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AChE
AcOEt
AcOH
aq.
Asp
AUC
Bpin
BuChE
calcd
cAMP
cat.
CHCl;
Crmax
conc.
CYP450
Cys

Da
DIPEA
DMA
DMF
DMSO
DTNB
DTT
EDC-HCI

EDTA

acetylcholinesterase

ethyl acetate

acetic acid

aqueous

aspartic acid

area under the curve
pinacolboronate
butyrylcholinesterase

calculated

cyclic adenosine monophosphate
catalytic amount
dichloromethane

maximum concentration
concentrated

cytochrome P450

cysteine

dalton
N,N-diisopropylethylamine
N,N-dimethylacetamide
N,N-dimethylformamide
dimethylsulfoxide
5,5'-dithiobis(2-nitrobenzoic acid)
dithiothreitol
1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride

ethylenediaminetetraacetic acid



Eromo
ELumo
ESI
Et.O
EtOH
FAB
FABP4

Glu

HBTU
HDL
HEPES
His
HMG CoA
HOBT
HOMO
HPLC
HRMS
HSL
ICs0
IDR

IS

JP

LC/MS

HOMO energy

LUMO energy
electrospray ionization
diethyl ether

ethanol

fast atom bombardment
fatty acid binding protein 4
glutamic acid

glycine

glutathione

hour(s)

N,N,N',N'-tetramethyl-O-(benzotriazol-1-yl)uronium hexafluorophosphate

high density lipoprotein
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
histidine
3-hydroxy-3-methylglutaryl-coenzyme A
1-hydroxybenzotriazole

highest occupied molecular orbital
high-performance liquid chromatography
high-resolution mass spectrometry

hormone sensitive lipase

concentration giving half-maximal inhibition
idiosyncratic drug reaction

internal standard

Japanese pharmacopoeia

liquid chromatography-mass spectrometry



LC-MS/MS
LDL
LUMO
Me
MeOH
min

MS

MTP

m/z
NADPH
NC

ND
NMM
NMR

NT
PAMPA
PBS
PCSK9
Pd(dppf)Cl;
Pd(OAC):
Pes

PKA

pKa
PNPB

po

PPhs

liquid chromatography-tandem mass spectrometry
low density lipoprotein

lowest unoccupied molecular orbital

methyl

methanol

minute(s)

mass spectrometry

microsomal triglyceride transfer protein

mass to charge ratio

nicotinamide adenine dinucleotide phosphate
not calculated

not detected

N-methyl morpholine

nuclear magnetic resonance

not tested

parallel artificial membrane permeability assay
phosphate buffered saline

proprotein convertase subtilisin/kexin type 9
[1,1"-bis(diphenylphosphino)ferrocene]dichloropalladium(ll)
palladium(Il) acetate

permeability coefficient

protein kinase A

the logarithm of the acid dissociation constant
p-nitrophenyl butyrate

per 0s

triphenylphosphine



SAR
SEM
Ser
quant.
tert
THF
TLC
TMSBr
TMSCI
uv

VLDL

second(s)

structure activity relationship
standard error of the mean
serine

guantative

tertiary

tetrahydrofuran

thin layer chromatography
bromotrimethylsilane
chlorotrimethylsilane
ultraviolet

very low density lipoprotein
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JEE B E R IS A2 AL, LDL 2 L AT 0 — L EOK FICE A &<, LDL 221 &
T v — /U LD IE A N b OFRFERICEMARERN DD Z L8, AFTF 2 (HMG CoA iEJT
FERFHEAD) ZHWZMEIC LY oISz 7edTH S Y, & LDL =2 L A7 v —/LIED
e, BB E LTRZF UL, BRDMEEEELE L TidkaA 4 s, MG
IV AT a—)V T UAR—Z—LEAOER TS, @Y 7V BT A4 RiEOHEX,
T4 7T — FREFC= a2 T UEBEFEERE WD, 2D OFEANI SR BT RTINS,
7 o DACHEGABRS R D . BRI LR B TRICARI TH D L S TS 99, (K HDL = L
AT u—/VIEIE, &MY 7 VT A FIIEZFED 2 &%, ZOHEIE, PHEEDHEOKT
IZE D HOL 2 L 2T o — Ul A3 5720, @ MY 7087 A RIEDIRRIZHET S 2,

IR SRR RIE DI FTILITE T ORI T TR Y | IREREIEDOIRRTE & Tl
bl U 72 BIREE PR B D T PINRIZOWT, Z<OWMENRH D, ZOPTH, 2016 FITAF THK
RENTZ PCSKI [LEAITR O 7 <7 (LAA=HC T A = 4h) 13, AZF U E2HWRET
HIFERFIEGED RPN+ REFE BT, 2AFF 2 LOJIT LD DfE A~k Z il
THZEDRHERESNTND Y, ZOIEATH D PCSKI 1X, LDL ZHEKITHES LT Oy (k4

BOANREERZETHY 9, [ LDL =2 L 27 1 —/ /UED FRICB ST % 19, F7=, PCSK9 D43
BL, AZTFUORBIZIVEMT 2 2R MbN TS W, LLEDOBHENG, PCSK9 & A& F
DO, FRIC A2 F o ARMEARRRLNRHII N DD EBFITH L, LDL 2 VAT 1 —/LED
BHAEOEENSHGEIN TS Y, =i/~ OFEAIFBRESNTEY, LiEA NS RO
BB 27 BNEm< . AZFURBITHRAY 2 FEESG A VAT v —VIUEE 2T a L A
T VIEREZGRE LTS, TRICHEDL T HARIZIBWTIE 2026 £4£1213 6.9 5 AN
A LoE BT 42 (I DIED, 7 a vy 7 RNAZ— 2D Z ERTFRISH TS 1),
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NEWiorfE, REAIZIs 1T 2 =L F—Dlyds K ORI 2 il 4 2 EERRRR TH L Y, fF
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9, VLDL IZHMEE N EE R Y REATH LD, A OHRYERED EFICER 5, £z,
VLDL [ ZAFEER IS S 4L LDL (2725 Z s, M LDL =2 L AT v—/UEd ER- 27 <,
L7ei3o T, Belhimifeiz 30 2 RENi o Mg o, BEBERE IR D LR ORI 272080 | TRER
A UGEE I 2 7R3 REME D
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=fi 0 ANVE VRS =B A2 L RE R ESGEEA

a) AT RN S—8 LB iR

BT MY 2X—F (HSL, hormone sensitive lipase) (AN O MY =8 TH Y |
TN Ukr—)L ALATE— VATV LTV ATV AT A RERATVE e
IR IEE ARG S 2 2, HSLAITAEN OZHHMUAFET 225, IENMIRIC R b2 < BHE L. 5l
SIS U N—BD—DoTH L Y, &R, 7 a—7 I UNEIIMEERRE O B3 &K
WZFEE L, 7T =1y 7 79— &EMLT 5 (Figure2) ., ZHICK > TERLEERT T /2 v
— U > (cAMP, cyclic adenosine monophosphate) 737 &7 1 > % —& A (PKA, protein kinase A)
ZIEMEAL L. HSL R OB &R I O VB ) I g 2, ZOfER, HSL ITEMHERIC
20 HICHIIAE D SRR ~OBEINGFERE SN 2, BiafREshs & B2 bhTn

% B2, LIeS-> T, HSL oESEME TR oz #ifl L, BEREE2SGET 5 2 nlifrsh
60

RYJYEY
pUELS i) o i
JJen-)L
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b) A/VE Y R —B DOREE

FRIFMIAZN O HSL 1, 1993 IR 237 m—=2 7 i, T O— A& Holm 512 X v fig
BlE iz (Figure 3) 2, HSLIX 775 58D 7 X VR L Vg S, £D 5B, C KANZ2 DR
IRDMERED N AA v ORI RIEMEZH S R A AL @QLF 2T P —FEV2—L XD ig
B S AL D 29, il N A A LTI o/ MK FREESR 7 4+ — /0 RHMFEE L, IEPEHLGITIE catalytic triad
EHERLT DY VIRIE DD, TANT X UL e AF U UERENEET S, R Y R—F
DR SR L 7 E A2 N T 2 L B2 6T\ D, BICHBREWC Lo, Z ol KA 1
YOZYRMEEIX, TEFALa) AT T =B EHEBL TS 2 ERRESINLTVWD 2, —J,
V¥ 2T M —FV a3 Vb AT 51 Y CREENEEUFE L, HSL ORRE DI
BELTWSEEZLNTWD, ZOLFaF M) —FTY a2 —LEMo ) _R—BIZIIFEEET

HSL M OMETH 5D, £/, N RKERIEL, 300 HEDOT I VI VBRI TEY, ZDO/S
D & o3y IR A 2R 2, Z OfEI fatty acid binding protein 4 (FABP4) & HSL

E O AAERAOEKICEE L, HSL DI 0 fEEO#ER 215 E B2 6T\ 5D

(A) Primary structure (major isoform)

Ser-424 Ser-552 Ser-554 Ser-589 Asp-693

N Ser-649 Ser-650 His-723

(B) Suggested structural domains

Regulatory
module

C-terminal catalytic domain
(48 kDa)

Figure 3. &  HSL D& DOALIE ] 20)29.30)

ZD Xz, o) S—B S & OMEMESHRD TRV 2012, HSL 13 < 2 B IFED HERR
SNTWVEREEETHHICHLEDL LT, ZRTHBIEII R I T2,
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c) HSL PHE A D #5451

Figure 4. HSL BHEHA

HSL BRFEANIBEIC, D 7 — 712 L D058 E B33 & 2 31 32).39). 34). 36). 36), 31). 36). 39). 40) (Figure
4) . FFIZ Novo Nordisk £+ Ebdrup 512 L - THE S /LA 113, @V HSL RETENE & B 4T
IR RIRIEIZ LD (T v b~ 10 mglkg $e 5 TRENI 73 A0l A ] 2 7= 9~ HSL B AT & % 3,
LAY 1 ORERRHEIEL. BER L OGN EHEIND AN NREANVETH D, IANEA L
BTz, v Y SRS REER OIEMET LD OMIRER TH 51 U Uik AREE 24T, B
FIEMEAART « RS ED ZLPMBNTWD M, RS Lo ARSI o g 2 52
T R IR R D 2 L s ZOMERNITEA TERILERTH 5 & E 2 bivd (Figure
5) , #EAR AWML EANIIR D 72BN TE D, DANEAINVFED L D 72 KGHED @D
EAEMERRICKLHATH Y | IBENRBENEAOBRERH S, Toplé LT, 7EFralrx
AT 7=BHERMDOY RAF T Iy (VAT 4 AT 7 —<4h) BTN D D, VARRFT

7
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WO BT B, TORR, A TIIR O RFTORAFRITH LS4, BRI 72 % S IR
KA DOHB LTSN TS (UARRZ Ty FO NFRMTE, (7 n Ry Fe /0L
TAART—~th) M, —FH T, REORWTHRTEFral) o277 —PHERTH L Fx
NN (T VT RO, m—=HA) T, BEROPFEET LY A ~—RERIERE 2R & Lz

BRI, L BOR O REMED FEHERIT 5% A TdH 5 9,

OH OH
HSL—Ser-OH + F3C_ -~ 0 'O/ HSL-Ser-0 O
TL ¥ 5 L
0

N 0]

FCs OH
1 QOO fzR-PHERIESH

| (@]
O_ N MeO N
\TJ\Q T I (07w
0 MeO -

UNZFTZ> RERZ)L

Figure5. (L& 1 DHEEILEA =R A, UNRRFF I & RRRUL

FEE R RETRRIEII RGN IHE SN AR TH Y . MOWERERFITRO TN D Z
LEBRT DL EATHRAEFEAI LD . ATHRAEAIO ST NEE LN EB X 65 O, BEICH
WY HSL BREAIE LT, bA 2 KTOV10 AAE STV 528 3490 (LEW) 2 1%, 30 mglkg %
BAZ TR 3 fR i 23 s S5 53\ HSL BREAITH 0 4D, {bE4 10 (X, invitro IZF U\ T
HSL FLEEMEZ /R Z S13mbn T b H DD (ICs=0.13 uM) | EDOARIAfiEmHIfERIZ W
TIEHE STV, T7220 5 ALERIBRE A+ 23 Z2 I 0 s E I 2 7= -2 D T,
INETITE A LRSI TRV,
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B U — MEAW2-[@G{B-(N) 7 AAa A TFN)E Y D u2-A LA XTI D) F U]
7 = yR e R OA] L
B BB HSL BLEAIORRE

PR EAIOBIIZH -0, F—F TR Lo rrBER 10 1I25H L2, (L& 10137 =
=R B CFRERUNFFRVEITTER SN D, R CRIEE OEFRIRE S B G
LA IARE S TR b b BRI E KT DRNEA T2 P, ZHICE o TR e R
EHERDAKBEZ AT 28 U HDWE M bA = bR e VBT AT VA TERR L, AL 7
FIHEEHERTZ e TS 49,

E7o. LA 10 DXV F X FIT HSL & ORREMFEAAERIZ L 0 . BETEER B E 5
LTS EZBEINTND O, ZOREIHEZT AN VNVAF VEA~DOBOKMEREO 512 XY
W72 HRAETEME O] EASHIRF S4v7c, 2 2 CLBEEN O HSL FLEA 1 D BK M /S 12 H Lz,
A 113 ) VERIE L ORUSETNL TH D DN NEA NI E | BUKESOEETHD FY 7L
FRAFNAEY OVENLEREND, LeBRoT, NI 7t AF el ULz bay 10
DR PNFF VR AT UL, HSL & OIREMERRAER M L L, EEEOUERIZEN D

L% %7 (Figure6) ,

A
©/\ B(OH), FaC

10 | X 0
ICy, = 0.13 pM o Lom,
OH
Cf AT AR
IC,, = o 27 uM

Figure 6. Hri ATiify HSL FLEFAI D74 1
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{b&4% 12a, 12b, 12c, 12d, 12e, 12f, 15, 16 &N 17 |% Scheme 1 IZ~" ¥ &k S IZHp L7z, {k
AW 110L 7 = ) — v EHEG L, (LG 12a, 12b, 12c, 12d, 12e }xON 12f 21537, [RIERICA AR
L7z BICKR LANT U0 AMMEAFE T M) VR =T N e h v TV T 52 & CHRAKRVERT
AT NEBEAL, HWTTBE RN AFAYT 2N 2T VEORREEZITV, (LAY 15
G, (ke 12a O F a— L= AT VAR WA UEBET N U LAEHAWVEREL, (LEW 16 &

e, ALBW 12f Z KSR L. ALEW 1T 21572,

RS Br . RC @ R
| B —_— 3 Z o
N“>0 |
N0
11

12a: R = 2-Bpin 12d: R = 2-COCF,
b 12b: R = 3-Bpin 12e: R = 2-CN
12c¢: R = 4-Bpin 12f: R = 2-CO,Me

C
F3C _ OQ — - F3C / Q
N | Br |
N~ O

SN O|OR

14: R = Et
d[, 15: R=H

FsC / | Q - FsC\(l /©/\o/©
B =~ B(OH
pin B (OHY,

SN

f
SeVon Qﬁm/l L

N COoMe COoH

12f 17

Scheme 1. Reagents and conditions: (a) Cs.COs, phenols, DMF; (b) K>COs3, 2-bromophenol, DMF; (c)
Pd(OACc)2, PPhs, diethyl phosphite, dicyclohexymethyl amine, EtOH; (d) TMSBr, CH.Cls; (e) NalO4, 1 M

HCI, THF, H20; (f) 1 M NaOH, MeOH.
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EEN SRPEAAN & B
a) FEPREHm T 15
HSL BEETENEIZ E N HSLE 53 2 W, LA THRIE L7z, £ OFS B2 p-= k= 7 = =/ (PNPB)
RSB L L, BECEAERT D 4=t T ) —VEERELT®,
b) HEIETHMEFAES 1
CEW 10 DX DN AXF VI N TIAFA AT A Y DVEEZE AL (Table2) . D

R ALEW 10 L LT, (LA 16 1335 L < M\ HSL HETEMEZ R L7z (ICs = 0.007 pM)

Table2. U 74 m AF ) P HKOEA

Compound ICs0? (UM)

10 0.13

L
B(OH),

16 0.007

00
sNel
o B(OH),

& Assay results are the average of triplicates.

c) HEETHEMERRRY 2

LE¥ 16 Ot U U FIERE G I OMETE AR R O S 21T 7= (Table3) , C-2 LD AR m
VEBEART L EF 2 L AT VLT A LT 128 13 16 L RSO EIEEZ R Lz, RERERE
C-3AL~HA LTz 12b (33 T/ 28 B FIEIEIIR T U, C-4 AL~E A U7z 120 (TRME (P EE M3
KFL7, Aer e a—o A7 UK 12a, 12b KON 12c O ClE, 12a 23 b O BHEFEMEZ
AL, Au e a— L A7 VIRR AR o SRR L AEOREFEEZ R L2 Z &6, HSLIZ
BNTH, Ru BORTEFLOZED p ful &t U 5L DRGNS, EEEDIHLIC
HETHL I LIRRSNTZ, HWT, RV BBOT A Y AL —~DOEWERF LI, Lol

NS, RARVEEEEA LTALEY 16, VR UEEEEA LAY 17 1. & ICPHETEME
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BT Uz, oA Uiga, Al fipHERITIA ANSN TV A REFOICER L7
LA NI T RAF VAN R = VIR E A LT 12099, KON, = R U VIEAE A LT 12859

DOW{LEY & BIZHEFEIED RS DRER L o7z,

Table 3. {k&W 16 & Z DAY D HSL BHETENE

4
F3C N o 3 Bpin = §—B‘
| 2 0
N“>0

Compound (R =) % inhibition? Compound (R =) % inhibition?
16 2-B(OH) 89 15 2-P(O)(OH), -5

12a  2-BpinP 81 17 2-COzH -8

12b  3-Bpin® 59 12d 2-C(O)CFs 1

12¢  4-Bpin® -10 12e 2-CN 0

204 inhibition at 1 uM.

® Bpin: pinacolboronate.

d) L& 16 DFRE A 1 = X LADOPTE

55N ALARIILEA] 16 (I2OWT, RUNEERRICESWTEE A I =X L& B4 1=, PNPB
B L UTHW, BERROGHEE O HE: X i, WEREOXEA Y#IcEY, T4 70—
N— e N—=r Ty MEAER LT (Figure 7) , TORER, £, 77 7O EITRE TR |
o, XA ROY O IEEMIREIC L > TRRY | B2, 77 70550 X EX v Bictr
fELTZ, ZO/RENL . LA 16 OAFERERILESH TH L Z LR LN E o7, IRATOEE
HFPLEANL, E (REBRICEBWTIE PNPB) 235G L TRV RREDEESR . KON, KA A
L7RBBDIER O G I L CHET S22 L 2R LTS %, oF 0 | MlaNTEE (FHEREN)
DPAEA LTS HSLIZK L TH, AbAW 16 13 ET 282692 2 L3R S,
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© 16 (0.0003 pM)
A 16 (0.003 uM)

X 16 (0.01uM)

[VI' min/AA

0.5 1 1.5

[PNPB]-'mM!

Figure 7. Lineweaver-Burk plot of the inhibition of HSL by different concentrations of compound 16
(0.0003, 0.003, and 0.01 puM) in the presence of PNPB (0.75, 1.0, 1.5, 2.0, 3.0, and 4.0 mM) as substrate. In
the Lineweaver-Burk plot, the reciprocal HSL inhibitory activity was plotted against the reciprocal

substrate concentration (double reciprocal plot, n = 1).

e) kAW 16 =) v AT T —EBHEEM

HSL @ Z“ eIy e ra ) v A7 7 —B L HLMERH VY 2 ROEEEZH T2
HSL BHEANX T EF v ) A7 Z—F (AChE) , KO'7F U=zl A7 Z—F (BuChE)
ZMET D LRWESNTND M, £ T, {LEW 16 D AChE } U BUChE [HEFIEMEZHIE L

7o, BOpPM IZB W T h i) = R T T —RITxt LILEFREZ R S R0 o T,
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L& ie D777 AL
{bEW 16 D77 7 A V% Table 4 [T R ALEW 16 137 v~ MIFI 7 v Y — Wk HG%
EMEIIPRRE CH -T2 ALEW 16 2 T v MIZ 3mglkg $e5- L 72 B30 e i TP 2 1% 0.42 pg/mL,

SR P R T BB T R I 1,75 pg-himL, I P 0813 2.95 B T - 7=,

Table 4. k& 16 DT 7 7 A )L

16
Metabolic stability? 44%
Cmax® (Mg/mL) 0.42
AUCP (ug-h/mL) 1.75
Plasma half-life® (h) 2.95

2 9% remaining after 30 min in rat liver microsomes (0.5 mg/mL).

b 3 mg/2 mL/kg of compound solution in propylene glycol/Tween80 = 4:1 (v/v) solution.

