6.97
(2H, m), 6.92-6.87 (2H, m), 6.81-6.64 (2.4H, m), 5.24 (0.4H, s), 5.07 (0.6H, s), 4.62 (1.2H, s), 4.49 (0.8H,
s), 3.92-3.89 (0.8H, m), 3.78-3.75 (1.2H, m), 3.74 (0.8H, s), 3.71 (1.2H, s), 3.46-3.41 (0.8H, m), 3.34-3.30
(1.2H, m). MS (ESI") m/z: 446 (M+H)". Anal. Calcd for C3H1gF4N3O,: C, 62.05; H, 4.30; N, 9.44. Found:

C, 62.08; H, 4.37; N, 9.54.

2-[3-(4-Fluorophenoxy)phenyl]-1-[8-(trifluoromethyl)-1,2,3,5-tetrahydropyrido[2,3-¢e][1,4]diazepin-4-

yl]ethanone (13d).

The synthesis of 13d was prepared in a similar manner described for 13a. Yield: 89%. '"H-NMR (CDCl;) a
mixture of conformers &: 7.65 (0.6H, d, J = 7.3 Hz), 7.25-7.09 (2H, m), 7.05-6.88 (5.4H, m), 6.83-6.78 (2H,
m), 5.21 (0.4H, br s), 5.03 (0.6H, br s), 4.61 (1.2H, s), 4.48 (0.8H, s), 3.92-3.89 (0.8H, m), 3.76-3.74 (1.2H,
m), 3.74 (0.8H, s), 3.71 (1.2H, s), 3.44-3.41 (0.8H, m), 3.32-3.29 (1.2H, m). MS (ESI") m/z: 446 (M+H)".

Anal. Cy3H19F4sN3O;: C, 62.05; H, 4.30; N, 9.44. Found: C, 61.92; H, 4.33; N, 9.29.

2-[3-(4-Methylphenoxy)phenyl]-1-[8-(trifluoromethyl)-1,2,3,5-tetrahydropyrido[2,3-e][1,4]diazepin-4-

yl]ethanone (13e).
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The synthesis of 13e was prepared in a similar manner described for 13a. Yield: 96%. 'H-NMR (CDCl;) a
mixture of conformers &: 7.65 (0.6H, d, J = 7.4 Hz), 7.24-7.09 (4H, m), 7.00-6.81 (5.4H, m), 5.21 (0.4H, br
s), 5.02 (0.6H, brs), 4.60 (1.2H, s), 4.47 (0.8H, s), 3.90-3.88 (0.8H, m), 3.74-3.72 (1.2H, m), 3.72 (0.8H, s),
3.72-3.70 (2H, m), 3.44-3.26 (1.2H, m), 2.34-2.33 (3H, m). MS (ESI") m/z: 442 (M+H)". Anal. Calcd for

Ca4H22F3N30,- 0.5H,0: C, 63.99; H, 5.15; N, 9.33. Found: C, 64.14; H, 5.26; N, 9.37.

2-[3-(2-Pyridyloxy)phenyl]-1-[8-(trifluoromethyl)-1,2,3,5-tetrahydropyrido[2,3-e][1,4]diazepin-4-yl]et

hanone (13f).

The synthesis of 13f was prepared in a similar manner described for 13a. Yield: 31%. *H-NMR (CDCl;) a
mixture of conformers &: 8.18-8.13 (2H, m), 7.71-7.63 (1.4H, m), 7.34-7.28 (1H, m), 7.08 (0.6H,d, J=7.4
Hz), 7.03-6.96 (4H, m), 6.89 (1H, dd, J = 8.2, 4.7 Hz), 5.21 (0.4H, br s), 5.04 (0.6H, br s), 4.61 (1.2H, s),
4.49 (0.8H, s), 3.92-3.90 (0.8H, m), 3.77-3.74 (3.2H, m), 3.47-3.43 (0.8H, m), 3.32-3.28 (1.2H, m). MS
(ESI) m/z: 429 (M+H)". Anal. Calcd for C,,H1oF3sN4O, 0.25H,0: C, 61.04; H, 4.54; N, 12.94. Found: C,

61.24; H, 4.79; N, 12.78.

2-[3-(3-Pyridyloxy)phenyl]-1-[8-(trifluoromethyl)-1,2,3,5-tetrahydropyrido[2,3-e][1,4]diazepin-4-yl]et

hanone (139).

The synthesis of 13g was prepared in a similar manner described for 13a. Yield: 97%. '"H-NMR (CDCl;) a
mixture of conformers &: 8.37-8.36 (2H, m), 7.64 (0.8H, d, J = 7.8 Hz), 7.31-7.22 (3.2H, m, overlapped
with CHCI3), 7.11-6.97 (2H, m), 6.91-6.87 (2H, m), 5.23 (0.4H, br s), 5.05 (0.6H, br s), 4.62 (1.2H, s), 4.50
(0.8H, s), 3.92-3.90 (0.8H, m), 3.79-3.76 (1.2H, m), 3.73 (0.8H, s), 3.71 (1.2H, s), 3.46-3.43 (0.8H, m),
3.31-3.28 (1.2H, m). MS (ESI*) m/z: 429 (M+H)". Anal. Calcd for CyHoFsN,O: C, 61.71; H, 4.47; N,

13.09. Found: C, 61.65; H, 4.59; N, 12.96.

2-[3-(4-Pyridyloxy)phenyl]-1-[8-(trifluoromethyl)-1,2,3,5-tetrahydropyrido[2,3-e][1,4]diazepin-4-yl]et

hanone (13h).

The synthesis of 13h was prepared in a similar manner described for 13a. Yield: 63%. "H-NMR (CDCl;) a

mixture of conformers 6: 8.43-8.41 (2H, m), 7.61 (0.6H, d, J = 7.8 Hz), 7.34-7.25 (1H, m), 7.07-7.02 (2H,
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m), 6.97-6.90 (2.4H, m), 6.78-6.72 (2H, m), 5.19 (0.4H, br s), 5.02 (0.6H, br s), 4.60 (1H, s), 4.49 (1.2H, s),
3.90-3.87 (0.8H, m), 3.78-3.75 (1H, m), 3.73 (0.8H, s), 3.70 (1.2H, s), 3.43-3.40 (0.8H, m), 3.35-3.32 (1.2H,
m). MS (ESI") m/z: 429 (M+H)". Anal. Calcd for C,,H1gF3N4O, 0.25H,0: C, 61.04; H, 4.54; N, 12.94.

Found: C, 61.29; H, 4.62; N, 12.79.

2-{3-[(6-Methyl-3-pyridyl)oxy]phenyl}-1-[8-(trifluoromethyl)-1,2,3,5-tetrahydropyrido[2,3-¢][1,4]diaz

epin-4-yllethanone (13i).

The synthesis of 13i was prepared in a similar manner described for 13a. Yield: 34%. '"H-NMR (CDCl5) a
mixture of conformers &: 8.28-8.26 (1H, m), 7.64 (0.6H, d, J = 7.4 Hz), 7.24-7.09 (3.4H, m), 7.00-6.82 (4H,
m), 5.22 (0.4H, br s), 5.04 (0.6H, br s), 4.62 (1.2H, s), 4.48 (0.8H, s), 3.92-3.89 (0.8H, m), 3.76-3.74 (1.2H,
m), 3.72 (0.8H, s), 3.70 (1.2H, s), 3.46-3.43 (0.8H, m), 3.35-3.32 (1.2H, m), 2.54 (3H, s). MS (ESI*) m/z:
443 (M+H)". Anal. Calcd for Cy3H,;F3N4O,- 0.8H,0: C, 60.47; H, 4.99; N, 12.26. Found: C, 60.33; H, 5.10;

N, 12.17.

N-(3-Phenoxyphenyl)-8-(trifluoromethyl)-1,2,3,5-tetrahydropyrido[2,3-e][1,4]diazepine-4-carboxamid

e (13j).

1-Isocyanato-3-phenoxybenzene (116 mg, 0.55 mmol) was added to a solution of the diazepine 12 (100
mg, 0.46 mmol) in toluene (1 mL) and stirred at 90 °C for 1 h. The mixture was diluted with AcOEt (20
mL), washed with brine, dried (Na,SO,), concentrated and purified by silica gel column chromatography
(hexane/AcOEt = 4:1). The obtained solid was triturated in hexane/CH,Cl,, and filtered to provide 13j (180
mg, 91%) as a yellow solid. '"H-NMR (CDCls) a mixture of conformers &: 7.56 (1H, d, J = 7.4 Hz),
7.34-7.29 (2H, m), 7.20 (1H, t, J = 8.2 Hz), 7.11-6.96 (6H, m), 6.68-6.66 (1H, m), 6.40 (1H, br s), 5.25 (1H,
t, J = 4.3 Hz), 4.60 (2H, s), 3.79-3.76 (2H, m), 3.54-3.51 (2H, m). MS (ESI*) m/z: 429 (M+H)". Anal. Calcd

for C;,H19FsN4O, 0.2H,0: C, 61.16; H, 4.53; N, 12.97. Found: C, 61.05; H, 4.51; N, 12.94.

2-(3-Hydroxyphenyl)-1-[8-(trifluoromethyl)-1,2,3,5-tetrahydropyrido[2,3-e][1,4]diazepin-4-yl]ethano
ne (14).
The diazepine 12 (230 mg, 1.06 mmol) was added to a solution of (3-benzyloxyphenyl)acetic acid (256

mg, 1.06 mmol), HATU (443 mg, 1.16 mmol), and (i-Pr),EtN (578 pL, 3.18 mmol) in CH,Cl, (10 mL) at
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room temperature, and the reaction mixture was stirred for 15 h. The mixture was diluted with CH,Cl, (50
mL), washed with saturated ag. NaHCO; and brine, dried (Na,SO,), concentrated and purified by silica gel
column chromatography (hexane/AcOEt = 7:3) to provide the benzyl compound (465 mg, 99%) as a
colorless solid. *H-NMR (CDCl3) a mixture of conformers 6: 7.67 (0.6H, d, J = 7.8 Hz), 7.40-7.32 (5.4H,
m), 7.23-7.09 (2H, m), 6.93-6.77 (3H, m), 5.19 (0.4H, s), 5.03-4.99 (2.6H, m), 4.60 (1.2H, s), 4.43 (0.8H, s),

3.91-3.89 (0.8H, m), 3.72-3.70 (3.2H, m), 3.46-3.43 (0.8H, m), 3.25-3.22 (1.2H, m).

10% Pd-C (140 mg) was added to a solution of the benzyl compound (465 mg, 1.05 mmol) in EtOH (15
mL), and the reaction mixture was stirred under H, atmosphere at room temperature for 4 h. The mixture
was filtered through a Celite pad and concentrated to provide 14 (361 mg, 98%) as a colorless solid.
'H-NMR (CDCI;) a mixture of conformers &: 7.66 (0.6H, d, J = 7.4 Hz), 7.21-7.14 (1.4H, m), 7.08-6.97
(1H, m), 6.74-6.70 (3H, m), 5.26 (0.4H, br s), 5.04 (0.6H, br s), 4.60 (1.2H, s), 4.49 (0.8H, s), 3.91-3.88

(0.8H, m), 3.77-3.74 (1.2H, m), 3.70-3.68 (2H, m), 3.46-3.43 (0.8H, m), 3.31-3.27 (1.2H, m).

2-(3-Methoxyphenyl)-1-[8-(trifluoromethyl)-1,2,3,5-tetrahydropyrido[2,3-e][1,4]diazepin-4-yl]ethano

ne (13Kk).

The phenol compound 14 (60 mg, 0.17 mmol) was dissolved in a mixture of iodomethane (32 ulL, 0.51
mmol) and K,CO3 (35 mg, 0.26 mmol) in DMF (2 mL), and the reaction mixture was stirred at 60 °C for 5 h.
The mixture was diluted with Et,O (30 mL), washed with brine, dried (Na,SO,), concentrated and purified
by silica gel column chromatography (CH,Cl,/MeOH = 9:1). The obtained solid was triturated in
hexane/Et,0, and filtered to provide 13k (41 mg, 66%) as a colorless solid. *H-NMR (CDCl3) a mixture of
conformers &: 7.67 (0.6H, d, J = 7.8 Hz), 7.22-7.18 (1.4H, m), 7.10 (0.6H, d, J = 7.8 Hz), 6.95 (0.4H, d, J =
7.3 Hz), 6.79-6.71 (3H, m), 5.20 (0.4H, br s), 5.00 (0.6H, br s), 4.62 (1.2H, s), 4.48 (0.8H, s), 3.94-3.91
(0.8H, m), 3.75-3.71 (6.2H, m), 3.49-3.45 (0.8H, m), 3.27-3.25 (1.2H, m). MS (ESI") m/z: 366 (M+H)".

Anal. Calcd for C1gH15F3N30,: C, 59.20; H, 4.97; N, 11.51. Found: C, 58.95; H, 4.95; N, 11.43.

2-(3-Ethoxyphenyl)-1-[8-(trifluoromethyl)-1,2,3,5-tetrahydropyrido[2,3-e][1,4]diazepin-4-yl]ethanone

(131).
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The synthesis of 131 was prepared in a similar manner described for 13k. Yield: 83%. *H-NMR (CDCl;) a
mixture of conformers &: 7.67 (0.6H, d, J = 7.8 Hz), 7.22-7.17 (1.4H, m), 7.10 (0.6H, d, J = 7.8 Hz), 6.95
(0.4H, d, J = 7.8 Hz), 6.77-6.69 (3H, m), 5.20 (1H, br s), 4.99 (1H, br s), 4.61 (0.4H, s), 4.47 (0.6H, s),
3.98-3.90 (2.8H, m), 3.75-3.73 (1.2H, m), 3.72 (0.8H, s), 3.70 (1.2H, s), 3.49-3.45 (0.8H, m), 3.24-3.22
(1.2H, m), 1.39-1.33 (3H, m). MS (ESI") m/z: 380 (M+H)". Anal. Calcd for CygH,0F3N30,: C, 60.18; H,

5.32; N, 11.08. Found: C, 59.95; H, 5.32; N, 11.00.

2-(3-1sopropoxyphenyl)-1-[8-(trifluoromethyl)-1,2,3,5-tetrahydropyrido[2,3-e][1,4]diazepin-4-yl]etha

none (13m).

The synthesis of 13m was prepared in a similar manner described for 13k. Yield: 42%. 'H-NMR (CDCls)
a mixture of conformers &: 7.68 (0.6H, d, J = 7.4 Hz), 7.17-7.13 (1.4H, m), 7.10 (0.6H, d, J = 7.4 Hz), 6.95
(0.4H, d, J = 7.4 Hz), 6.73 (3H, m), 5.20 (0.4H, br s), 4.99 (0.6H, br s), 4.61 (1.2H, s), 4.48-4.45 (1.8H, m),
3.93-3.90 (0.8H, m), 3.75-3.72 (1.2H, m), 3.72 (0.8H, s), 3.70 (1.2H, s), 3.47-3.44 (0.8H, m), 3.21-3.18
(1.2H, m), 1.29 (2.4H, d, J = 5.9 Hz), 1.25 (3.6H, d, J = 5.9 Hz). MS (ESI*) m/z: 394 (M+H)". Anal. Calcd

for CyoH22F3N3O,: C, 61.09; H, 5.64; N, 10.69. Found: C, 61.39; H, 5.63; N, 10.50.

2-(3-Butoxyphenyl)-1-[8-(trifluoromethyl)-1,2,3,5-tetrahydropyrido[2,3-e][1,4]diazepin-4-yl]ethanone

(13n).

The synthesis of 13n was prepared in a similar manner described for 13k. Yield: 83%. *H-NMR (CDCls) a
mixture of conformers 6: 7.67 (0.6H, d, J = 7.8 Hz), 7.19 (1.4H, t, J = 7.8 Hz), 7.10 (0.6H, d, J = 7.3 Hz),
6.95 (0.4H, d, J = 7.8 Hz), 6.77-6.71 (3H, m), 5.20 (0.4H, br s), 5.00 (0.6H, br s), 4.61 (1.2H, s), 4.47 (0.8H,
s), 3.95-3.81 (2.8H, m), 3.76-3.73 (1.2H, m), 3.72 (0.8H, s), 3.70 (1.2H, s), 3.46-3.44 (0.8H, m), 3.24-3.21
(1.2H, m), 1.76-1.68 (2H, m), 1.50-1.41 (2H, m), 0.98-0.94 (3H, m). MS (ESI*) m/z: 408 (M+H)*. Anal.

Calcd for C1H24F3N30;: C, 61.94; H, 5.94; N, 10.32. Found: C, 61.70; H, 5.95; N, 10.21.

2-(3-1sobutoxyphenyl)-1-[8-(trifluoromethyl)-1,2,3,5-tetrahydropyrido[2,3-e][1,4]diazepin-4-yl]ethano

ne (130).
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130 was prepared in a similar manner described for 13k. Yield: 31%. 'H-NMR (CDCIls3) a mixture of
conformers &: 7.67 (0.6H, d, J = 7.4 Hz), 7.22-7.17 (1.4H, m), 7.10 (0.6H, d, J = 7.4 Hz), 6.97 (0.4H, d, J =
7.4 Hz), 6.78-6.72 (3H, m), 5.20 (0.4H, br s), 5.01 (0.6H, br s), 4.61 (1.2H, s), 4.48 (0.8H, s), 3.92-3.90
(0.8H, m), 3.75-3.73 (1.2H, m), 3.72 (0.8H, s), 3.70 (1.2H, s), 3.52-3.50 (2H, m), 3.48-3.44 (0.8H, m),
3.26-3.22 (1.2H, m), 2.02 (1H, m), 1.00 (6H, d, J = 8.2 Hz). MS (ESI*) m/z: 408 (M+H)". Anal. Calcd for

C21H24F3N30,: C, 61.94; H, 5.94; N, 10.32. Found: C, 61.83; H, 6.06; N, 10.30.

2-[3-(2,2-Dimethylpropoxy)phenyl]-1-[8-(trifluoromethyl)-1,2,3,5-tetrahydropyrido[2,3-e][1,4]diazepi

n-4-yllethanone (13p).

13p was prepared in a similar manner described for 13k. Yield: 39%. 'H-NMR (CDCIls) a mixture of
conformers &: 7.67 (0.6H, d, J = 7.4 Hz), 7.22-7.17 (1.4H, m), 7.10 (0.6H, d, J = 7.4 Hz), 6.97 (0.4H, d, J =
7.4 Hz), 6.78-6.72 (3H, m), 5.20 (0.4H, br s), 5.01 (0.6H, br s), 4.61 (1.2H, s), 4.48 (0.8H, s), 3.93-3.91
(0.8H, m), 3.76-3.74 (1.2H, m), 3.72 (0.8H, s), 3.70 (1.2H, s), 3.52-3.50 (2H, m), 3.48-3.44 (0.8H, m),
3.26-3.22 (1.2H, m), 1.01 (3.6H, s), 0.99 (5.4H, s). MS (ESI") m/z: 422 (M+H)*. Anal. Calcd for

CaH26F3N30,: C, 62.69; H, 6.22; N, 9.97. Found: C, 62.86; H, 6.33; N, 9.99.

2-[3-(Cyclopentoxy)phenyl]-1-[8-(trifluoromethyl)-1,2,3,5-tetrahydropyrido[2,3-e][1,4]diazepin-4-yl]e

thanone (13q).

13q was prepared in a similar manner described for 13k. Yield: 60%. ‘H-NMR (CDCls) a mixture of
conformers &: 7.68 (0.6H, d, J = 7.3 Hz), 7.20-7.09 (2H, m), 6.94 (0.4H, d, J = 7.8 Hz), 6.76-6.67 (3H, m),
5.19 (0.4H, br s), 4.98 (0.6H, br s), 4.68-4.64 (1H, m), 4.60 (1.2H, s), 4.46 (0.8H, s), 3.93-3.91 (0.8H, m),
3.74-3.69 (3.2H, m), 3.47-3.44 (0.8H, m), 3.18-3.15 (1.2H, m), 1.24-1.07 (8H, m). MS (ESI") m/z: 420

(M+H)". Anal. Calcd for C,,H24F3N30,: C, 63.03; H, 5.77; N, 10.02. Found: C, 62.88; H, 5.77; N, 9.91.

2-[3-(Cyclohexoxy)phenyl]-1-[8-(trifluoromethyl)-1,2,3,5-tetrahydropyrido[2,3-e][1,4]diazepin-4-yl]et

hanone (13r).

13r was prepared in a similar manner described for 13k. Yield: 76%. ‘H-NMR (CDCl;) a mixture of

conformers §: 7.67 (0.6H, d, J = 7.4 Hz), 7.20-7.10 (2H, m), 6.95 (0.4H, d, J = 7.4 Hz), 6.77-6.71 (3H, m),
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5.20 (0.4H, br s), 5.00 (0.6H, br s), 4.60 (1.2H, s), 4.46 (0.8H, s), 4.19-4.14 (1H, m), 3.93-3.90 (0.8H, m),
3.75-3.69 (3.2H, m), 3.47-3.43 (0.8H, m), 3.23-3.19 (1.2H, m), 1.94-1.72 (4H, m), 1.49-1.25 (6H, m). MS
(ESI) m/z: 434 (M+H)". Anal. Calcd for Cy3H,6F3N3O, 0.05H,0: C, 63.60; H, 6.06; N, 9.67. Found: C,

63.31; H, 5.86; N, 9.97.
2-Benzyloxy-1-[2-chloro-6-(trifluoromethyl)-3-pyridyl]ethanone (16).

n-BuLi in hexane (2.64 M, 1.88 mL, 4.97 mmol) was dissolved in a mixture of (i-Pr),NH (0.697 mL, 4.97
mmol) in THF (10 mL) at -40 °C and the mixture was stirred for 30 min. 2-Chloro-6-(trifluoromethyl)-
pyridine 15 (0.902 g, 4.97 mmol) in THF (6 mL) was added to the mixture at -78 °C and the mixture was
stirred for 20 min. 2-Benzyloxy-N-methoxy-N-methyl-acetamide (0.800 g, 3.82 mmol) in THF (4 mL) was
added to the mixture, then warmed to -20 °C and stirred for 1 h. The mixture was diluted with Et,O (30 mL),
washed with brine, dried (Na,SO,), concentrated and purified by silica gel column chromatography
(hexane/AcOEt = 7:3). The obtained solid was triturated in hexane/Et,0O, and filtered to provide 16 (0.69 g,
43%) as an orange oil. "H-NMR (CDCls) &: 7.95 (1H, d, J = 7.4 Hz), 7.69 (1H, d, J = 7.8 Hz), 7.40-7.25

(5H, m), 4.64 (2H, s), 4.61 (2H, s).

tert-Butyl N-[2-({2-benzyloxy-1-[2-chloro-6-(trifluoromethyl)-3-pyridyl]ethyl}amino)ethyl]carbamate

(17).