0) L& 16 DN oy fram1E

10 mg/kg CHEMA D FRIIGIER 2R3 EME SN T D 1 23l L L, EEEGBR T 16 OffF
o FRBNEIVE 2 3540 U7z, BRI RO RARA  hE LT, Y4 AX—F v b (EET v M)
DMEFO 7 Ve —VREZRE Lz, LEW 1 KUN16 2085 L, 0-7 Reflic 1T £ M
7)o — VK TFRE, 1 O TFHRE 100% & L CHE L, Figure 8 Ik L7=, {b&H 16131
mg/kg. 3 mg/kg & OF 10 mg/kg 6 5- T, G EKGFIC 7Y o — VREZIKT W72, FR2, 16
1% 3 mg/kg G-I\ T, 1 D 10 mo/kg $&5- & RO ftifER 2 L, £ OfEi 12% &
W 11% T o7z, LA XY | Al HSL BREFA] 16 1348 1 B 5-To ) 22 eI s i E &2 L

ALY HSL FLESIEE AR OUGE 28 D alRett 2 R L7,
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250
200 A
150 ~
100 A T
50 A

L
10 mg/kg | 1 mg/kg | 3 mg/kg |10mg/kg

1 16

% of plasma glycerol reduction

Figure 8. The acute effect of HSL inhibition in rats treated with 1 at 10 mg/kg (white square) or 16 at 1, 3
and 10 mg/kg (black square). Data are reported as a percentage of plasma glycerol reduction of the area
under the curve (AUC) (0-7 h), setting at 100% the reduction measured in compound 1. Data are shown as

mean = SEM n = 3-4.

HUET B EmE LD

BEE OFEA v HRBEEA] 1 & Al pgPEE Al 10 OS2 A L, Bkl el i RE A 16 2 Al
M9 52 LT L, LA 16 13587172 HSL BRETEME (ICso = 7 nM) ZRd—JF, 22U =
AT T =BTk L CHEEMEZ R S 7220, HSL @BIRAIFEERITH D Z & 03B Lz, BERBUGH
FERRAEATIC LV | (LB 16 1HRGHIAEFAITH L Z BN E o7, FEFRIZHE VY in vitro [H
FEMEZ LT, LB 16 13T AZ —TF v MZEWT, 3 mo/kg -5 CRaNI o s fE i 2
AL, AR HSL FHEAT 1 K0 3V HSL FHERI CTH L Z LT, 202 &b,
ALY HSL PR A 2358 ) 72 IR G /3 R E ) 2 7R3 2 L DS D B LTz,
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W= RUSTEREIWER Y A7 R L2 {5-7 v 1 -2-[{6-[4-(F U 7 A u AF )T = ) F
NV DB ANYINR=)T )T == AR e CEROR|
B IXU®IC

BT, RV invitro EahA A L. invivo (28T 3 mg/kg 5 TR iR ER 2 L3
U—NMbEm 16 AT 2 Z LI Lic, L LR, (bkEW161E7 774U v 7 Ofk
R, BUGHERBAER ) 227 2B LTS ZERW LN RoT,

W ORI Lo TERT 2 RONHEREMIT. EENESF (o7 EOBmRE) LR
WEERT DRE %A L, FrEEIE IR M (IDT, idiosyncratic drug toxicity) OFEAIZESS-
LTS EZEZLNTND ¥, IDT (ZRAEMEDIRS D BREH, &5 WIFEKREZ L V-
7o, ZROBFICHRG SNTBRETHIO TRELDHER SND Z EARZ, £o, BEEOIEHE R
TR L IEBMR OB TH Y . ARUSER W20, BAEOTHIINEETH D, 7T LAF— JF
e, HLAREESE, ZRFMECHSAFIEORKIC R D Z EARB SN S, HIZ, SECHZGieEE
REWEHICEDBELH Y . BEISZREEELZE R,

VLED RN D, WIS 21T 9 BSOS ©, RUSHERE AR Y 27 Z2h/MET 5 2 &
DEHMBAFE L, EE LW S, LDV EREN RS S D EERFIERREICRBWT, K
JEPEARE) O A IR EDEE L 72 AL 7, SO X I RBZX DT, SUSHERBIAER D A7 53
K< OIS A2 AT 2 B HSL BREAI OS2 HER L. REIFZEICE F LT
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0E ROSHERE AR LR D S R $

FOSTERE AR Y X 7 OFHX, & MFI 7Y —AZHW in vitro 3ERCRICHBWT, [F
LR EE L 7 v 2 F A ([BCa BN-Gly]GSH) & RIXMED 7 V2 F A (GSH) # v iz, GSH h
T B TR THERS LT %9, REUGHEE & buie U CRUGHEECIL, GSH A & St 25514 A
YE—7 (miz428) k. FORNAE—2 (miz431) DR ENTE, BIZ, Ta¥ s A F A
7 hVHIZ miz 252, 267, 325, 353 KM UN382 DT T T AL hA AU RRD LT, T OFEREMN
5. B &N7z GSH MIKIZF 7V U U FER 16-11 TH D LHEE L= (Figure 9)

{bEW 16-1l OREEN S ROSERB OERIL, L&Y 16 DX DANIRgb S, 7T
b REMERDERT 2 2 EBRFRRTH DL B2 b, 74T FHEERNLFT VY O Uik
IRDMERCT 2 BUSHEIEIZ DWW TIE, BEICEERIICHET STV D 0O, $722b 6, 77 b REE
KL, VAT A UEOT X 7 FERAHNL 8, Schiff T RIE (RMEAPICH VT 16-1) A
AT D, FEWNT, YATA VEOT AN A I UKREMINL, 7YY DUEER (R
fEEIZBNTIL 16-11) BAERKT D,

LEX Y BOSHERB AR O RIS TH DX VA A% E & BT AUR, SOSPEHT
WAL ) A7 IRIBUC IR D L& R T2,

1) oxidation at benzylic carbon
2) conjugation with Cys-Gly

HS
FsC F3C N__COH
A | 0 \ A SN G0
SN0 B(OH), \NI o S
Glu-Cys-Gly Glu
16 Schiff base intermediate (16-1)
~..COxH
S | H—/
cyclization FsC._~ /NHO 3;2
: o Higs o
N~ "0

252267
GSH-derived adduct (16-11)

Figure 9. GSH IR A e DHE R B
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Jiki

& 20, 23a. 23b. 23c %125 1% Scheme 2 IZ/R T L HICEK LTz, 7=V 18 DT ik

®
[1]
2
op

WX, 20 257, (L&YW 21 % 22a LN 22b EHEA L. AW 23a K Of 23¢ & 157-, (L&Y 23a

DEFa—LEEFREL, 23b 237, (LEY) 249 L 22a DIFAICL Y | LG 25 2157,

c NH H

N | 2 4 L FRC N\H/©
\ L
N~ "0 SN o O Bpin

Bpin
18 19
FsC COoH d ?
3 ,e
S ! 2
N~ O Bpin SN0 R R
21 22a: R = 23a: R = H, R? = Bpin
boe[, 22b: R = Me L, 3 R H, R = B(OH),

23c: Rl = Me, R2 = Bpin

Bpin

F”U@f ﬁ@@

Scheme 2. Reagents and conditions: (a) EDC-HCI, HOBT, DMF; (b) 1H-benzotriazole-1-methanol, EtOH;
(c) NaBHa, THF; (d) oxalyl chloride, DMF (cat.), CH2Cly; (e) 22a or 22b, DIPEA, CHCly; (f) NalO4, THF,

H20, then 1 M HCI; (g) 22a, EDC-HCI, HOBT, NMM, CHCl..

{b&%9 28, 30a, 30b, 33a, 33b, 36a. 36b, 39a, 39b ) 39c % Scheme 3 (Z/R"T & 5 IZH AL
L7, 2-7805-(h) ZduaXF Y P (26) &7 = /) —VEREEER, KSHELTES
NHANVKR W (27b, 29a KTV 29b) % 22a Lifie L. (k& 28, 30a UM 30b ~& AL L7z,
-7 ) 5-T7AFub )Yy (8l) &7 x ) —EHEAEH. ZBEREONKSRICTELND IV
AU (32a kN 32b) %, ZATRECILAW 33a LUV 33b ~E A LT, (LA 36a KT 36b IX

UBDNNK R, KN 22a & DA THTZ, AFL6-r7ant’ ) Pr3-HLRF 77—k (37)
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LT ) — NV EREE%. KRS L THE NS VAR B (38a, 38b 2 1N38c) % 22a EifEa L.

&% 39a, 39b TN 39c ~LZEHA L 7=,

30\(1 a Bpin
|, — L 0L
N~ cl COzR

26

27a: R = Et
bl—_—27b-R—H

.
R' o
F3C e 2
Z CoH _© _
| 2 F3C = R N
SN | H  Bpin
N">0
26 29a: R! = Me, R? = 30a: R = Me, R? = H
29b: R1 = H, R? = Me 30b: R! = H, R? = Me
o)
_~_CN afb FC___ ~COH ¢ d .
I | | — 7 X N
N N _N
F X0 o | N H Bpin
X0
31 32a: X=N 33a: X=N
32b: X=C 33b: X=C
FaC CO,Me FsC COH Q
3 = 2 b 3 = g FaC
o | — o — \@\ NN
N N
o) o 0N R
34 35 36a: R = Bpin

36b: R = B(OH),

e ey <
oloe NSUSE

Bpin
37 38a: R =4-OCF,, X=0 39%a: R =4-OCF,, X=0
38b: R =3-OCF,;, X=0 39b: R = 3-OCF,, X=0
38c: R = 4-OCF3, X=NMe 39c:R= 4-OCF3, X=NMe

Scheme 3. Reagents and conditions: (a) phenols, K.COs, DMF; (b) 5 M NaOH, MeOH,; (c) oxalyl chloride,
DMF (cat.), CH,Cly; (d) 22a, DIPEA, CH,Cly; (e) 22a, EDC-HCI, HOBT, NMM, CHCly; (f) conc. HCI,

conc. H2S04, MeOH; (g) 22a, HBTU, DIPEA, DMF; (h) N-methyl-p-trifluoromethoxyaniline, AcOH.
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{b& 4la, 41b, 4lc. 41d. 4le X ON41f 1% Scheme 4 IZRT X HICER LT, DRV EEET

=V U EHEE L, fe BAREIC T, HAUY 41a, 41b, 41c, 41d. 4le KON 41f 2157,

(e} (0]
FaC COH &b R ¢d R
=z ! )
\©\ U _ F3C\©\ O/‘LNQ . F3C\©\ fj/mn
0" "N N H Bpi N B(OH
oSN Bpin 0" SN (OH)

35 40a: R = 4-F 4la: R = 4-F
40b: R = 4-Cl 41b: R = 4-Cl
40c: R = 4-Me 41c: R = 4-Me
40d: R = 5-F 41d: R = 5-F
40e: R = 5-Cl 41e: R = 5-Cl
40f: R = 5-OMe 41f: R = 5-OMe

Scheme 4. Reagents and conditions: (a) oxalyl chloride, DMF (cat.), CH.Cly; (b) anilines, DIPEA, CH,Cly;

(c) KHF2, MeOH, H20; (d) TMSCI, CHsCN, H,0.

EIUST  SKPRARAN & B
a) FEPHRHAm T 15

HSL BRETEMEITER 55 =& & [A) Ul R 2 AV TRl L 7=,
b) HEETEVEFAES 1

BREICT, A B AT VR E R e SBRIKITFEEOTEREZ R L), RETIEIAR 2 )R
TATIRIZ TR U == 7 %470 AZAEWITIE, Ao R E G A USSR B
WA B L,

Table 5 (TR LB, N UNA X AEERREDTZD, LEW 16 DT—TFT Y I —EHET
I ORKICAETE L7z 23a 1%, BAETEMEEEES Lz (ICs=018uM) , 7 X REIZAFVHEEZE AL
72 23c, W7 X FK20 KONAF Lo &4 A LTz 25 1R ETEEA KB ICIES L7z, HSL BREIEM:
ZR LTz 23a DR a UK TH DG 23b 13, B 72 HEEM %A L7z (ICso= 0.091 pM. Figure
10) o (LA 230 IZ DWW TRUGPERBIAERL U R 7 OFHi 24T - T/ 5 . AMbEMIZIB Tt GSH
RO AERIIHER ST FUSHERBI AR Y 27 PMRNZ ERH BN E o7, 22T, 1k
A 23 &) — NMedE L, FHERRREZIT .
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Table 5. (L& 16 D=—F /LU > H—DZHi

F3C N R 1)
(LT et
N"~0 0o
Compound (R =) ICs02 (UM) Compound (R =) ICs502 (UM)
23a o 0.18 20 H 896°
o =
H  Bpin O Bpin
23c o 896" 25 H Bpin 1296
oo Ny @
| Bpin (0]

2 Assay results are the average of triplicates.

b 9% inhibition at 1 uM.

O 0]
F F
QoYL = QO
N o Bpin N o B(OH),

N

23a 23b
IC,,=0.18 yM IC,, =0.091 pM
GSH adduct formation: Not detected

Figure 10. U — F{t&#) 23b

c) HETE AR 2
AR TR L2 Y — NMeA 23b ORIBEAR 23a 2 vy, FEETEMEHREF RO BG 21T > 72
(Table 6) . fb&54) 23a D A & FLMEAR 28 IZPAETEMEHE Lo, TRE~OEHIGE AT, 2-2
F AR 30a (FFHFTEER DT NTHES L7 DIizxf L, 3- A F /UK 30b (RIS L7, Hk
YEVERZE Y U UBRICA LT 33a [EHETEMEAEES L, (bE 3B3a LMY Y VU B AN
VB UBRICAER LT 33b IXPRETE MDY 7 £5M E L7z (ICs = 0.13 pM) . L5142 33b D EAE(E 36a

X EVEENTIZ 10 5 B L72 (ICs=0.014puM) . MU ZAFa 2T 8% Y 7t e A b
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F AT LT 3% ITmWBAEIEREEZ A L, £D A X BYER 39, KO, =—FT Y U —%

N-AFNT I U —IZBH L7 39¢c HIEMEELREE LT,

Table 6. L& %) 23a DS R E(L

© O
RJ\N Bpin = §—B:
H (@]

Bpin
Compound (R =) ICs0? Compound (R =) ICs0 2
(M) (M)

232 F3C. 0.18 33b F3C N 0.13
|N/ o) C\o N
28 F3C 339 3a  F3C N 0.014
| — \©\ | ~
N o/©W 0" N
30a 5 0.38 39a F3CO N 0.024
F3C | AN 3 \©\ | _
o O” °N
2
3b PG~y ~3 30%P 39b N 0.021
® IOWH
N~ 0 F3CO O” °N

33a  F3C N 0.92 39c  F3CO N 0.040
] L
N o N N" N7

& Assay results are the average of triplicates.

b 9% inhibition at 1 uM.

{b&W 36a 1T —HEOFHERDOHF TR O EHWHEFEEEZ R L2/, A U BIEROEREIT- 7
(Figure 11, LA 36b) . L&) 36b IX AL & 1T L TIEMEIXE TR T L7z, £ Th ek,

BAF e HERM A A LTz (ICs =0.046 pM)
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(0]
QLD — T
Bpin 0~ N7 B(OH),

36a 36b
IC,, = 0.014 UM IC,, = 0.046 UM

Figure 11. {k&% 36a & U 36b

d) HEETEMEAHRS 3

L& 36b DAL VBRI~ DOEHIE A %17 > 72 (Table7) , k& 36b D C-4 (Ll
B VRATFNIEFZEAN LT A IEERT EL, FRC, 4-7 7 o @K 41b 1ZPRETEED 23
fFm L7, (kB 36b O C5 AL m s &8 AL 41d KO 4le [ ZFREIEMED T M2 1A |
L7ce —H. A MFVEOBENILEFEEICEL RIETI RhoTe (41f) . DLEICRT IS
36b DA LB U BERA~O BEHSLE AL CA MR R bR TH Y (41a, 41b KM 4lc) . C-5
ML CIERER Th o7 (41d, 41le KRTM41f)

4-7 v v B 41b D3 Ee b O PLETEE 2 R L2 BRI, RO 2 o3P b5,

(i) AvrEEoOBMED LR

4-7 v EHVR 41 ICB T 5 UEED pKy GHEME) 1274 TH Y | HEEHLEL 36b  (pKa=8.4)
X0 IEDE MR, Re UBROBYEEO LRI R e CHLoRE RO @ EICHBIL %), Zhic
KoT, HEHEFLOE Y SFEIEOKEH & AT FEFOORERE S DT OIEE R VAR LTz AR Y

F-U N—BEASERDLEVED R L2725 % ),

(i) C-AAJEBITAFET DGR T > b

Ao EBOBEENRRSTHHICHEDLL T, 4- 2 FVEHE 4lc (pKa = 8.5) [LMEE ik 36b
(PKa=8.4) XV HFEEMN 23 55, WU, 4-7 m @K 41b (pKa=7.4) b 4-7 v F
EHAR 4la (pKa=7.3) &Rl U CRREIETEIT 6.5 f5m\Vy, 2 OFERIT U S— B Bk O/ S
WAy DBFE L, TN C-4 DB L BUKMER AR ZERT 5 2 L 2R L TW5E, &
DFER, 4-7 7 o B 41b KON 4- A FOUERLR 41c 1XBREEME DN A B LT,
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Table 7. b6 36b D& Al

o 3 A
FaC _ N

LT ¥ o
Compound (R =) ICs0? (UM) pKa°
36b H 0.046 8.4
41a 4-F 0.013 7.3
41b 4-Cl 0.002 7.4
41c 4-Me 0.020 8.5
41d 5-F 0.016 8.5
41e 5-Cl 0.024 8.2
41f 5-OMe 0.059 8.8

8 Assay results are the average of triplicates.

b Calculated by ACD/Percepta (version 2014).

e) \bEMAlb DT a7 7 AL

Bonz4lb 0707 7 A L% Table 81289, GSH b7 v B2 ZYEIC TRl L 72/ K. S
PERE AR Y A7 RN Z VA L, R L HEE SN O DG L HR/ERT I K
BT L, ML 2R L7 2 &0 RO, B2 5 Raiifbiz W\ TROSHEREY 0 4= pi 2 B 5-
TOEMLAGEA Lol Z L3, KU X7 OEIIZES Tz, LG 41b 17 v FIFI 7Y
— LT DA EMEE o T2, LAY 41b & T > BT 3 molkg &5 L7ZBROD . e I
JE I 3.35 ug/ml, A R R H AR T mfE I 19.65 pg-himL & 720 | 41b 1 B A7 O A2
T EHA LT,
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Table 8. {k&W4lb D717 7 A )L

0 Cl

F3C\©\ | AN N/©/
H
0 N B(OH),

41b
GSH adduct formation? Not detected
Metabolic stability® 81%
Crmax® (Mg/mL) 3.35
AUCE (ug-h/mL) 19.65

2 Reactive metabolite assessment was conducted using isotope labeled glutathione as a trapping agent in
NADPH-supplemented human liver microsomes.
b 9% remaining after 30 min in rat liver microsomes (0.5 mg/mL).

¢ 3 mg/2 mL/kg of compound solution in propylene glycol/Tween80 = 4:1 (v/v) solution.