16 (0.190 g, 5.76 mmol) was added to a solution of N-Boc-ethylenediamine (0.185 g, 11.5 mmol) and
Ti(Oi-Pr)4 (0.34 mL, 11.5 mmol) in THF (4 mL) at room temperature, and the reaction mixture was stirred
overnight. After the reaction mixture was cooled to 0 °C, MeOH (3 mL) was added to the reaction mixture.
Then, NaBH, (0.218 g, 57.5 mmol) was added to the mixture, and stirred at the same temperature for 4.5 h.
Then, the reaction mixture was diluted with saturated aq. NaHCO; and filtered through a Celite pad. The
filtered solution was extracted with AcOEt (400 mL), washed with brine, dried (Na,SO,), concentrated. The
residue was purified by silica gel column chromatography (hexane/AcOEt = 1:1) to provide 17 (0.212 g,
78%) as a yellow oil. '"H-NMR (CDClI3) 8: 8.15 (1H, d, J = 7.8 Hz), 7.62 (1H, d, J = 8.0 Hz), 7.39-7.26 (5H,
m), 4.79 (1H, br s), 4.58-4.51 (2H, m), 4.39 (1H, dd, J = 7.8, 3.1 Hz), 3.96 (1H, brs), 3.70 (1H, dd, J = 9.8,

3.5 Hz), 3.38-3.34 (1H, m), 3.23-3.17 (2H, m), 2.65-2.59 (1H, m), 2.48-2.42 (1H, m), 1.43 (9H, s).
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1-[5-(Hydroxymethyl)-8-(trifluoromethyl)-1,2,3,5-tetrahydropyrido[2,3-e][1,4]diazepin-4-yl]-2-(3-phe

noxyphenyl)ethanone (18).

17 (0.212 g, 4.47 mmol) was dissolved in 4 N HCI/AcOEt (2 mL) at room temperature, and the reaction
mixture was stirred for 1.5 h. The mixture was concentrated and triturated in (i-Pr),O (100 mL). Then, after
the suspension was filtered off, the obtained solid was washed with (i-Pr),O and dried in vacuo to provide
the diamine HCI salt (0.190 g). The obtained diamine HCI salt (0.190 g) was added to a solution of
(i-Pr);EtN (0.389 mL, 2.24 mmol) in NMP (4 mL) at 160 °C, and the reaction mixture was stirred for 5 h.
After the reaction mixture was diluted with Et,O (30 mL), washed with brine (50 mL), dried (Na,SO,), and
concentrated to provide the diazepine including NMP (0.250 g) as a brown oil. (3-Phenoxyphenyl)acetic
acid (41 mg, 0.18 mmol) was added to a solution of the crude diazepine (0.250 g), HATU (255 mg, 0.67
mmol), and (i-Pr),EtN (117 uL, 0.67 mmol) in CH,CIl, (4 mL) at room temperature, and the reaction
mixture was stirred for 15 h. The mixture was diluted with CH,Cl, (20 mL), washed with brine, dried
(Na,S0,), concentrated and purified by silica gel column chromatography (hexane/AcOEt = 1:1) to provide
the benzyl ether (110 mg, 45%, 3 steps) as a colorless solid. 10% Pd-C (110 mg) was added to a solution of
the benzyl alcohol (110 mg, 0.20 mmol) in EtOH (5 mL), and the reaction mixture was stirred under H,
atmosphere at room temperature for 1.5 h. The mixture was filtered through a Celite pad, concentrated to
provide the alcohol 18 (79 mg, 86%) as a colorless solid. *H-NMR (CDCI5) a mixture of conformers §: 7.70
(0.6H, s), 7.34-7.28 (2.4H, m), 7.12-6.96 (5H, m), 6.90-6.79 (3H, m), 5.85 (0.6H, s), 5.24 (0.6H, br s), 4.93
(0.4H, br s), 4.72 (0.4H, br s), 4.11-4.04 (1.2H, m), 3.89-3.78 (4.8H, m), 3.39-3.35 (0.8H, m), 3.15-3.04

(1.2H, m).
4-[2-(3-Phenoxyphenyl)acetyl]-8-(trifluoromethyl)-1,2,3,5-tetrahydropyrido[2,3-e][1,4]diazepine-5-ca

rboxylic acid (19a).

Jones reagent (2.5 M, 180 pL, 0.45 mmol) was added to a solution of 18 (101 mg, 0.23 mmol) in acetone
(6 mL) at 0 °C, and the reaction mixture was stirred for 1.5 h. The reaction mixure was diluted with H,O
(20 mL), extracted with CH,Cl, (40 mL), washed with brine, dried (Na,SO,), concentrated. The residue was

purified by silica gel column chromatography (CH,Cl,/MeOH = 85:15) and gel-phase chromatography
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(GPC) to provide 19a (18 mg, 17%) as a white solid. *H-NMR (CD;OD) a mixture of conformers &: 7.65
(1H, d,J =7.4 Hz), 7.32-7.23 (3H, m), 7.11-6.95 (4H, m), 6.94-6.87 (4H, m), 6.60 (1H, s), 3.92-3.86 (0.8H,
m), 3.80-3.75 (3.2H, m), 3.53-3.46 (1.2H, m), 3.22-3.16 (0.8H, m). MS (ESI") m/z: 422 (M+H)". Anal.

Calcd for Cy4H20F3N304 0.25H,0: C, 60.57; H, 4.34; N, 8.83. Found: C, 60.73; H, 4.64; N, 8.61.
tert-Butyl N-(2-{1-[2-chloro-6-(trifluoromethyl)-3-pyridyl]but-3-enylamino}ethyl)carbamate (21).

2-Chloro-6-(trifluoromethyl)pyridine-3-carbaldehyde 20 (11.96 g, 57.1 mmol) was added to a solution of
N-Boc-ethylenediamine (5.83 mL, 58.2 mmol) and Na,SO,4 (50 g) in CH,ClI, (400 mL) at room temperature,
and the reaction mixture was stirred for 17 h. After the reaction mixture was concentrated, the residue was
purified by silica gel column chromatography (hexane/AcOEt = 3:2) to provide the imine (13.87 g, 69%) as
a yellow oil. '*H-NMR (CDCl3) &: 8.67 (1H, s), 8.53 (1H, d, J = 7.8 Hz), 7.68 (1H, d, J = 7.8 Hz), 4.79 (1H,

brs), 3.83 (2H, t, J = 5.5 Hz), 3.50 (2H, g, J = 5.7 Hz), 1.44 (9H, s).

A solution of allylmagnesium bromide in Et,O (0.7 M, 60 mL, 42 mmol) was added to a solution of the
imine (13.44 g, 38.2 mmol) in THF (150 mL) under N, atmosphere at 0 °C, and the mixture was stirred at
the same temperature for 45 min. Then, the reaction mixture was diluted with H,O (200 mL), extracted with
AcOEt (400 mL), washed with brine, dried (Na,SO,4), concentrated. The residue was purified by silica gel
column chromatography (hexane/AcOEt = 7:3) to provide 21 (10.91 g, 73%) as a yellow oil. *H-NMR
(CDCly) 3: 8.12 (1H, d, J = 8.2 Hz), 7.64 (1H, d, J = 7.8 Hz), 5.82-5.71 (1H, m), 5.17-5.11 (2H, m), 4.72
(1H, br s), 4.21-4.10 (2H, m), 3.21-3.14 (2H, m), 2.65-2.59 (1H, m), 2.57-2.52 (1H, m), 2.47-2.41 (1H, m),

2.24-2.16 (1H, m), 1.44 (9H, s).
tert-Butyl 5-allyl-8-(trifluoromethyl)-1,2,3,5-tetrahydropyrido[2,3-e][1,4]diazepine-4-carboxylate (22).

21 (12.22 g, 31.0 mmol) was dissolved in 4 N HCI/AcOEt (50 mL) at room temperature, and the reaction
mixture was stirred for 5 h. The mixture was concentrated and triturated in (i-Pr),O (100 mL). Then, after
the suspension was filtered off, the obtained solid was washed with (i-Pr),O and dried in vacuo to provide
the diamine HCI salt (10.3 g). The obtained diamine HCI salt (10.3 g) was added to a solution of (i-Pr),EtN
(15.0 mL, 82.2 mmol) in NMP (100 mL) at 160 °C, and the reaction mixture was stirred for 8 h. After the
reaction mixture was diluted with AcOEt/Et,0 (150 mL/150 mL), washed with brine (300 mL), dried
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(Na,S0,), and concentrated. The residue was purified by silica gel column chromatography (hexane/AcOEt
= 3:7) to provide the diazepine including NMP (11.8 g) as a brown oil. Di-tert-butyl dicarbonate (7.98 g,
36.5 mmol) was added to a solution of the diazepine including NMP (11.8 g) and EtzN (12.7 mL, 91.4
mmol) in CH,CI, (80 mL) at room temperature, and the reaction mixture was stirred for 15 h. Then, the
reaction mixture was diluted with H,O (200 mL), extracted with Et,0 (200 mL x 2), washed with brine,
dried (Na,SOy), concentrated and purified by silica gel column chromatography (hexane/AcOEt = 4:1) to
provide 22 (6.53 g, 59%, 3 steps) as a yellow oil. *"H-NMR (CDCl5) a mixture of conformers &: 7.56 (0.5H,
d, J = 7.4 Hz), 7.44 (0.5H, d, J = 7.4 Hz), 7.10 (1H, d, J = 7.4 Hz), 5.68-5.59 (1H, m), 5.33 (0.5H, br s),
5.08-4.99 (3.5H, m), 4.14-4.00 (1H, m), 3.38-3.31 (2H, m), 3.19-3.08 (1H, m), 2.86-2.72 (1H, m), 2.53-2.46

(1H, m), 1.45 (9H, s).

Methyl 2-[8-(trifluoromethyl)-2,3,4,5-tetrahydro-1H-pyrido[2,3-e][1,4]diazepin-5-yl]acetate

hydrochloride (23).

A mixture of 22 (550 mg, 1.54 mmol), 2.5% OsO4 in i-PrOH (20 uL, 20 umol), and N-methylmorpholine
oxide (360 mg, 3.08 mmol) in acetone (15 mL) was stirred at room temperature for 18 h. The mixture was
diluted with AcOEt (30 mL), washed with brine, dried (Na,SO,), concentrated to provide the diol as a
brown oil (600 mg). A mixture of the diol (600 mg) and sodium periodate (491 mg. 2.30 mmol) in
THF/H,0 (9 mL/3 mL) was stirred at room temperature for 2 h. The mixture was diluted with AcOEt (30
mL), washed with brine, dried (Na,SO,), concentrated in vacuo to provide the aldehyde as a colorless oil
(495 mg). A mixture of the obtained aldehyde, NaH,PO4-2H,0 (2.15 ¢, 13.8 mmol), NaCIO, (312 mg, 3.45
mmol), and 2-methyl-2-butene (7.33 mL, 69.0 mmol) in t-BuOH/H,O (5 mL/5 mL) was stirred at room
temperature for 2 h. After concentration, the residue was diluted with AcOEt (50 mL x 2), washed with
brine, dried (Na,SO,), concentrated in vacuo to provide the carboxylic acid as a brown oil (560 mg). A
mixture of the obtained carboxylic acid, iodomethane (1.82 mL, 2.93 mmol), and K,CO;3; (303 mg, 2.20
mmol) in DMF (8 mL) was stirred at 50 °C for 4 h. Then, the reaction mixture was diluted with H,O (30
mL), extracted with Et,O (30 mL x 2), washed with brine, dried (Na,SO,), concentrated and purified by

silica gel column chromatography (hexane/AcOEt = 2:1) to provide the methyl ester (460 mg, 77%, 4 steps)
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as a brown oil. *H-NMR (CDCl3) a mixture of conformers &: 7.72-7.59 (1H, m), 7.13 (1H, d, J = 7.4 Hz),
5.76 (0.4H, s), 5.57 (0.6H, s), 5.02-4.98 (1H, m), 4.12-3.99 (2H, m), 3.63 (3H, s), 3.50-3.33 (2H, m),

3.18-2.99 (2H, m), 1.44 (9H, s).

The methyl ester (460 mg, 1.18 mmol) was dissolved in 4 N HCI/AcOEt (5 mL) and stirred at room
temperature for 2 h. (i-Pr),O (30 mL) was added to the resulting suspension. The deposited HCI salt was
separated by filtration and dried in vacuo to provide 23 as a colorless solid (395 mg, 92%). *H-NMR
(CD;0D) 6: 7.85 (1H, d, J = 7.8 Hz), 7.26 (1H, d, J = 7.8 Hz), 5.10 (1H, t, J = 7.0 Hz), 3.72 (3H, 3),

3.57-3.40 (4H, m), 3.24-3.13 (2H, m).

Methyl 2-{4-[2-(3-phenoxyphenyl)acetyl]-8-(trifluoromethyl)-1,2,3,5-tetrahydropyrido[2,3-e][1,4]

diazepin-5-yl}acetate (24).

A mixture of 23 (300 mg, 0.83 mmol), (3-phenoxyphenyl)acetic acid (236 mg, 1.04 mmol), (i-Pr);EtN
(0.60 mL, 3.31 mmol), and HATU (378 mg, 0.99 mmol) in CH,CI, (10 mL) was stirred at room temperature
for 17 h. The mixture was diluted in CH,Cl, (20 mL), washed with saturated aq. NaHCO; and brine, dried
(Na,S0,), concentrated and purified by column chromatography (hexane/AcOEt = 1:1) to provide 24 as a
colorless oil (375 mg, 91%). *H-NMR (CDCl;) a mixture of conformers &: 7.77 (0.6H, d, J = 7.8 Hz),
7.33-7.29 (2H, m), 7.25-7.23 (1.2H, m), 7.16-7.07 (1.2H, m), 7.00-6.77 (6H, m), 6.17 (0.6H, t, J = 7.8 Hz),
5.44 (0.4H, t, J = 7.6 Hz), 5.08 (0.4H, s), 4.92 (0.6H, s), 4.70 (0.6H, d, J = 14.5 Hz), 4.04-3.90 (1H, m),

3.85-3.67 (2.4H, m), 3.64-3.60 (3H, m), 3.40-3.28 (1H, m), 3.21-2.70 (3H, m).

2-{4-[2-(3-Phenoxyphenyl)acetyl]-8-(trifluoromethyl)-1,2,3,5-tetrahydropyrido[2,3-e][1,4]diazepin-5-y

I}acetic acid (19hb).

A mixture of 24 (200 mg, 0.40 mmol) and 2 N aq. NaOH (4 mL) in THF/MeOH (2 mL/2 mL) was stirred
at room temperature for 2 h. The mixture was acidified with 2 N HCI and extracted with AcOEt. The
organic layer was washed with brine, dried (Na,SO,), concentrated and purified by silica gel column
chromatography (CH,Cl,/MeOH = 12:1). The obtained solid was triturated in hexane/Et,0, filtered and
dried in vacuo to provide 19b as a colorless solid (183 mg, 94%). *H-NMR (CDCl;) a mixture of
conformers &: 7.77 (0.6H, d, J = 7.4 Hz), 7.33-7.28 (2H, m), 7.25-7.21 (1.2H, m), 7.15-7.06 (1.2H, m),
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6.97-6.76 (6H, m), 6.16 (0.6H, t, J = 7.4 Hz), 5.41 (0.4H, t, J = 7.6 Hz), 5.15 (0.4H, s), 5.02 (0.6H, s), 4.71
(0.6H, d, J = 14.5 Hz), 3.97-3.94 (1H, m), 3.84-3.63 (2.4H, m), 3.40-3.27 (1H, m), 3.21-2.70 (3H, m). MS
(ESI") m/z: 486 (M+H)". Anal. Calcd for CsH»F3N3O4 0.2H,0: C, 61.40; H, 4.62; N, 8.59. Found: C,

61.42; H, 4.75; N, 8.57.

2-{(5R)-4-[2-(3-Phenoxyphenyl)acetyl]-8-(trifluoromethyl)-1,2,3,5-tetrahydropyrido[2,3-e][1,4]diazepi
n-5-yl}acetic acid ((R)-19b) and 2-{(5S)-4-[2-(3-phenoxyphenyl)acetyl]-8-(trifluoromethyl)-1,2,3,5-

tetrahydropyrido[2,3-e][1,4]diazepin-5-yl}acetic acid ((S)-19b).

Each enantiomer of 24 (120 mg, 0.240 mmol) was separated by using chiral HPLC: column, tg of
(R)-enantiomer = 6.56 min, (S)-enantiomer = 7.47 min; temperature, 27 °C, CHIRALPACK IC (4.6 x 250
mm); eluent, hexane/EtOH = 70/30; flow rate = 1.0 mL/min. Then, the obtained (R)-enantiomer (55 mg,
0.11 mmol) and (S)-enantiomer (56 mg, 0.11 mmol) was respectively dissolved in a mixture of 2 N agq.
NaOH (2 mL), THF (1 mL), and MeOH (1 mL), and the mixture was stirred at room temperature for 2 h.
The mixture was acidified with 2 N HCI and extracted with AcOEt. The organic layer was washed with
saturated aq. NaHCO;3; and brine, dried (Na,SO4) and concentrated in vacuo. The obtained residue was
triturated in hexane/Et,0, filtered and dried in vacuo to provide (R)-19b as a colorless solid (47 mg, 88%),
[a]5® -43.5 (c 0.49, CHCIs), and (S)-19b as a colorless solid (54 mg, 97%), [a]5° +42.7 (c 0.48, CHCIy).
The absolute configurations were determined by the correspondence of the optical rotation of (R)-19b

obtained from the stereospecific route in Scheme 3.

(NE)-N-{[2-Chloro-6-(trifluoromethyl)-3-pyridyl]methylene}-2-methyl-propane-2-sulfinamide (25).

A mixture of 2-chloro-6-(trifluoromethyl)pyridine-3-carbaldehyde 20 (19.0 g, 90.8 mmol), Ti(OEt)4 (41.4 g,
182 mmol), and (S)-(-)-tert-butylsulfinamide (11.2 g, 92.6 mmol) in THF (200 mL) was stirred at reflux for 5
h. The cooled reaction mixture was concentrated, and dissolved in AcOEt (500 mL). The resulting suspension
was filtered through a Celite pad, and the filtrate was concentrated and purified by column chromatography
(hexane/AcOEt = 4:1) to provide 25 (28.9 g, 99%) as a light yellow solid. *H-NMR (CDCls) &: 9.00 (1H, s),
8.53 (1H, d, J=7.8 Hz), 7.73 (1H, d, J = 7.8 Hz), 1.29 (9H, s).

N-{(1R)-1-[2-Chloro-6-(trifluoromethyl)-3-pyridyl]but-3-enyl}-2-methylpropane-2-sulfinamide (26).
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A mixture of 25 (28.9 g, 90.0 mmol), allyl bromide (55.9 g, 0.46 mol), and indium (42.5 g, 0.37 mol) was
vigorously stirred in saturated ag. NaBr at room temperature for 21 h. After addition of saturated ag. NaHCO;
(500 mL), the reaction mixture was extracted with AcOEt (250 mL x 3). The organic layers were filtered
through a Celite pad, and dried (Na,SO,), concentrated and purified by column chromatography
(hexane/AcOEt = 1:4 with 5% of EtzN) to provide 26 as a colorless solid (30.7 g, 94%). *H-NMR (CDCl;) &:
7.95 (1H, d, J = 7.8 Hz), 7.64 (1H, d, J = 7.8 Hz), 5.79-5.68 (1H, m), 5.24 (2H, t, J = 14.1 Hz), 5.03-4.99
(1H, m), 3.78 (1H, s), 2.79-2.73 (1H, m), 2.51-2.43 (1H, m), 1.24 (9H, s).
(1R)-1-[2-Chloro-6-(trifluoromethyl)-3-pyridyl]but-3-en-1-amine hydrochloride (27).

The sulfinamide 26 (22.8 g, 64.3 mmol) was dissolved in 4 N HCI/1,4-dioxane (100 mL) and stirred at room
temperature for 2 h. After the reaction mixture was concentrated, the residue was added to Et,O (300 mL).
The resulting suspension was filtered, and dried in vacuo to provide 27 (15.1 g, 82%) as a colorless solid.
'H-NMR (CD;0D) 8: 8.24 (1H, d, J = 7.8 Hz), 7.97 (1H, d, J = 8.2 Hz), 5.83-5.72 (1H, m), 5.25 (1H, d, J =
5.1 Hz), 5.22 (1H, s), 4.93 (1H, t, J = 7.2 Hz), 2.81 (2H, t, J = 7.2 HZ).
tert-Butyl N-[2-({(1R)-1-[2-chloro-6-(trifluoromethyl)-3-pyridyl]but-3-enyl}amino)ethyl]carbamate
(28).

A mixture of 27 (15.1 g, 52.8 mmol), tert-butyl N-(2-oxoethyl)carbamate (12.6 g, 79.3 mmol), and
NaBH(OACc); (25.2 g, 95.1 mmol) in CH,ClI, (250 mL) was stirred at room temperature for 4 h. After addition
of saturated ag. NaHCO; (300 mL), the reaction mixture was extracted with CH,Cl, (250 mL x 2). The
organic layers were washed with brine, dried (Na,SO,), concentrated and purified by column chromatography
(hexane/AcOEt = 2:3) to provide 28 as a colorless solid (20.8 g, quant.). ‘H NMR (CDCls) &: 8.12 (1H, d, J =
7.8 Hz), 7.64 (1H, d, J = 8.2 Hz), 5.81-5.71 (1H, m), 5.13 (2H, t, = 12.3 Hz), 4.72 (1H, br s), 4.21-4.17 (1H,
m), 3.19 (2H, br s), 2.65-2.59 (1H, m), 2.57-2.51 (1H, m), 2.47-2.41 (1H, m), 2.24-2.16 (1H, m), 2.05 (1H, s),

1.44 (9H, s).

tert-Butyl (5R)-5-allyl-8-(trifluoromethyl)-1,2,3,5-tetrahydropyrido[2,3-e][1,4]diazepine-4-carboxylate
(29).

28 (20.8 g, 52.8 mmol) was dissolved in 4 N HCI/AcOEt (100 mL) and stirred at room temperature for 1 h.
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After the reaction mixture was concentrated, the residue was dissolved in CH,Cl, (300 mL), washed with
saturated aq. NaHCO; and brine, dried (Na,SO,), concentrated and purified by column chromatography
(CH,CIl,/MeOH = 12:1) to provide the diamine as a colorless solid (12.7 g). A mixture of the diamine (12.7 g,
43.3 mmol) and (i-Pr),EtN (23.7 mL, 130 mmol) in N-methylpyrrolidone (250 mL) was stirred at 160 °C for
8 h. Subsequently, di-tert-butyl dicarbonate (14.2 g, 65.0 mmol) was added to the cooled mixture. After
stirring at room temperature for 1 h, The mixture was diluted with Et,0, washed with brine, dried (Na,SO,),
concentrated and purified by column chromatography (hexane/AcOEt = 4:1) to provide 29 as a brown oil
(11.1 g, 59%, 2 steps). "H NMR (CDCl5): a mixture of conformers & 7.56 (0.5H, d, J = 7.4 Hz), 7.44 (0.5H, d,
J =7.4Hz), 7.10 (1H, d, J = 7.4 Hz), 5.68-5.59 (1H, m), 5.33 (0.5H, br s), 5.08-4.99 (3.5H, m), 4.14-4.00

(1H, m), 3.38-3.31 (2H, m), 3.19-3.08 (1H, m), 2.86-2.72 (1H, m), 2.53-2.46 (1H, m), 1.45 (9H, ).

Methyl 2-[(5R)-8-(trifluoromethyl)-2,3,4,5-tetrahydro-1H-pyrido[2,3-e][1,4]diazepin-5-yl]acetate
hydrochloride (30).

A mixture of 29 (11.1 g, 31.1 mmol), 2.5% 0sO, in i-PrOH (8.00 mL, 0.79 mmol), and N-methylmorpho-
line oxide (4.74 g, 40.5 mmol) was dissolved in acetone/H,O (90 mL/30 mL) at O °C, then stirred at room
temperature for 18 h. The mixture was diluted with AcOEt (300 mL), washed with brine, dried (Na,SO,),
concentrated and purified by column chromatography (CH,Cl,/MeOH = 8:1) to provide the diol as a brown
oil (12.9 g). A mixture of the diol (12.9 g) and sodium periodate (13.3 g, 62.3 mmol) in THF/H,O (150
mL/50 mL) was stirred at room temperature for 1.5 h. The mixture was diluted with AcOEt (300 mL),
washed with brine, dried (Na,SO,), concentrated in vacuo to provide the aldehyde as a colorless oil (11.9 g).
A mixture of the aldehyde (11.9 g), NaH,PO,4-2H,0 (36.4 g, 234 mmol), NaClO, (7.04 g, 78 mmol), and
2-methyl-2-butene (33.1 mL, 311 mmol) in t-BuOH/H,0 (150 mL/150 mL) was stirred at room temperature
for 17 h. After concentration, the residue was diluted with AcOEt (300 mL x 2), washed with brine, dried
(NayS0O,), concentrated in vacuo to provide the carboxylic acid as a brown oil (16.1 g). A mixture of the
carboxylic acid (15.2 g) and 2.0 M (trimethylsilyl)diazomethane/hexane (18.0 mL, 36.0 mmol) in
THF/MeOH (50 mL/50 mL) was stirred at 0 °C for 1 h. The mixture was concentrated and purified by

column chromatography (hexane/AcOEt = 3:1) to provide the methyl ester as a colorless oil (8.38 g). The
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methyl ester (8.82 g, 22.7 mmol) was dissolved in 4 N HCI/1,4-dioxane (50 mL) and stirred at room
temperature for 1 h. (i-Pr),O (300 mL) was added to the resulting suspension. The deposited HCI salt was
separated by filtration and dried in vacuo to provide 30 as a colorless solid (7.07 g, 64%, 5 steps)."H NMR
(CDClI3): a mixture of conformers &: 7.85 (1H, d, J =7.8 Hz), 7.26 (1H, d, J = 7.8 Hz), 5.10 (1H,t,J =7.0
Hz), 3.72 (3H, s), 3.66 (1H, s), 3.58-3.40 (4H, m), 3.25-3.22 (2H, m).
2-((5R)-4-{2-[3-(4-Fluorophenoxy)phenyl]acetyl}-8-(trifluoromethyl)-1,2,3,5-tetrahydropyrido[2,3-e][1,
4]diazepin-5-yl)acetic acid (31a).

A mixture of 30 (120 mg, 0.32 mmol), 2-[3-(4-fluorophenoxy)phenyl]acetic acid (94 mg, 0.38 mmol),
(i-Pr),EtN (0.116 mL, 0.64 mmol), and HATU (146 mg, 0.38 mmol) in CH,CI, (5 mL) was stirred at room
temperature overnight. The mixture was diluted in CH,Cl, (20 mL), washed with saturated ag. NaHCO; and
brine, dried (Na,SO,), concentrated and purified by column chromatography (hexane/AcOEt = 1:1) to
provide the acylated diazepine as a colorless oil (165 mg, quant.). "H-NMR (CDCI5) a mixture of conformers
§:7.77 (0.6H, d, J = 7.8 Hz), 7.24-7.15 (1.4H, m), 7.03-6.88 (5H, m), 6.83-6.71 (3H, m), 6.16 (0.4H, t, J =
8.0 Hz), 5.43 (0.6H, t, J = 7.4 Hz), 5.08 (0.4H, d, J = 5.5 Hz), 4.92 (0.6H, d, J = 4.3 Hz), 4.72-4.67 (0.6H,
m), 4.03-3.90 (1H, m), 3.86-3.69 (2.4H, m), 3.65-3.61 (3H, m), 3.42-3.29 (1H, m), 3.20-2.70 (3H, m).

A mixture of the acylated diazepine (170 mg, 0.33 mmol) and 2 N agq. NaOH (4 mL) in THF/MeOH (2 mL/2
mL) was stirred at room temperature for 2 h. The mixture was acidified with 2 N HCI and extracted with
AcOEt. The organic layer was washed with brine, dried (Na,SO,4) and concentrated in vacuo. The obtained
residue was triturated in hexane/Et,0, filtered and dried in vacuo to provide 31a as a colorless solid (160 mg,
97%). 'H-NMR (CDClI;) a mixture of conformers &: 7.77 (0.6H, d, J = 7.8 Hz), 7.23 (1H, d, J = 8.2 Hz), 7.16
(0.4H, d, J = 7.4 Hz), 7.03-6.89 (5H, m), 6.83-6.71 (3H, m), 6.16 (0.6H, t, J = 8.0 Hz), 5.43 (0.4H,t, J = 7.4
Hz), 5.08 (0.6H, d, J = 5.5 Hz), 4.92 (0.4H, d, J = 5.5 Hz), 4.72-4.67 (0.6H, m), 4.03-3.91 (1H, m), 3.85-3.61
(2.4H, m), 3.42-3.28 (1H, m), 3.21-2.70 (3H, m). MS (ESI*) m/z: 504 (M+H)". Anal. Calcd for CosH»1F4N304
‘0.2H,0: C, 59.22; H, 4.25; N, 8.29. Found: C, 59.26; H, 4.34; N, 8.22.
2-{(5R)-4-[2-(3-1sobutoxyphenyl)acetyl]-8-(trifluoromethyl)-1,2,3,5-tetrahydropyrido[2,3-e][1,4]diazepi
n-5-yl}acetic acid (31b).

31b was prepared in a similar manner described for 31a. Yield: 72% (2 steps from 30). '"H NMR (CDCls): a
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mixture of conformers &: 7.79 (0.6H, d, J = 7.4 Hz), 7.19-7.11 (1.2H, m), 6.91 (0.6H, d, J = 7.4 Hz), 6.84
(0.6H, d, J = 7.4 Hz), 6.77-6.68 (3H, m), 6.19 (0.6H, t, J = 7.6 Hz), 5.44 (0.4H, t, J = 7.6 Hz), 5.14 (0.4H, br
s), 4.98 (0.6H, br s), 4.78-4.63 (0.6H, m), 4.03-3.91 (1H, m), 3.87-3.82 (0.4H, m), 3.77-3.41 (4H, m),
3.25-2.73 (4H, m), 2.05-1.95 (1H, m), 0.99-0.95 (6H, m). MS (ESI") m/z: 466 (M+H)". HRMS (ESI") m/z:
464.1793 (M-H) (calcd for CysHosF3N3O,: 464.1797). [a]5°® -40.2 (¢ 1.00, CHCI;). Anal. Caled for
Ca3H26F3N304°0.2H,0: C, 58.89; H, 5.67; N, 8.96. Found: C, 58.89; H, 5.67; N, 8.96.
2-[(5R)-4-(2-{3-[(6-Methyl-3-pyridyl)oxy]phenyl}acetyl)-8-(trifluoromethyl)-1,2,3,5-tetrahydropyrido[2
,3-e][1,4]diazepin-5-yl]acetic acid (31c).

31c was prepared in a similar manner described for 31a. Yield: 69% (2 steps from 30). *H-NMR (CD50D) a
mixture of conformers 6: 8.13-8.09 (1H, m), 7.75 (0.5H, d, J = 7.3 Hz), 7.34-7.24 (3H, m), 7.13 (0.5H, d, J =
7.3 Hz), 7.06-7.02 (1.5H, m), 6.90 (1.5H, d, J = 7.2 Hz), 6.81 (0.5H, d, J = 8.3 Hz), 6.70 (0.5H, s), 6.12
(0.5H, t, J = 7.6 Hz), 5.53 (0.5H, t, J = 7.3 Hz), 4.60-4.56 (0.5H, m), 4.16-4.13 (0.5H, m), 3.99-3.96 (0.5H,
m), 3.91-3.78 (1.5H, m), 3.72-3.67 (0.5H, m), 3.50-3.36 (1.5H, m), 3.23-2.78 (4H, m), 2.52-2.48 (3H, m).
MS (ESI") m/z: 501 (M+H)*. HRMS (ESI) m/z: 499.1597 (M-H)  (calcd for CpsH,3FsN4O4: 499.1593). [a]2°
+32.9 (c 1.00, CHCI3). Anal. Calcd for CysH,3F3N404-5/7H,0: C, 58.49; H, 4.80; N, 10.91. Found: C, 58.71;

H, 4.81; N, 10.61.
tert-Butyl  (5R)-5-(2-benzyloxy-2-oxo-ethyl)-8-(trifluoromethyl)-1,2,3,5-tetrahydropyrido[2,3-e][1,4]
diazepine-4-carboxylate (32).

A mixture of the carboxylic acid obtained in the procedure of 30 (16.5 g, 36.0 mmol), benzyl bromide
(5.56 mL, 46.8 mmol), and K,CO; (7.47 g, 54.0 mmol) in acetone (250 mL) was stirred at 60 °C for 7 h.
Then, the reaction mixture was filtered through a Celite pad, concentrated, and purified by silica gel column
chromatography (hexane/AcOEt = 1:1) to provide 32 (16.9 g) as a crude brown oil.

Benzyl 2-[(5R)-8-(trifluoromethyl)-2,3,4,5-tetrahydro-1H-pyrido[2,3-e][1,4]diazepin-5-yl]acetate
dihydrochloride (33).

The benzyl ester 32 (16.9 g) was dissolved in 4 N HCI/1,4-dioxane (80 mL) and stirred at room

temperature for 0.5 h. Et,O (300 mL) was added to the resulting suspension. The deposited hydrochloride
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salt was separated by filtration and dried in vacuo to provide 33 as a colorless solid (12.8 g, 80%, 5 steps).
'H-NMR (CD;0D) &: 7.77 (1H, d, J = 7.8 Hz), 7.34-7.29 (5H, m), 7.16 (1H, d, J = 7.8 Hz), 5.16 (2H, s),

5.11 (1H, t, J = 7.0 Hz), 3.56-3.40 (4H, m), 3.26-3.23 (2H, m).

Benzyl 2-{(5R)-4-[2-(3-hydroxyphenyl)acetyl]-8-(trifluoromethyl)-1,2,3,5-tetrahydropyrido[2,3-¢e][1,4]

diazepin-5-yl}acetate (34).

A mixture of 33 (500 mg, 1.14 mmol), (3-hydroxyphenyl)acetic acid (208 mg, 1.37 mmol), and DMT-MM
(573 mg, 1.71 mmol) in MeOH (10 mL) was stirred at room temperature for 24 h. The mixture was diluted
in AcOEt (50 mL), washed with saturated aq. NaHCO3 and brine, dried (Na,SO,), concentrated and purified
by column chromatography (hexane/AcOEt = 1:1) to provide 34 as a colorless solid (441 mg, 77%). 'H
NMR (CDCIs3) a mixture of conformers 6: 7.72 (0.6H, d, J = 7.6 Hz), 7.38-7.33 (3H, m), 7.29-7.27 (1.4H,
m), 7.17-7.07 (2H, m), 6.90 (0.6H, d, J = 7.6 Hz), 6.81 (0.4H, d, J = 7.8 Hz), 6.73-6.60 (3H, m), 6.18 (0.6H,
t, J = 8.1 Hz), 5.89 (0.4H, s), 5.45-5.41 (1H, m), 5.18 (0.4H, d, J = 4.9 Hz), 5.11-4.88 (3H, m), 4.60-4.57

(0.6H, m), 3.88-3.58 (3H, m), 3.27-2.77 (4H, m).

2-{(5R)-4-[2-(3-Hydroxyphenyl)acetyl]-8-(trifluoromethyl)-1,2,3,5-tetrahydropyrido[2,3-e][1,4]diazep

in-5-yl}acetic acid (35a).

10% Pd-C (60 mg) was added to a solution of 34 (300 mg, 0.60 mmol) in EtOH (5 mL), and the reaction
mixture was stirred under H, atmosphere at room temperature for 5 h. The mixture was filtered through a
Celite pad, concentrated, and purified by silica gel column chromatography (CH,Cl,/MeOH = 9:1) to
provide the diazepine 35a (213 mg, 87%) as a colorless solid. *H-NMR (CD5OD) a mixture of conformers
8:7.77 (0.6H, d, J = 7.4 Hz), 7.13-6.82 (2.4H, m), 6.67-6.53 (3H, m), 6.16 (0.6H, t, J = 7.8 Hz), 5.52 (0.4H,
t, J = 7.4 Hz), 4.64-4.58 (0.4H, m), 4.10-4.06 (0.6H, m), 3.97-3.92 (0.4H, m), 3.85-3.81 (0.6H, m), 3.75
(1H, s), 3.70-3.63 (0.4H, m), 3.45 (0.6H, dd, J = 13.9, 4.5 Hz), 3.25-3.02 (2H, m), 2.95-2.76 (2H, m). MS
(ESI") m/z: 410 (M+H)". Anal. Calcd for CigH15F3N3O4 7/8H,0: C, 53.68; H, 4.68; N, 9.88. Found: C,

53.76; H, 4.90; N, 9.59.

2-((5R)-4-{2-[3-(2-Methylpropanoyloxy)phenyl]acetyl}-8-(trifluoromethyl)-1,2,3,5-tetrahydropyrido[2
,3-e][1,4]diazepin-5-yl)acetic acid (35b).
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A mixture of 34 (100 mg, 0.20 mmol), 2-methylpropanoyl chloride (256 mg, 0.24 mmol), and EtzN (56 pL,
0.40 mmol) in CH,CI, (10 mL) was stirred at room temperature for 1.5 h. The mixture was diluted with
AcOEt (30 mL), washed with water and brine, dried (Na,SO,4), concentrated and purified by column
chromatography (hexane/AcOEt = 1:1) to provide the benzyl ester (114 mg, quant.). "H-NMR (CDCls) a
mixture of conformers &: 7.69 (0.6H, d, J = 7.8 Hz), 7.37-7.28 (5.4H, m), 6.80-6.79 (5H, m), 6.18 (0.6H, t,
J = 7.8 Hz), 5.40 (0.4H, t, J = 7.4 Hz), 5.09-4.88 (3H, m), 4.72-4.69 (0.4H, m), 3.96-3.88 (0.6H, m),

3.79-3.59 (2H, m), 3.42-3.30 (2H, m), 3.28-3.07 (2H, m), 2.99-2.71 (2H, m), 1.31-1.25 (6H, m).

10% Pd-C (50 mg) was added to a solution of the benzyl ester (114 mg, 0.200 mmol) in EtOH (5 mL), and
the reaction mixture was stirred under H, atmosphere at room temperature for 5 h. The mixture was filtered
through a Celite pad, concentrated, and purified by silica gel column chromatography (CH,Cl,/MeOH =
9:1). The obtained was triturated in hexane/Et,0, filtered and dried in vacuo to provide 35b (75 mg, 78%)
as a colorless solid. *"H-NMR (CDCI3) a mixture of conformers &: 7.76 (0.6H, d, J = 7.6 Hz), 7.31-7.24
(1.4H, m), 7.15-6.88 (4H, m), 6.27-6.24 (0.6H, m), 5.35-5.33 (0.4H, m), 5.18 (0.4H, br s), 5.09 (0.6H, br s),
4.76-4.74 (0.4H, m), 4.01-3.99 (0.6H, m), 3.88 (0.4H, d, J = 15.6 Hz), 3.74 (1H, s), 3.68-3.62 (0.6H, m),
3.43-3.28 (2H, m), 3.21-3.14 (1.6H, m), 3.03-3.01 (0.4H, m), 2.83-2.78 (1H, m), 2.69-2.54 (1H, m),
1.32-1.28 (3.6H, m), 0.90-0.86 (2.4H, m). MS (ESI") m/z: 480 (M+H)". Anal. Calcd for Cy3H24F3N3O0s:

0.5H,0: C, 56.55; H, 5.16; N, 8.60. Found: C, 56.52; H, 5.19; N, 8.38.

2-((5R)-4-{2-[3-(3-Methylbutanoyloxy)phenyl]acetyl}-8-(trifluoromethyl)-1,2,3,5-tetrahydropyrido|[2,

3-e][1,4]diazepin-5-yl)acetic acid (35c).

35c was prepared in a similar manner described for 35b. Yield: 71% (2 steps from 34). *H-NMR (CDCl5)
a mixture of conformers &: 7.76 (0.6H, d, J = 7.8 Hz), 7.34-7.29 (1.4H, m), 7.16-6.90 (4H, m), 6.28-6.24
(0.6H, m), 5.32-5.28 (0.4H, m), 5.12 (0.6H, br s), 5.02 (0.4H, br s), 4.78-4.73 (0.4H, m), 3.99-3.60 (3.6H,
m), 3.40-2.60 (4H, m), 2.47-2.45 (2H, m), 2.28-2.18 (1H, m), 1.07-1.03 (6H, m). MS (ESI") m/z: 494
(M+H)*. HRMS (ESI") m/z: 494.1908 (M+H)" (calcd for CpsHy7FsN3Os: 494.1903). [a]2° -21.6 (c 1.00,
CHCI3). Anal. Calcd for Cy4H26F3N3Os: 0.2H,0: C, 57.99; H, 5.35; N, 8.45. Found: C, 58.05; H, 5.44; N,

8.42.
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2-{(5R)-4-[2-(3-Pentanoyloxyphenyl)acetyl]-8-(trifluoromethyl)-1,2,3,5-tetrahydropyrido[2,3-e][1,4]di

azepin-5-yl}acetic acid (35d).

35d was prepared in a similar manner described for 35b. Yield: 96% (2 steps from 34). *H-NMR (CDCl5)
a mixture of conformers &: 7.76 (0.6H, d, J = 7.6 Hz), 7.31-7.25 (1.4H, m), 7.15-6.88 (4H, m), 6.25-6.23
(0.6H, m), 5.34-5.32 (0.4H, m), 5.19 (0.4H, br s), 5.11 (0.6H, br s), 4.75-4.73 (0.4H, m), 4.02-3.63 (3.6H,
m), 3.43-3.27 (1.4H, m), 3.21-3.14 (1.4H, m), 3.05-2.97 (0.6H, m), 2.75-2.68 (0.6H, m), 2.58-2.54 (2H, m),
1.74-1.72 (2H, m), 1.43 (2H, td, J = 15.1, 7.3 Hz), 0.99-0.95 (3H, m). MS (ESI) m/z: 494 (M+H)". Anal.

Calcd for Cp4H26F3N3Os 1/3H,0: C, 57.71; H, 5.38; N, 8.41. Found: C, 57.76; H, 5.49; N, 8.35.

2-{(5R)-4-[2-[3-(2-Cyclopropylacetyl)oxyphenyl]acetyl]-8-(trifluoromethyl)-1,2,3,5-tetrahydropyrido|[

2,3-e][1,4]diazepin-5-yl}acetic acid (35¢).