) {L&¥ 4lb DREN /> s /ER

{b&% 410 ORRIG/FEIHIWER % . 55 88 =i & 7 U7k % AV CEMili L 7=, Figure 12 [Z7R
T LB LAY 41b 1T 1 mglkg & OY 3 mg/kg #5- T, mAEHF 7Yt — VIREAK T S0, FF
(2., 41b 1% 3 mg/kg 5128\ T, 1 @ 10 mglkg ¢ 5- & [R5 LL EORRMI kI ER 2R~ L. €D
BT 17% % V8% Tdo o 7=, T D DFERIT 41b A3 11 £ 5-CH ) Ze g i 43 gl F % /-3~ HSL

PAEATHL 2 L2 LTRY, 4b FFERFIELERE L TAMTHL EEZDBND,
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300
250 H
200 H
150 A

100 -[

50

% of plasma glycerol reduction

10 mg/kg 1 mg/kg 3 mg/kg
1 41b

Figure 12. The acute effect of HSL inhibition in rats treated with 1 at 10 mg/kg (white square) or 41b at 1
and 3 mg/kg (black square). Data are reported as a percentage of plasma glycerol reduction of the area
under the curve (AUC) (0-7 h), setting at 100% the reduction measured in compound 1. Data are shown as

mean = SEM n = 3-4.

BIHE BEEELD

{b&9 16 CHER ST ROSPEREM AR Y 2 7 OIRBA AL, FHEMBEFZ1T>7, GSH ff
IR DREEREAT 72 & | RIS & HEE SNTe U DA IR A R L 7o B RURB 21T - 725 4.
U— MMe&¥ 23b 2 R L7z, ({bE% 23b ORSERE(LICE D . ROSHERBIMAER Y X 7 % Ak
L7226, 58772 HSL BHETEME (ICs0 =2 nM) Z 7”4 41b ZAIH 2 Z LTI LTz, 1LE% 41b
DIEFIZ@mOIHEFEEIC LD . KMEEWIET 4 22 —F v MW T, 3mglkg 5T, fENI72 %

PHER 27~ L,
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WE  {5-7 A n-2-[2-4 % V-2-@-{[5-(F U 7 A r AF ) B Y Dr2-A WA FLIERY
DA T F ] T ==y R e CERD3E R,
B T wic

FoEIZRBWT, RUSHEGEIER Y 27 ZEhEE L, @ WEBESREFEEAA L. B2 R
F HSL FHLEAI 41b 2 R U7z, BTS2 SAR#FFE LY | (LAY 41b O/ET U — Vi K&
UL T = = VBRI OBUKMEE REEEDY . MW LEEME 2 R T E T IEE TH 5 2 L 23
binkiaole, T DMGIEE~DERLBUKMEERERDOEANIL, HEGEIEOHE B IFF TE
Do LIMLANG, JRISVEDEIE TH D LogDr4 fEIZ, U — FEGE#H 23b IZB W\ TIE 32 TH -T2
DI L, LB 41b 1343 &, BRICHETH D . BUKMEREEA D H 22 2 5 AIZITKR D X 9 7R
D5, Tbb, IRREO@mWMEEMIE, —RICEMEDIR T S Bt o L O, R

TEPEDIR FIZHE D ANEIREOESL O &2 WIIRN D F~OBRFWEHE T 2 L2 bl 6720 89,
BEEDOBRARIZENT, BB ER EOMEZGISEIFTZ LA LI LIERE STV S 07172,
TS JREtEom ek U, (L&Y 41b 13U — FMEA9 23b & LT, KisfErE2ME T L7

(23b: JP1 = 45 pg/mL, JP2 = 22 ug/mL, 41b: JP1 = 1.8 pg/mL. JP2=15pg/mL) .

MAT, ALEW 4lb DX DT 0T 74 U v 7 ZATo 7o R, BRI 35T 2 NENG /0 fiRba &
&M (ICs = 0.11 uM) L EESZRIZET D HSL BRETEME (ICs = 0.002 uM) & OREIZIX 55 {56 D
TeRED B H Z EVHIBA L7z (Table9) .

IEXY | LAY 41b 02 b DR D EREIINEETH D B2 I EHROBSEZ HfE L
WHEZAT -7,
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Table 9. UV — K{btEW 23b L{LEW 41b DT v 7 7 A LD i

0 o Cl
FaC._ | /©)LH© F3C NN /©/
N B(OH), \Qo Nz H  B(OH),
23b 41b
Compound 23b 41b
GSH adduct formation? Not detected Not detected
HSL ICso (UM) enzyme® 0.091 0.002
cell 0.47 0.11
Ratio (cell/enzyme) 5.2 55
LogD7.4° 3.2 4.3
Solubility® (ug/mL) JP1 (pH 1.2) 45 1.8
JP2 (pH 6.8) 22 1.5
Plasma protein binding" (rat) 99.1% 99.8%
Per9 pH 7.4 (1076 cm/sec) 21.2 8.8

2 Reactive metabolite assessment was conducted using isotope labeled glutathione as a trapping agent in
NADPH-supplemented human liver microsomes.

b Assay results are the average of triplicates.

¢ Assay results are the average of quadruplicates.

d The distribution coefficients (LogD) were measured between 1-octanol and phosphate buffer saline (pH
7.4).

¢ JP1/JP2: Japanese pharmacopoeia first/second test fluid (pH = 1.2/6.8).

fBound fractions (%) in rat plasma.

9 Permeability coefficient.
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B RSO AT E

fb&W 41b L3RR U — MG 23b OIS 1T 2 MBI /3L EEME (ICs = 0.47
UM) & BEFESRICEIT D HSL LEEYE (ICs = 0.091uM) & OO TEBkIE 5.2 15 & FLERY/ N & 2
o7z (Table9) . ZORRIZEH L. V— FMEAEW 23b OFi- et il ki L 2 88 HSL BHLE
FOIESG AT > T,

— XA ISR SR &M R I IS T D IEME ORI TEHEN W S 258 1E, EEEIZE B L7k
KRG RIFZE N TS ), LA 23b KO 41b O EM: 2 A THGHERER (PAMPA: parallel
artificial membrane permeability assay) TaEAfi L7=f5 5, AEBGMAET (pH 7.4) TORBHEIERMEIZITK
X 2R FEIX 72D o 72 (23b: Peft = 21.2 x 106 cm/s, 41b: Per = 8.8 x 100 cmis) . Z OFEREMNHARLEY)
BT, AIBRIZIS 1T D HSL FLETRIEOIS FRIZOW T, BLEEME 2R & L CHW = FHREE L v
LR S LT,

PLED DG RETIIFERRIZIIT H HSL BETEM: & O T, TBNHIRRIZ 31 2 NI R D
PHETEMEZ I L, LS 23l LTz,
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Jiki

®
[1]
2
op

{b&¥ 42, 44, 47a KO 47b |F Scheme 5 (TR T K O IZER L7z, w3 UHREET MU 7 Lz Hn
T, 3Ba v Fa— HEERGE L, 42 2157, 2-RVI VT == na AR T 2 /b
IZED 44 ~EFFE LT, (BB EINR UL T VUL, 45a KON 45b 2457, L&) 45a
2 - AR Y FEEEOS AL, DT T vy BPREEERB L CEFa— LA RE L, 47a

iz, LG 47b HRERD TREIZ TR,

o . 0
helee aheNee
SN H' " Bpin SN H  B(OH)
33a 42
B(OH)

FsCﬁ NH b FsC ~ N
L= T 070
43 44

FsC ®
SN0 SN0 R
43

l__. R=Br 45a(n=1) 45b (n=2)
I: R=Bpin 46a(n=1) 46b((n=2)
R=B(OH), 47a(n=1) 47b (n=2)

e

f.g
Scheme 5. Reagents and conditions: (a) NalO., THF, H20, then 1 M HCI; (b) 2-formylphenylboronic acid,
NaBH4, MeOH; (c) carboxylic acids, oxalyl chloride, DMF (cat.), CH2Cly; (d) DIPEA, CH:Cly; (e)
Pd(dppf)Cl2-CH2Cl,, bis(pinacolato)diboron, potassium acetate, 1,4-dioxane; (f) KHF,, MeOH, H.0; (g)

TMSCI, CHsCN, H20.

{b&%) 5la, 51b, 51c & U} 55 (E Scheme 6 (29" & 5 1A H L 72, LB 4827 K T 480790 Boc
FABRE L, 49a KN 49b Z157-, (LAY 49a, 49b KN 49c % 2-7 v & 7 = = )V L HE G L.
50a, 50b K% Ur50c (ZZEHA L, HIZ 47a DK & [F U FET bla, 51b XU 51c #1372, 1L&# 52
Ztert-7 F /L A4-(E R X AF)ERY DR F T — b EFEA L 53 215, FiC 4 T
%% T 55 2437,
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4 b, c
4©\ OBOC a ©\ OH — 2 O@
3 3 [ 1 Br
O ®) HCI o

2 2 3N
48a: Ar = 2-aza, 4-CO,NMe, 49a: Ar = 2-aza, 4-CO,NMe, 50a: Ar = 2-aza, 4-CO,NMe,
48b: Ar = 3-aza, 4-CF, 49b: Ar = 3-aza, 4-CF, 50b: Ar = 3-aza, 4-CF,
49c: Ar = 4-CF, 50c: Ar = 4-CF,

(0]
d, e,f 4 /Ol
I: | B(OH)
3
> (0]

5la: Ar = 2-aza, 4-CO,NMe,
51b: Ar = 3-aza, 4-CF,

51c: Ar = 4-CF,
(e}
Cl NH
“T ea N O\/Q _h, N
FaC7 SN /@ N_O Br
52 53 F3C 54
O
def N
N_ O B(OH)
g
F3C X
55

Scheme 6. Reagents and conditions: (a) 4 M HCI/1,4-dioxane, 1,4-dioxane; (b) 2-bromophenylacetic acid,
oxalyl chloride, DMF (cat.), CHxCly; (c) amines, DIPEA, CH.Cly; (d) Pd(dppf)Clz-CHCly,
bis(pinacolato)diboron, potassium acetate, 1,4-dioxane; (€) KHFz, MeOH, H0O; (f) TMSCI, CHsCN, H.0;
(9) tert-butyl 4-(hydroxymethyl)piperidine-1-carboxylate, NaH, DMSO; (h) 2-bromophenylacetic acid,

HBTU, DIPEA, DMF.

&%) 56, 59, 62a. 62b K% TR 62c IZ Scheme 7 12771 X 9 ICAkE L7-. L& 56 1% 46a %3 =
VR N ULRET, B a— A HEoOlREEZITO Z LIV Ak LT, (LEW BT & 43 &
A L 58 ~ &8 itk W2 3 TREUCTH9 ~E2 ML 7=, {bEW 62a, 62b KON 62¢ 1X 59 & [AlkE

D FETHE,
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o o
FsC._ N@ 2 . FRC__ N@
\CN)\O/Q Bpin \EN)\O/Q OH B(OH),
56

46a
o . o}
e f
HOsz be, F3C\(1 O LARE F3C\(j\ O
OMe Br SN 0 OMe Br SN0 OMe B(OH),
57 58 59

R

R o R dei o
b, c ' €,
HOQC\/Q/ — F3C\(1 O — F3C\(j\ O
Br \N o Br N o B(O

H)
60a: R=F 6la: R=F 62a: R=F
60b: R=ClI 61b: R=ClI 62b: R=ClI
60c: R = OMe 61c: R = OMe 62c: R = OMe

Scheme 7. Reagents and conditions: (a) NalOs, 1 M HCI, THF, H.O; (b) oxalyl chloride, DMF (cat.),

CHJCIy; (c) 43, DIPEA, CHJCIy; (d) Pd(dppf)Cl.-CH.CI,, bis(pinacolato)diboron, potassium acetate,

1,4-dioxane; (e) KHF2, MeOH, H,0; (f) TMSCI, CH3CN, H20.

SHUUET  REEREE & B

a) FELEH T A

HSL FHAETEPEIEE R0 =8 & [7 TR R 2 VTRl L7z, E7z, Milic s T 2 AR5 #E o

PLETEMEIR T v b OB IENMIE 2 IV, BERRUSRAERNRT 5 7Y v e — 2 s Latl L7z,

b) AEEIEERRS 1

U, FREROE A2 AT (Table 10) , FRANUCBUBEEZE U UUBRICEHE LT

S BERLEEIEL 9 fiFisa Lz (42) o —J5. AFNERY DUBRA~OLEWRIT, 6 fFRRE DM

ST E o7 (44) , T T AT ERY DURPES TH D LB R, Bixikz G LT,

{bGW 44 ~J1 ViR =)V EE 2N LToAL G 47a 13, {54 23b & RS ORERLETEEZ R LT

(IC50=0.10uM) . LML, ({bEWATa~ATF LU AFFALTZE 2 A, BEREFEMITET L

(47b) . W T, MR DA RO LETEIE ORI 217 > 7o, (LB 42 J TR 44 13, B

PHETEME & e LT, FHEEPEOREI N 1.3 55 53 2.5 fFRREICHH S hiz, FIZ, (LAY
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A7a 2BV TIE, BEER TO ICs & RI%FEDEA R L7z (ICs =0.080 uM) , L&) 47a 1TEESR R
K ORI RIZEB W TR b EmWEEMEZ R L, ICs [EOTEHE S /NS W2, IRICKRILE Y O E

Lz T o712,

Table 10. U — F{k&# 23b O i JLERE oD 25 #a

FaC | X B(OH),
N7 o
Compound (R =) HSL 1Cso (UM) Ratio
enzyme? cellP cell/enzyme
23b Q 0.091 0.47 5.2
NS
H
42 Q 0.86 11 13
2 N}F
N H
44 \/OI/Y 0.57 1.4 2.5
(0]
47a 0.10 0.080 0.80
VOM
0.81 NT¢ -

IS

8 Assay results are the average of triplicates.

b Assay results are the average of quadruplicates.

¢ Not tested.
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c) MHETEMEAHRS 2

{LB¥) 47a OLEMIETT O L AT - 7= (Table 11) , % =FIC T, AAEREOE Y ¥ B2 BUK
PEDENWAN B UBRICEB LT & 2 A, FLWEERILFEEOM LR bnn, EY 47a
ZXIT D[RRk O L, BREISYEO M RN B 72o 7 (Ble) . (k& 4Ta D 2-E ) ¥ VB
ZIVYDURICEB LI Z A, BERILEIEMEZ 8 f5EEs L7 (51b) , ZAMIE Y 2 U BRED K
U7 a AFNHEE BOKMED N, N- A F VT I REEICER U72358 1%, BRI ETEE TS

(ZHHK L7z (Bla) o AT Lo Z2 FEUBRER & HRBRETORICHIA L7z & 2 A fE IR L7z (85) .

«

feVN T MIfIZ 3T D NENI o0 iR DB ETEE DR 21T - 72, {bE4) 51c K TN 55 | 3R PR EEM: &
A DOMEEMZ R LTc, bEY 51b 3R RAEEE LV . 45 5@V HEEMZ R L7272y (ICs
=0.18 M) . T OfEIE 47a OILETEMEIZRIZ 2> 7=,

B RETENE 2R LI EURIC W T, 2 = 27 T — B3 5 BTG 2 5 L7z,
ZORER, LAY 47a, 51c KT 51b 1L AChE ZHFE L72h > 72 D% L, BuChE |3#55 Tidd
DNHEERZA LT D Z &V L7, BUChE O LRI/ MIBR T OS2 L - TR D |

-t VB (47a) 3 b HEEIEDMED - T,
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Table 11. (L&) 47a LB O R & 15 M AE B

o)
o
= B(OH),
Compound (R =) HSL 1Cso (UM) Ratio % inhibition at 10 uM
enzyme?  cell® cell/enzyme AChE® BuChE®
47a FSC\(\/IL 0.10 0.080 0.80 7% 46%
SN o}‘
51c F3C\© 0.11 0.13 1.2 9% 72%
o
51b FsC_~ | 0.81 0.18 0.22 6% 62%
N o}‘
51a O >5 NT¢ - NTd NTd
I
N0
55 N_O X (28 0.26 0.93 NT¢ NT?

& Assay results are the average of triplicates.
b Assay results are the average of quadruplicates.
¢ Assay results are the average of duplicates.

4 Not tested.
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d) SR 3

{bB¥) 47a OAERIET O E @b 21T > 72 (Table 12) , X2 U NAANLA~OKEEFE DB A1 TFESH
PRETEMEA 2 fHE T L (56) . A FFUHEOFANTIIMFETLE (B9) o VT, N B UERE
~EHILEAEIT o, oIS T, AR U BRED C-4 (L~ OBHIEOE ALY | EEE
FIEMEO WM LR SN2, bEY 47a [ZRBEDEMZ1T o 7o, ZORER. 4-7 v REHIK
62a |FEER L EIGTER DT 0T B L, 4- A b U EWR 62¢ 1XREEIRETEYEN 5 f5m L L7, &
7o, 4-7 v o EA 62b (ISR EFIEMEDS 13 5 L L, AFFEARFEO T Tl b\ WL EEME 2R
L7 (ICs=0.008 uM) , 5 =FOFER & FIERIZ, C-4 NLEFHAFTED RIE S D BUKMEAR 7 > K
DEERAFIENEIC 5 2 D BIIRE o T, —H, 4-7 v HEHUE 62a DR 1 U FED pKa GHEAE)
X75CHY ., WMEHK (pKa=85) LVEWIZH b 5T, EEMEIIENIC Lova L7z
Mmole, FZETHROIEHMMEITRZRY | ALEW 4Tb K OZE OFERAETIT, A u Ui oOmEME
D FADPHFTEMEICE 2 D EITRMTH 72,

feW T AIEIC BT D AENI S R OB ETEYE ORI 21T > 7=, (L&MW 56 MU 62a |XBLETE LA
FILEEME LA TH 703t L, LAY 62b KT 62¢ 1XEEFELENRME & bl L ¢, Milaz T
DORRFEIEMEIL 3ME RO 245K T Lic, LIAL2RDN O @OV BRI ETEMEZ K LT, 62b 1354 b &
WA TORLETEMEZ 7R L2 (ICs = 0.024 uM)

2, BWHFEENEZ R LB EERICONT, a2l =27 7 —8BITkd 2 EEELZ R
fili L7z, {b&9 62a, 62b JUF 62¢ I3 AChE ZfHEET . 7. (LEW 47Ta 3O T I LT
BUChE (Zxt3 A HEEME bR S enodz, LLEDORER LV, LAY 62a, 62b XU 62¢ 1%, @il
BMEEZ AT 5 HSLIAEAITH D Z LB b E R 5T,
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Table 12. {L&¥) 47a 45 IBREF O RS IETEMEAR B

O R
F3C\(j\ O@
| N0 R'" B(OH)
Compound HSL 1Cso (UM) Ratio pK:® % inhibition at 10 uM
R! R? enzyme?  cell’ cell/enzyme AChEY BuChE¢
47a H H 0.10 0.080 0.80 8.5 % 46%
56 OH H 0.23 0.28 1.2 NC®  -4% 4%
59 OMe H 19 NT' - NC¢  NTf NT
62a H F 0.068 0.067 0.99 7.5 7% 2%
62b H Cl 0.008 0.024 3.0 7.6 9% -4%
62c H OMe 0.019 0.045 24 8.1 8% 5%

8 Assay results are the average of triplicates.

b Assay results are the average of quadruplicates.
¢ Calculated by ACD/Percepta (version 2014).

d Assay results are the average of duplicates.

¢ Not calculated.

f Not tested.

e) BUSHEREIWAER Y A 7 OFHl

BV HSL PR 2 o) L2 b A 47a, 62a, 620 KUY 62¢ 12D\ T, SUSMERE AR D A 2
DFHliZ1T > 72 (Table 13) . H=FH _H LR U GSH k7 v o ZIEIC TRl L72#E%. (k&
¥ 62a Tix. GSH FIMADAERIIHR SN2 >Tc, LN LR S, LS OEY 47a, 62b

KON 62¢ (2B T GSH MIMAD AR HER SN T2, GSH FIAEDEESMRIER NS ARk
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¥ix “‘parent compound — B(OH), + GSH + O - H” (47a 2 1*62¢c) ., i\ ME “parent compound —

B(OH), + GSH +20-H” (47a, 62b %X1162c) THDH I EIRBI NI,

Table 13. SUSMERGE AR U A 7 OFEAMif#E 5

O R 0] R
F3C | N O HZNJK/Q/
N7 O B(OH) OH
L ! |

Compound GSH adduct formation? Enomo® ELumo®  ELumo -Eromo®
(R=) m/z Proposed GSH adduct (eV) (eV) (eV)
47a H 686 P-B(OH),+GSH+0-H -5.61 0.09 5.70

702 P—B(OH)+GSH+20-H
62a F ND¢ - -5.83 -0.03 5.80
62b Cl 736 P-B(OH),+GSH+20-H -5.92 -0.29 5.63
62¢c OMe 716 P-B(OH),+GSH+0-H -5.48 -0.08 5.40

732 P-B(OH)+GSH+20-H

2 Reactive metabolite assessment was conducted using isotope labeled glutathione as a trapping agent in
NADPH-supplemented human liver microsomes.