35e was prepared in a similar manner described for 35b. Yield: 57% (2 steps from 34). *H-NMR (CDCl5)
a mixture of conformers &: 7.77 (0.6H, d, J = 7.8 Hz), 7.32-7.20 (1.4H, m), 7.14-6.91 (4H, m), 6.24-6.22
(0.6H, m), 5.35-5.33 (0.4H, m), 5.20 (0.4H, br s), 5.11 (0.6H, br s), 4.77-4.75 (0.4H, m), 4.01-3.99 (0.6H,
m), 3.89-3.88 (0.4H, m), 3.85-3.77 (2H, m), 3.68-3.62 (0.6H, m), 3.45-3.27 (1H, m), 3.23-3.00 (2H, m),
2.72 (0.4H, dd, J = 15.3, 7.6 Hz), 2.56 (0.6H, dd, J = 15.7, 5.5 Hz), 2.48-2.46 (2H, m), 1.20-1.10 (1H, m),
0.66-0.58 (2H, m), 0.29-0.24 (2H, m). MS (ESI") m/z: 492 (M+H)". Anal. Calcd for C,4H24F3N30s 0.5H,0:

C, 57.60; H, 5.03; N, 8.40. Found: C, 57.48; H, 4.97; N, 8.70.

2-{(5R)-4-[2-[3-(3,3-Dimethylbutanoyloxy)phenyl]acetyl]-8-(trifluoromethyl)-1,2,3,5-tetrahydropyrid

0[2,3-e][1,4]diazepin-5-yl}acetic acid (35f).

35f was prepared in a similar manner described for 35b. Yield: 46% (2 steps from 34). *H-NMR (CDCl;) a
mixture of conformers &: 7.76 (0.6H, d, J = 7.8 Hz), 7.34-7.28 (1.4H, m), 7.15-6.89 (4H, m), 6.27-6.24
(0.6H, m), 5.32-5.30 (0.4H, m), 5.13 (0.4H, br s), 5.04 (0.6H, br s), 4.75-4.73 (0.4H, m), 4.01-3.97 (0.6H,
m), 3.89-3.76 (2H, m), 3.64 (1H, t, J = 11.3 Hz), 3.41-3.04 (3H, m), 2.66 (0.6H, dd, J = 15.1, 6.1 Hz), 2.51
(0.4H, dd, J = 15.1, 4.9 Hz), 2.44 (2H, s), 1.13 (9H, d, J = 3.5 Hz). MS (ESI) m/z: 508 (M+H)". Anal.

Calcd for C25H28F3N305' 025H20 C, 58.64; H, 5.61; N, 8.21. Found: C, 58.68; H, 5.87; N, 7.94.

97



Isopropyl 3-{2-[(5R)-5-(2-benzyloxy-2-oxo-ethyl)-8-(trifluoromethyl)-1,2,3,5-tetrahydropyrido[2,3-¢]
[1,4]diazepin-4-yl]-2-oxo-ethyl}benzoate (36, R = i-Pr).

33 (229 mg, 0.52 mmol) was added to a solution of 2-(3-isopropoxycarbonylphenyl)acetic acid (110 mg,
0.48 mmol), HATU (217 mg, 0.58 mmol), and (i-Pr),EtN (325 pL, 1.90 mmol) in CH,CI, (10 mL) at room
temperature, and the reaction mixture was stirred for 5 h. The mixture was diluted with CH,Cl, (20 mL),
washed with saturated ag. NaHCO; and brine, dried (Na,SO,), concentrated and purified by silica gel
column chromatography (hexane/AcOEt = 5:2) to provide 36 (212 mg, 78%) as a colorless solid. *H-NMR
(CDClIs) a mixture of conformers &: 7.93-7.85 (1H, m), 7.80 (1H, s), 7.70 (0.6H, d, J = 7.4 Hz), 7.38-7.28
(7H, m), 7.07 (0.4H, d, J = 7.8 Hz), 7.01-6.83 (1H, m), 6.18 (0.6H, t, J = 6.3 Hz), 5.44 (0.4H, t, J = 7.0 Hz),
5.25-5.18 (1H, m), 5.09-4.99 (2H, m), 4.91-4.69 (1H, m), 3.95 (1H, s), 3.83-3.64 (2H, m), 3.42-2.79 (4H,

m), 1.35-1.32 (6H, m).

3-{2-[(5R)-5-(Carboxymethyl)-8-(trifluoromethyl)-1,2,3,5-tetrahydropyrido[2,3-e][1,4]diazepin-4-yl]-

2-oxo-ethyl}benzoic acid (37a).

A mixture of 36 (R = i-Pr, 110 mg, 0.223 mmol) and 2 N aq. NaOH (0.4 mL) in MeOH (2 mL) was stirred
at room temperature for 6 h. The mixture was acidified with 2 N HCI, and concentrated in vacuo. The
aqueous phase was extracted with i-PrOH in CHCI; (25%). The combined organic extract was washed with
brine, dried over Na,SO,, filtered and concentrated in vacuo. The residue was triturated upon Et,O in
hexane, collected by filtration to afford 37a as a colorless solid (97 mg, quant.). *H-NMR (CDCls) a
mixture of conformers &: 8.13-8.03 (1H, m), 8.00-7.95 (1.6H, m), 7.64-7.42 (2.4H, m), 7.22-7.15 (1H, m),
6.56-6.51 (0.6H, m), 5.65 (0.4H, t, J = 6.7 Hz), 5.20 (0.4H, br s), 5.07 (0.6H, br s), 4.71-4.68 (0.4H, m),
4.13-4.09 (0.6H, m), 3.90-3.77 (2H, m), 3.60-3.37 (2H, m), 3.27-2.99 (2H, m), 2.86-2.60 (1H, m). MS
(ESI") m/z: 438 (M+H)". Anal. Calcd for CyH1gF3N3Os- 0.5H,0: C, 53.81; H, 4.29; N, 9.41. Found: C,

54.06; H, 4.54; N, 9.22.

2-{(5R)-4-[2-(3-1sopropoxycarbonylphenyl)acetyl]-8-(trifluoromethyl)-1,2,3,5-tetrahydropyrido[2,3-€]

[1,4]diazepin-5-yl}acetic acid (37b).
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10% Pd-C (60 mg) was added to a solution of the benzyl ester 36 (R = i-Pr, 212 mg, 0.372 mmol) in EtOH
(5 mL), and the reaction mixture was stirred under H, atmosphere at room temperature for 2 h. The mixture
was filtered through a Celite pad, concentrated, and purified by silica gel column chromatography
(CH,CIl,/MeOH = 9:1). The obtained was triturated in hexane/Et,0, filtered and dried in vacuo to provide
37b (174 mg, 98%) as a colorless solid. *H-NMR (CDCls) a mixture of conformers &: 7.91-7.87 (0.6H, m),
7.85-7.79 (2H, m), 7.38-7.29 (2H, m), 7.15-6.88 (1.4H, m), 6.28 (0.6H, t, J = 7.8 Hz), 5.46 (0.4H, t, J = 7.8
Hz), 5.28-5.17 (1.2H, m), 4.77-4.72 (0.4H, m), 4.08-3.99 (0.4H, m), 3.82 (2H, s), 3.76-3.64 (1H, m),
3.45-3.03 (3H, m), 2.84-2.72 (1H, m), 1.37-1.28 (4H, m), 0.90-0.87 (3H, m). MS (ESI") m/z: 480 (M+H)".

Anal. Calcd for Cp3H24F3N3Os 0.2H,0: C, 57.19; H, 5.09; N, 8.70. Found: C, 57.16; H, 5.22; N, 8.65.

2-{(5R)-4-[2-(3-Isobutoxycarbonylphenyl)acetyl]-8-(trifluoromethyl)-1,2,3,5-tetrahydropyrido[2,3-¢][

1,4]diazepin-5-yl}acetic acid (37c).

37c was prepared in a similar manner described for 37b. Yield: 75% (2 steps from 33). *H-NMR (CDCl5)
a mixture of conformers 5: 7.93-7.89 (0.6H, m), 7.86-7.80 (2H, m), 7.41-7.29 (2H, m), 7.19-6.89 (1.4H, m),
6.35-6.31 (0.6H, m), 5.46 (0.4H, t, J = 7.4 Hz), 5.15 (0.4H, br s), 5.06 (0.6H, br s), 4.78-4.73 (0.4H, m),
4.13 (1.6H, d, J = 6.3 Hz), 4.08-4.02 (1H, m), 3.83 (2H, s), 3.68-3.66 (1H, m), 3.40-3.34 (1H, m), 3.25-3.04
(2H, m), 2.76-2.74 (1H, m), 2.12-2.02 (1H, m), 1.02-0.99 (6H, m). MS (ESI*) m/z: 494 (M+H)". Anal.

Calcd for C4H26F3N3Os: C, 58.41; H, 5.31; N, 8.51. Found: C, 58.18; H, 5.45; N, 8.45.

2-{(5R)-4-[2-(3-Butoxycarbonylphenyl)acetyl]-8-(trifluoromethyl)-1,2,3,5-tetrahydropyrido[2,3-e][1,4

]diazepin-5-yl}acetic acid (37d).

37d was prepared in a similar manner described for 37b. Yield: 80% (2 steps from 33). *H-NMR (CDCl5)
a mixture of conformers &: 7.91-7.89 (0.6H, m), 7.87-7.81 (2H, m), 7.41-7.29 (2H, m), 7.17-6.91 (1.4H, m),
6.36-6.32 (0.6H, m), 5.46 (0.4H, t, J = 7.4 Hz), 5.12 (0.4H, br s), 5.06 (0.6H, br s), 4.78-4.74 (0.4H, m),
4.08-3.98 (0.4H, m), 3.83 (2H, s), 3.68-3.65 (1H, m), 3.39-3.35 (1H, m), 3.25-3.04 (2H, m), 2.78-2.72 (1H,
m), 1.78-1.63 (2H, m), 1.35-1.33 (2H, m), 1.32-1.16 (2H, m), 0.99-0.88 (3H, m). MS (ESI") m/z: 494
(M+H)". Anal. Calcd for C,4H,6F3N3Os 0.2H,0: C, 57.99; H, 5.35; N, 8.45. Found: C, 58.02; H, 5.56; N,

8.38.
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2-((5R)-4-{2-[3-(Cyclopropylmethoxycarbonyl)phenyl]acetyl}-8-(trifluoromethyl)-1,2,3,5-tetrahydrop

yrido[2,3-e][1,4]diazepin-5-yl)acetic acid (37¢).

37e was prepared in a similar manner described for 37b. Yield: 74% (2 steps from 33). *H-NMR (CDCl5)
a mixture of conformers 6: 7.96-7.93 (0.6H, m), 7.89-7.80 (2H, m), 7.41-7.31 (2H, m), 7.16-6.90 (1.4H, m),
6.30 (0.6H, t, J = 7.4 Hz), 5.46 (0.4H, t, J = 7.4 Hz), 5.20 (0.4H, br s), 5.10 (0.6H, br s), 4.78-4.72 (0.4H,
m), 4.17-4.12 (2H, m), 4.08-3.98 (1.6H, m), 3.83-3.05 (5H, m), 2.81-2.73 (1H, m), 1.32-1.21 (1H, m), 0.88
(2H, t, J = 6.8 Hz), 0.38-0.33 (2H, m). MS (ESI*) m/z: 492 (M+H)". Anal. Calcd for CysH24F3N30s:

1/3H,0: C, 57.94; H, 5.10; N, 8.45. Found: C, 57.94; H, 5.10; N, 8.50.

2-((5R)-4-{2-[3-(2,2-Dimethylpropoxycarbonyl)phenyl]acetyl}-8-(trifluoromethyl)-1,2,3,5-tetrahydrop

yrido[2,3-e][1,4]diazepin-5-yl)acetic acid (37f).

37f was prepared in a similar manner described for 37b. Yield: 75% (2 steps from 33). *H-NMR (CDCl;) a
mixture of conformers &: 7.93-7.90 (0.6H, m), 7.86-7.80 (2H, m), 7.42-7.30 (2H, m), 7.19-6.91 (1.4H, m),
6.37-6.33 (0.6H, m), 5.48-5.44 (0.4H, m), 5.12 (0.4H, br s), 5.01 (0.6H, br s), 4.78-4.73 (0.4H, m),
4.08-3.96 (1.6H, m), 3.84 (2H, s), 3.67-3.64 (2H, m), 3.41-3.35 (1H, m), 3.26-3.17 (1H, m), 3.12-3.06 (1H,
m), 2.75-2.69 (1H, m), 1.04-1.02 (9H, m). MS (ESI") m/z: 508 (M+H)". Anal. Calcd for C,5H»5F3N3Os:

0.2H,0: C, 58.75; H, 5.60; N, 8.22. Found: C, 58.64; H, 5.77; N, 8.30.
2. Biological assays for BRS-3
2.1. In vitro BRS-3 agonist activity

The 384-well IP-One HTRF® Assay (Cisbio, Bedford, MA) was performed as described by the
manufacturer’s protocol. CHO-K1 stably expressing human and mouse BRS-3 was plated at 200,000 cells
per well in 50 uL HAM and incubated in the CO, incubator at 37 °C for 24 h. On the next day, the media
were removed and 25 pL of compounds diluted in HAM containing 0.1% BSA and 20 mM LiCl were added
to each well and serial diluted IP1 standards (Cisbio) were also added to corresponding wells for this step.
After the cells were incubated for 1 h in the CO, incubator at 37 °C, all the media were removed again and

d2-labeled IP1 and cryptate-labeled anti-IP1 monoclonal antibody diluted in lysis buffer were added

100



sequentially. The assay plates were kept in the dark at 4 °C, overnight. Ratiometric measurements of
fluorescence emission at 665 nm and 620 nm were obtained using a RUBY star fluorometer (BMG Labtech,
Ortenberg, Germany). IP1 levels in each well were calculated according to the standard curves on each plate.
ECso values were obtained by fitting data to a nonlinear curve-fitting program (GraphPad Software, Inc., La
Jolla CA).

2.2. Food intake evaluation in mice

Male C57BL/6N mice 7 weeks of age were purchased from Charles River Laboratories (Kanagawa, Japan).
All animals were held under standard laboratory conditions (12 h light per day, light on at 7:00 AM, 23 +
2 °C, 55 + 10% humidity) with food and water available ad libitum. On the day of testing, mice had been
fasted for 16 hours were weighed and placed individually in cages. After 1 hour habituation to the new
environment, mice were orally administered vehicle (0.5% methylcellulose) or compounds. One hour after
compound administration, pre-weighed normal chow diet (FR2, purchased from Funabashi farm) was fed to
the mice. Cumulative food intake of each mouse over 6 hours was measured. All experimental procedures
were reviewed and approved by the Institutional Animal Care and Use Committee at Daiichi Sankyo.
Statistical analysis wusing Dunnett’s test was performed to compare the vehicle-treated and

compound-administered groups. P values < 0.05 were considered significant.

3. Pharmacokinetic evaluation in mice

Male C57BL/6N mice were purchased at 5 weeks old from Charles River Laboratories Japan, Inc
(Kanagawa, Japan). For acclimation, they were housed in stainless steel cages for 7-11 days in the
controlled animal area. The mice were allowed free access to FR2 laboratory food (Funabashi Farm Co.,
Ltd.) and tap water. Compound 35b-35f and 37b-37f were suspended in a 0.5(w/v) % methyl cellulose 400
solution (Wako pure chemical industries, Osaka, Japan) for oral administration. For the administration, 2
mL/kg of the solution at a concentration of 5 mg/mL was used. The solutions of compounds were
administered to male C57BL/6N mice, after overnight fasting. A blood sample of approximately 0.2 mL
was collected from the jugular vein with a heparinized syringe. The blood was centrifuged at 14,000 rpm

for 3 min at 4 °C (himac CR15D, Hitachi Koki Co., Ltd. rotor: RT15A2) to obtain the plasma. The plasma
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was stored frozen at -20 °C until use for measurement of plasma concentration. The determination of the
plasma concentration was performed by LC-MS/MS method using APl 4000QTRAP (Applied

Biosystems/MDS SCIEX). PK parameters were calculated by a non-compartmental model.
4. Safety evaluation in dogs

Female beagle dogs were obtained from Nosan Corporation (Kanagawa, Japan). Animals were housed in a
temperature (22-25 °C) and humidity controlled (35-75%) environment with a 12-h light/dark cycle. All
experimental procedures were performed in accordance with the in-house guidelines of the Institutional
Animal Care and Use Committee of Daiichi Sankyo Co., Ltd., Tokyo, Japan. Test compounds were
dispersed in 20% v/w hydroxypropyl-p-cyclodextrin solution, at the concentration of 1 mg/mL. Dogs were
anesthetized with halothane (0.5-1.5% end-tidal concentration) proceeded by intravenous injection of
thiopental (30 mg/kg of body weight). Two catheters were placed in the femoral artery and vein, for blood
pressure recording and test substance administration, respectively. Heart rate and mean blood pressure were
analyzed by the hemodynamic analysis software (SBP2000, Softron Co., Ltd., Tokyo). After the recording
of pre-administration value, test substance was administered via the catheter in the femoral vein with
syringe driver, at 3 mg/kg/3 mL for 30 min (adjusted by infusion speed). Blood pressure was recorded for

60 min from the administration start, except for the one animal (#2, 31b administered).
5. Computational calculation for the conformational analysis

3D coordinates of compounds illustrated in Figure 7-9 were generated using the program Ligprep and used
for Conformational Search with the program Macromodel (Schrodinger, LLC, New York, NY, 2010).
Relative energy 4E = Ery — E(s) was calculated in each compound as the energy barrier for the N-atom
inversion. Er)/Es is defined as the potential energy in OPLS-2005 forcefield of the lowest energy

conformation with (R)/(S) ring configuration.
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6. Chemistry for FATP1 inhibitors

Unless otherwise noted, materials were obtained from commercial suppliers and used without further
purification. NMR spectra were recorded on a Varian Mercury 400 or 500 spectrometer with
tetramethylsilane as an internal reference. Mass spectra were recorded on an Agilent Technologies Agilent
1100 series LC/MS. TLC analysis was performed on 60F254 plates. Flash column chromatography was
performed on Shoko scientific cartridge series (S1-60).
5-(Anilinomethyl)-4-ethyl-1,2,4-triazole-3-thiol (41)

A mixture of phenylaminoacetic acid hydrazide 40 (3.56 g, 21.6 mmol), ethyl isothiocyanate (1.88 mL,
21.6 mmol), and 2 M ag. NaOH (5.0 mL, 10.0 mmol) in THF (10 mL) was refluxed for 2 h. 1 M HCI was
added to the cooled reaction mixture until the mixture became pH 6. The mixture was extracted with
CH,CIl, (100 mL). The organic layers were dried (Na,SO,), concentrated and purified by column
chromatography (hexane/AcOEt = 1:1) to provide 4 (4.23 g, 84%) as a colorless solid. *H-NMR (CDCl;) &:
10.28 (1H, brs), 7.23 (2H, t, J = 8.3 Hz), 6.84 (1H,t,J = 7.3 Hz), 6.72 (2H, d, J = 8.8 Hz), 4.39 (2H, d, J =
5.9 Hz), 4.15 (2H, q, J = 7.3 Hz), 4.08 (1H, br s), 1.39 (3H, t, J = 6.8 Hz).
tert-Butyl 4-[(2-chloroacetyl)amino]benzoate (43d, R* = 4-CO,-t-Bu)

A mixture of tert-butyl 4-aminobenzoate 42d (2.00 g, 10.4 mmol), 2-chloroacetyl chloride (0.91 mL, 11.5
mmol), and EtsN (4.33 mL, 31.1 mmol) in THF (40 mL) was stirred at room temperature for 4 h. Water (50
mL) was added to the reaction mixture and extracted with AcOEt (50 mL). The organic layers were dried
(Na;S0y), concentrated and purified by column chromatography (hexane/AcOEt = 3:1) to provide 43d (2.32
g, 83%) as a white solid. "H-NMR (CDCI3) &: 8.37 (1H, brs), 7.99 (2H, d, J = 8.6 Hz), 7.67 (2H, d, J = 9.0
Hz), 4.22 (2H, s), 1.23 (9H, s).
tert-Butyl 4-[(2-{[5-(anilinomethyl)-4-ethyl-1,2,4-triazol-3-yl]sulfanyl}acetyl)amino]benzoate (44d)

A mixture of 41 (0.665 g, 2.84 mmol), 43d (1.15 g, 4.26 mmol), and sodium acetate (0.494 g, 8.51 mmol)
in EtOH (15 mL) was refluxed for 1 h. After cooling to room temperature, the reaction mixture was

concentrated and purified by column chromatography (hexane/AcOEt = 1:1) to provide 44d (0.608 g, 46%)
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as a colorless solid. *H-NMR (CDCls) 8: 10.77 (1H, ), 7.90 (2H, dt, J = 9.0, 2.1 Hz), 7.63 (2H, d, J = 9.2
Hz), 7.22 (2H, t, J = 8.2 Hz), 6.81 (1H, t, J = 7.2 Hz), 6.75 (2H, d, J = 7.8 Hz), 4.44 (2H, s), 4.00 (2H, q, J
= 7.3 Hz), 3.93 (2H, s), 1.56 (9H, t, J = 5.3 Hz), 1.35 (3H, t, J = 7.2 Hz). Anal. Calcd for C4H»9Ns05S: C,
61.65; H, 6.25; N, 14.98. Found C, 61.56; H, 6.24; N, 15.00.

Ethyl 4-[(2-{[5-(anilinomethyl)-4-ethyl-1,2,4-triazol-3-yl]sulfanyl}acetyl)amino]benzoate (44a)

44a was prepared in a similar manner described for 44d. Yield: 57%. 'H-NMR (CDCls) &: 10.83 (1H, br s),
7.99 (2H, d, J = 9.0 Hz), 7.67 (2H, d, J = 9.0 Hz), 7.23 (2H, d, J = 7.4 Hz), 6.83 (1H, t, J = 7.4 Hz), 6.77
(2H, d, J = 8.6 Hz), 4.51 (2H, d, J = 5.5 Hz), 4.35 (2H, g, J = 7.0 Hz), 4.14 (1H, t, J = 6.7 Hz), 4.02 (2H, q,
J = 7.4 Hz), 3.95 (2H, s), 1.36-1.40 (6H, m). Anal. Calcd for C,3H,5Ns0O5S: C, 60.12; H, 5.73; N, 15.93.
Found C, 60.03; H, 5.66; N, 15.92.