® Epomo and ELumo of each simplified phenylacetamide | were calculated by Schrodinger Macromodel
(Maestroversion 9.1 software (47a-1, 62a-1, 62b-1 and 62¢-1).

¢ Not detected.

g 38 0 B AR NIEMELIC EICEE ST 5 DIX CYPA50 THHEEZ HNTWHT-8H 8 47a,
62b K X 62¢ D GSH IR D LR IE, AMEHEELE NS L L E LTz, £72. GSH (kD A4
BUXARAN P B EOBHILIC L > TRR S Z 05, RENEHLEMITARERT THY . £

DEMRBEKEAZ RO X 9 IHiE Lz (Figure 13) , 7 = =/LAhw UEEIZE T CYP450 (2 L HEE{EY
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AR TFIZLY ) T= ) —A~LFEISND, ZOT7 =/ —/)5, CYP450 (2 XV HIZERL
Rz 91, TR RHDLWIF ) &V Ot 23 £ k9% (Figure 13, path A)
—HREIZ, FFEFERD CYPA50 (2 & LB L DR B3, CYP450 D~ L LD & FiRER LD
DFETEL TH D &SN O, ZOHE—BERIIMRILEHRETHLAFY 7= UL (Fe**=0) Rr7
4 Vv n-A3F A Z 2710 (Compound 1) & FE D fx i #% L i (HOMO, highest occupied molecular
orbital) DFAAEHTHD EEZX LN TS B, Tz BT 5 L 512, LE¥D HOMO = x/L
¥ — (Enomo) DFMEMEIL. SUSMERB DA, KO, ZRFMELFHENH D LRESNATVD
82,89, b DEIGIZM - T, 47a, 62a, 62b KUY 62¢ DREHHREIAIZDUVNT, Enomo Z3HHE L.
T Uz, RE LToARER IR, RO, SHRBGIBIZLL T O Y Th 5, REH R
FRALARH O — TR TERT 57 =/ — /iR Z Bk L, 47a-1, 62a-1, 62b-1 XU 62c-1 Z i
FH L72, Enomo D I EYLEIEL (DFT) £ [B3LYP/6-31++G(d,p)] % V>, Schrédinger £
Jaguar I TIT o7z, DR, GSH IMAD A B S igino7z 62a D7 =/ —/UK 62a-I

(Evomo = -5.83 eV) 1Zxt L., B &7z 47a KV 62c D7 = / —)VIK 47a-1 T} 62¢-1 1%, Enomo
OFEMENE < (-5.61eV kT-548eV) | WEDME & BRIF R —E &R LI,

—Ji. 62b 137 =/ —/L{K 62b-1 D Enomo 3 BIXME TH HICH B S (-5.92eV) | GSH )
IR D B S iz, Ko T, LAY 62b @ GSH (MK DA %, Rl path A & X7
V. BERINLAR U FRITRHEN T, XU O LA D L HEE L7 (Figure 13, pathB) ., Z D
Yatr. CYP450 (T K % B fk 5 O OB MEIL C-H fAFHATH L LB b TS 8, %
72, C-H A= 2L — 135 IKZEHE  (LUMO, lowest unoccupied molecular orbital) @=L
¥ — (ELumo) & Enomo DZEITIAIT 5 L#E STV 5 8).86)

GSH A DA RS RS S 7z 62b &R S e h o 72 62a 122\ T, SUGHEA R RITER A &
EZ DT = ) —/VEEHE LT 62b-1 XU 62a-1 © HOMO-LUMO = /L ¥ —X v v 7%
FE LA U FIECRHE LTz, £ OfERE, 62b-1 ® HOMO-LUMO =3 /¥ —X ¥ v 711563 eV & 72
V. 62a-1 (5.80eV) LV HIKWMEEZTRL, GSH N7 v B VIOl R & —E LT,

UbZzEewd e BRIMEOT vy REOBAZLY | BESND Path A LT PathB D>
DAHHRREE 23N S 4L72 72912628 DFHDY GSH ANMED R R SN o T L EBEZ bivd,
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F A IO EIX. Evomo & 312 . HOMO-LUMO = R/LF¥F—F % v 78, ROHERE AL Y

A7 E2TRL, BRTEOBEEIRM ZIRET 2 AMRIERE LR 55 2 L 2R LTS,

o

FaC._ N@
SN
o B(OHY,

\ oxidative deboronation

+GS
Path A @ \(j\ /O m
o R | aromati \k/\/L JQ )
FaC oxidation
OO [ =
‘ OH

_ or
N” "0 »GS
Phenol intermediate \(j\ /Q +OH

Path B l benzyl oxidation

P - B(OH),+ GSH+O-H

P - B(OH),+ GSH+20-H

Reactive metabolite

o R
F3C - -
3 \0\ /O\l =,  Reactive metabolite ~ \(j\
DS G Q

P - B(OH),+ GSH+20-H

Figure 13. SOt A A Bl OHE TE L S

f) b 62a D717 7 AL
{b&W 62a D7 w7 7 A /L% Table 14 (2R ¥, L&Y 62a IXmWESZEMEL AT HZ &0
PAMPA 7 v & A2 TH BT 72 5 72 (pH 5.0: Pess = > 50 x 10 cm/s, pH 7.4: Pet = > 50 x 106 cm/s) ,
2, RETITHEURBKEE R ->7-F F (LogD74=3.7) . FAEFFHEEOMR E&2FEH L7729, 62a
IR W KIS Z R L= (JP1=190.0 ug/mL, JP2 =84.0 ug/mL) ., 7=, 7 v MER D 37
X, UV — Meaw 23b KOMEEW) 41b L0 S L7fEx R~ Lz, fb&W 62a 27 >~ T 3
mo/kg $E5- U72BR D, Al i EE 1T 0.65 ug/mL, Ry EE R dh AR T mAglE 3.18 ug-h/imL T

V. 6alXBAF/2m W MEEF 35 Z LI LT,
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Table 14. {tE&¥ 62a D717 7 A )L
F

O
SN0 B(OH)
62a

Per (106 cm/s) pH 5.0 >50

pH 7.4 > 50
LogD7.4° 3.7
Solubility® (pg/mL) JP1 190.0

JP2 84.0
Plasma protein binding? (rat) 97.7%
Crmax® (Mg/mL) 0.65
AUCE (ug-h/mL) 3.18

2 Permeability coefficient.

b The distribution coefficients (LogD) were measured between 1-octanol and phosphate buffer saline (pH
7.4).

¢ JP1/JP2: Japanese pharmacopoeia first/second test fluid (pH = 1.2/6.8).

d Bound fractions (%) in rat plasma

¢ 3 mg/2 mL/kg of compounds suspension in 0.5% (w/v) methylcellulose solution.

) & 62a OAGN;Hr I 1E R

L& 62a DAENG oy fRINHIVE M % 85 558 =14 & [7) Uik 2 WV CRlfli L 72, k&% 62a13 0.3
mg/kg J O 1 mglkg % 5-C, EHF 7V v —REAZKT S W72, FiZ, {£E% 62a 13 1 mg/kg
FHITBWT, LAY 1 (enzyme: ICso = 270 nM, cell: ICso = 950 nM) @ 10 mg/kg £ 5- &[R4 D fi§
oy FRBNEIVE 27 L. 2 OfEIE 22% K% N 16% CTdh - 7= (Figure 14) , Zi 5 OFERIE 62a H3#%
H 45 Co ) e GG o e 2 "3 HSL BRERI T 5 Z L 2" L TH Y | {bEM 62a 13EE
REEGWEEL LTASTHDL EEZDND,
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200

160

120

% of plasma glycerol reduction

10 mg/kg 0.3 mg/kg 1 mg/kg
1 62a

Figure 14. The acute effect of HSL inhibition in rats treated with 1 at 10 mg/kg (white square) or 62a at 0.3
and 1 mg/kg (black square). Data are reported as a percentage of plasma glycerol reduction of the area
under the curve (AUC) (0-7 h), setting at 100% the reduction measured in 1. Data are shown as mean +

SEM n =3-4.

FLE EHEE LD

U — FMbE% 23b Offfaifbic L v | BEFRR LK OMNER TEVY in vitro I&EE2 AT 2166
62a Z R4 25 = L 12kEh L7= (enzyme: ICso = 68 nM, cell: ICso = 67 nM) ., L& 62a 1LY 4+ A %
—7 v MZBWT, 1 mglkg #5 TR IEMSIER 2R L, 2R ETICM STV S HSL L
HIOH T, Ik bIROERTH D Z L BHLNT R o7, BFET, 62a lm W O B RIMEZ A L,
£, ROSHERBIAER D 27 MENZ EBHA L, Zh &Y, 62a IFNEZREER OIS

Lo THESNDNEERFIEIK L, ARIGHREL LD AR SH L5 Z LB MR- T,
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[51>4

R 1

i

JE BB E DRI 5y & LC, HERGAIRL C OSRG/iR Z48 5 BESE T 5 LT szt )
=¥ (HSL) IZ&H L, ZOFH L EA ORI A BT 21T o 7o R, R OE
Iz HSL BHEAIA L Lo, 85— 80 BRI T TRIFZEIZ DWW CERR L TE 7223, AREZ
BWTHRIET 2,

—EH CIINRERFIE L BRI BOBR, BUEMW O TWHIEHRE, £ L CIRERY
JETRIR 2 UIIAT > THRBIAAT D, BRI EHREADO Y 2 72O Tk~ o, £, FLE
VRS N—BOEEZI U, BEM RIS X D NRE SR EE ORI R A~ O FTREMEZ R L
7o HIT, ZHETITHE STV 2D HSL LER & £ DE(ERRERICOWTE L LT, 26D
HaDb & ) HSL BRER Z B3 5 B2 R LTz,

TEETIE. B O RR) HSL HER 2-Xo a7 = = LR m U 10 (25 L, AR

(CHER AT AORLER] 1 OMOHEETHD N 7 da A F Y DVEAEA LR,
7eBRETEME (ICso =7 nM) ZH T H5L2-[(4-{[5-(FV 7 A AF /B Y D r2-A VA F I
CIVNAF T 2= AR Ul 16 155 2 LITREI LT, kA 161, TEFLa ) o
F—EBROTFINa) AT T —BEEEET, HSL I L TEWW@RIELZ R Lz, BT
W HSL FLEAI 1 37 4 A X —F v MZEBWT 10 mglkg %5 TR EIHITER 2/~ L7-Dl
* L. LG 16 13\ HSL BETEME A2 KB L, 3 mglkg 8 5- ClRIZGEOIERZ R Lz, 2O &

ALY HSL BREANZ W T b o3 A 2RI 0 T E R 23 i TE 2 Z &AL E 7o
7=

0TI, ROSHEREIAER Y 27 OREE B L, AR TR L2 Y — MEaY 16 O
b E T o Te, RIS DN F X IO DAL ROCHERB AR O R REETH D &
BEA HERT I FEALEH LT, ZORR, SOSTEREER Y 27 MRV, {2-[(4-{[5-( &
UZAa AFEY D2 A NAF TIPS AT R T == R u g 230 B L
oo U— FMbEY 23b OFEKRERR ORISR, AMEBRE M OCEMBFT~DBUKMELEDOBEAIZ LY |
{b&¥ 23b (2% L CRLEIENED 45 f1A L L72{5-7 v v -2-[{6-[4-(F VU 7 A AF )T = ) F
NV UBANYHNAR= V)T I 7 == AYR e UERAlb 2155 2 LICETh L= k& 41b
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XY 4 22 —F v MZBWT 3 molkg &5 CTEMI M MEMSIER 2~ LTz, 72, (k&% 41b 13V
— MMbEW 23b L [FIERIC, BOSHEAERER Y 2 7 13ME 2T,

IR TIE, AT TR SN LAY 41b ORILR & FER RIS T 5 HSL FHEIEMEDOMIC
EOTHEN DD Z L DFER SN2 Z &N D, FTICHR TOFHEEZ A7 U —= 7IZE AL,
U — NMb&EW 23b OffiE i Lz FEAT > 7o, HRERE A A F BN DAL LT 4Ta i3
AR ISRV T RAF R EIE 2R Lic /o, BRDFERER AT o7z, TORKR, 7T&F
Na) 277 —EROTFIval) 2 RT T —BEHEET, S0 HSLEEEEA G5
{5-7 A v-2-[2-FF V-2-(4-{[5-(F U IV FA R AF /LY P24 WA FIERY D1
JNTF N7 = =R a g 628 155 Z EITAEN LTz, @V in vitro IEPEEZ KL T, (LAY
62a 1LV 4 AZ—T v MZEWT 1 mglkg &5 TR MHERN 2R L, b o & bR ATEED &
W HSL BREAITH D 2 L2V HI Lz, (LAY 62a JEERILAMD 5B, 62a OB ESHEAH
WAL Y 2 7 DM MEI o Te, KRR ALEW OB TR TH L 7 = /) —/L{KD HOMO = /L
—. XKTU'HOMO-LUMO =X /L F—F ¥ v FOFHEEZ AT, PHIFRETH D Z LAVRI LT,

VLB A7 X500, —#OFRIZE Y. U — R Th 5{2-[(4-{[5-(F V) 7 vAr A F e
VOV 2- AN X IIR N XV 2= AR e g 16 & {2-[(G-{[5-(F Y 7 vAd T AT )
B2 A NFFIIR AT R 7 =AY R e g 23b 2R L, BID,
iz kv ZEMBEMES, ENEESZ A3 2 HSL EA, {5-7 m v-2-[{6-[4-(F Y 7 vA
BAFI)T = ) FUEY DB A NIIIVR=INT R /] 7 == Re Vg 4lb & {5-7 A
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General

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 60F354 plates (Merck). Flash column
chromatography was performed on Shoko scientific Sl series on a Shoko Scientific Purif-a2. Purities of
assayed compounds were in all cases greater than 90%, as determined by NMR analysis and LC/MS.
o

2-(4-{[2-(4,4,5,5- Tetramethyl-1,3,2-dioxaborolan-2-yl)phenoxy]methyl}phenoxy)-5-(trifluoromethyl)p
yridine (12a)

A mixture of 2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenol (0.66 g, 3.0 mmol), 11 (1.2 g, 3.6
mmol), Cs,CO3 (0.86 g, 2.6 mmol), and DMF (10 mL) was stirred at room temperature for 3 h and then
stirred at 50°C for 4 h. After cooling to room temperature, the reaction mixture was diluted with water and
extracted with AcOEt. The organic layer was washed with brine, dried over Na;SO4 and concentrated in
vacuo. The resulting residue was purified by silica gel chromatography (hexane-AcOEt). The obtained
solid was triturated in hexane/AcOEt and filtered to give 12a (0.26 g, 19%) as a colorless solid. *H-NMR
(CDCl3) 3: 8.45 (1H, s), 7.89 (1H, dd, J = 8.8, 2.5 Hz), 7.72 (3H, t, J = 8.2 Hz), 7.42 (1H, ddd, J = 8.8, 6.8,
1.4 Hz), 7.16 (2H, d, J = 8.6 Hz), 7.01-6.94 (3H, m), 5.14 (2H, s), 1.36 (12H, s). MS (ESI*) m/z: 472

(M+H)*. HRMS (ESI*) m/z: 472.1923 (M+H)* (calcd for CasHosBFsNO4: 472.1901).

2-(4-{[3-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenoxy]methyl}phenoxy)-5-(trifluoromethyl)p
yridine (12b)
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Compound 12b was prepared in a similar manner described for 12a. Yield: 20%. *H-NMR (CDCls) &: 8.45
(1H, s), 7.90 (1H, dd, J = 8.6, 2.7 Hz), 7.52 (2H, d, J = 8.6 Hz), 7.44-7.43 (2H, m), 7.32 (1H, t, J = 7.6 Hz),
7.17 (2H, d, J = 8.6 Hz), 7.10-7.08 (1H, m), 7.02 (1H, d, J = 8.6 Hz), 5.11 (2H, s), 1.35 (12H, s). MS

(ESI*) m/z: 472 (M+H)".

2-(4-{[4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenoxy]methyl}phenoxy)-5-(trifluoromethyl)p
yridine (12c)

Compound 12c was prepared in a similar manner described for 12a. Yield: 20%. *H-NMR (CDCls) 5: 8.44
(1H, s), 7.90 (1H, dd, J = 8.6, 2.7 Hz), 7.77 (2H, d, J = 8.6 Hz), 7.50 (2H, d, J = 8.6 Hz), 7.17 (2H, d, J =
8.6 Hz), 7.02 (1H, d, J = 8.6 Hz), 6.98 (2H, d, J = 9.0 Hz), 5.11 (2H, s), 1.34 (12H, 5). MS (ESI*) m/z; 472

(M+H)*.

2,2,2-Trifluoro-1-{2-[(4-{[5-(trifluoromethyl)pyridin-2-ylJoxy}benzyl)oxy]phenyl}ethanone (12d)

Compound 12d was prepared in a similar manner described for 12a. Yield: 40%. *H-NMR (CDCls) &: 8.45
(1H, s), 7.91 (1H, dd, J = 8.6, 3.1 Hz), 7.71 (1H, d, J = 7.8 Hz), 7.61-7.57 (1H, m), 7.52 (2H, d, J = 8.6 H2),
7.19 (2H, d, J = 8.6 Hz), 7.11-7.08 (2H, m), 7.03 (1H, d, J = 8.6 Hz), 5.21 (2H, s). MS (ESI") m/z: 440

(M-H).

2-[(4-{[5-(Trifluoromethyl)pyridin-2-ylJoxy}benzyl)oxy]benzonitrile (12¢)

Compound 8e was prepared in a similar manner described for 12a. Yield: 70%. 'H-NMR (CD30D) &: 8.41
(1H, s), 8.08 (1H, dd, J = 8.5, 2.2 Hz), 7.79 (1H, dd, J = 10.0, 5.0 Hz), 7.65 (2H, d, J = 8.3 Hz), 7.48 (1H, t,
J=8.1Hz),7.16 (2H, d, J=8.8 Hz), 7.11 (2H, t, J = 7.8 Hz), 7.02 (1H, td, J = 7.6, 3.1 Hz), 5.29 (2H, s).

MS (ESI*) m/z: 371 (M+H)*,

Methyl 2-[(4-{[5-(trifluoromethyl)pyridin-2-yl]Joxy}benzyl)oxy]benzoate (12f)
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Compound 12f was prepared in a similar manner described for 12a. Yield: 55%. *H-NMR (CDCls) 5: 8.44
(1H, s), 7.90 (1H, dd, J = 8.8, 2.9 Hz), 7.84 (1H, dd, J = 7.6, 1.8 Hz), 7.58 (2H, d, J = 9.0 Hz), 7.48-7.45
(1H, m), 7.18 (2H, d, J = 8.6 Hz), 7.04-7.02 (3H, m), 5.20 (2H, s), 3.91 (3H, s). MS (ESI") m/z: 402

(M-H)-.

2-{4-[(2-Bromophenoxy)methyl]phenoxy}-5-(trifluoromethyl)pyridine (13)

A mixture of 11 (1.5 g, 4.5 mmol), 2-bromophenol (0.48 mL, 4.5 mmol), K>COs3 (0.69 g, 5.0 mmol) and
DMF (10 mL) was stirred at room temperature for 4 h. The mixture was diluted with H,O and extracted
with AcOEt. The organic layer was washed with brine, dried over Na,SO4 and concentrated in vacuo. The
resulting residue was purified by silica gel chromatography (hexane-AcOEt) to give 13 (1.3 g, 69%) as a
colorless oil. *H-NMR (CDCls) &: 8.46 (1H, s), 7.93 (1H, dd, J = 9.0, 2.7 Hz), 7.61-7.57 (3H, m),
7.29-7.27 (1H, m), 7.22-7.19 (2H, m), 7.04-7.00 (2H, m), 6.89 (1H, td, J = 7.6, 1.4 Hz), 5.19 (2H, s). MS

(ESI*) m/z: 424 (M+H)".