Ethyl 3-[(2-{[5-(anilinomethyl)-4-ethyl-1,2,4-triazol-3-yl]sulfanyl}acetyl)amino]benzoate (44b)

44b was prepared in a similar manner described for 44d. Yield: 77%. *H-NMR (CDCls,) &: 10.53 (1H, s),
8.23 (1H, t, J = 1.8 Hz), 7.78 (2H, dt, J = 7.8, 1.8 Hz), 7.37 (1H, t, J = 8.0 Hz), 7.24 (2H, t, J = 7.8 Hz),
6.83 (1H, t,J = 7.4 Hz), 6.77 (2H, d, J = 8.2 Hz), 4.50 (2H, s), 4.37 (2H, q, J = 7.0 Hz), 4.01 (2H, q, J =
7.3 Hz), 3.97 (2H, s), 1.41-1.35 (6H, m). Anal. Calcd for C,H,sNs05S: C, 60.11; H, 5.73; N, 15.93. Found
C, 60.14; H, 5.86; N, 15.80.

Methyl 4-[(2-{[5-(anilinomethyl)-4-ethyl-1,2,4-triazol-3-yl]sulfanyl}acetyl)amino]benzoate (44c)

A mixture of 44e (150 mg, 0.31 mmol), iodomethane (30 uL, 0.47 mmol) and K,CO3; (214 mg, 1.55
mmol) in DMF (5 mL) was stirred at room temperature for 2 h. The reaction mixture was concentrated and
purified by column chromatography (CH,CIl,/MeOH = 10:1) to provide 7c (32 mg, 23%) as a colorless solid.
'H-NMR (CDCls) 8: 10.85 (1H, s), 7.95 (2H, dt, J = 9.3, 2.2 Hz), 7.65 (2H, dt, J = 9.3, 2.2 Hz), 7.19 (2H,
dt, J = 9.1, 2.0 Hz), 6.80 (1H, t, J = 7.4 Hz), 6.74 (2H, dd, J = 8.8, 1.0 Hz), 4.47 (2H, s), 3.99 (2H, q, J =
7.3 Hz), 3.92 (2H, s), 3.86 (3H, s), 1.34 (3H, t, J = 7.2 Hz). Anal. Calcd for C,;H,3N5035-0.1H,0: C,
59.03; H, 5.47; N, 16.39. Found C, 59.06; H, 5.45; N, 16.13.
4-[(2-{[5-(Anilinomethyl)-4-ethyl-1,2,4-triazol-3-yl]sulfanyl}acetyl)amino]benzoic acid (44e)

TFA (1 mL) was added to 44d (115mg, 0.25 mmol) in CH,Cl, (1 mL), and the reaction mixture was

stirred at room temperature for 1 h. After the reaction mixture was evaporated, the residue was diluted with
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AcOEt, washed with saturated ag. NaHCOg, brine and dried in vacuo to provide 44e (69 mg, 68%) as a light
yellow solid. *H-NMR (DMSO-dg) &: 11.42 (1H, s), 8.69 (2H, d, J = 8.3 Hz), 8.46 (2H, d, J = 8.3 Hz), 7.86
(2H,t,J=8.1Hz), 7.49 (2H, d, = 7.8 Hz), 7.36 (1H, t, J = 7.3 Hz), 5.20 (2H, s), 4.97 (2H, s), 4.83 (2H, q,
J =7.3 Hz), 2.03 (3H, t, J = 7.3 Hz). Anal. Calcd for CyqH,;Ns03S:0.4H,0: C, 57.37; H, 5.25; N, 16.73.
Found C, 57.39; H, 5.15; N, 16.64.
4-[(2-{[5-(Anilinomethyl)-4-ethyl-1,2,4-triazol-3-yl]sulfanyl}acetyl)amino]-N-methyl-benzamide (44f)

44e (65 mg, 0.16 mmol) was added to a solution of methylamine (19 uL, 0.19 mmol, 1.0 M in THF),
WSCI HCI (45 mg, 0.24 mmol), HOBt- H,O (27 mg. 0.17 mmol), and EtzN (26 uL, 0.19 mmol) in CH,CI,
(3 mL) at room temperature, and the reaction mixture was stirred for 16 h. The mixture was diluted with
AcOEt (30 mL), washed with saturated aq. NaHCO; and brine, dried (Na,SO,), concentrated and purified
by silica gel column chromatography (CH,Cl,/MeOH = 10:1) to provide 44f (21 mg, 31%) as a colorless
solid. *H-NMR (CDCls) &: 10.68 (1H, s), 7.64 (2H, d, J = 8.6 Hz), 7.39 (2H, d, J = 8.6 Hz), 7.24 (2H, t, J =
7.8 Hz), 6.83 (1H, t, J = 7.0 Hz), 6.77 (2H, d, J = 8.2 Hz), 4.50 (2H, s), 4.02 (2H, g, J = 7.3 Hz), 3.95 (2H,
d, J=2.0 Hz), 3.08-2.99 (5H, m), 1.37 (3H, t, J = 7.4 Hz). Anal. Calcd for C,;H,4Ns0,S-1.2H,0: C, 54.72;
H, 5.79; N, 18.15. Found C, 54.65; H, 5.50; N, 18.12.
4-[(2-{[5-(Anilinomethyl)-4-ethyl-1,2,4-triazol-3-yl]sulfanyl}acetyl)amino]-N,N-dimethyl-benzamide
(449)

44g was prepared in a similar manner described for 44f. Yield: 66%. 'H-NMR (CDCls) &: 10.79 (1H, s),
7.71 (2H, d, J=8.2 Hz), 7.67 (2H, d, J = 8.2 Hz), 7.25-7.22 (2H, m), 6.83 (1H, t, J = 7.4 Hz), 6.77 (2H, d,
J = 7.8 Hz), 6.06 (1H, br s), 4.51 (2H, s), 4.02 (2H, q, J = 7.3 Hz), 3.95 (2H, s), 3.01-3.00 (6H, m), 1.37
(3H, t, J = 7.2 Hz). Anal. Calcd for C»,H»sNg0,S-1.4H,0-0.08hexane: C, 57.37; H, 6.41; N, 17.86. Found
C,57.23; H, 6.12; N, 17.56.
4-[(2-{[5-(Anilinomethyl)-4-ethyl-1,2,4-triazol-3-yl]sulfanyl}acetyl)amino]-N-ethyl-benzamide (44h)

44h was prepared in a similar manner described for 44f. Yield: 56%. 'H-NMR (CDCls) §: 10.77 (1H, ),
7.71 (2H, d, J = 8.8 Hz), 7.67 (2H, d, J = 8.8 Hz), 7.24 (1H, t, J = 8.1 Hz), 6.83 (1H, t, J = 7.1 Hz), 6.77
(2H, d, J = 7.3 Hz), 6.01 (1H, br s), 4.51 (2H, d, J = 5.4 Hz), 4.15 (1H, s), 4.02 (2H, q, J = 7.5 Hz), 3.95

(2H, s), 3.52-3.46 (2H, m), 1.37 (3H, t, J = 7.3 Hz), 1.25 (3H, t, J = 7.3 Hz). Anal. Calcd for
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C2H26Ns0,S-1.0H,0: C, 57.88; H, 6.18; N, 18.41. Found C, 57.85; H, 6.00; N, 18.21.
2-{[5-(Anilinomethyl)-4-ethyl-1,2,4-triazol-3-yl]sulfanyl}-N-phenyl-acetamide (44i)

44i was prepared in a similar manner described for 44d. Yield: 83%. *H-NMR (CDCls) &: 10.38 (1H, s),
7.56 (2H, d, J = 7.0 Hz), 7.30 (2H, t, J = 9.0 Hz), 7.24 (2H, t, J = 7.8 Hz), 7.08 (1H, t, J = 7.4 Hz), 6.83
(1H,t,J = 7.4 Hz), 6.76 (2H, d, J = 8.6 Hz), 4.49 (2H, s), 4.01 (2H, g, J = 7.3 Hz), 3.95 (2H, s), 1.37 (3H, t,
J =7.2 Hz). Anal. Calcd for C1gH,;NsOS: C, 62.10; H, 5.76; N, 19.06. Found C, 62.07; H, 5.73; N, 18.96.
2-{[5-(Anilinomethyl)-4-ethyl-1,2,4-triazol-3-yl]sulfanyl}-N-(4-chlorophenyl)acetamide (44j)

44j was prepared in a similar manner described for 44d. Yield: 33%. ‘H-NMR (CDCI3) 8: 10.61 (1H, s),
7.54 (2H, d, J = 9.0 Hz), 7.27-7.22 (4H, m), 6.83 (1H, t, J = 7.4 Hz), 6.77 (2H, d, J = 7.8 Hz), 4.50 (2H, s),
4.02 (2H, g, J = 7.3 Hz), 3.93 (2H, s), 1.37 (3H, t, J = 7.4 Hz). Anal. Calcd for C15H»NsOSCI-0.1H,0: C,
56.53; H, 5.04; N, 17.35. Found C, 56.56; H, 5.07; N, 17.11.
2-{[5-(Anilinomethyl)-4-ethyl-1,2,4-triazol-3-yl]sulfanyl}-N-(4-methoxyphenyl)acetamide (44Kk)

44k was prepared in a similar manner described for 44d. Yield: 53%. 'H-NMR (CDCls) &: 10.19 (1H, s),
7.50 (2H, d, J = 9.0 Hz), 7.26-7.22 (2H, m), 6.83 (3H, d, J = 8.2 Hz), 6.76 (2H, dd, J = 8.6, 0.8 Hz), 4.49
(2H, s), 4.01 (2H, g, J = 7.3 Hz), 3.93 (2H, s), 3.76 (3H, s), 1.37 (3H, t, J = 7.4 Hz). Anal. Calcd for
Ca0H23Ns0,S: C, 60.43; H, 5.83; N, 17.62. Found C, 60.53; H, 5.80; N, 17.60.
2-{[5-(Anilinomethyl)-4-ethyl-1,2,4-triazol-3-yl]sulfanyl}-N-(4-methylsulfonylphenyl)acetamide (44l)

441 was prepared in a similar manner described for 44d. Yield: 43%. *H-NMR (CDCl3) 8: 11.16 (1H, s),
7.87 (2H, d, J = 8.6 Hz), 7.81 (2H, d, J = 9.0 Hz), 7.26-7.22 (2H, m), 6.84 (1H, t, J = 7.4 Hz), 6.77 (2H, dd,
J=8.6,0.8 Hz), 4.52 (2H, d, J = 5.9 Hz), 4.17 (2H, q, J = 7.3 Hz), 3.95 (2H, s), 3.03 (3H, s), 1.37 (3H, q, J
= 6.8 Hz). Anal. Calcd for C»H23Ns03S,-1.1H,0: C, 51.62; H, 5.46; N, 15.05. Found C, 52.02; H, 5.29; N,
14.61.
2-{[5-(Anilinomethyl)-4-ethyl-1,2,4-triazol-3-yl]sulfanyl}-N-(4-cyanophenyl)acetamide (44m)

44m was prepared in a similar manner described for 44d. Yield: 47%. *H-NMR (CDCls) &: 11.16 (1H, s),
7.73 (2H, dt, J = 8.9, 2.2 Hz), 7.58 (2H, dt, J = 8.9, 2.2 Hz), 7.26-7.22 (2H, m), 6.84 (1H, t, J = 7.2 Hz),
6.77 (2H, d, J = 8.2 Hz), 451 (2H, s), 4.03 (2H, q, J = 7.3 Hz), 3.94 (2H, s), 1.38 (3H, t, J = 7.2 Hz). Anal.

Calcd for C»H20NgOS: C, 61.20; H, 5.14; N, 21.41. Found C, 61.27; H, 5.16; N, 21.27.
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N-(4-Acetylphenyl)-2-{[5-(anilinomethyl)-4-ethyl-1,2,4-triazol-3-yl]sulfanyl}acetamide (44n)

44n was prepared in a similar manner described for 44d. Yield: 56%. *"H-NMR (CDCls) §: 10.91 (1H, s),
7.92 (2H, d, J = 8.8 Hz), 7.70 (2H, d, J = 8.8 Hz), 7.24 (2H, td, J = 6.8, 1.6 Hz), 6.83 (1H, t, J = 7.3 Hz),
6.77 (2H, dd, J = 8.8, 1.0 Hz), 4.51 (2H, s), 4.02 (2H, q, J = 7.3 Hz), 3.96 (2H, s), 2.57 (3H, s), 1.38 (3H, t,
J = 7.3 Hz). Anal. Calcd for C»;H»3Ns0,S-0.3H,0: C, 60.79; H, 5.73; N, 16.88. Found C, 60.77; H, 5.66; N,
16.88.
2-{[5-(Anilinomethyl)-4-ethyl-1,2,4-triazol-3-yl]sulfanyl}-N-(4-propanoylphenyl)acetamide (440)

44j was prepared in a similar manner described for 44d. Yield: 68%. ‘H-NMR (CDCI3) &: 10.90 (1H, s),
7.93 (2H, dt, J = 9.3, 2.2 Hz), 7.69 (2H, dt, J = 9.3, 2.2 Hz), 7.25-7.21 (2H, m), 6.84 (1H, t, J = 6.6 Hz),
6.77 (2H, d, J = 7.4 Hz), 451 (2H, s), 4.02 (2H, q, J = 7.3 Hz), 3.96 (2H, s), 2.96 (2H, q, J = 7.2 Hz), 1.38
(3H,t,J=7.2Hz), 1.21 (3H, t, J = 7.2 Hz). Anal. Calcd for C,,H25Ns0,S: C, 62.39; H, 5.95; N, 16.54.
Found C, 62.15; H, 5.95; N, 16.44.
2-{[5-(Anilinomethyl)-4-ethyl-1,2,4-triazol-3-yl]sulfanyl}-N-(4-butanoylphenyl)acetamide (44p)

44p was prepared in a similar manner described for 44d. Yield: 69%. '"H-NMR (CDCls) §: 10.85 (1H, s),
7.92 (2H,d, J=8.6 Hz), 7.70 (2H, d, J = 8.6 Hz), 7.23 (2H, d, J = 7.4 Hz), 6.84 (1H, t, J = 7.4 Hz), 6.76
(2H, d, J = 8.6 Hz), 4.51 (2H, s), 4.03 (2H, g, J = 7.0 Hz), 3.97 (2H, s), 2.90 (2H, t, J = 7.4 Hz), 1.72-1.78
(2H, m), 1.38 (3H,t,J = 7.4 Hz), 1.00 (3H, t, J = 7.4 Hz). Anal. Calcd for C,3H»7Ns0,S: C, 63.13; H, 6.22;
N, 16.01. Found C, 62.90; H, 6.18; N, 15.94.
2-{[5-(Anilinomethyl)-4-ethyl-1,2,4-triazol-3-yl]sulfanyl}-N-(4-benzoylphenyl)acetamide (44q)

44q was prepared in a similar manner described for 44d. Yield: 57%. *H-NMR (CDCls) &: 10.93 (1H, s),
7.79 (3H, t, J = 9.4 Hz), 7.76-7.71 (3H, m), 7.58 (1H, tt, J = 7.4, 1.4 Hz), 7.47 (2H, t, J = 7.8 Hz),
7.26-7.22 (2H, m), 6.83 (1H, t, J = 7.2 Hz), 6.78 (2H, d, J = 8.6 Hz), 4.51 (2H, d, J = 5.5 Hz), 4.03 (2H, q,
J = 7.3 Hz), 3.97 (2H, s), 1.38 (3H, t, J = 7.4 Hz). Anal. Calcd for CyH2sNs0,S: C, 66.21; H, 5.34; N,
14.85. Found C, 66.19; H, 5.54; N, 14.77.
2-{[5-(Anilinomethyl)-4-ethyl-1,2,4-triazol-3-yl]sulfanyl}acetic acid (45)

A mixture of 41 (10.0 g, 42.7 mmol), tert-butyl 2-bromoacetate (6.88 mL, 46.9 mmol), and sodium acetate

(7.44 g, 128 mmol) in EtOH (200 mL) was refluxed for 1 h. After cooling to room temperature, the reaction
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mixture was concentrated and purified by column chromatography (hexane/AcOEt = 2:1) to provide
tert-butyl ester (10.2 g, 68%) as a light yellow solid. *H-NMR (CDCl,) 8: 7.22 (2H, t, J = 7.8 Hz), 6.80 (1H,
t, J = 6.8 Hz), 6.75 (2H, d, J = 8.3 Hz), 4.45 (2H, s), 4.05 (2H, q, J = 7.3 Hz), 4.01 (2H, s), 1.45 (9H, s),
1.36 (3H, t, J = 7.3 Hz).

TFA (30 mL) was added to the obtained solid (6.28 g, 18.0 mmol) in CH,CI, (15 mL), and the reaction
mixture was stirred at room temperature for 3 h. After the reaction mixture was evaporated, the residue was
purified by column chromatography (CH,Cl,/MeOH = 10:1) to provide 45 (2.77 g, 53%). *H-NMR (CDCls)
8:7.24 (2H,t,J=7.4 Hz), 6.84 (1H, t, J = 7.3 Hz), 6.75 (2H, d, J = 8.6 Hz), 4.50 (2H, s), 4.05 (2H, q, J =
7.4 Hz), 3.88 (2H, s), 1.38 (3H, t, J = 7.4 Hz).
2-{[5-(Anilinomethyl)-4-ethyl-1,2,4-triazol-3-yl]sulfanyl}-N-(6-propanoyl-3-pyridyl)acetamide (46a)

45 (0.19 g, 0.65 mmol) was added to a solution of 1-(5-amino-2-pyridyl)propan-1-one (0.11 g, 0.71 mmol),
HATU (0.30 g, 0.78 mmol), and (i-Pr),EtN (0.35 mL, 1.95 mL) in CH,CI; (5 mL) at room temperature, and
the reaction mixture was stirred for 3 h. The mixture was diluted with CH,Cl, (20 mL), washed with
saturated aq. NaHCOj; and brine, dried (Na,SO,4), concentrated and purified by silica gel column
chromatography (CH,Cl,/MeOH = 12:1) to provide 46a (65 mg, 24%) as a colorless solid. *H-NMR
(CDCly) 6: 8.85 (1H, s), 8.17 (1H, d, J = 10.3 Hz), 8.02 (1H, d, J = 8.8 Hz), 7.26-7.23 (2H, m), 6.84 (1H, t,
J=7.3Hz),6.78 (2H, d, J = 7.8 Hz), 4.51 (2H, s), 4.03 (2H, q, J = 7.3 Hz), 3.97 (2H, s), 3.20 (2H, g, J =
7.3 Hz), 1.38 (3H, t, J = 7.3 Hz), 1.20 (3H, t, J = 7.3 Hz). Anal. Calcd for C,;H24N¢0,S-0.75H,0: C, 57.58;
H, 5.87; N, 19.19. Found C, 57.58; H, 5.76; N, 18.99.
2-{[5-(Anilinomethyl)-4-ethyl-1,2,4-triazol-3-yl]sulfanyl}-N-methyl-N-(4-propanoylphenyl)acetamide
(46b)

46b was prepared in a similar manner described for 46a. Yield: 77%. *H-NMR (CDCls) &: 8.04 (2H, d, J
= 8.6 Hz), 7.39 (2H, d, J = 8.6 Hz), 6.80 (1H, t, J = 7.4 Hz), 6.74 (2H, d, J = 7.8 Hz), 4.42 (2H, 9),
4.05-3.98 (4H, m), 3.99 (2H, s), 3.33 (3H, s), 3.02 (2H, q, J = 7.0 Hz), 1.34 (3H, t, J = 7.4 Hz), 1.25 (3H, t,
J = 7.0 Hz). Anal. Calcd for C,3H»7;N50,S-0.75H,0: C, 61.24; H, 6.37; N, 15.53. Found C, 61.61; H, 6.29;
N, 15.23.
2-{[5-(Anilinomethyl)-4-ethyl-1,2,4-triazol-3-yl]sulfanyl}-N-ethyl-N-(4-propanoylphenyl)acetamide
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(46¢)

46¢ was prepared in a similar manner described for 46a. Yield: 55%. *H-NMR (CDCls) 8: 8.04 (2H, d, J =
8.3 Hz), 7.36 (2H, d, J = 8.3 Hz), 7.21 (2H, t, J = 8.1 Hz), 6.79 (1H, t, J = 7.3 Hz), 6.73 (2H, d, J = 8.3 Hz),
4.41 (2H, s), 4.02 (2H, g, J = 7.2 Hz), 3.92 (2H, br s), 3.79 (2H, g, J = 7.2 Hz), 3.02 (2H, q, J = 7.2 Hz),
134 3H, t, J = 7.1 Hz), 1.25 (3H, t, J = 7.1 Hz), 1.13 (3H, t, J = 7.3 Hz). Anal. Calcd for
C,4H29Ns0,S:0.4H,0: C, 62.83; H, 6.55; N, 15.26. Found C, 62.84; H, 6.51; N, 15.04.
Ethyl 1-(2-{[5-(anilinomethyl)-4-ethyl-1,2,4-triazol-3-yl]sulfanyl}acetyl)-3,4-dihydro-2H-quinoline-6-
carboxylate (46d)