Diethyl {2-[(4-{[5-(trifluoromethyl)pyridin-2-ylJoxy}benzyl)oxy]phenyl}phosphonate (14)

To a mixture of palladium(ll) acetate (0.027 g, 0.12 mmol), triphenylphosphine (0.093 g, 0.35 mmol) and
EtOH (6 mL) were added 13 (0.25 g, 0.59 mmol) and diethylphosphite (0.091 mL, 0.070 mmol). After
stirring at 100°C for 7 h, the mixture was diluted with AcOEt and washed with 1 M HCI ag., saturated
NaHCOs ag. and brine. The organic layer was dried over Na2SO. and concentrated in vacuo. The resulting
residue was purified by silica gel chromatography (hexane-AcOEt) to give 14 (0.12 g, 44%) as a colorless
oil. 'H-NMR (CDCls) &: 8.44 (1H, s), 7.92-7.84 (2H, m), 7.61 (2H, d, J = 8.6 Hz), 7.51-7.49 (1H, m),
7.19-7.16 (2H, m), 7.07-6.99 (3H, m), 5.21 (2H, s), 4.20-4.05 (4H, m), 1.36-1.24 (6H, m). MS (ESI*) m/z:

482 (M+H)".

{2-[(4-{[5-(Trifluoromethyl)pyridin-2-ylJoxy}benzyl)oxy]phenyl}phosphonic acid (15)

48



To a mixture of 14 (0.12 g, 0.25 mmol) and CH2Cl; (3 mL) was added bromotrimethylsilane (0.33 mL, 2.5
mmol). After stirring at room temperature for 6 h, the mixture was diluted with acetone and concentrated in
vacuo. The resulting precipitate was collected by filtration to give 15 (0.063 g, 59%) as a colorless solid.
'H-NMR (CDs0D) é: 8.41 (1H, s), 8.08 (1H, dd, J = 8.5, 2.2 Hz), 7.79 (1H, dd, J = 14.9, 7.6 Hz), 7.65 (2H,
d, J = 8.3 Hz), 7.48 (1H, t, J = 8.1 Hz), 7.17-7.09 (4H, m), 7.02 (1H, td, J = 7.6, 3.1 Hz), 5.29 (2H, s). MS

(ESI") m/z: 424 (M-H)".

{2-[(4-{[5-(Trifluoromethyl)pyridin-2-ylJoxy}benzyl)oxy]phenyl}boronic acid (16)

A mixture of 12a (0.10 g, 0.21 mmol), NalO4 (0.14 g, 0.63 mmol), THF (2.4 mL) and H2O (0.6 mL) was
stirred at room temperature for 30 min. To the mixture was added 1 M HCI aq. (0.4 mL). After stirring
overnight, the reaction mixture was diluted with water and extracted with AcOEt. The organic layer was
washed with brine, dried over Na,SO, and concentrated in vacuo. The resulting residue was purified by
silica gel chromatography (hexane-AcOEt). The obtained solid was triturated in hexane/Et,O and filtered to
give 16 (0.043 g, 53%) as a colorless solid. *H-NMR (CDsOD) &: 8.43 (1H, s), 8.09 (1H, dd, J = 8.8, 2.4
Hz), 7.52 (2H, d, J = 8.3 Hz), 7.34 (1H, t, J = 7.8 Hz), 7.26 (1H, d, J = 6.8 Hz), 7.19 (2H, d, J = 8.3 Hz),
7.13 (1H, d, J=8.3 Hz), 7.05 (1H, d, J = 8.3 Hz), 6.97 (1H, t, J = 7.3 Hz), 5.13 (2H, 5). MS (ESI*) m/z: 390

(M+H)*. HRMS (ESI*) m/z: 390.1155 (M+H)* (calcd for C1oH16BFsNO4: 390.1118).

2-[(4-{[5-(T rifluoromethyl)pyridin-2-ylJoxy}benzyl)oxy]benzoic acid (17)

A mixture of 12f (1.2 g, 3.1 mmol), 1 M NaOH aqg. (6.0 mL) and MeOH (6.0 mL) was stirred at 80°C for 3
h. After cooling to room temperature, the reaction mixture was diluted with 1 M HCI ag. and extracted with
AcOEt. The organic layer was washed with brine, dried over Na,SO. and concentrated in vacuo. The
resulting residue was purified by silica gel chromatography (hexane-AcOEt). The obtained solid was
triturated in hexane/AcOEt and filtered to give 13 (0.76 g, 19%) as a colorless solid. *H-NMR (CDCls) :

8.44 (1H, s), 8.21 (1H, dd, J = 7.8, 1.5 Hz), 7.93 (1H, dd, J = 8.8, 2.4 Hz), 7.57 (1H, td, J = 7.9, 1.5 Hz),
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7.52 (2H, d, J = 8.8 Hz), 7.23 (2H, d, J = 8.8 Hz), 7.16 (2H, dd, J = 13.2, 7.8 Hz), 7.06 (1H, d, J = 8.8 Hz),
5.31 (2H, s). MS (ESI*) m/z: 390 (M+H)*.

o
2-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)-N-(4-{[5-(trifluoromethyl)pyridin-2-yl]Joxy}phenyl)be
nzamide (20)

A mixture of 18 (0.15 g, 0.60 mmol), 2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzoic acid (19)
(0.15 g, 0.60 mmol), EDC-HCI (0.13 g, 0.66 mmol), HOBT (0.10 g, 0.66 mmol) and DMF (6.0 mL) was
stirred at room temperature overnight. The reaction mixture was diluted with water and extracted with
AcOEt. The organic layer was washed with H.O and brine, dried over Na,SO4 and concentrated in vacuo.
The resulting residue was purified by silica gel chromatography (hexane-AcOEt). The obtained solid was
triturated in hexane/AcOEt and filtered to give 20 (0.011 g, 4%) as a colorless solid. *H-NMR (CDCls) &:
8.46 (1H, s), 8.31 (1H, s), 7.90 (1H, dd, J = 8.6, 2.3 Hz), 7.74-7.70 (4H, m), 7.51-7.48 (2H, m), 7.16 (2H,
d, J = 9.0 Hz), 7.01 (1H, d, J = 9.0 Hz), 1.38 (12H, s). MS (ESI*) m/z: 485 (M+H)*. HRMS (ESI*) m/z:

485.1855 (M+H)* (calcd for CosHasBFsN2O4: 485.1854).

N-Methyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)aniline (22b)

Step A: To a mixture of 22a (044 g, 20 mmol) and EtOH (9.0 mL) was added
1H-benzotriazole-1-methanol (0.30 g, 2.0 mmol). After stirring at room temperature overnight, the reaction
mixture was concentrated in vacuo and the obtained residue was triturated with hexane. The resulting
precipitate was collected by filtration to give
N-(1H-benzotriazol-1-ylmethyl)-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)aniline (0.59 g, 84%) as a
brown solid. H-NMR (CDCls) &: 8.03 (1H, d, J = 8.2 Hz), 7.67 (1H, d, J = 8.2 Hz), 7.62 (1H, dd, J = 7.4,
1.6 Hz), 7.44-7.40 (1H, m), 7.33-7.28 (2H, m), 7.09 (1H, t, J = 7.2 Hz), 7.02 (1H, d, J = 8.2 Hz), 6.73 (1H,
td, J = 7.4, 0.8 Hz), 6.16 (2H, d, J = 7.4 Hz), 1.37 (12H, s). MS (ESI") m/z: 349 (M-H). Step B: To a
solution of N-(1H-benzotriazol-1-ylmethyl)-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)aniline (0.37 g,
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1.1 mmol) in THF (10 mL) was added sodium tetrahydroborate (0.040 g, 1.1 mmol). The mixture was
stirred at 76°C for 1 h. After cooling to room temperature, the reaction mixture was diluted with water and
extracted with AcOEt. The organic layer was washed with brine, dried over Na;SO4 and concentrated in
vacuo. The resulting residue was purified by silica gel chromatography (hexane-AcOEt) to give 22b (0.19 g,
75%) as a colorless solid. *H-NMR (CDCls) &: 7.63 (1H, dd, J = 7.2, 1.8 Hz), 7.35-7.30 (1H, m), 6.62 (1H,

td, J = 7.2, 1.0 Hz), 6.54 (1H, d, J = 8.2 Hz), 2.85 (3H, s), 1.33 (12H, s). MS (FAB) m/z: 256 (M+Na)".

N-[2-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-4-{[5-(trifluoromethyl)pyridin-2-yl]Joxy}be
nzamide (23a)

Step A: To a solution of 21 (1.1 g, 4.0 mmol) in CH2Cl, (24 mL) was added oxalyl chloride (1.0 mL, 12
mmol) followed by DMF (4 drops) at room temperature. The reaction mixture was stirred at room
temperature for 1 h and concentrated in vacuo to give crude
4-{[5-(trifluoromethyl)pyridin-2-yl]Joxy}benzoyl chloride, which was used directly in the next step. Step B:
Crude 4-{[5-(trifluoromethyl)pyridin-2-ylJoxy}benzoyl chloride was dissolved in CH.Cl, (24 mL) at 0°C.
To the solution was added DIPEA (0.75 mL, 4.4 mmol) and 22a (0.88 g, 4.4 mmol). After stirring at room
temperature for 1 h, the mixture was diluted with H>O and extracted with AcOEt. The organic layer was
washed with brine, dried over Na>,SO, and concentrated in vacuo. The resulting residue was purified by
silica gel chromatography (hexane-AcOEt) to give 23a (0.56 g, 29%) as a colorless solid. *H-NMR
(CDCls) 6: 10.28 (1H, s), 8.75 (1H, d, J = 8.2 Hz), 8.47-8.46 (1H, m), 8.13 (2H, d, J = 8.6 Hz), 7.96 (1H,
dd, J=8.8, 2.5 Hz), 7.83 (1H, dd, J = 7.4, 1.6 Hz), 7.54 (1H, td, J = 7.8, 1.4 Hz), 7.28 (2H, d, J = 9.0 Hz),
7.11 (2H, dd, J = 15.4, 8.0 Hz), 1.41 (12H, s). MS (ESI*) m/z: 485 (M+H)*. HRMS (ESI") m/z: 483.1712

(M-H)" (calcd for CasH23BF3N2O4: 483.1708).

{2-[(4-{[5-(Trifluoromethyl)pyridin-2-ylJoxy}benzoyl)amino]phenyl}boronic acid (23b)
To a solution of 23a (0.46 g, 0.95 mmol), THF (24 mL) and H>0 (6.0 mL) was added sodium periodate
(0.61 g, 2.7 mmol). After stirring at room temperature for 1 h, sodium periodate (0.61 g, 2.7 mmol) was
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additionally added, and the reaction mixture was stirred at room temperature for 1 h. 1 M HCl aqg. (1.2 mL)
was added, and the mixture was stirred overnight. The reaction mixture was diluted with water and
extracted with AcOEt. The organic layer was washed with brine, dried over Na;SO4 and concentrated in
vacuo. The resulting residue was purified by silica gel chromatography (AcOEt-MeOH). The obtained solid
was triturated in hexane/AcOEt and filtered to give 23b (0.15 g, 39%) as a colorless solid. *H-NMR
(CDsOD) &: 8.45 (1H, s), 8.24 (2H, d, J = 9.0 Hz), 8.14 (1H, dd, J = 8.6, 2.3 Hz), 7.49 (1H, d, J = 7.0 Hz),
7.42 (2H, d, J = 9.0 Hz), 7.35-7.24 (4H, m). MS (ESI) m/z: 401 (M-H). HRMS (ESI") m/z: 401.0931

(M-H)" (calcd for C19H13BF3N204: 401.0926).

N-Methyl-N-[2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-4-{[5-(trifluoromethyl)pyridin-2
-ylJoxy}benzamide (23c)

Compound 23c was prepared in a similar manner described for 23a. Yield: 30%. *H-NMR (CDCls) 5: 8.40
(1H, s), 7.84 (1H, d, J = 9.0 Hz), 7.74 (1H, d, J = 7.4 Hz), 7.37 (3H, d, J = 8.6 Hz), 7.26-7.19 (1H, m), 7.07
(1H, d, J = 7.8 Hz), 6.88-6.86 (3H, m), 3.43 (3H, s), 1.33 (12H, br s). MS (ESI*) m/z: 499 (M+H)*. HRMS

(ESI*) m/z: 499.2010 (M+H)* (calcd for CosHzrBFsN204: 499.2010).

N-[2-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-2-(4-{[5-(trifluoromethyl)pyridin-2-ylJoxy
}phenyl)acetamide (25)

A mixture of 7 (0.59 g, 2.0 mmol), 22a (0.66 g, 2.6 mmol), EDC-HCI (0.50 g, 2.6 mmol), HOBT (0.50 g,
2.6 mmol), 4-methylmorpholine (0.33 mL, 3.0 mmol) and CHCI; (12 mL) was stirred at room temperature
overnight. The reaction mixture was diluted with water and extracted with AcOEt. The organic layer was
washed with brine, dried over Na,SO, and concentrated in vacuo. The resulting residue was purified by
silica gel chromatography (hexane-AcOEt). The obtained solid was triturated in hexane/AcOEt and filtered
to give 25 (0.50 g, 50%) as a colorless solid. *H-NMR (CDCls) &: 9.41 (1H, s), 8.48 (1H, d, J = 8.2 Hz),

8.42 (1H, s), 7.89 (1H, dd, J = 8.4, 2.9 Hz), 7.76 (1H, dd, J = 7.4, 1.6 Hz), 7.47-7.43 (3H, m), 7.14 (2H, d,
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J=8.6Hz),7.07 (1H, td, J = 7.3, 0.9 Hz), 7.01 (1H, d, J = 8.6 Hz), 3.72 (2H, s), 1.34 (12H, s). MS (ESI*)

m/z: 499 (M+H)*. HRMS (ESI*) m/z: 499.2011 (M+H)* (calcd for CosH27BFsN2O4: 499.2010).

Ethyl 3-{[5-(trifluoromethyl)pyridin-2-ylJoxy}benzoate (27a)

A mixture of 2-chloro-5-(trifluoromethyl)pyridine (5.5 g, 30 mmol), ethyl 3-hydroxybenzoate (5.5 g, 33
mmol), KoCO3 (5.0 g, 36 mmol) and DMF (20 mL) was stirred at 100°C for 5 h. After cooling to room
temperature, the reaction mixture was diluted with water and extracted with AcOEt. The organic layer was
washed with brine, dried over Na,SO, and concentrated in vacuo. The resulting residue was purified by
silica gel chromatography (hexane-AcOEt) to give 27a (7.42 g, 79%) as a colorless oil. 'H-NMR (CDCls)
5: 8.43 (1H, s), 7.94 (2H, tt, J = 8.8, 2.4 Hz), 7.82 (1H, t, J = 2.0 Hz), 7.51 (1H, t, J = 7.8 Hz), 7.36 (1H, dq,
J=8.0,1.2Hz),7.06 (1H, d, J=9.0 Hz), 4.38 (2H, q, J = 7.0 Hz), 1.39 (3H, t, J = 7.0 Hz). MS (ESI*) m/z:

312 (M+H)".

3-{[5-(Trifluoromethyl)pyridin-2-ylJoxy}benzoic acid (27b)

A mixture of 27a (0.15 g, 0.48 mmol), 5 M NaOH ag. (0.19 mL, 9.5 mmol) and MeOH (4.8 mL) was
stirred at 60°C for 20 min. After cooling to room temperature, the reaction mixture was concentrated in
vacuo and the obtained residue was diluted with 1 M HCI aq. The resulting precipitate was collected by
filtration to give 27b (0.11 g, 78%) as a colorless solid. *H-NMR (DMSO-Dg) 6: 8.59-8.59 (1H, m), 8.27
(1H, dd, J =8.4,2.9 Hz), 7.84 (1H, dt, J = 7.7, 1.3 Hz), 7.68 (1H, dd, J = 2.3, 1.6 Hz), 7.55 (1H,t,J=7.8

Hz), 7.43 (1H, dg, J = 8.1, 1.2 Hz), 7.31 (1H, d, J = 8.6 Hz). MS (ESI*) m/z: 284 (M+H)*.

N-[2-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-3-{[5-(trifluoromethyl)pyridin-2-yl]Joxy}be
nzamide (28)
Compound 28 was prepared in a similar manner described for 23a. Yield: 13%. *H-NMR (CDCls) &: 10.28

(1H, s), 8.74 (1H, d, J = 8.6 Hz), 8.46 (1H, s), 7.95 (2H, dg, J = 10.5, 2.9 Hz), 7.86-7.82 (2H, m),
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7.57-7.52 (2H, m), 7.37-7.35 (1H, m), 7.12 (1H, td, J = 7.4, 0.8 Hz), 7.08 (1H, d, J = 8.6 Hz), 1.34 (12H,

s). MS (ESI*) m/z: 485 (M+H)".

2-Methyl-4-{[5-(trifluoromethyl)pyridin-2-ylJoxy}benzoic acid (29a)

Step A: Methyl 2-methyl-4-{[5-(trifluoromethyl)pyridin-2-yl]Joxy}benzoate was prepared in a similar
manner described for 27a. Yield: 67%. *H-NMR (CDCls) 5: 8.45 (1H, d, J = 1.0 Hz), 8.02 (1H,d, J=7.8
Hz), 7.93 (1H, dd, J = 8.8, 2.4 Hz), 7.06-7.01 (3H, m), 3.90 (3H, s), 2.63 (3H, s). MS (ESI*) m/z; 312
(M+H)*. Step B: Compound 29a was prepared in a similar manner described for 27b. Yield: 74%.
IH-NMR (CDCls) &: 8.47 (1H, s), 8.16 (1H, d, J = 9.0 Hz), 7.95 (1H, dd, J = 8.6, 2.7 Hz), 7.09-7.06 (3H,

m), 2.68 (3H, s). MS (ESI*) m/z: 298 (M+H)*.

3-Methyl-4-{[5-(trifluoromethyl)pyridin-2-ylJoxy}benzoic acid (29b)

Step A: Methyl 3-methyl-4-{[5-(trifluoromethyl)pyridin-2-yl]Joxy}benzoate was prepared in a similar
manner described for 27a. Yield: 80%. *H-NMR (CDCl3) 6: 8.41 (1H, s), 8.01 (1H, d, J = 1.2 Hz),
7.95-7.93 (2H, m), 7.12 (1H, d, J = 8.6 Hz), 7.06 (1H, d, J = 8.6 Hz), 3.92 (3H, s), 2.22 (3H, 5). MS (ESI*)
m/z: 312 (M+H)*. Step B: Compound 29b was prepared in a similar manner described for 27b. Yield: 77%.
IH-NMR (CDCl5) &: 8.42 (1H, s), 8.07 (1H, s), 8.02 (1H, dd, J = 8.6, 2.0 Hz), 7.95 (1H, dd, J = 8.6, 2.3 Hz),

7.15 (1H, d, J = 8.2 Hz), 7.09 (1H, d, J = 8.6 Hz), 2.24 (3H, 5). MS (ESI*) m/z: 298 (M+H)*,

2-Methyl-N-[2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-4-{[5-(trifluoromethyl)pyridin-2-
ylloxy}benzamide (30a)

Compound 30a was prepared in a similar manner described for 25. Yield: 12%. *H-NMR (CDCls) &: 9.84
(1H, s), 8.67 (1H, d, J = 8.2 Hz), 8.44 (1H, s), 7.91 (1H, dd, J = 9.0, 2.3 Hz), 7.79 (1H, dd, J = 7.4, 1.6 Hz),
7.70 (1H, d, J = 8.6 Hz), 7.51 (1H, td, J = 7.8, 1.8 Hz), 7.12-7.02 (4H, m), 2.59 (3H, s), 1.32 (12H, s). MS

(ESI*) m/z: 499 (M+H)*. HRMS (ESI*) m/z: 499.2010 (M+H)* (calcd for CasHa7BFsN204: 499.2010).
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3-Methyl-N-[2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-4-{[5-(trifluoromethyl)pyridin-2-
ylJoxy}benzamide (30b)

Compound 30b was prepared in a similar manner described for 25. Yield: 17%. *H-NMR (CDCls) &: 10.22
(1H, s), 8.76 (1H, d, J = 8.3 Hz), 8.44 (1H, s), 7.99 (1H, d, J = 2.0 Hz), 7.95 (2H, td, J = 5.7, 2.8 Hz), 7.83
(1H, dd, J = 7.6, 1.7 Hz), 7.53 (1H, td, J = 7.8, 1.8 Hz), 7.18 (1H, d, J = 8.3 Hz), 7.12 (1H, td, J = 7.3, 1.0
Hz), 7.07 (1H, d, J = 8.8 Hz), 2.28 (3H, s), 1.41 (12H, s). MS (ESI*) m/z: 499 (M+H)*. HRMS (ESI*) m/z:

499.2015 (M+H)* (calcd for CosHz7BF3sN2O4: 499.2010).