46d was prepared in a similar manner described for 46a. Yield: 75%. *H-NMR (CDClI;) &: 7.89-7.87 (2H,
m), 7.28-7.26 (1H, m), 7.21 (2H, t, J = 7.1 Hz), 6.80 (1H, t, J = 7.3 Hz), 6.74 (2H, d, J = 7.3 Hz), 4.43 (4H,
s), 4.37 (2H, q, J = 7.2 Hz), 4.02 (2H, q, J = 6.8 Hz), 3.85 (2H, t, J = 6.3 Hz), 2.84 (2H, t, J = 6.6 Hz),
2.04-199 (2H, m), 139 (8H, t, J = 7.1 Hz), 135 (3H, t, J = 7.3 Hz). Anal. Calcd for
Ca5H29N503S-0.25H,0: C, 62.03; H, 6.14; N, 14.47. Found C, 62.46; H, 6.24; N, 14.08.
Ethyl 1-(2-{[5-(anilinomethyl)-4-ethyl-1,2,4-triazol-3-yl]sulfanyl}acetyl)indoline-5-carboxylate (46e)

46e was prepared in a similar manner described for 46a. Yield: 13%. *H-NMR (CDCls) 8: 8.20 (1H, d, J =
8.6 Hz), 7.92 (1H, d, J = 8.6 Hz), 7.88 (1H, ), 7.24-7.20 (2H, m), 6.81 (1H, t, J = 7.4 Hz), 6.74 (2H, d, J =
7.8 Hz), 4.46 (2H, s), 4.41-4.30 (6H, m), 4.06 (2H, q, J = 7.3 Hz), 3.28 (2H, t, J = 8.4 Hz), 1.41-1.37 (6H,
m). Anal. Calcd for C,4H»7N503S-0.25H,0: C, 61.32; H, 5.90; N, 14.90. Found C, 61.36; H, 5.80; N, 14.71.
N-(2-Hydroxy-5-propanoyl-phenyl)acetamide (48)

2-Acetylaminophenol 47 (4.00 g, 26.5 mmol) was added to a suspension of AICI; (28.2 g, 212 mmol) and
propionyl chloride (3.22 mL, 37.9 mmol) in DMF (4.5 mL), and the mixture was stirred at 80 °C for 8 h.
The reaction mixture was poured into an ice-cooled 10 N HCI (100 mL). Water (100 mL) was added to the
mixture, then the resulting suspension was filtered off. The obtained solid was washed with AcOEt (100
mL), and purified by column chromatography (CH,Cl,/MeOH = 10:1) to provide 48 (2.05 g, 37%) as a
yellow solid. *H-NMR (DMSO-dg) &: 10.73 (1H, s), 9.34 (1H, s), 8.42 (1H, d, J = 2.0 Hz), 7.62 (1H, dd, J
= 8.3, 2.0 Hz), 6.93 (1H, d, J = 8.8 Hz), 2.90 (2H, q, J = 6.8 HZz), 2.10 (3H, s), 7.82 (3H, t, J = 6.8 Hz).
1-(3-Amino-4-hydroxy-phenyl)propan-1-one (49a)
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A mixture of 48 (1.00 g, 4.83 mmol) and 10 N HCI (36 mL) was stirred at 100 °C for 1 h. After cooling to
room temperature, the reaction mixture was neutralized with to 2 N ag. NaOH (180 mL) at 0 °C, warmed to
room temperature, and stirred for 1 h. The resulting suspension was filtered, washed with water, and dried
in vacuo to 49a (0.628 g, 79%) as a brown solid. *H-NMR (CDCls) &: 8.72 (1H, br s), 7.63 (1H, d, J = 8.2
Hz), 7.57-7.53 (1H, m), 7.36 (1H, s), 4.24 (2H, s), 2.94 (2H, q, J = 7.3 Hz), 1.22-1.17 (3H, m).
6-Propanoyl-3H-1,3-benzoxazol-2-one (51)

A mixture of 3H-1,3-benzoxazol-2-one 50 (5.00 g, 37.0 mmol) and propionic acid (5.54 mL, 74.0 mmol)
in polyphosphoric acid (50.0 g) was stirred at 90 °C for 12 h. Iced water (100 mL) was added to the reaction
mixture and extracted with AcOEt (100 mL). The organic layers were washed with brine, dried (Na,SOy),
concentrated and purified by column chromatography (CH,Cl,/MeOH = 10:1) to provide 51 (1.04 g, 15%)
as a light brown solid. *H-NMR (CDCls) &: 8.13 (1H, s), 7.87 (1H, dd, J = 8.2, 1.6 Hz), 7.84 (1H, d, J = 0.8
Hz), 7.12 (1H, d, J = 8.2 Hz), 3.00 (2H, q, J = 7.2 Hz), 1.24 (3H, t, J = 7.2 Hz).
1-(4-Amino-3-hydroxy-phenyl)propan-1-one (49c)

51 (520 mg, 2.72 mmol) was dissolved in 10 N ag. NaOH (9 mL), and the reaction mixture was stirred at
100 °C for 6 h. The reaction mixture was neutralized with 2 N HCI (pH = 7), diluted with AcOEt (30 mL),
washed with saturated aq. NaHCOj3; and brine, and dried (Na,SO,), concentrated to provide 49c¢ (225 mg,
50%) as a brown solid. "H-NMR (DMSO-ds) 5: 9.31 (1H, s), 7.26 (1H, dd, J = 8.2, 2.0 Hz), 7.21 (1H,d, J =
2.3 Hz), 6.54 (1H, d, J = 8.2 Hz), 5.39 (2H, br s), 2.77 (2H, g, J = 7.3 Hz), 0.99 (3H, t, J = 7.4 Hz).
2-Chloro-N-(2-hydroxy-5-propanoyl-phenyl)acetamide (52a)

A mixture of 49a (528 mg, 3.80 mmol), 2-chloroacetyl chloride (0.33 mL, 4.18 mmol) and Et;N (0.583
mL, 4.18 mmol) in THF (15 mL) was stirred at room temperature for 12 h. Water (30 mL) was added to the
reaction mixture and extracted with AcOEt (30 mL). The organic layers were dried (Na,SO,), concentrated
and purified by column chromatography (hexane/AcOEt = 1:1) to provide 52a (0.650 g, 71%) as a light
yellow solid. 'H-NMR (CDCls) &: 8.36 (1H, d, J = 1.6 Hz), 8.10 (1H, dd, J = 8.6, 1.6 Hz), 7.62 (1H, d, J =
8.6 Hz), 4.78 (2H, ), 3.08 (2H, q, J = 7.3 Hz), 1.27 (3H, t, J = 7.0 Hz).
1-[2-(Chloromethyl)-1,3-benzoxazol-5-yl]propan-1-one (53a)

A mixture of 52a (350 mg, 1.45 mmol) and PPTS (73 mg, 0.29 mmol) in xylene (15 mL) was stirred at
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150 °C for 2 h. The cooled reaction mixture was concentrated and purified by column chromatography
(hexane/AcOEt = 1:1) to provide 53a (168 mg, 52%) as a yellow oil. *H-NMR (CDCl5) &: 8.36 (1H, d, J =
1.6 Hz), 7.10 (1H, dd, J = 8.6, 2.0 Hz), 7.62 (1H, dd, J = 8.6, 0.8 Hz), 4.78 (2H, s), 3.08 (2H, q, J = 7.0 Hz),
1.27 (3H, t, J = 7.0 Hz).
1-(2-{[5-(Anilinomethyl)-4-ethyl-1,2,4-triazol-3-yl]sulfanylmethyl}-1,3-benzoxazol-5-yl)propan-1-one
(54a)

A mixture of 41 (0.130 g, 0.48 mmol), 52a (0.090 g, 0.40 mmol), and sodium acetate (0.070 g, 1.21 mmol)
in EtOH (4 mL) was stirred at reflux for 1 h. The cooled reaction mixture was concentrated and purified by
column chromatography (CH,Cl,/MeOH = 12:1) to provide 54a (0.126 g, 74%) as a colorless solid.
'H-NMR (CDCl5) &: 8.28 (1H, s), 8.03 (1H, dd, J = 8.8, 1.5 Hz), 7.49 (1H, d, J = 8.3 Hz), 7.22 (2H, t, J =
7.3 Hz), 6.81 (1H, t, J = 7.3 Hz), 6.75 (2H, d, J = 7.8 Hz), 4.74 (2H, s), 4.47 (2H, s), 4.01 (2H, q, J = 7.3
Hz), 3.05 (2H, q, J = 7.3 Hz), 1.32 (3H, t, J = 7.3 Hz), 1.25 (3H, t, J = 6.4 Hz). Anal. Calcd for
C22H23Ns50,S: C, 62.69; H, 5.50; N, 16.61. Found C, 62.52; H, 5.51; N, 16.52.

Ethyl 2-{[5-(anilinomethyl)-4-ethyl-1,2,4-triazol-3-yl]sulfanylmethyl}-1,3-benzoxazole-5-carboxylate
(54b)

54b was prepared in a similar manner described for 54a. Yield: 60%. '"H-NMR (CDClI3) &: 8.40 (1H, d, J =
1.5 Hz), 8.12 (1H, dd, J = 8.3, 1.5 Hz), 7.49 (1H, d, J = 8.3 Hz), 7.25 (2H, dd, J = 8.3, 7.3 Hz), 6.85 (1H, t,
J=7.3Hz), 6.78 (2H, d, J = 7.8 Hz), 4.77 (2H, s), 4.52 (2H, s), 4.44 (2H, q, J = 7.2 Hz), 4.04 (2H, g, J =
7.3 Hz), 1.44 (3H,t, J = 7.3 Hz), 1.35 (3H, t, J = 7.3 Hz). Anal. Calcd for C»,H,3Ns05S: C, 60.39; H, 5.30;
N, 15.93. Found C, 60.34; H, 5.26; N, 15.93.
2-Chloro-N-(2-hydroxy-4-propanoyl-phenyl)acetamide (52c, R' = COEt, R? = H)

A mixture of 1-(4-amino-3-hydroxy-phenyl)propan-1-one 49c¢ (0.43 g, 2.60 mmol), 2-chloroacetyl
chloride (0.23 mL, 2.86 mmol), and EtzN (1.09 mL, 7.81 mmol) in CH,Cl, (20 mL) was stirred at room
temperature for 3 h. Water (50 mL) was added to the reaction mixture and extracted with AcOEt (50 mL).
The organic layers were dried (Na,SO,), concentrated and purified by column chromatography
(hexane/AcOEt = 1:1) to provide 52¢ (0.14 g, 22%) as a light brown solid. *H-NMR (CDCI3) 8: 8.75 (1H, br

s), 7.67 (1H, d, J = 8.6 Hz), 7.61 (1H, d, J = 1.6 Hz), 7.56 (1H, dd, J = 8.2, 2.0 Hz), 7.39 (1H, br s), 4.27
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(2H, s), 2.98 (2H, g, J = 7.0 Hz), 1.22 (3H, t, J = 7.4 Hz).
1-[2-(Chloromethyl)-1,3-benzoxazol-6-yl]propan-1-one (53c, R' = COEt, R? = H)

53c was prepared in a similar manner described for 53a. Yield: 80%. *H-NMR (CDCls) &: 8.19 (1H, s),
8.04 (1H, d, J = 7.0 Hz), 7.80 (1H, d, J = 8.6 Hz), 4.78 (2H, s), 3.08 (2H, q, J = 7.4 Hz), 1.27 (3H, t, J =
6.3 Hz).
1-(2-{[5-(Anilinomethyl)-4-ethyl-1,2,4-triazol-3-yl]sulfanylmethyl}-1,3-benzoxazol-6-yl)propan-1-one
(54c)

54c was prepared in a similar manner described for 54a. Yield: 80%. 'H-NMR (CDCls) §: 8.10 (1H, d, J =
1.0 Hz), 7.99 (1H, dd, J = 8.3, 1.5 Hz), 7.72 (1H, d, J = 8.3 Hz), 7.22 (2H, t, J = 7.3 Hz), 6.81 (1H, t, J =
7.3 Hz), 6.75 (2H, d, J = 7.8 Hz), 4.75 (2H, s), 4.47 (2H, s), 4.00 (2H, q, J = 7.3 Hz), 3.04 (2H, q, J = 6.8
Hz), 1.32 (3H, t, J = 7.3 Hz), 1.26 (3H, t, J = 7.3 Hz). Anal. Calcd for C,,H3Ns0,S: C, 62.69; H, 5.50; N,
16.61. Found C, 62.58; H, 5.42; N, 16.50.
1-2-{[5-(Anilinomethyl)-4-ethyl-1,2,4-triazol-3-yl]sulfanylmethyl}-1,3-benzoxazol-5-yl)-2-methyl-pro
pan-1-one (54d)

54d was prepared in a similar manner described for 54a. Yield: 93%. 'H-NMR (CDClI3) &: 8.28 (1H, d, J =
1.5 Hz), 8.02 (1H, dd, J = 8.8, 2.0 Hz), 7.50 (1H, d, J = 8.8 Hz), 7.22 (2H, t, J = 7.3 Hz), 6.81 (1H, t, J =
7.3 Hz), 6.75 (2H, d, J = 7.3 Hz), 4.74 (2H, s), 4.47 (2H, s), 4.01 (2H, q, J = 7.3 Hz), 3.58 (1H, q, J = 6.8
Hz), 1.32 (3H, t, J = 7.3 Hz), 1.24 (6H, d, J = 6.8 Hz). Anal. Calcd for C»3H,5NsO,S: C, 63.43; H, 5.79; N,
16.08. Found C, 63.34; H, 5.77; N, 15.88.
tert-Butyl-N-[(4-ethyl-5-sulfanyl-1,2,4-triazol-3-yl)methyl]-N-phenyl-carbamate (56)

A mixture of tert-butyl N-phenylcarbamate 55 (1.00 g, 5.17 mmol), methyl bromoacetate (1.19 ¢, 7.76
mmol), and sodium tert-butoxide (0.75 g, 7.76 mmol) in THF (15 mL) was stirred at room temperature for 4
h. The reaction mixture was quenched with water (100 mL). The organic layers were washed with brine,
dried (Na,SO,), concentrated and purified by column chromatography (hexane/AcOEt = 1:1) to provide the
ester (0.630 g, 46%). The obtained ester (4.24 g, 16.0 mmol) was added to a suspension of hydrazine
monohydrate (4.00 g, 79.9 mmol) in EtOH (50 mL), and the mixture was refluxed for 6 h. The reaction

mixture was diluted with AcOEt (100 mL). The organic layers were washed with brine, dried (Na,SO,), and
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concentrated to provide the hydrazide (3.84 g, 91%) as a colorless solid. Then, a mixture of the obtained
hydrazide (3.84 g, 14.5 mmol) and ethyl isothiocyanate (1.51 mL, 17.4 mmol) in 2 N ag. NaOH (30 mL)
and THF (60 mL) was stirred at 60 °C for 3 h. The cooled reaction mixture was neutralized with 2 N HCI
and extracted with AcOEt (100 mL). The organic layers were washed with brine, dried (Na,SO,),
concentrated and purified by column chromatography (hexane/AcOEt = 3:1) to provide 56 (2.52 g, 52%) as
a colorless solid. *H-NMR (CDCl3) &: 7.39 (1H, br s), 7.34 (2H, t, J = 7.8 Hz), 7.27-7.26 (1H, m), 7.25-7.20
(2H, m), 4.26 (2H, s), 4.12 (2H, g, J = 7.2 Hz), 1.44 (9H, s), 1.26 (3H, t, J = 5.5 Hz).

tert-Butyl N-({4-ethyl-5-[(5-propanoyl-1,3-benzoxazol-2-yl)methylsulfanyl]-1,2,4-triazol-3-yl}methyl)
-N-phenyl-carbamate (57)

A mixture of 56 (0.233 g, 0.697 mmol), 53a (0.238 g, 0.630 mmol), and sodium acetate (0.111 g, 1.90
mmol) in EtOH (10 mL) was stirred at reflux for 1.5 h. The cooled reaction mixture was diluted with AcOEt
(30 mL). The organic layers were washed with brine, dried (Na,SO,), concentrated and purified by column
chromatography (CH,Cl,/MeOH = 10:1) to provide 57 (0.250 g, 76%) as a yellow foam. *H-NMR (CDClI;)
5: 8.29 (1H, s), 8.04 (1H, dd, J = 8.5, 1.7 Hz), 7.54 (1H, d, J = 8.3 Hz), 7.30-7.26 (2H, m), 7.21-7.18 (1H,
m), 7.13 (2H, d, J = 8.3 Hz), 5.01 (2H, s), 4.74 (2H, s), 4.11 (2H, q, J = 7.2 HZz), 3.05 (2H, q, J = 7.3 Hz),
1.39 (9H, s), 1.34 (3H, t, J = 7.1 Hz), 1.25 (3H, t, J = 7.3 Hz).
1-(2-{[5-(Anilinomethyl)-4-ethyl-1,2,4-triazol-3-yl]sulfonylmethyl}-1,3-benzoxazol-5-yl)propan-1-one
(54e)

57 (60 mg, 0.12 mmol) was dissolved in CH,Cl, (10 mL) and cooled in ice bath. m-Chloroperoxybenzoic
acid (65% purity, 92 mg, 0.35 mmol) was added to the solution. After stirring at 0 °C for 1 h, the reaction
mixture was quenched with saturated aq. NaHCO3; (20 mL). The organic layers were washed with brine,
dried (Na,SO,), concentrated and purified by column chromatography (CH,Cl,/MeOH = 10:1) to provide
the sulfone (46 mg, 73%) as a colorless waxy solid. The obtained sulfone (46 mg, 0.083 mmol) was
dissolved in 4 N HCI/AcOEt (2 mL), and the reaction mixture was stirred at room temperature for 1 h. The
reaction mixture was diluted with AcOEt (30 mL), washed with saturated ag. NaHCO3 and brine, and dried
(NazS0,), concentrated and purified by column chromatography (CH,CIl,/MeOH = 10:1) to provide 54e (32

mg, 84%) as a colorless solid. 'H-NMR (CDCly) 5: 8.28 (1H, s), 8.06 (1H, dd, J = 8.5, 1.7 Hz), 7.49 (1H, d,
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J=8.8 Hz), 7.26-7.22 (1H, m), 6.86 (1H, t, J = 7.3 Hz), 6.78 (2H, d, J = 7.3 Hz), 5.32 (3H, ), 4.58 (2H, 3),
4.30 (2H, q, J = 7.3 Hz), 3.04 (3H, q, J =7.2 Hz), 1.38 (3H, t, J = 7.3 Hz), 1.25 (3H, t, J = 7.1 Hz). Anal.
Calcd for CyH»3N504S:0.4H,0-0.12hexane: C, 57.71; H, 5.47; N, 14.81. Found C, 58.04; H, 5.18; N,
14.45.
1-(2-{[5-(Anilinomethyl)-4-ethyl-1,2,4-triazol-3-yl]sulfanylmethyl}-1,3-benzoxazol-5-yl)propan-1-ol
(54f)

57 (127 mg, 0.243 mmol) was dissolved in MeOH (5 mL) and cooled in ice bath. NaBH, (13.8 mg, 0.365
mmol) was added to the solution. After stirring at 0 °C for 0.5 h, the reaction mixture was quenched with
water (20 mL). The organic layers were washed with brine, dried (Na,SO,), concentrated to provide the
alcohol (125 mg, 98%) as a colorless waxy solid. The obtained alcohol (125 mg, 0.24 mmol) was dissolved
in 4 N HCI/AcOEt (2 mL), and the reaction mixture was stirred at room temperature for 1 h. The reaction
mixture was diluted with AcOEt (30 mL), washed with saturated aq. NaHCO; and brine, and dried
(NazS0,), concentrated and purified by column chromatography (CH,Cl,/MeOH = 10:1) to provide 54f (62
mg, 61%) as a colorless solid. *H-NMR (CDCl3) &: 7.64 (1H, s), 7.40 (1H, d, J = 8.8 Hz), 7.33 (1H, d, J =
8.5Hz), 7.22 (2H, t,J=7.8 Hz), 6.81 (1H, t, J = 7.6 Hz), 6.75 (2H, d, J = 7.8 Hz), 4.72-4.69 (3H, m), 4.47
(2H, s), 3.99 (2H, g, J = 6.8 Hz), 1.88-1.72 (2H, m), 1.31 (3H, t, J = 7.3 Hz), 0.91 (3H, t, J = 7.3 Hz). Anal.
Calcd for C»,H,sNs0,S: C, 62.39; H, 5.95; N, 16.54. Found C, 62.27; H, 5.97; N, 16.29.
1-2-{[5-(Anilinomethyl)-4-ethyl-1,2,4-triazol-3-yl]sulfanylmethyl}-1,3-benzoxazol-5-yl)propan-1-one
oxime (549)

A mixture of 54a (0.052 g, 0.12 mmol), hydroxyl amine hydrochloride salt (0.010 g, 0.15 mmol), and
sodium acetate (0.011 g, 0.19 mmol) in EtOH (5 mL) was stirred at 80 °C for 3 h. Water (10 mL) was added
to the reaction mixture and extracted with AcOEt (20 mL). The organic layers were dried (Na,SO,),
concentrated and the obtained solid was washed with AcOEt/Et,O to provide 54g (0.047 g, 87%) as a
colorless solid. *H-NMR (CDClIy) 6: 11.18 (1H, s), 7.86 (1H, d, J = 1.6 Hz), 7.68 (1H, dd, J = 8.6, 1.6 Hz),
7.57 (1H, d, J = 8.6 Hz), 7.07 (2H, dd, J = 8.4, 7.2 Hz), 6.68 (2H, d, J = 7.4 Hz), 6.57 (1H, t, J = 7.2 Hz),
6.23 (1H, s), 4.70 (2H, d, J = 3.5 Hz), 4.41 (2H, d, J = 5.1 Hz), 3.99 (2H, q, J = 7.8 Hz), 2.77 (2H, q, J =

7.6 Hz), 1.19-1.14 (3H, m), 1.02 (3H, dt, J = 17.9, 7.3 Hz). Anal. Calcd for C»,H,:Ng0,S-0.5H,0 C, 59.31;
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H, 5.66; N, 18.86. Found C, 59.25; H, 5.60; N, 18.70.
N-{[4-Ethyl-5-({5-[(Z)-C-ethyl-N-methoxy-carbonimidoyl]-1,3-benzoxazol-2-yI}methylsulfanyl)-1,2,4-t
riazol-3-yllmethyl}aniline (54h)

54h was prepared in a similar manner described for 54g. Yield: 80%. '"H-NMR (CDClI3) &: 7.85 (1H, d, J =
1.6 Hz), 7.67 (1H, dd, J = 8.6, 2.0 Hz), 7.37 (1H, d, J = 8.6 Hz), 7.21-7.17 (2H, m), 6.78 (1H, t, J = 7.2 Hz),
6.72 (2H, t, J = 4.3 Hz), 4.68 (2H, s), 4.43 (2H, s), 3.97-3.92 (5H, m), 2.74 (2H, q, J = 7.6 Hz), 1.27 (3H, t,
J=7.2Hz),1.10 (3H, t, J = 7.6 Hz). Anal. Calcd for C»3H,5N¢O,S: C, 61.31; H, 5.82; N, 18.65. Found C,
61.29; H, 5.83; N, 18.53.
N-{[5-(1,3-Benzoxazol-2-ylmethylsulfanyl)-4-ethyl-1,2,4-triazol-3-yl]methyl}aniline (54i)

54i was prepared in a similar manner described for 54a. Yield: 56%. "H-NMR (CDClI3) &: 7.70-7.67 (1H,
m), 7.47-7.43 (1H, m), 7.35-7.30 (2H, m), 7.25-7.20 (2H, m), 6.81 (1H, t, J = 7.4 Hz), 6.76-6.73 (2H, m),
4.72 (2H, s), 4.46 (2H, s), 3.98 (2H, q, J = 7.3 Hz), 1.29 (3H, g, J = 7.6 Hz). Anal. Calcd for C19H9N5OS:
C, 62.44; H, 5.24; N, 19.16. Found C, 61.86; H, 5.15; N, 18.78.
N-({4-Ethyl-5-[(5-methoxy-1,3-benzoxazol-2-yl)methylsulfanyl]-1,2,4-triazol-3-yI}methyl)aniline (54j)

54j was prepared in a similar manner described for 54a. Yield: 43%. *H-NMR (CDCls) &: 7.31 (1H, d, J =
8.6 Hz), 7.25-7.21 (2H, m), 7.15 (1H, d, J = 2.3 Hz), 6.92 (1H, dd, J = 9.0, 2.3 Hz), 6.81 (1H, t, J = 7.0 Hz),
6.75 (2H, d, J = 8.2 Hz), 4.68 (2H, s), 4.47 (2H, s), 3.97 (2H, q, J = 7.3 Hz), 3.84 (3H, ), 1.30 (3H, t, I =
7.4 Hz). Anal. Calcd for C»H,:N50,S: C, 60.74; H, 5.35; N, 17.71. Found C, 60.47; H, 5.36; N, 17.46.
N-({4-Ethyl-5-[(5-methyl-1,3-benzoxazol-2-yl)methylsulfanyl]-1,2,4-triazol-3-yI}methyl)aniline (54k)

54k was prepared in a similar manner described for 54a. Yield: 56%. ‘H-NMR (CDCls) 8: 7.44 (1H, s),
7.30 (1H, d, J = 8.2 Hz), 7.22 (2H, t, J = 7.8 Hz), 7.13 (1H, dd, J = 8.0, 1.4 Hz), 6.81 (1H, t, J = 7.4 Hz),
6.74 (2H, d, J = 7.8 Hz), 4.68 (2H, s), 4.46 (2H, s), 3.97 (2H, q, J = 7.3 Hz), 2.45 (3H, s), 1.29 (3H, t, J =
7.0 Hz). Anal. Calcd for C,oH,;1NsOS: C, 63.30; H, 5.58; N, 18.46. Found C, 63.14; H, 5.64; N, 18.22.
N-({4-Ethyl-5-[(5-ethyl-1,3-benzoxazol-2-yl)methylsulfanyl]-1,2,4-triazol-3-yl}methyl)aniline (541)

541 was prepared in a similar manner described for 54a. Yield: 59%. 'H-NMR (CDCls) &: 7.47 (1H, d, J =
5.4 Hz), 7.33 (1H, d, J = 8.3 Hz), 7.22 (2H, t, J = 8.1 Hz), 7.16 (1H, d, J = 8.3 Hz), 6.81 (1H, t, J = 7.6 Hz),

6.75 (2H, d, J = 8.8 Hz), 4.69 (2H, s), 4.47 (2H, s), 3.98 (2H, q, J = 6.8 Hz), 2.74 (2H, q, J = 7.5 Hz),
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1.31-1.26 (6H, m). Anal. Calcd for C,;H»3Ns0S: C, 64.10; H, 5.89; N, 17.80. Found C, 63.96; H, 5.91; N,
17.57.
N-({5-[(5-Chloro-1,3-benzoxazol-2-yl)methylsulfanyl]-4-ethyl-1,2,4-triazol-3-yl}methyl)aniline (54m)

54m was prepared in a similar manner described for 54a. Yield: 62%. 'H-NMR (CDCl3) &: 7.64 (1H, d, J
= 1.6 Hz), 7.35 (1H, d, J = 8.6 Hz), 7.30 (1H, dd, J = 8.6, 2.0 Hz), 7.25-7.21 (2H, m), 6.82 (1H,t,J =74
Hz), 6.75 (2H, dd, J = 8.6, 1.2 Hz), 4.71 (2H, s), 4.48 (2H, s), 4.00 (2H, q, J = 7.3 Hz), 1.31 (3H,t, J = 7.2
Hz). Anal. Calcd for C19H;3CINsOS: C, 57.07; H, 4.54; N, 17.51. Found C, 57.12; H, 4.51; N, 17.49.
N-({5-[(6-Chloro-1,3-benzoxazol-2-yl)methylsulfanyl]-4-ethyl-1,2,4-triazol-3-ylI}methyl)aniline (54n)

54n was prepared in a similar manner described for 54a. Yield: 67%. '"H-NMR (CDCl3) &: 7.57 (1H, d, J =
8.6 Hz), 7.45 (1H, s), 7.30 (1H, d, J = 8.4 Hz), 7.22 (2H, t, J = 7.8 Hz), 6.81 (1H, t, J = 7.2 Hz), 6.75 (2H,
d, J = 8.6 Hz), 4.70 (2H, s), 4.47 (2H, s), 3.99 (2H, g, J = 7.2 Hz), 1.30 (3H, t, J = 7.2 Hz). Anal. Calcd for
C19H15CINs0OS-0.1H,0: C, 56.81; H, 4.57; N, 17.43. Found C, 56.90; H, 4.58; N, 17.14.
N-{[(4-Ethyl-5-{[5-(trifluoromethyl)-1,3-benzoxazol-2-ylJmethylsulfanyl}-1,2,4-triazol-3-yl)methyl]ani
line (540)

540 was prepared in a similar manner described for 54a. Yield: 70%. 'H-NMR (CDCls) &: 7.57 (1H, s),
7.46 (1H, d, J = 9.3 Hz), 7.25 (3H, t, J = 7.8 Hz), 6.85 (1H, t, J = 7.3 Hz), 6.78 (2H, d, J = 8.3 Hz), 4.76
(2H, s), 4.51 (2H, s), 4.04 (2H, q, J = 7.2 Hz), 1.35 (3H, t, J = 7.3 Hz). Anal. Calcd for CyHsNs0OS: C,
55.42; H, 4.19; N, 16.16. Found C, 55.20; H, 4.29; N, 15.92.
N-[(4-Ethyl-5-{[5-(trifluoromethoxy)-1,3-benzoxazol-2-ylJmethylsulfanyl}-1,2,4-triazol-3-yl)methyl]an
iline (54p)

54p was prepared in a similar manner described for 54a. Yield: 74%. ‘H-NMR (CDCl5) 8: 7.92 (1H, s),
7.58 (1H, d, J = 8.6 Hz), 7.50 (1H, d, J = 8.6 Hz), 7.19 (2H, dd, J = 8.6, 7.4 Hz), 6.78 (1H, t, J = 7.0 Hz),
6.71 (2H, d, J = 8.2 Hz), 4.71 (2H, s), 4.44 (2H, s), 3.97 (2H, q, J = 7.2 Hz), 1.28 (3H, t, J = 7.4 Hz). Anal.
Calcd for CyoH1gF3N50,S: C, 53.45; H, 4.04; N, 15.58. Found C, 53.37; H, 4.05; N, 15.56.
2-Chloro-N-(4,5,6,7-tetrahydro-1,3-benzothiazol-2-yl)acetamide (61a, R = -(CH,)4-)

A mixture of 4,5,6,7-tetrahydro-1,3-benzothiazol-2-amine 60a (1.99 g, 13.9 mmol), 2-chloroacetyl

chloride (1.54 mL, 19.4 mmol), and Et;N (3.87 mL, 27.8 mmol) in THF (40 mL) was stirred at 60 °C for 2 h.
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After cooling to room temperature, the reaction mixture was diluted with AcOEt (50 mL), washed with
saturated aq. NaHCO; and brine, dried (Na,SO,4), concentrated and purified by silica gel column
chromatography (hexane/AcOEt = 1:1) to provide 61a (2.43 g, 82%) as a colorless solid. *H-NMR (CDCl5)
8:4.25 (2H, s), 2.72-2.65 (4H, m), 1.90-1.83 (4H, m).
2-[4-(4-Fluorophenyl)piperazin-1-yl]-N-(4,5,6,7-tetrahydro-1,3-benzothiazol-2-yl)acetamide (62a)

A mixture of 6la (75 mg, 0.33 mmol), 4-fluorophenylpiperadine (86 mg, 0.48 mmol), and potassium
iodide (11 mg, 0.066 mmol) in DMF (2 mL) was stirred at 80 °C for 14 h. After cooling to room
temperature, the reaction mixture was diluted with AcOEt (20 mL), washed with saturated aq. NaHCO; and
brine, dried (Na,SO,), concentrated and purified by silica gel column chromatography (hexane/AcOEt =
1:1) to provide 62a (84 mg, 70%) as a colorless solid. *H-NMR (CDCI3) §: 7.00-6.96 (2H, m), 6.90-6.87
(2H, m), 3.29 (2H, s), 3.19-3.17 (4H, m), 2.78-2.76 (4H, m), 2.72-2.71 (2H, m), 2.67-2.65 (2H, m),
1.88-1.83 (4H, m). Anal. Calcd for C19H»3FN4OS: C, 60.94; H, 6.19; N, 14.96. Found C, 60.93; H, 6.14; N,
14.72.

N-(4,5-Dimethylthiazol-2-yl)-2-[4-(4-fluorophenyl)piperazin-1-yl]acetamide (62b)

62b was prepared in a similar manner described for 62a. Yield: 27% (2 steps from 60b). "H-NMR (CDCl5)
8:6.98 (2H, d, J = 9.3 Hz), 6.88 (2H, d, J = 9.3 Hz), 3.28 (2H, s), 3.19-3.18 (4H, m), 2.78-2.76 (4H, m),
2.30 (3H, s), 2.24 (3H, s). Anal. Calcd for C;7H,;FN,0S-0.2H,0: C, 58.00; H, 6.13; N, 15.91. Found C,
58.17; H, 6.25; N, 15.87.
2-[4-(4-Fluorophenyl)piperazin-1-yl]-N-thiazol-2-yl-acetamide (62c)

62c was prepared in a similar manner described for 62a. Yield: 42% (2 steps from 60c). *H-NMR (CDCl5)
8: 7.46 (1H, d, J = 3.4 Hz), 7.01 (1H, d, J = 3.9 Hz), 7.00-6.97 (2H, m), 6.91-6.88 (2H, m), 3.33 (2H, s),
3.20 (4H, t, J = 4.9 Hz), 2.80 (4H, t, J = 4.9 Hz). Anal. Calcd for C45H;7FN,0S-0.25H,0: C, 55.45; H,
5.43; N, 17.24. Found C, 55.73; H, 5.38; N, 17.45.
N-(1,3-Benzothiazol-2-yl)-2-[4-(4-fluorophenyl)piperazin-1-ylJacetamide (62d)

62d was prepared in a similar manner described for 62a. Yield: 39% (2 steps from 60d). *H-NMR (CDCl5)

8:7.84 (1H, d, J = 7.8 Hz), 7.80 (1H, d, J = 7.8 Hz), 7.47-7.44 (1H, m), 7.35-7.32 (1H, m), 6.99 (2H, t, J =
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8.3 Hz), 6.93-6.90 (2H, m), 3.38 (2H, s), 3.24-3.22 (4H, m), 2.85-2.83 (4H, m). Anal. Calcd for
C19H1oFN4OS: C, 61.60; H, 5.17; N, 15.12. Found C, 61.74; H, 5.20; N, 14.94.
2-[4-(4-Fluorophenyl)piperazin-1-yl]-N-(4,5,6,7-tetrahydro-1,3-benzoxazol-2-yl)acetamide (62¢)

62e was prepared in a similar manner described for 62a. Yield: 7.3% (2 steps from 60e). ‘H-NMR
(CDCly) 8: 9.67 (1H, s), 6.97-6.91 (2H, m), 6.86-6.83 (2H, m), 3.21 (2H, s), 3.13 (4H, t, J = 4.9 Hz), 2.75
(4H, t, J = 4.9 Hz), 2.57 (2H, dq, J = 8.1, 2.0 Hz), 2.46 (2H, dq, J = 7.9, 2.0 Hz), 1.83-1.73 (4H, m). Anal.
Calcd for C19H,3FN4O,: C, 63.67; H, 6.47; N, 15.63. Found C, 63.49; H, 6.60; N, 15.50.
N-(5,6-Dihydro-4H-cyclopenta[d]thiazol-2-yl)-2-[4-(4-fluorophenyl)piperazin-1-yl]acetamide (62f)

62f was prepared as a light yellow solid in a similar manner described for 62a. Yield: 32% (2 steps from
60f). 'H-NMR (CDCl5) &: 10.17 (1H, s), 6.98 (2H, tt, J = 7.6, 2.7 Hz), 6.88 (2H, tt, J = 7.0, 2.8 Hz), 3.29
(2H, s), 3.15 (4H, dd, J = 16.2, 11.1 Hz), 2.90 (2H, dg, J = 11.5, 2.5 Hz), 2.80-2.75 (6H, m), 2.51-2.44 (2H,
m). Anal. Calcd for C,gH,;FN4OS: C, 59.98; H, 5.87; N, 15.54. Found C, 59.76; H, 5.96; N, 15.38.
2-[4-(4-Fluorophenyl)piperazin-1-yl]-N-(5,6,7,8-tetrahydro-4H-cyclohepta[d]thiazol-2-yl)acetamide
(629)

629 was prepared as a light yellow solid in a similar manner described for 62a. Yield: 78% (2 steps from
60g). ‘H-NMR (CDCls) &: 7.00-6.96 (2H, m), 6.90-6.86 (2H, m), 3.28 (2H, s), 3.18 (4H, t, J = 5.1 Hz),
2.83-2.72 (8H, m), 1.86-1.81 (2H, m), 1.76-1.67 (4H, m). Anal. Calcd for C1gH,4FNsOS: C, 58.59; H, 6.21; N,
17.98. Found C, 58.54; H, 6.21; N, 17.93.
2-(4-Phenylpiperazin-1-yl)-N-(4,5,6,7-tetrahydro-1,3-benzothiazol-2-yl)acetamide (65a)

A mixture of 61a (80 mg, 0.49 mmol), phenylpiperazine (121 mg, 0.74 mmol), and potassium iodide (16
mg, 0.10 mmol) in DMF (1.5 mL) was stirred at 80 °C for 4 h. After cooling to room temperature, the
reaction mixture was diluted with AcOEt (20 mL), washed with saturated aq. NaHCO;3; and brine, dried
(NayS0Oy,), concentrated and purified by silica gel column chromatography (hexane/AcOEt = 1:1) to provide
65a (120 mg, 68%) as a colorless solid. *H-NMR (CDCls) &: 7.31 (2H, dd, J = 8.5, 7.6 Hz), 6.97-6.91 (3H,
m), 3.32 (2H, s), 3.29 (4H, t, J = 4.9 Hz), 2.80 (4H, t, J = 4.9 Hz), 2.74 (2H, t, J = 4.9 Hz), 2.69 (2H, t, J =
5.1 Hz), 1.91-1.86 (4H, m). Anal. Calcd for CgH,4N40OS: C, 64.01; H, 6.79; N, 15.72. Found C, 63.83; H,

6.60; N, 15.78.
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2-[4-(p-Tolyl)piperazin-1-yl]-N-(4,5,6,7-tetrahydro-1,3-benzothiazol-2-yl)acetamide (65b)

65b was prepared as a light yellow amorphous in a similar manner described for 65a. Yield: 72%.
'H-NMR (CDCls) &: 7.07 (2H, d, J = 8.2 Hz), 6.82 (2H, d, J = 8.6 Hz), 3.18 (4H, t, J = 4.9 Hz), 3.26 (2H,
s), 274 (2H, t, J = 4.9 Hz), 2.71-2.62 (6H, m), 2.26 (3H, s), 1.86-1.81 (4H, m). Anal. Calcd for
C0H26N40S-0.7H,0+0.1CH,Cl;: C, 60.34; H, 6.95; N, 14.00. Found C, 60.12; H, 6.70; N, 14.05.
2-[4-(3-Fluorophenyl)piperazin-1-yl]-N-(4,5,6,7-tetrahydro-1,3-benzothiazol-2-yl)acetamide (65c)

65c was prepared as a colorless solid by conversion to HCI salt after a similar manner described for 65a
Yield: 28%. ‘H-NMR (CD;0OD) &: 7.29-7.25 (1H, m), 6.82 (1H, d, J = 8.3 Hz), 6.77 (1H, d, J = 12.2 Hz),
6.62 (1H, t, J = 7.6 Hz), 4.15 (2H, br s), 3.58-3.41 (8H, m), 2.68 (2H, br s), 2.61 (2H, br s), 1.88-1.85 (4H,
m). Anal. Calcd for C19H,3FN,0S-0.25H,0+1.0HCI: C, 54.93; H, 5.94; N, 13.49. Found C, 54.80; H, 5.91;
N, 13.49.
2-(4-Benzoylpiperazin-1-yl)-N-(4,5,6,7-tetrahydro-1,3-benzothiazol-2-yl)acetamide (65d)

65d was prepared as a colorless solid in a similar manner described for 65a. Yield: 51%. ‘*H-NMR
(CDCly) &: 7.43-7.40 (5H, m), 3.87 (2H, br s), 3.52 (2H, br s), 3.26 (2H, s), 2.70 (4H, t, J = 5.1 Hz), 2.66
(4H,t,J =5.1 Hz), 1.88-1.84 (4H, m). Anal. Calcd for C,0H»4;N,0,S:0.5H,0: C, 61.05; H, 6.40; N, 14.24.
Found C, 61.17; H, 6.21; N, 14.18.
2-(4-Cyclohexylpiperazin-1-yl)-N-(4,5,6,7-tetrahydro-1,3-benzothiazol-2-yl)acetamide (65€)

65e was prepared as a light yellow solid in a similar manner described for 65a. Yield: 62%. *H-NMR
(CDCls) &: 3.20 (2H, s), 2.72-2.63 (12H, m), 2.27 (1H, br s), 1.86-1.80 (8H, m), 1.27-1.09 (6H, m). Anal.
Calcd for C19H3N40S-0.2H,0: C, 62.33; H, 8.37; N, 15.30. Found C, 62.45; H, 8.28; N, 15.20.
2-[4-(2-Pyridyl)piperazin-1-yl]-N-(4,5,6,7-tetrahydro-1,3-benzothiazol-2-yl)acetamide (65f)

65f was prepared as a colorless solid in a similar manner described for 65a. Yield: 49%. *H-NMR (CDCl5)
§:10.11 (1H, br s), 8.17-8.16 (1H, m), 7.49-7.44 (1H, m), 6.62 (2H, t, J = 6.8 Hz), 3.59 (4H, t, J = 5.1 Hz),
3.24 (2H, s), 2.68 (6H, t, J = 4.9 Hz), 2.64-2.61 (2H, m), 1.84-1.80 (4H, m). Anal. Calcd for C;gH,3NsOS:
C, 60.48; H, 6.49; N, 19.59. Found C, 60.71; H, 6.59; N, 19.63.