5-{[5-(Trifluoromethyl)pyridin-2-ylJoxy}pyridine-2-carboxylic acid (32a)

StepA: A mixture of 5-(trifluoromethyl)pyridin-2-ol (1.0 g, 8.2 mmol), 2-cyano-5-fluoropyridine (1.5 g, 9.0
mmol), K2COs (1.4 g, 9.8 mmol) and DMA (3.0 mL) was stirred at 100°C for 3 h. After cooling to room
temperature, the reaction mixture was diluted with water and extracted with AcOEt. The organic layer was
washed with brine, dried over Na,SO, and concentrated in vacuo. The resulting residue was purified by
silica gel chromatography (hexane-AcOEt) to give
5-{[5-(trifluoromethyl)pyridin-2-ylJoxy}pyridine-2-carbonitrile (1.9 g, 86%) as a colorless solid. *H-NMR
(CDCl3) 8: 8.80 (1H, d, J = 2.0 Hz), 8.02 (1H, dd, J = 8.4, 2.5 Hz), 7.89 (1H, d, J = 9.0 Hz), 7.72 (1H, s),
7.59 (1H, dd, J = 9.8, 2.7 Hz), 6.78 (1H, d, J = 9.8 Hz). MS (ESI*) m/z: 266 (M+H)*. Step B: A mixture of
5-{[5-(trifluoromethyl)pyridin-2-ylJoxy}pyridine-2-carbonitrile (1.9 g, 7.0 mmol), conc. hydrochloric acid
(6.0 mL), conc. sulfuric acid (3.0 mL) and MeOH (20 mL) was stirred at 85°C for 4 h. After cooling to
room temperature, the reaction mixture was concentrated in vacuo. The residue was diluted with 5 M
NaOH ag. and extracted with AcOEt. The resulting residue was purified by silica gel chromatography
(hexane-AcOEt) to give methyl 5-{[5-(trifluoromethyl)pyridin-2-yl]Joxy}pyridine-2-carboxylate (1.1 g, 3.8
mmol) as a pale yellow solid. *H-NMR (CDCls) &: 8.79 (1H, d, J = 2.9 Hz), 8.31 (1H, d, J = 8.3 Hz), 7.99
(1H, dd, J = 8.3, 2.4 Hz), 7.73 (1H, s), 7.57 (1H, dd, J = 9.5, 2.7 Hz), 6.77 (1H, d, J = 9.8 Hz), 4.06 (3H, 3).

MS (ESI*) m/z: 299 (M+H)*. Step C: Compound 32a was prepared in a similar manner described for 27b.
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Yield: 91%. 'H-NMR (CDCls) : 8.81 (1H, d, J = 2.0 Hz), 8.43 (1H, d, J = 8.2 Hz), 8.09 (1H, dd, J = 8.4,

2.5 Hz), 7.78 (1H, s), 7.61 (1H, dd, J = 9.6, 2.5 Hz), 6.82 (1H, d, J = 9.8 Hz). MS (ESI*) m/z: 285 (M+H)*.

5-[4-(Trifluoromethyl)phenoxy]pyridine-2-carboxylic acid (32b)

StepA: A mixture of 4-(trifluoromethyl)phenol (2.9 g, 18 mmol), 2-cyano-5-fluoropyridine (2.0 g, 9.0
mmol), KoCO3z (2.7 g, 20 mmol) and DMA (20 mL) was stirred at 100°C for 6 h. After cooling to room
temperature, the reaction mixture was diluted with water and extracted with AcOEt. The organic layer was
washed with brine, dried over Na,SO, and concentrated in vacuo. The resulting residue was purified by
silica gel chromatography (hexane-AcOEt) to give 5-[4-(trifluoromethyl)phenoxy]pyridine-2-carbonitrile
(4.0 g, 92%) as a colorless solid. *H-NMR (CDCls) &: 8.50 (1H, d, J = 2.4 Hz), 7.71-7.69 (3H, m), 7.35
(1H, dd, J = 8.8, 2.9 Hz), 7.19 (2H, d, J = 8.8 Hz). MS (ESI*) m/z: 264 (M+H)*. Step B: A mixture of
5-[4-(trifluoromethyl)phenoxy]pyridine-2-carbonitrile (1.0 g, 3.8 mmol), conc. hydrochloric acid (3.0 mL),
conc. sulfuric acid (1.5 mL) and MeOH (10 mL) was stirred at 85°C for 3 h. After cooling to room
temperature, the reaction mixture was concentrated in vacuo. The residue was diluted with 5 M NaOH aq.
and extracted with AcOEt. The resulting residue was purified by silica gel chromatography
(hexane-AcOEt) to give methyl 5-[4-(trifluoromethyl)phenoxy]pyridine-2-carboxylate (0.74 g, 2.5 mmol)
as a colorless solid. Yield: 65%. *H-NMR (CDCls) &: 8.54 (1H, d, J = 2.4 Hz), 8.16 (1H, d, J = 8.8 Hz),
7.68 (2H, d, J = 8.3 Hz), 7.39 (1H, dd, J = 8.5, 2.7 Hz), 7.16 (2H, d, J = 8.3 Hz), 4.02 (3H, s). MS (ESI*)
m/z: 298 (M+H)*. Step C: Compound 32b was prepared in a similar manner described for 27b. Yield: 82%.
'H-NMR (CDCls) 6: 8.39 (1H, d, J = 2.7 Hz), 8.24 (1H, d, J = 8.6 Hz), 7.72 (2H, d, J = 8.6 Hz), 7.48 (1H,

dd, J = 8.6, 2.7 Hz), 7.20 (2H, d, J = 9.0 Hz). MS (ESI*) m/z: 284 (M+H)".

N-[2-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-5-{[5-(trifluoromethyl)pyridin-2-yl]Joxy}p
yridine-2-carboxamide (33a)

Compound 33a was prepared in a similar manner described for 23a. Yield: 32%. *H-NMR (CDCls) &:
11.83 (1H, s), 8.82 (1H, d, J = 8.3 Hz), 8.75 (1H, d, J = 2.4 Hz), 8.52 (1H, d, J = 8.3 Hz), 7.99 (1H, dd, J =
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8.3, 2.4 Hz), 7.86 (1H, dd, J = 7.3, 1.5 Hz), 7.80 (1H, d, J = 1.0 Hz), 7.61-7.57 (2H, m), 7.18 (1H, td, J =
7.3, 1.0 Hz), 6.82 (1H, d, J = 9.8 Hz), 1.46 (12H, s). MS (ESI*) m/z: 486 (M+H)*. HRMS (ESI*) m/z:

486.1804 (M+H)* (calcd for C24H24BF3N304: 486.1806).

N-[2-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-5-[4-(trifluoromethyl)phenoxy]pyridine-2-
carboxamide (33b)

Compound 33b was prepared in a similar manner described for 23a. Yield: 11%. 'H-NMR (CDCls) é:
11.71 (1H, s), 8.75 (1H, d, J = 7.8 Hz), 8.44 (1H, d, J = 2.4 Hz), 8.32 (1H, d, J = 8.8 Hz), 7.82 (1H, dd, J =
7.3,1.5Hz), 7.68 (2H, d, J = 8.8 Hz), 7.54-7.50 (1H, m), 7.46 (1H, dd, J = 8.5, 2.7 Hz), 7.17-7.11 (3H, m),
142 (12H, s). MS (ESI*) m/z: 485 (M+H)*. HRMS (ESI*) m/z: 485.1855 (M+H)* (calcd for

C2sH25BF3N204: 485.1854).

6-[4-(Trifluoromethyl)phenoxy]pyridine-3-carboxylic acid (35)
Compound 35 was prepared in a similar manner described for 27b. Yield: 80%. *H-NMR (CDCls) &: 8.90
(1H, d, J=2.0 Hz), 8.39 (1H, dd, J = 8.6, 2.7 Hz), 7.72 (2H, d, J = 8.6 Hz), 7.31 (2H, d, J = 8.6 Hz), 7.08

(1H, dd, J = 8.6, 0.8 Hz). MS (ESI*) m/z: 284 (M+H)*.

N-[2-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-6-[4-(trifluoromethyl)phenoxy]pyridine-3-
carboxamide (36a) and
{2-[({6-[4-(trifluoromethyl)phenoxy]pyridin-3-yl}carbonyl)amino]phenyl}boronic acid (36b)

A mixture of 35 (0.68 g, 2.4 mmol), 22a (0.44 g, 2.0 mmol), DIPEA (1.4 mL, 6.0 mmol),
2-(1H-benzotriazol-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate (0.91 g, 2.4 mmol), and DMF
(12 mL) was stirred at room temperature overnight. The reaction mixture was diluted with water and
extracted with AcOEt. The organic layer was washed with H.O and brine, dried over Na;SO4 and
evaporated. The resulting residue was purified by silica gel chromatography (AcOEt-MeOH) to give 36a
(0.094 g, 10%) as a colorless solid and 36b (0.18 g, 23%) as a colorless solid.
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36a: 'H-NMR (CDCls) &: 10.23 (1H, s), 8.84 (1H, d, J = 2.3 Hz), 8.67 (1H, d, J = 8.2 Hz), 8.36 (1H, dd, J
= 8.6, 2.7 Hz), 7.83 (1H, dd, J = 7.4, 1.6 Hz), 7.70 (2H, d, J = 8.6 Hz), 7.53 (1H, td, J = 7.8, 1.4 Hz), 7.30
(2H, d, J = 8.2 Hz), 7.14 (1H, td, J = 7.4, 0.8 Hz), 7.06 (1H, d, J = 8.6 Hz), 1.41 (12H, 5). MS (ESI*) m/z:
485 (M+H)*. HRMS (ESI*) m/z: 485.1848 (M+H)* (calcd for CasH2sBFsN2O4: 485.1854).

36b: 'H-NMR (CDsOD) &: 8.92 (1H, d, J = 2.3 Hz), 8.58 (1H, dd, J = 8.8, 2.5 Hz), 7.77 (2H, d, J = 9.0 Hz),
751 (1H, t, J = 3.9 Hz), 7.39 (2H, d, J = 8.6 Hz), 7.31-7.28 (4H, m). MS (ESI) m/z: 401 (M-H). HRMS

(ESI) m/z: 401.0913 (M-H)" (calcd for CioH13BFsN2O4: 401.0926).

6-[4-(Trifluoromethoxy)phenoxy]pyridine-3-carboxylic acid (38a)

Step A: Methyl 6-[4-(trifluoromethoxy)phenoxy]pyridine-3-carboxylate was prepared in a similar manner
described for 27a. Yield: 71%. 'H-NMR (CDCls) &: 8.81 (1H, dd, J = 2.3, 0.8 Hz), 8.31 (1H, dd, J = 8.6,
2.3 Hz), 7.29-7.26 (2H, m), 7.21-7.17 (2H, m), 6.98 (1H, dd, J = 8.6, 0.8 Hz), 3.93 (3H, s). MS (ESI*) m/z:
314 (M+H)*. Step B: Compound 38a was prepared in a similar manner described for 27b. Yield: 83%.
IH-NMR (CDCls) 5: 8.88 (1H, dd, J = 2.3, 0.8 Hz), 8.35 (1H, dd, J = 8.6, 2.3 Hz), 7.30-7.27 (2H, m),

7.22-7.19 (2H, m), 7.02 (1H, dd, J = 8.6, 0.8 Hz). MS (ESI*) m/z: 300 (M+H)*.

6-[3-(Trifluoromethoxy)phenoxy]pyridine-3-carboxylic acid (38b)

Step A: Methyl 6-[3-(trifluoromethoxy)phenoxy]pyridine-3-carboxylate was prepared in a similar manner
described for 38a. Yield: 78%. *H-NMR (CDCls) &: 8.82 (1H, dd, J = 2.3, 0.8 Hz), 8.32 (1H, dd, J = 8.6,
2.3 Hz), 7.44 (1H, t,J = 8.2 Hz), 7.12-7.09 (3H, m), 6.99 (1H, d, J = 8.6 Hz), 3.93 (3H, s). MS (ESI*) m/z:
314 (M+H)*. Step B: Compound 38b was prepared in a similar manner described for 27b. Yield: 76%.
H-NMR (CDCls) 8: 8.90 (1H, d, J = 2.3 Hz), 8.37 (1H, dd, J = 8.6, 2.3 Hz), 7.46 (1H, t,J = 8.4 Hz), 7.14

(2H, dd, J = 8.4, 2.2 Hz), 7.09-7.08 (1H, m), 7.03 (1H, dd, J = 8.6, 0.8 Hz). MS (ESI*) m/z: 300 (M+H)*.

6-{MethyI[4-(trifluoromethoxy)phenyl]amino}pyridine-3-carboxylic acid (38c)
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Step A: A mixture of methyl 6-chloronicotinate (0.34 g, 2.0 mmol), N-methyl-p-trifluoromethoxyaniline
(0.38 g, 2.0 mmol) and acetic acid (3.0 mL) was heated at 180°C with microwave-assistance for 30 min
with stirring. After cooling to room temperature, the mixture was diluted with 1 M NaOH aqg. and extracted
with AcOEt. The organic layer was washed with brine, dried over Na,SO4 and concentrated in vacuo. The
resulting residue was purified by silica gel chromatography (hexane-AcOEt) to give methyl
6-{methyl[4-(trifluoromethoxy)phenyllamino}pyridine-3-carboxylate (0.066 g, 10%) as a colorless solid.
IH-NMR (CDCls) 8: 8.88 (1H, d, J = 2.3 Hz), 7.91 (1H, dd, J = 9.0, 2.3 Hz), 7.31 (4H, s), 6.44 (1H, dd, J =
9.0, 0.8 Hz), 3.88 (3H, s), 3.53 (3H, s). MS (ESI*) m/z: 327 (M+H)*. Step B: Compound 38c was prepared
in a similar manner described for 27b. Yield: 58%. *H-NMR (CDCls) &: 8.94 (1H, d, J = 2.3 Hz), 7.93 (1H,
dd, J =9.0, 2.3 Hz), 7.31-7.30 (4H, m), 6.44 (1H, dd, J = 9.0, 0.8 Hz), 3.54 (3H, s). MS (ESI*) m/z: 313

(M+H)*.

N-[2-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-6-[4-(trifluoromethoxy)phenoxy]pyridine-

3-carboxamide (39a)

Compound 39a was prepared in a similar manner described for 23a. Yield: 74%. *H-NMR (CDCls) é:

10.22 (1H, s), 8.84 (1H, d, J = 2.7 Hz), 8.67 (1H, d, J = 8.6 Hz), 8.34 (1H, dd, J = 8.6, 2.7 Hz), 7.83 (1H,
dd,J=7.4,1.2Hz), 7.53 (1H, td, J = 7.9, 1.6 Hz), 7.29-7.27 (2H, m), 7.21 (2H, d, J = 9.0 Hz), 7.13 (1H, td,
J=17.4,0.8Hz), 7.01 (1H, dd, J = 8.6, 0.8 Hz), 1.41 (12H, s). MS (ESI*) m/z: 501 (M+H)*. HRMS (ESI*)

m/z: 501.1807 (M+H)* (calcd for CosH2sBFsN20s: 501.1803).

N-[2-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-6-[3-(trifluoromethoxy)phenoxy]pyridine-
3-carboxamide (39b)

Compound 39b was prepared in a similar manner described for 23a. Yield: 39%. *H-NMR (CDCls) &:
10.23 (1H, s), 8.84 (1H, d, J = 2.4 Hz), 8.67 (1H, d, J = 8.3 Hz), 8.36 (1H, dd, J = 8.3, 2.4 Hz), 7.83 (1H,

dd, J=7.3, 1.5 Hz), 7.53 (1H, td, J = 7.9, 1.6 Hz), 7.45 (1H, dt, J = 10.3, 3.2 Hz), 7.14-7.12 (4H, m), 7.03
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(1H, d, J = 8.8 Hz), 1.40 (12H, s). MS (ESI*) m/z: 501 (M+H)*. HRMS (ESI*) m/z: 501.1806 (M+H)*

(calcd for CasH2osBF3N2Os: 501.1803).

6-{Methyl[4-(trifluoromethoxy)phenyl]amino}-N-[2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phe
nyl]pyridine-3-carboxamide (39c)

Compound 39c was prepared in a similar manner described for 23a. Yield: 32%. *H-NMR (CDCls) é:
10.11 (1H, s), 8.90 (1H, d, J = 2.3 Hz), 8.67 (1H, d, J = 8.2 Hz), 7.96 (1H, dd, J = 8.8, 2.5 Hz), 7.80 (1H,
dd, J = 7.4, 1.6 Hz), 7.50 (1H, td, J = 7.9, 1.6 Hz), 7.34-7.30 (4H, m), 7.09 (1H, td, J = 7.3, 1.0 Hz), 6.52

(1H, d, J = 9.0 Hz), 3.55 (3H, s), 1.41 (12H, s). MS (ESI*) m/z: 514 (M+H)".

N-[4-Fluoro-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-6-[4-(trifluoromethyl)phenoxy]py
ridine-3-carboxamide (40a)

Compound 40a was prepared in a similar manner described for 23a. Yield: 51%. 'H-NMR (CDsOD) &:
8.86 (1H, dd, J = 2.7, 0.8 Hz), 8.50 (1H, dd, J = 8.6, 2.7 Hz), 7.76 (2H, d, J = 8.6 Hz), 7.38 (2H, d, J = 9.0
Hz), 7.33-7.21 (2H, m), 7.15 (1H, dd, J = 8.6, 3.1 Hz), 7.03 (1H, td, J = 8.6, 3.1 Hz), 1.36 (12H, s). MS

(ESI*) m/z: 503 (M+H)*.

N-[4-Chloro-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-6-[4-(trifluoromethyl)phenoxy]p
yridine-3-carboxamide (40b)

Compound 40b was prepared in a similar manner described for 23a. Yield: 62%. 'H-NMR (CDs;OD) é:
8.86 (1H, t, J = 1.6 Hz), 8.50 (1H, dd, J = 8.8, 2.5 Hz), 7.77 (2H, d, J = 9.0 Hz), 7.56 (1H, d, J = 2.3 H2),
7.40 (2H, d, J = 8.6 Hz), 7.33-7.29 (3H, m), 1.37 (12H, s). MS (ESI*) m/z: 519 (M+H)*. HRMS (ESI") m/z:

517.1334 (M-H)" (calcd for CosH2,BCIFsN,04: 517.1319).

N-[4-Methyl-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-6-[4-(trifluoromethyl)phenoxy]p
yridine-3-carboxamide (40c)
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Compound 40c was prepared in a similar manner described for 23a. Yield: 37%. *H-NMR (CDCls) é:
10.17 (1H, s), 8.83 (1H, d, J = 2.0 Hz), 8.55 (1H, d, J = 8.2 Hz), 8.35 (1H, dd, J = 8.6, 2.3 Hz), 7.69 (2H, d,
J=28.6 Hz), 7.63 (1H, d, J = 2.0 Hz), 7.34 (1H, dd, J = 8.6, 2.0 Hz), 7.30 (2H, d, J = 8.6 Hz), 7.05 (1H, d, J

= 8.6 Hz), 2.33 (3H, 5), 1.40 (12H, s). MS (ESI*) m/z: 499 (M+H)*.

N-[5-Fluoro-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-6-[4-(trifluoromethyl)phenoxy] py
ridine-3-carboxamide (40d)

Compound 40d was prepared in a similar manner described for 23a. Yield: 61%. 'H-NMR (CDCls) &:
10.33 (1H, s), 8.83 (1H, dd, J = 2.7, 0.8 Hz), 8.49 (1H, dd, J = 12.1, 2.3 Hz), 8.35 (1H, dd, J = 8.6, 2.7 Hz),
7.80 (1H, dd, J = 8.6, 7.0 Hz), 7.70 (2H, d, J = 8.2 Hz), 7.30 (2H, d, J = 9.0 Hz), 7.06 (1H, d, J = 8.6 Hz),
6.83 (1H, td, J = 8.2, 2.3 Hz), 1.40 (12H, s). HRMS (ESI) m/z: 501.1595 (M-H)  (calcd for

C25H225F4N204Z 501.1614).

N-[5-Chloro-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-6-[4-(trifluoromethyl)phenoxy]p
yridine-3-carboxamide (40e)

Compound 40e was prepared in a similar manner described for 23a. Yield: 37%. *H-NMR (CDsOD) &:
8.86 (1H, dd, J = 2.7, 0.8 Hz), 8.50 (1H, dd, J = 8.8, 2.5 Hz), 7.77 (2H, d, J = 9.0 Hz), 7.62 (1H, d, J = 7.8

Hz), 7.42-7.40 (3H, m), 7.30-7.26 (2H, m), 1.37 (12H, s). MS (ESI*) m/z: 519 (M+H)*.

N-[5-Methoxy-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-6-[4-(trifluoromethyl)phenoxy]
pyridine-3-carboxamide (40f)

Compound 40f was prepared in a similar manner described for 23a. Yield: 42%. 'H-NMR (CDsOD) &: 8.83
(1H, d, J = 2.7 Hz), 8.48 (1H, dd, J = 8.6, 2.3 Hz), 7.77 (2H, d, J = 9.0 Hz), 7.58 (1H, d, J = 8.2 Hz), 7.40
(2H, d, J = 8.6 Hz), 7.27 (1H, d, J = 9.0 Hz), 7.22 (1H, d, J = 2.3 Hz), 6.85 (1H, dd, J = 8.2, 2.3 Hz), 3.82

(3H, s), 1.37 (12H, 5). MS (ESI*) m/z: 515 (M+H)".
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{5-Fluoro-2-[({6-[4-(trifluoromethyl)phenoxy]pyridin-3-yl}carbonyl)amino]phenyl}boronic acid (41a)
Step A: To a solution of 40a (0.51 g, 1.0 mmol) in MeOH (50 mL) was added 5.6 M KHF; ag. (1.26 mL).
After stirring at room temperature for 15 min, the reaction mixture was concentrated in vacuo. The residue
was dissolved in hot acetone and filtered. The filtrate was concentrated in vacuo to give crude potassium
{5-fluoro-2-[({6-[4-(trifluoromethyl)phenoxy]pyridin-3-yl}carbonyl)amino]phenyl}(trifluoro)borate(1-),

which  was  used directly in the next step. Step  B: Crude  potassium
{5-fluoro-2-[({6-[4-(trifluoromethyl)phenoxy]pyridin-3-yl}carbonyl)amino]phenyl}(trifluoro)borate(1-)

was dissolved in CH3CN (50 mL) and H2O (0.11 mL) and chlorotrimethylsilane (0.77 ml, 6.1 mmol) was
added. After stirring overnight, the resulting mixture was concentrated in vacuo. The resulting residue was
diluted with saturated NaHCOj3 solution and extracted with AcOEt. The organic layer was washed with
H20 (twice) and brine, dried over Na SO, filtered and concentrated in vacuo. The resulting residue was
purified by silica gel chromatography (hexane-AcOEt). The obtained solid was triturated in hexane/AcOEt
and filtered to give 41a (0.16 g, 38%) as a colorless solid. *H-NMR (CDs0D) &: 8.91 (1H, s), 8.56 (1H, dd,
J=8.6,2.0Hz),7.77 (2H, d, J = 9.0 Hz), 7.38 (2H, d, J = 9.0 Hz), 7.30 (1H, brs), 7.24 (1H, d, J = 8.6 Hz),
7.16 (1H, dd, J = 8.6, 2.7 Hz), 7.03-7.01 (1H, br s). MS (ESI") m/z: 419 (M-H). HRMS (ESI") m/z:

419.0843 (M-H)" (calcd for C19H12BFsN2O4: 419.0832).

{5-Chloro-2-[({6-[4-(trifluoromethyl)phenoxy]pyridin-3-yl}carbonyl)amino]phenyl}boronic acid
(41b)

Compound 41b was prepared in a similar manner described for 41a. Yield: 47%. 'H-NMR (CDs;OD) é:
8.91 (1H, s), 8.56 (1H, d, J = 8.6 Hz), 7.77 (2H, d, J = 8.6 Hz), 7.44 (1H, s), 7.39 (2H, d, J = 8.2 Hz),
7.29-7.26 (3H, m). MS (ESI) m/z: 435 (M-H). HRMS (ESI) m/z: 435.0529 (M-H)- (calcd for

C19H125C|F3N204Z 435.0536).

{5-Methyl-2-[({6-[4-(trifluoromethyl)phenoxy]pyridin-3-yl}carbonyl)amino]phenyl}boronic acid
(41c)
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Compound 41c was prepared in a similar manner described for 41a. Yield: 41%. *H-NMR (CDsOD) é:
8.91 (1H, dd, J = 2.7, 0.8 Hz), 8.56 (1H, dd, J = 8.6, 2.7 Hz), 7.78 (2H, d, J = 8.2 Hz), 7.40 (2H, d, J = 8.2
Hz), 7.32-7.29 (2H, m), 7.21-7.18 (2H, m), 2.37 (3H, s). MS (ESI") m/z: 415 (M-H). HRMS (ESI) m/z:

415.1100 (M-H)" (calcd for CooH1sBFaN2O4: 415.1082).

{4-Fluoro-2-[({6-[4-(trifluoromethyl)phenoxy]pyridin-3-yl}carbonyl)amino]phenyl}boronic acid
(41d)

Compound 41d was prepared in a similar manner described for 41a. Yield: 40%. 'H-NMR (CDsOD) é:
8.93 (1H, d, J = 2.4 Hz), 8.58 (1H, dd, J = 8.8, 2.4 Hz), 7.78 (2H, d, J = 8.3 Hz), 7.50 (1H, dd, J = 8.3, 6.8
Hz), 7.40 (2H, d, J = 8.8 Hz), 7.30 (1H, d, J = 8.8 Hz), 7.06-7.05 (2H, m). MS (ESI) m/z: 419 (M-H)-.

HRMS (ESI) m/z: 419.0825 (M-H)" (calcd for C1oH12BFsN,O4: 419.0832).

{4-Chloro-2-[({6-[4-(trifluoromethyl)phenoxy]pyridin-3-yl}carbonyl)amino]phenyl}boronic acid
(41e)

Compound 41e was prepared in a similar manner described for 41a. Yield: 66%. *H-NMR (CDs;OD) é:
8.91 (1H, brs), 8.57-8.55 (1H, m), 7.75 (2H, d, J = 8.2 Hz), 7.43 (1H, d, J = 7.8 Hz), 7.37 (2H, d, J = 8.2
Hz), 7.22 (1H, br s), 7.17 (1H, d, J = 8.2 Hz), 7.13 (1H, br s). MS (ESI") m/z: 435 (M-H)-. HRMS (ESI)

m/z: 435.0561 (M-H) (calcd for C19H12BCIF3sN204: 435.0536).

FIUE

2-{[(5-{[5-(Trifluoromethyl)pyridin-2-ylJoxy}pyridin-2-yl)carbonyllamino}phenyl)boronic acid (42)
A mixture of 33a (0.25 g, 0.51 mmol), NalO4 (0.65 g, 3.0 mmol), THF (20 mL) and H.O (5 mL) was
stirred at room temperature for 30 min. To the mixture was added 1 M HCI ag. (1.8 mL). After stirring
overnight, the reaction mixture was diluted with water and extracted with AcOEt. The organic layer was
washed with brine, dried over Na,SO, and concentrated in vacuo. The resulting residue was purified by

silica gel chromatography (hexane-AcOEt). The obtained solid was triturated in hexane/AcOEt and filtered
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to give 42 (0.14 g, 69%) as a colorless solid. *H-NMR (CDsOD) é: 8.98 (1H, dd, J = 2.3, 0.8 Hz), 8.53 (1H,
dd, J=8.6, 0.8 Hz), 8.34 (1H, br s), 8.28 (1H, dd, J = 8.4, 2.5 Hz), 7.82 (1H, dd, J = 9.6, 2.5 Hz), 7.55 (1H,
dd, J=7.2, 1.8 Hz), 7.50 (1H, dd, J = 7.8, 1.2 Hz), 7.39-7.35 (2H, m), 6.79 (1H, d, J = 9.8 Hz). 3C-NMR
(DMSO-d6) &: 161.53, 160.77, 149.87, 146.92, 143.32, 139.35 (q, 3J(C, F) = 5.4 Hz), 138.48, 136.71,
136.36, 135.71, 131.09, 124.74, 123.10, 122.64, 121.37, 119.32, 108.32 (q, 2J(C, F) = 34.7 Hz). MS (ESI")

m/z: 402 (M-H)". HRMS (ESI") m/z: 402.0873 (M-H)" (calcd for C1sH12BFsN3O4: 402.0878).

{2-[(4-{[5-(Trifluoromethyl)pyridin-2-ylJoxy}piperidin-1-yl)methyl]phenyl}boronic acid (44)

A solution of 43 (0.77 g, 3.1 mmol) and 2-formylphenylboronic acid (0.49 g, 3.3 mmol) in MeOH (125
mL) was stirred at room temperature for 1 h. To the solution was added sodium borohydride (0.18 g, 4.7
mmol). After stirring at room temperature for 1 h, the reaction mixture was concentrated in vacuo. The
residue was dissolved in CH,Cl» and filtered. The filtrate was concentrated in vacuo and the residue was
triturated with hexane and AcOEt to give 44 (0.068 g, 5.7%) as a colorless solid. *H-NMR (CD3;0D) &:
8.46 (1H, dd, J = 1.6, 0.8 Hz), 7.95 (1H, dd, J = 8.8, 2.5 Hz), 7.62 (1H, d, J = 7.0 Hz), 7.27-7.23 (1H, m),
7.18-7.15 (2H, m), 6.98 (1H, d, J = 9.0 Hz), 5.44-5.38 (1H, m), 4.17 (2H, s), 3.24-3.20 (2H, m), 3.08-3.04
(2H, m), 2.25-2.19 (2H, m), 2.10-2.06 (2H, m). *C-NMR (CDs0OD) &: 166.72, 146.29 (q, 3J(C, F) = 4.5
Hz), 137.80 (q, 3J(C, F) = 3.2 Hz), 135.33, 131.04, 130.12, 129.6, 128.95, 128.05, 127.18, 124.46, 121.74
(9, 2J(C, F) = 33.1 Hz), 113.23, 70.12, 62.91, 31.89, 29.24. MS (ESI*) m/z: 381 (M+H)*. HRMS (ESI*)

m/z: 381.1624 (M+H)* (calcd for C1gH21BF3N203: 381.1597).

2-(2-Bromophenyl)-1-(4-{[5-(trifluoromethyl)pyridin-2-ylJoxy}piperidin-1-yl)ethanone (45a)

Step A: To a solution of 2-bromophenylacetic acid (0.22 g, 1.0 mmol) in dichloromethane (4.5 mL) was
added oxalyl chloride (0.25 mL, 3.0 mmol) followed by DMF (1 drop) at room temperature. The reaction
mixture was stirred at room temperature for 1 h and concentrated in vacuo to give crude
(2-bromophenyl)acetyl chloride, which was used directly in the next step. Step B: Crude

(2-bromophenyl)acetyl chloride was dissolved in dichloromethane (4.5 mL) at 0°C. To the solution were
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added DIPEA (0.19 mL, 1.1 mmol) and 43 (0.27 g, 1.1 mmol). After stirring at room temperature for 1 h,
the mixture was diluted with H,O and extracted with AcOEt. The organic layer was washed with brine,
dried over Na,SOs4 and concentrated in vacuo. The resulting residue was purified by silica gel
chromatography (hexane-AcOEt) to give 45a (0.43 g, 97%) as a colorless solid. H-NMR (CDCls) 6: 8.40
(1H, s), 7.77 (1H, dd, J = 8.6, 2.3 Hz), 7.57 (1H, dd, J = 7.8, 1.2 Hz), 7.32-7.29 (2H, m), 7.14 (1H, ddd, J =
8.5, 6.4, 1.7 Hz), 6.80 (1H, d, J = 8.6 Hz), 5.34-5.32 (1H, m), 4.01-3.95 (1H, m), 3.87 (2H, s), 3.73-3.70
(1H, m), 3.61-3.55 (1H, m), 3.43-3.40 (1H, m), 2.04-1.91 (2H, m), 1.84-1.68 (2H, m). *C-NMR
(CDs0D) &: 170.94, 166.76, 146.09 (g, 2J (C, F) = 4.5 Hz), 137.51 (g, 3J(C, F) = 3.2 Hz), 136.99, 133.94,
132.54, 130.00, 128.94, 126.06, 124.35, 121.29 (q, 2J(C, F) = 64.8 Hz), 113.13, 72.27, 44.45, 41.68, 40.57,
32.24, 31.63. MS (ESI*) m/z: 443 (M+H)*. HRMS (ESI*) m/z: 443.0605 (M+H)* (calcd for

C19H19BrFsN202: 443.0576).

3-(2-Bromophenyl)-1-(4-{[5-(trifluoromethyl)pyridin-2-ylJoxy}piperidin-1-yl)propan-1-one (45b)

Compound 45b was prepared in a similar manner described for 45a. Yield: 100%. 'H-NMR (CDCls) 3:
8.40 (1H, s), 7.77 (1H, dd, J = 8.8, 2.4 Hz), 7.54 (1H, d, J = 7.8 Hz), 7.31 (1H, dd, J = 7.8, 1.5 Hz), 7.24
(1H, d, J=7.3 Hz), 7.09 (1H, td, J = 7.6, 1.5 Hz), 6.79 (1H, d, J = 8.3 Hz), 5.34-5.30 (1H, m), 3.98-3.93
(1H, m), 3.71-3.66 (1H, m), 3.54-3.49 (1H, m), 3.39-3.34 (1H, m), 3.11 (2H, t, J = 7.8 Hz), 2.68 (2H, t, J
= 8.1 Hz), 2.00-1.89 (2H, m), 1.79-1.65 (2H, m). 3C-NMR (CDOD) &: 172.80, 166.71, 146.06 (q, 3J(C,
F) = 4.5 Hz), 141.49, 137.46 (q, 3J(C, F) = 3.2 Hz), 134.08, 132.16, 129.57, 129.10, 127.06, 125.29, 121.23
(9, 2)(C, F) = 66.3 Hz), 113.10, 72.16, 44.24, 40.22, 34.02, 33.39, 32.25, 31.59. MS (ESI*) m/z: 457

(M+H)*. HRMS (ESI*) m/z: 457.0742 (M+H)* (calcd for CaoH21BrFsN,02: 457.0733).

2-[2-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-1-(4-{[5-(trifluoromethyl)pyridin-2-yl]oxy}
piperidin-1-yl)ethanone (46a)
A mixture of 45a (14 g, 33 mmol), Pd(dppf)Cl2-CH2Cl> (5.3 g, 6.5 mmol), bis(pinacolato)diboron (9.9 g, 39

mmol), potassium acetate (9.6 g, 98 mmol), and dioxane (330 mL) was stirred at 90°C for 6 h. After
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cooling to room temperature, the reaction mixture was diluted with water and extracted with AcOEt. The
organic layer was washed with H,O and brine, dried over Na;SO4 and concentrated in vacuo. The resulting
residue was purified by silica gel chromatography (hexane-AcOEt) to give 46a (6.0 g, 38%) as a colorless
oil. 'H-NMR (CDCls) &: 8.39 (1H, s), 7.84 (1H, d, J = 7.3 Hz), 7.76 (1H, dd, J = 8.8, 2.4 Hz), 7.41-7.38
(1H, m), 7.30-7.23 (2H, m), 6.78 (1H, d, J = 8.8 Hz), 5.33-5.29 (1H, m), 4.11 (2H, s), 4.02-3.97 (1H, m),
3.78-3.76 (1H, m), 3.52-3.47 (1H, m), 3.44-3.38 (1H, m), 2.00-1.98 (1H, m), 1.90-1.86 (1H, m),

1.77-1.74 (1H, m), 1.67-1.63 (1H, m), 1.33 (12H, s). MS (ESI*) m/z: 491 (M+H)*.

3-[2-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-1-(4-{[5-(trifluoromethyl)pyridin-2-ylJoxy}
piperidin-1-yl)propan-1-one (46b)

Compound 46b was prepared in a similar manner described for 46a. Yield: 88%. *H-NMR (CDCls) 3: 8.40
(1H, s), 7.80-7.77 (2H, m), 7.39-7.35 (1H, m), 7.24-7.22 (2H, m), 6.79 (1H, d, J = 8.8 Hz), 5.33-5.29 (1H,
m), 4.00-3.96 (1H, m), 3.71-3.69 (1H, m), 3.51-3.46 (1H, m), 3.37-3.32 (1H, m), 3.23-3.19 (2H, m),
2.68-2.65 (2H, m), 1.98-1.95 (1H, m), 1.89-1.85 (1H, m), 1.75-1.73 (1H, m), 1.65-1.62 (1H, m), 1.34

(12H, s). MS (ESI*) m/z: 505 (M+H)*.

{2-[2-Ox0-2-(4-{[5-(trifluoromethyl)pyridin-2-yl]Joxy}piperidin-1-yl)ethyl]phenyl}boronic acid (47a)
Step A: To a solution of 46a (6.0 g, 12 mmol) in MeOH (80 mL) was added 4.5 M KHF; aq. (15 mL). After
stirring at room temperature overnight, the reaction mixture was concentrated in vacuo. The residue was
dissolved in hot acetone and filtered. The filtrate was concentrated in vacuo to give crude potassium
trifluoro{2-[2-ox0-2-(4-{[5-(trifluoromethyl)pyridin-2-ylJoxy}piperidin-1-yl)ethyl]phenyl}borate(1-),
which  was used directly in the next step. Step  B: Crude  potassium
trifluoro{2-[2-oxo0-2-(4-{[5-(trifluoromethyl)pyridin-2-ylJoxy}piperidin-1-yl)ethyl]phenyl}borate(1-) was
dissolved in CH3CN (80 mL) and H2O (1.3 mL) and chlorotrimethylsilane (9.3 ml, 74 mmol) was added.
After stirring overnight, the resulting mixture was evaporated. The resulting residue was diluted with

saturated NaHCOj3 solution and extracted with ACOEt. The organic layer was washed with H,O (twice) and
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brine, dried over Na;SOs, filtered and concentrated in vacuo. The obtained residue was triturated with
AcOEt and hexane to give 47a (2.2 g, 45%) as a colorless solid. *H-NMR (CD3sOD) &: 8.48 (1H, s), 7.95
(1H, dd, J = 8.8, 2.4 Hz), 7.45 (1H, dd, J = 5.4, 3.4 Hz), 7.22-7.15 (3H, m), 6.97 (1H, d, J = 8.8 Hz),
5.52-5.49 (1H, m), 4.09-3.86 (6H, m), 2.21-2.17 (2H, m), 2.03-1.98 (2H, m). *C-NMR (CD3OD) é:
175.25, 166.52, 146.02 (q, 3J(C, F) = 4.5 Hz), 137.51 (q, J(C, F) = 3.2 Hz), 135.66, 132.04, 128.28, 128.01,
127.33, 126.93, 124.21, 121.40 (q, 2J(C, F) = 32.4 Hz), 113.07, 70.89, 44.80, 42.11, 33.89, 31.66, 31.14.

HRMS (ESI?) m/z: 407.1420 (M-H)" (calcd for C1oH10BF3sN204: 407.1395).