2-[4-(3-Pyridyl)piperazin-1-yl]-N-(4,5,6,7-tetrahydro-1,3-benzothiazol-2-yl)acetamide (65g)
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65g was prepared as a colorless solid in a similar manner described for 65a. Yield: 46%. ‘H-NMR
(CDCly) 6: 10.10 (1H, s), 8.32 (1H, s), 8.14 (1H, t, J = 3.1 Hz), 7.20-7.18 (2H, m), 3.30-3.28 (6H, m), 2.79
(4H, t, J =5.1 Hz), 2.72-2.70 (2H, m), 2.67-2.64 (2H, m), 1.88-1.84 (4H, m). Anal. Calcd for C1gH»3N50S:
C, 60.48; H, 6.49; N, 19.59. Found C, 60.43; H, 6.61; N, 19.56.
2-[4-(4-Pyridyl)piperazin-1-yl]-N-(4,5,6,7-tetrahydro-1,3-benzothiazol-2-yl)acetamide (65h)

65h was prepared as a colorless solid in a similar manner described for 65a. Yield: 16%. ‘H-NMR
(CDCly) 6: 10.08 (1H, s), 8.31 (2H, dd, J =5.1, 1.6 Hz), 6.67 (2H, dd, J = 5.1, 1.6 Hz), 3.41 (4H,t,J =5.1
Hz), 3.29 (2H, s), 2.75-2.70 (6H, m), 2.67-2.64 (2H, m), 1.87-1.84 (4H, m). Anal. Calcd for
C15H23N50S-0.75H,0-0.05hexane: C, 58.57; H, 6.77; N, 18.66. Found C, 58.75; H, 6.47; N, 18.42.
2-(4-Pyrimidin-2-ylpiperazin-1-yl)-N-(4,5,6,7-tetrahydro-1,3-benzothiazol-2-yl)acetamide (65i)

65i was prepared as a light brown solid in a similar manner described for 65a. Yield: 75%. ‘H-NMR
(CDCly) 8: 10.16 (1H, s), 8.32 (2H, d, J = 5.1 Hz), 6.52 (1H, t, J = 4.9 Hz), 3.91 (4H, t, J = 4.9 Hz), 3.26
(2H, s), 2.73-2.70 (2H, m), 2.66 (6H, t, J = 5.1 Hz), 1.88-1.85 (4H, m). Anal. Calcd for C;7H2,N¢OS:
0.12H,0: C, 56.62; H, 6.22; N, 23.30. Found C, 56.88; H, 6.18; N, 23.02.
N-(4,5,6,7-Tetrahydro-1,3-benzothiazol-2-yl)-2-(4-thiazol-2-ylpiperazin-1-yl)acetamide (65j)

65j was prepared as a light yellow solid in a similar manner described for 65a. Yield: 64%. '"H-NMR
(CDCls) 6: 10.04 (1H, s), 7.19 (1H, d, J = 3.5 Hz), 6.59 (1H, d, J = 3.9 Hz), 3.58-3.54 (4H, m), 3.26 (2H, s),
2.72-2.61 (8H, m), 1.87-1.80 (4H, m). Anal. Calcd for C46H,1Ns0S,+0.2H,0: C, 52.35; H, 5.88; N, 19.08.
Found C, 52.57; H, 5.80; N, 18.79.
2-[4-(5-Fluoro-2-pyridyl)piperazin-1-yl]-N-(4,5,6,7-tetrahydro-1,3-benzothiazol-2-yl)acetamide (65Kk)

65k was prepared as a colorless solid in a similar manner described for 65a. Yield: 27%. ‘*H-NMR
(CDClg) &: 10.15 (1H, br s), 8.06 (1H, d, J = 2.9 Hz), 7.29-7.28 (1H, m), 6.61 (1H, dd, J = 9.3, 3.4 Hz),
3.55 (4H, t, J = 4.9 Hz), 3.27 (2H, s), 2.72 (6H, t, J = 5.1 Hz), 2.66 (2H, t, J = 4.9 Hz), 1.87-1.85 (4H, m).
Anal. Calcd for C1gH,,FNsOS: C, 57.58; H, 5.91; N, 18.65. Found C, 57.61; H, 5.93; N, 18.32.
2-[4-(5-Fluoro-2-pyridyl)piperazin-1-yl]-N-methyl-N-(4,5,6,7-tetrahydro-1,3-benzothiazol-2-yl)aceta

mide (65I)
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A mixture of 64 (102 mg, 0.56 mmol), 1-(5-fluoropyridin-2-yl)piperazine dihydrochloride (0.10 g, 0.51
mmol), and potassium iodide (17 mg, 0.10 mmol) in DMF (1.5 mL) was stirred at 80 °C for 2 h. The cooled
reaction mixture was concentrated and purified by column chromatography (CH,CIl,/MeOH = 10:1) to
provide 651 (28 mg, 14%) as a waxy solid. 651 was converted to HCI salt with 4 N HCI/AcOEt as a colorless
solid for '"H NMR spectrum and element analysis. *"H-NMR (CD;0D) &: 8.18 (1H, s), 7.89 (1H, t, J = 7.8
Hz), 7.34 (1H, dd, J = 9.5, 3.2 Hz), 4.50 (2H, s), 4.05 (4H, br s), 3.71 (4H, br s), 2.66 (4H, d, J = 7.3 Hz),
2.01-1.90 (5H, m). Anal. Calcd for C;gH»,NsO,F-3H,0-0.4AcOEt-3HCI: C, 42.18; H, 6.18; N, 12.55.
Found C, 42.09; H, 6.23; N, 12.25.

N-Ethyl-4,5,6,7-tetrahydro-1,3-benzothiazol-2-amine (67b)

A mixture of 2-chlorocyclohexanone 66 (1.00 g, 7.54 mmol) and N-ethyl thiourea (825 mg, 7.92 mmol) in
EtOH (10 mL) was stirred at reflux for 4 h. The cooled reaction mixture was diluted with AcOEt (50 mL).
The organic layers were washed with brine, dried (Na,SO,), concentrated and purified by column
chromatography (CH,Cl,/MeOH = 10:1) to provide 67b (0.84 g, 61%) as a light yellow solid. *H-NMR
(CDCls) &: 9.60 (1H, br s), 3.33-3.28 (2H, m), 2.58-2.52 (4H, m), 1.87-1.82 (4H, m), 1.38 (3H,t,J = 7.2
Hz).
N-Methyl-2-[4-(5-fluoro-2-pyridyl)piperazin-1-yl]-N-(4,5,6,7-tetrahydro-1,3-benzothiazol-2-yl)acetam
ide (65m)

65m was prepared as a colorless solid in a similar manner described for 62a. Yield: 45% (2 steps from
67a). *H-NMR (CDClIs) &: 8.08 (1H, d, J = 2.9 Hz), 7.30-7.26 (1H, m), 6.64 (1H, dd, J = 9.3, 3.4 Hz), 3.77
(3H, br s), 3.55-3.52 (6H, m), 2.74-2.70 (8H, m), 1.92-1.83 (4H, m). Anal. Calcd for CysH,4sFN5sOS: C,
58.59; H, 6.21; N, 17.98. Found C, 58.41; H, 6.09; N, 17.76.
N-Ethyl-2-[4-(5-fluoro-2-pyridyl)piperazin-1-yl]-N-(4,5,6,7-tetrahydro-1,3-benzothiazol-2-yl)acetamid
e (65n)

65n was prepared as a colorless solid by conversion to HCI salt after a similar manner described for 62a.
Yield: 13% (2 steps from 67b). "H-NMR (CDCI;) &: 8.08 (1H, d, J = 3.4 Hz), 7.28-7.25 (1H, m), 6.63 (1H,

dd, J = 9.3, 3.4 Hz), 4.31 (2H, br s), 3.56-3.46 (6H, m), 2.76-2.67 (8H, m), 1.91-1.84 (4H, m), 1.39-1.30
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(3H, m). Anal. Calcd for CyH,sFNsOS-1.5HCI: C, 52.43; H, 6.05; N, 15.28. Found C, 52.66; H, 6.24; N,
14.88.
1-Imidazo[1,2-a]pyridin-3-ylethanone (69b)

A mixture of 2-aminopyridine 68 (2.00 g, 21.3 mmol) and N,N-dimethylformamide dimethylacetal (3.11
mL, 23.4 mmol) in toluene (20 mL) was stirred at 80 °C for 1.5 h. The cooled reaction mixture was
concentrated to give a crude imine. A mixture of the imine and bromoacetone (2.20 mL, 23.4 mmol) in
EtOH (20 mL) was refluxed for 2.5 h. The reaction mixuture was diluted with AcOEt (50 mL) and water.
The organic layers were washed with brine, dried (Na,SO,), concentrated and purified by column
chromatography (CH,Cl,/MeOH = 20:1) to provide 69b (0.575 g, 18%) as a colorless solid. *H-NMR
(CDCly) 6:9.65 (1H, d, J = 6.8 Hz), 8.35 (1H, s), 7.77 (1H, d, 3 = 9.3 Hz), 7.52-7.49 (1H, m), 7.09 (1H, t, J
= 6.8 Hz), 2.80 (3H, s).
2-Bromo-1-(2-methylimidazo[1,2-a]pyridin-3-yl)ethanone (70a)

A mixture of 1-(2-methylimidazo[1,2-a]pyridin-3-yl)ethanone 69a (1.47 g, 8.44 mmol) and bromine (0.48
mL, 9.28 mmol) in 25% HBr/AcOH (20 mL) was stirred at room temperature for 1 h. Et,O (100 mL) was
added to the reaction mixture, and the resulting precipitation was filtrated. The obtained soild was washed
with Et,0 and dried in vacuo to provide 70a (2.73 g, quant.) as a colorless solid. *H-NMR (DMSO-dg) &:
9.65 (1H, dt, J =7.0, 1.2 Hz), 7.86-7.77 (2H, m), 7.39 (1H, td, J = 6.8, 1.4 Hz), 4.83 (2H, s), 2.81 (3H, s).
2-[4-(5-Fluoro-2-pyridyl)piperazin-1-yl]-1-(2-methylimidazo[1,2-a]pyridin-3-yl)ethanone (71a)

A mixture of 70a (2.53 g, 10.0 mmol), 1-(5-fluoropyridin-2-yl)piperazine dihydrochloride (2.54 g, 10.0
mmol), and Et;N (4.18 mL, 30.0 mmol) in THF (10 mL) was stirred at room temperature for 1.5 h. The
reaction mixture was concentrated, and the resulting residue was purified by column chromatography
(hexane/AcOEt = 1:1) to provide 71a (1.75 g, 51%) as a colorless solid. *H-NMR (CDCI3) &: 9.80 (1H, d, J
= 7.8 Hz), 8.07 (1H, d, J = 8.1 Hz), 7.67 (1H, d, J = 8.6 Hz), 7.49 (1H, dt, J = 8.6, 1.6 Hz), 7.29-7.24 (1H,
m), 7.05 (1H, dt, J = 5.5, 1.6 Hz), 6.63 (1H, dd, J = 9.0, 3.1 Hz), 3.74 (2H, s), 3.58-3.56 (4H, m), 2.84 (3H,
s), 2.81-2.78 (4H, m). Anal. Calcd for C1gH,0FNsO: C, 64.57; H, 5.70; N, 19.82. Found C, 64.58; H, 5.67; N,
19.76.
2-[4-(5-Fluoro-2-pyridyl)piperazin-1-yl]-1-imidazo[1,2-a]pyridin-3-yl-ethanone (71b)
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71b was prepared as a colorless solid in a similar manner described for 71a. Yield: 13%. ‘H-NMR
(CDCl3) 6: 9.69 (1H, d, J = 6.7 Hz), 8.69 (1H, s), 8.06 (1H, d, J = 2.7 Hz), 7.79 (1H, d, J = 9.0 Hz),
7.52-7.55 (1H, m), 7.29-7.24 (1H, m), 7.12 (1H, td, J = 7.0, 1.2 Hz), 6.62 (1H, dd, J = 9.4, 3.5 Hz), 3.77
(2H, s), 3.56 (4H, t, J = 5.1 Hz), 2.76 (4H, t, J = 5.1 Hz). Anal. Calcd for C1gH15FNsO: C, 63.70; H, 5.35; N,
20.64. Found C, 63.78; H, 5.41; N, 20.63.
2-[4-(5-Fluoro-2-pyridyl)piperazin-1-yl]-1-imidazo[1,5-a]pyridin-3-yl-ethanone (71c)

71c was prepared as a colorless solid in a similar manner described for 71a. Yield: 12%. *H-NMR
(CDClg) 6: 9.65 (1H, d, J = 6.8 Hz), 8.06 (1H, d, J = 2.9 Hz), 7.70 (1H, d, J = 8.8 Hz), 7.64 (1H, s),
7.26-7.23 (1H, m, overlapped with CHCI3), 7.19 (1H, dd, J = 8.8, 6.8 Hz), 7.01 (1H, t, J = 6.8 Hz), 6.62
(1H, dd, 3 = 9.0, 3.2 Hz), 4.22 (2H, s), 3.59 (4H, t, J = 5.1 Hz), 2.83 (4H, t, J = 4.9 Hz). Anal. Calcd for
Ci1gH1sFNsO: C, 63.70; H, 5.35; N, 20.64. Found C, 63.66; H, 5.38; N, 20.69.
2-[4-(5-Fluoro-2-pyridyl)piperazin-1-yl]-1-(1H-indazol-3-yl)ethanone (71d)

71d was prepared as a colorless solid in a similar manner described for 71a. Yield: 39%. ‘H-NMR
(CDCly) 6: 8.39 (1H, d, J = 7.8 Hz), 8.06 (1H, d, J = 3.4 Hz), 7.56 (1H, d, J = 8.8 Hz), 7.47 (1H,t,J=7.3
Hz), 7.36 (1H, t, J = 7.6 Hz), 7.28-7.26 (1H, m), 6.63 (1H, dd, J = 9.3, 3.4 Hz), 4.16 (2H, s), 3.61 (4H, t, J
= 4.6 Hz), 2.85-2.83 (4H, m). Anal. Calcd for C;gH sFNsO-0.2H,0: C, 63.04; H, 5.41; N, 20.42. Found C,
63.07; H, 5.31; N, 20.39.
2-[4-(5-Fluoro-2-pyridyl)piperazin-1-yl]-1-imidazo[1,5-a]pyridin-1-yl-ethanone (71e)

71e was prepared as a colorless solid in a similar manner described for 71a. Yield: 24%. ‘H-NMR
(CDClg) &: 8.71 (1H, s), 8.56 (1H, td, J = 5.9, 1.2 Hz), 8.44 (1H, td, J = 8.6, 1.2 Hz), 8.06 (1H, d, J = 3.1
Hz), 7.53-7.48 (1H, m), 7.28-7.24 (1H, m), 7.04 (1H, td, J = 6.7, 1.6 Hz), 6.62 (1H, dd, J = 8.6, 3.1, Hz),
3.72 (2H, s), 3.56 (4H, t, J = 4.3 Hz), 2.75 (4H, br s). Anal. Calcd for C1gH;3FNsOS: C, 63.70; H, 5.35; N,
20.64. Found C, 63.63; H, 5.37; N, 20.52.
2-[4-(5-Fluoro-2-pyridyl)piperazin-1-yl]-1-(1H-indol-3-yl)ethanone (71f)

71f was prepared as a colorless solid in a similar manner described for 71a. Yield: 8.1%. ‘H-NMR
(CDClIg) 8: 8.63 (1H, br's), 8.43-8.40 (1H, m), 8.31 (1H, d, J = 3.1 Hz), 8.06 (1H, d, J = 2.7 Hz), 7.44-7.42

(1H, m), 7.32-7.30 (2H, m), 7.28-7.26 (1H, m), 6.62 (1H, dd, J = 9.0, 3.1 Hz), 3.73 (2H, ), 3.55 (4H, t, J =
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5.1 Hz), 2.76 (4H, t, J = 5.1 Hz). Anal. Calcd for C;9H;9N4O+0.24H,0: C, 66.59; H, 5.73; N, 16.35. Found
C, 66.96; H, 5.81; N, 15.96.
1-(Benzofuran-3-yl)-2-[4-(5-fluoro-2-pyridyl)piperazin-1-yllethanone (71g)

71g was prepared as a colorless solid in a similar manner described for 71a. Yield: 39%. ‘H-NMR
(CDCly) 8: 8.80 (1H, s), 8.28-8.26 (1H, m), 8.07 (1H, d, J = 2.7 Hz), 7.55-7.53 (1H, m), 7.40-7.37 (2H, m),
7.24-7.29 (1H, m), 6.63 (1H, dd, J = 3.5, 9.4 Hz), 3.68 (2H, s), 3.55 (4H, t, J = 5.1 Hz), 2.73 (4H,t, J = 5.1
Hz). Anal. Calcd for C19H1gFN3O,: C, 67.24; H, 5.35; N, 12.38. Found C, 67.34; H, 5.38; N, 12.21.
2-[4-(5-Fluoro-2-pyridyl)piperazin-1-yl]-1-(2-methyl-5,6,7,8-tetrahydroimidazo[1,2-a]pyridin-3-yl)eth
anone (71h)

10% Pd-C (0.15 g) was added to a solution of 71a (0.500 g, 1.41 mmol) in 4 N HCI/AcOEt (25 mL), and
the reaction mixture was stirred under H, atmosphere at room temperature for 5 h. The mixture was filtered
through a Celite pad, concentrated, and purified by column chromatography (CH,Cl,/MeOH = 10:1) to
provide 71h (7 mg, 1.4%) as a colorless solid. *H-NMR (CDCls) &: 8.06 (1H, d, J = 2.7 Hz), 7.28-7.25 (1H,
m), 6.61 (1H, dd, J = 9.4, 3.5 Hz), 4.30 (2H, t, J = 6.3 Hz), 3.57 (2H, s), 3.54 (4H, t, J = 5.1 Hz), 2.87 (2H,
t, J = 6.7 Hz), 2.71 (4H, t, J = 5.1 Hz), 2.55 (3H, s), 1.97-1.86 (4H, m). Anal. Calcd for C19H,4FN5sO: C,
63.85; H, 6.77; N, 19.59. Found C, 63.74; H, 6.86; N, 19.41.
1-(5,6,7,8-Tetrahydroimidazo[1,2-a]pyridin-3-yl)ethanone (69i)

10% Pd-C (0.10 g) was added to a solution of 69b (0.25 g, 1.56 mmol) in 1 N HCI/EtOH (25 mL), and the
reaction mixture was stirred under medium H, pressure (50 psi) at room temperature for 4 h. The mixture
was filtered through a Celite pad, concentrated, and purified by column chromatography (CH,Cl,/MeOH =
10:1) to provide 69i (0.15 g, 59%) as a yellow oil. '"H-NMR (CDCls) &: 7.72 (1H, s), 4.32 (2H, t, J = 5.9
Hz), 2.93 (2H, t, J = 6.4 Hz), 2.43 (3H, s), 2.01-1.88 (4H, m).
2-Bromo-1-(5,6,7,8-tetrahydroimidazo[1,2-a]pyridin-3-yl)ethanone (70i)

A mixture of 69i (0.15 g, 0.91 mmol) and bromine (0.047 mL, 0.91 mmol) in 25% HBr/AcOH (1 mL) was
stirred at room temperature for 2 h. Et,0 (10 mL) was added to the reaction mixture, and the resulting

precipitation was filtrated. The obtained soild was washed with Et,O and dried in vacuo to provide the
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bromo compound 70i (0.29 g, 98%) as a yellow solid. *H-NMR (DMSO-dg) &: 8.63 (1H, s), 4.72 (2H, s),
4.30 (2H, t, J = 5.9 Hz), 3.02 (2H, t, J = 6.3 Hz), 1.99-1.85 (4H, m).
2-[4-(5-Fluoro-2-pyridyl)piperazin-1-yl]-1-(5,6,7,8-tetrahydroimidazo[1,2-a]pyridin-3-yl)ethanone
(71i)

A mixture of 70i (238 mg, 0.73 mmol), 1-(5-fluoropyridin-2-yl)piperazine (233 mg, 0.88 mmol), and Et;N
(0.51 mL, 3.67 mmol) in DMF (2 mL) was stirred at room temperature for 1.5 h. The reaction mixture was
diluted with AcOEt (20 mL) and water (20 mL). The organic layers were washed with brine, dried (Na,SOy,),
concentrated and the resulting residue was purified by column chromatography (CH,Cl,/MeOH = 12:1) to
provide 71i (118 mg, 47%) as a colorless solid. *H-NMR (CDCls) &: 8.06 (1H, d, J = 3.4 Hz), 7.94 (1H, s),
7.29-7.23 (1H, m), 6.61 (1H, dd, J = 8.8, 2.9 Hz), 4.34 (2H, t, J = 5.9 Hz), 3.63 (2H, 5), 3.54 (4H, t, J = 5.4
Hz), 2.94 (2H, t, J = 5.9 Hz), 2.70 (4H, t, J = 5.4 Hz), 2.02-1.91 (4H, m). Anal. Calcd for C15H,,FNsO: C,

62.96; H, 6.46; N, 20.39. Found C, 62.67; H, 6.38; N, 20.33.
7. Biological assays

7.1. In vitro FATP1 inhibition activity (cell-free human/mouse acyl-CoA synthase (ACS) assay)
FLAG-tag fused human or mouse FATP1 protein was incubated with 10 uM [1-**C] oleic acid and test
compound in 100 mM Tris-HCI (pH 7.4), 30 mM NacCl, 0.5 mM ATP, 5 mM MgCl,, 0.5 mM coenzyme A,
0.05% Triton-X 100, 2 mM dithiothreitol at 37 °C for 20 min. After the reaction, [1-'*C] oleoyl-CoA was
extracted by successive additions of fivefold volume of 2-propanol/heptane/H,SO, (40:10:1, v/viv),
threefold volume of heptane, and twofold volume of water. Phases were then separated by centrifugation,
and the organic phase was removed. To remove [1-**C] oleic acid completely, the aqueous phase was
washed by heptane again. The aqueous phase was added Pico-Fluor 40 scintillation cocktail (PerkinElmer)
and the radioactivity was measured by LSC-6100 scintillation counter (Aloka). The radioactivity of
FLAG-tagged luciferase protein instead of FATP1 protein was deducted as background. The I1Csq values
represent the average of at least n = 2.
7.2. Invivo FATP1 inhibition assay (tissue accumulation of TG in the high fat diet (HFD) -fed mice)

7-week old male C57BL/6J mice were purchased from Charles River Laboratories (Kanagawa, Japan) and
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acclimatized for more than 1 week. All animals were held under standard laboratory conditions (12 h light
per day, light on at 7:00 AM, 23 £ 2 °C, 55 + 10% humidity) with food and water available ad libitum. Mice
were divided to 8 groups according to body weight (BW, n = 5 for each group). One group was fed regular
chow (FR2, Funabashi Farm) and others were fed high fat diet (HFD32, Japan Crea). Mice were orally
administered vehicle (0.5% methylcellulose) or compound suspensions at a volume of 10 mL/kg once a day
for 4 weeks. HFD-feeding and compound administration were started on the same day. BW was monitored
every day. After 4-week repeated dosing, mice were Killed by deep anesthesia. The liver, soleus muscle and
gastrocnemius muscle were quickly removed and frozen for later analysis. Lipids were extracted from tissue
samples by the 2-propanol/hexane method. TG concentrations in the extracted lipids were measured by
colorimetric assay (TG-E Test Wako, Wako pure chemicals), and the TG content each tissue was calculated.
All experimental procedures were reviewed and approved by the Institutional Animal Care and Use

Committee at Daiichi Sankyo.
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