{2-[3-Ox0-3-(4-{[5-(trifluoromethyl)pyridin-2-ylJoxy}piperidin-1-yl)propyl]phenyl}boronic acid (47b)
Compound 47b was prepared in a similar manner described for 47a. Yield: 53%. 'H-NMR (CDsOD) &:
8.45 (1H, s), 7.93 (1H, dd, J = 9.0, 2.3 Hz), 7.30-7.22 (4H, m), 6.91 (1H, d, J = 9.0 Hz), 5.34-5.30 (1H, m),
3.92-3.89 (1H, m), 3.70-3.68 (1H, m), 3.51-3.45 (1H, m), 3.40-3.36 (1H, m), 2.91 (2H, t, J = 7.6 Hz),
2.70 (2H, t, J = 7.6 Hz), 2.02-1.94 (1H, m), 1.86-1.80 (1H, m), 1.73-1.67 (1H, m), 1.59-1.51 (1H, m).
13C-NMR (CDsOD) &: 173.57, 166.89, 146.23 (q, 3J(C, F) = 4.5 Hz), 144.86, 137.64 (g, 3J(C, F) = 3.2 Hz),
133.03, 130.37, 130.17, 127.03, 121.41 (q, 2J(C, F) = 33.7 Hz), 113.24, 72.41, 44.40, 40.28, 36.49, 33.89,

32.33, 31.67. HRMS (ESI) m/z: 421.1573 (M-H)" (calcd for CooHz1BFsN2O4: 421.1552).

N,N-Dimethyl-6-(piperidin-4-yloxy)pyridine-3-carboxamide hydrochloride (1:1) (49a)

A mixture of 48a (0.10 g, 0.29 mmol), 4 M HCI in 1,4-dioxane (1.7 mL) and 1,4-dioxane (1.7 mL) was
stirred at room temperature for 3 h. The reaction mixture was concentrated in vacuo and the resulting
residue was triturated with Et,O to give 49a (0.27 g, 100%) as a colorless solid. Yield: 100%. *H-NMR
(CDsOD) &: 8.32 (1H, d, J = 2.3 Hz), 7.90 (1H, dd, J = 8.4, 1.8 Hz), 7.01 (1H, dd, J = 6.1, 2.5 Hz),
5.41-5.39 (1H, m), 3.45-3.41 (2H, m), 3.27-3.25 (2H, m), 3.09 (6H, d, J = 13.3 Hz), 2.29-2.24 (2H, m),
2.14-2.06 (2H, m). 1*C-NMR (CD3OD) &: 169.69, 163.27, 144.68, 143.55, 127.70, 112.77, 71.41, 68.27,
42.06, 40.24, 36.09, 28.43. MS (ESI*) m/z: 250 (M+H)*. HRMS (ESI*) m/z: 250.1547 (M+H)* (calcd for
C13H20N302: 250.1550).
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5-(Piperidin-4-yloxy)-2-(trifluoromethyl)pyridine hydrochloride (1:1) (49b)

Compound 49b was prepared in a similar manner described for 49a. Yield: 91%. 'H-NMR (CD3OD) é:
8.43 (1H, d, J = 2.9 Hz), 7.78 (1H, d, J = 8.8 Hz), 7.64 (1H, dd, J = 8.8, 2.9 Hz), 4.93-4.90 (1H, m),
3.46-3.41 (2H, m), 3.28-3.25 (2H, m), 2.26-2.22 (2H, m), 2.09-2.07 (2H, m). 3C-NMR (CDsOD) &:
156.99, 141.01, 126.88, 123.94, 123.21 (q, 3J(C, F) = 2.9 Hz), 121.40, 71.02, 68.28, 41.94, 28.26. MS

(ESI*) m/z: 247 (M+H)*. HRMS (ESI*) m/z: 247.1063 (M+H)* (calcd for C11H14FsN,O: 247.1053).

6-({1-[(2-Bromophenyl)acetyl]piperidin-4-yl}oxy)-N,N-dimethylpyridine-3-carboxamide (50a)

Compound 50a was prepared in a similar manner described for 45a. Yield: 72%. 'H-NMR (CDCls) &: 8.24
(1H, d, J = 2.4 Hz), 7.69 (1H, dd, J = 8.8, 2.4 Hz), 7.57 (1H, dd, J = 8.1, 1.2 Hz), 7.33-7.27 (2H, m), 7.13
(1H, td, J = 7.6, 1.8 Hz), 6.73 (1H, d, J = 7.8 Hz), 5.33-5.29 (1H, m), 4.00-3.95 (1H, m), 3.87 (2H, d, J =
2.0 Hz), 3.73-3.69 (1H, m), 3.60-3.55 (1H, m), 3.48-3.37 (1H, m), 3.08 (6H, s), 2.06-1.91 (2H, m),

1.80-1.71 (2H, m). MS (ESI*) m/z: 448 (M+H)*.

2-(2-Bromophenyl)-1-(4-{[6-(trifluoromethyl)pyridin-3-ylJoxy}piperidin-1-yl)ethanone (50b)

Compound 50b was prepared in a similar manner described for 45a. Yield: 67%. *H-NMR (CDCls) 3: 8.40
(1H, d, J = 2.9 Hz), 7.64 (1H, d, J = 8.8 Hz), 7.60 (1H, dd, J = 6.6, 2.7 Hz), 7.36-7.30 (3H, m), 7.17 (1H, td,
J =17.6, 1.6 Hz), 4.70-4.66 (1H, m), 3.90 (2H, s), 3.86-3.78 (2H, m), 3.75-3.70 (1H, m), 3.51-3.49 (1H,
m), 2.03-1.99 (1H, m), 1.93-1.87 (2H, m), 1.83-1.79 (1H, m). *C-NMR (CDsOD) &: 170.97, 157.46,
140.91, 136.96, 133.94, 132.56, 130.01, 128.95, 126.05, 124.79, 123.81, 123.13 (q, 3J(C, F) = 2.9 Hz),
122.06, 74.23, 44.04, 41.63, 40.13, 31.90, 31.24. MS (ESI*) m/z: 443 (M+H)*. HRMS (ESI*) m/z: 443.0563

(M+H)* (calcd for C1oH16BrFsN2O2: 443.0576).

2-(2-Bromophenyl)-1-{4-[4-(trifluoromethyl)phenoxy]piperidin-1-yl}ethanone (50c)
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Compound 50c was prepared in a similar manner described for 45a. Yield: 78%. H-NMR (CDCls) :
7.57-7.55 (3H, m), 7.34-7.28 (2H, m), 7.15-7.13 (1H, m), 6.96 (2H, d, J = 8.6 Hz), 4.62-4.59 (1H, m),
3.87 (2H, s), 3.79-3.65 (3H, m), 3.47-3.44 (1H, m), 1.94-1.93 (1H, m), 1.84-1.78 (3H, m). *C-NMR
(CDsOD) &: 171.33, 170.94, 161.57, 136.98, 133.95, 132.53, 130.00, 128.95, 128.19 (g, 3J(C, F) = 3.8 Hz),
127.47, 127.25, 126.29, 126.07, 125.51, 124.76, 124.74, 124.22, 123.90, 117.13, 73.20, 44.12, 41.66, 40.22,
32.06, 31.42. MS (ESI*) m/z: 444 (M+H)*. HRMS (ESI*) m/z: 442.0633 (M+H)* (calcd for

C20H20BrFsNO,: 442.0624).

{2-[2-(4-{[5-(Dimethylcarbamoyl)pyridin-2-ylJoxy}piperidin-1-yl)-2-oxoethyl]phenyl}boronic acid
(51a)

N,N-dimethyl-6-[(1-{[2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]acetyl }piperidin-4-yl)oxy]pyr
idine-3-carboxamide was prepared in a similar manner described for 46a. Yield: 54%. *H-NMR (CDCls) 3:
8.24 (1H, d, J = 2.4 Hz), 7.84 (1H, dd, J = 7.6, 1.2 Hz), 7.68 (1H, dd, J = 8.3, 2.4 Hz), 7.41-7.38 (1H, m),
7.30-7.23 (2H, m), 6.72 (1H, d, J = 8.8 Hz), 5.30-5.26 (1H, m), 4.11 (2H, s), 4.01-3.96 (1H, m), 3.79-3.74
(1H, m), 3.52-3.47 (1H, m), 3.43-3.38 (1H, m), 3.08 (6H, br s), 2.01-1.97 (1H, m), 1.90-1.86 (1H, m),
1.78-1.74 (1H, m), 1.67-1.61 (1H, m), 1.33 (12H, s). MS (ESI*) m/z: 494 (M+H)*. Compound 46a was
prepared in a similar manner described for 47a. Yield: 39%. *H-NMR (CDsOD) &: 8.27 (1H, dd, J = 2.3,
0.8 Hz), 7.78 (1H, dd, J = 8.6, 2.3 Hz), 7.45-7.43 (1H, m), 7.22-7.14 (3H, m), 6.88 (1H, dd, J = 8.6, 0.8
Hz), 5.47-5.44 (1H, m), 4.06-3.86 (7H, m), 2.24-2.12 (2H, m), 2.03-1.97 (2H, m). 3C-NMR (DMSO-d6)
d: 170.63, 167.97, 162.82, 146.05, 139.76, 138.76, 134.35, 129.21, 125.58, 110.75, 70.43, 43.25, 31.14,
30.32. MS (ESI) m/z: 410 (M-H). HRMS (ESI) m/z: 410.1886 (M-H)  (calcd for Co1H25BN3Os:

410.1893).

{2-[2-Oxo0-2-(4-{[6-(trifluoromethyl)pyridin-3-ylJoxy}piperidin-1-yl)ethyl]phenyl}boronic acid (51b)
2-[2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-1-(4-{[6-(trifluoromethyl)pyridin-3-ylJoxy}pipe
ridin-1-yl)ethanone was prepared in a similar manner described for 46a. Yield: 57%. *H-NMR (CDCls) &:
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8.36 (1H, d, J = 2.7 Hz), 7.84 (1H, dd, J = 7.4, 1.6 Hz), 7.61 (1H, d, J = 8.6 Hz), 7.40 (1H, td, J = 7.4, 1.6
Hz), 7.28-7.25 (3H, m), 4.64-4.59 (1H, m), 4.11 (2H, s), 3.82-3.73 (3H, m), 3.51-3.46 (1H, m), 1.98-1.94
(1H, m), 1.85-1.66 (3H, m), 1.34 (12H, s). MS (FAB*) m/z: 491 (M+H)*. Compound 51b was prepared in
a similar manner described for 47a. Yield: 34%. *H-NMR (CDsOD) 6: 8.42 (1H, d, J = 3.1 Hz), 7.77 (1H, d,
J=8.6Hz), 7.63 (1H, dd, J = 9.0, 2.7 Hz), 7.45-7.43 (1H, m), 7.22-7.15 (3H, m), 4.97-4.92 (1H, m), 4.06
(2H, s), 4.04-3.99 (3H, m), 3.92-3.89 (1H, m), 2.22-2.11 (2H, m), 2.01-1.98 (2H, m). 3C-NMR
(DMSO-d6) 5: 170.63, 155.62, 139.68, 138.46 (q, 2J(C, F) = 68.2 Hz), 134.33, 129.14, 125.62, 123.05,
122.64, 121.99, 120.89, 72.81, 42.75, 38.61, 30.63, 29.82. MS (ESI") m/z: 407 (M-H). HRMS (ESI") m/z:

407.1410 (M-H)" (calcd for C19H10BF3N2O4: 407.1395).

[2-(2-Oxo0-2-{4-[4-(trifluoromethyl)phenoxy]piperidin-1-yl}ethyl)phenyl]boronic acid (51c)

2-[2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-1-{4-[4-(trifluoromethyl)phenoxy]piperidin-1-yl
}ethanone was prepared in a similar manner described for 46a. Yield: 53%. *H-NMR (CDCls) &: 7.84 (1H,
dd,J=7.4,16Hz),7.54 (2H, d, J=9.0 Hz), 7.40 (1H, td, J = 7.5, 1.4 Hz), 7.30-7.27 (2H, m), 6.94 (2H, d,
J = 8.6 Hz), 4.59-4.56 (1H, m), 4.11 (2H, s), 3.79-3.65 (3H, m), 3.48-3.44 (1H, m), 1.92-1.70 (4H, m),
1.27 (6H, d, J = 3.1 Hz), 1.24 (6H, s). MS (ESI*) m/z: 490 (M+H)*. Compound 51c was prepared in a
similar manner described for 47a. Yield: 24%. *H-NMR (CDs0OD) &: 7.60 (2H, d, J = 8.8 Hz), 7.45-7.44
(1H, m), 7.23-7.14 (5H, m), 4.89-4.87 (1H, m), 4.06 (2H, s), 4.02-3.99 (3H, m), 3.92-3.89 (1H, m),
2.16-2.12 (2H, m), 2.02-1.94 (2H, m). *C-NMR (DMSO-d6) &: 170.63, 159.92, 139.78, 139.74, 134.34,
129.18, 129.11, 127.05 (q, 3J(C, F) = 3.5 Hz), 125.63, 123.52, 121.18 (q, 2J(C, F) = 32.1 Hz), 116.06, 72.03,
42.86, 38.72, 30.83, 30.02. MS (ESI) m/z: 406 (M-H)". HRMS (ESI) m/z: 406.1455 (M-H)" (calcd for

CooH20BFsNO4: 406.1443).

2-(Piperidin-4-ylmethoxy)-5-(trifluoromethyl)pyridine hydrochloride (1:1) (53)
To a solution of NaH (026 g, 6.1 mmol) in DMSO (16 mL) was added

1-(tert-butoxycarbonyl)-4-piperidinemethanol (1.3 g, 6.1 mmol) and the reaction mixture was stirred at
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room temperature for 15 min. To the mixture was added a solution of 2-chloro-5-(trifluoromethyl)pyridine
52 (1.0 g, 5.5 mmol) in DMSO (6 mL) at room temperature. After stirring overnight, the reaction mixture
was diluted with water and extracted with AcOEt. The organic layer was washed with brine, dried over
Na>SO, and concentrated in vacuo. The resulting residue was purified by silica gel chromatography
(hexane-AcOEt) to give tert-butyl
4-({[5-(trifluoromethyl)pyridin-2-ylJoxy}methyl)piperidine-1-carboxylate (1.7 g, 88%) as a colorless solid.
IH-NMR (CDCls) §: 8.42 (1H, s), 7.77 (1H, dd, J = 9.0, 2.3 Hz), 6.81 (1H, d, J = 8.6 Hz), 4.21 (2H, d, J =
6.7 Hz), 4.18-4.08 (2H, m), 2.76-2.73 (2H, m), 1.98-1.96 (1H, m), 1.80 (2H, d, J = 13.3 Hz), 1.47 (9H, s),
1.30-1.26 (2H, m). HRMS (ESI*) m/z: 361.1743 (M+H)* (calcd for Ci7H24F3N203: 361.1734). Compound
53 was prepared in a similar manner described for 49b. Yield: 100%. *H-NMR (CD3;0D) &: 8.47 (1H, s),
7.97 (1H, dd, J = 8.8, 2.5 Hz), 6.97 (1H, d, J = 8.6 Hz), 4.32 (2H, d, J = 6.3 Hz), 3.45 (2H, J = 12.9 Hz),
3.08-3.01 (2H, m), 2.24-2.17 (1H, m), 2.07 (2H, d, J = 8.0 Hz), 1.66-1.55 (2H, m). 3C-NMR (CD3sOD) &:
167.05, 145.19 (g, 3J(C, F) = 4.5 Hz), 138.77 (q, 3J(C, F) = 2.9 Hz), 126.75, 124.03, 121.73 (g, 2J(C, F) =
35.6 Hz), 112.82, 71.90, 45.00, 34.83, 26.76. MS (ESI*) m/z: 261 (M+H)*. HRMS (ESI*) m/z: 261.1227

(M+H)* (calcd for C12H1sFsN,O: 261.1209).

2-(2-Bromophenyl)-1-[4-({[5-(trifluoromethyl)pyridin-2-yl]Joxy}methyl)piperidin-1-yl]lethanone (54)

Compound 54 was prepared in a similar manner described for 48b. Yield: 96%. *H-NMR (CDCls) &: 8.41
(1H, s), 7.77 (1H, dd, J = 8.8, 2.5 Hz), 7.56 (1H, d, J = 8.2 Hz), 7.30-7.27 (2H, m), 7.14-7.10 (1H, m),
6.80 (1H, d, J = 9.0 Hz), 4.72 (1H, d, J = 13.3 Hz), 4.20 (2H, dd, J = 6.7, 2.7 Hz), 3.89-3.81 (3H, m),
3.08-3.05 (1H, m), 2.68-2.64 (1H, m), 2.08-2.04 (1H, m), 1.85 (2H, t, J = 14.9 Hz), 1.32-1.29 (1H, m),
1.18-1.15 (1H, m). *C-NMR (CDOD) &: 170.81, 167.67, 146.08 (q, 3J(C, F) = 4.5 Hz), 137.38 (g, 3J(C,
F) = 3.2 Hz), 137.02, 133.93, 132.46, 129.96, 128.92, 126.06, 121.27 (q, 2J(C, F) = 32.1 Hz), 112.56, 71.80,
47.25, 43.36, 41.74, 37.12, 30.47, 29.80. HRMS (ESI*) m/z: 457.0750 (M+H)* (calcd for CaoH21BrFsN,02:

457.0733).
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(2-{2-Oxo0-2-[4-({[5-(trifluoromethyl)pyridin-2-ylJoxy}methyl)piperidin-1-yl]ethyl}phenyl)boronic
acid (55)

Step A:
2-[2-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-1-[4-({[5-(trifluoromethyl) pyridin-2-ylJoxy}me
thyl)piperidin-1-yl]ethanone was prepared in a similar manner described for 46a. Yield: 45%. *H-NMR
(CDCl3) &: 8.41 (1H, s), 7.83 (1H, d, J = 7.3 Hz), 7.77 (1H, dd, J = 8.5, 2.2 Hz), 7.38 (1H, t, J = 7.6 Hz),
7.28-7.22 (2H, m), 6.79 (1H, d, J = 8.8 Hz), 5.00-4.95 (2H, m), 4.71 (1H, d, J = 12.7 Hz), 4.19 (2H, d, J =
6.3 Hz), 4.08 (2H, s), 4.03 (1H, J = 13.7 Hz), 2.97 (1H, t, J = 12.2 Hz), 2.62-2.59 (1H, m), 2.05-2.01 (1H,
m), 1.84 (1H, d, J = 12.7 Hz), 1.75 (1H, d, J = 13.2 Hz), 1.32 (12H, s). HRMS (ESI*) m/z: 505.2490
(M+H)* (calcd for CysH33BF3N204: 505.2480). Step B: Compound 55 was prepared in a similar manner
described for 47a. Yield: 27%. *H-NMR (CDsOD) &: 8.45 (1H, s), 7.93 (1H, dd, J = 8.5, 2.7 Hz), 7.45-7.43
(1H, m), 7.22-7.14 (3H, m), 6.94 (1H, d, J = 8.8 Hz), 4.79 (1H, d, J = 13.2 Hz), 4.38 (1H, d, J = 14.2 Hz),
4.31 (2H, d, J = 6.3 Hz), 4.04 (2H, s), 3.41-3.38 (1H, m), 3.08-3.05 (1H, m), 2.29-2.26 (1H, m), 2.08-2.05
(2H, m), 1.57-1.42 (2H, m). 2¥C-NMR (DMSO-d6) &: 170.56, 165.79, 144.97 (q, 3J(C, F) = 4.8 Hz),
139.86 (g, 3J(C, F) = 5.4 Hz), 136.55, 134.39, 129.23, 125.66, 123.15, 118.83 (g, 2J(C, F) = 32.4 Hz),
111.47, 70.30, 59.88, 45.62, 41.36, 35.15, 29.00, 28.11, 20.81, 14.15. MS (ESI") m/z: 421 (M-H)". HRMS

(ESI) m/z: 421.1584 (M-H)- (calcd for CaoH21BFsN204: 421.1552).

{2-[1-Hydroxy-2-ox0-2-(4-{[5-(trifluoromethyl)pyridin-2-ylJoxy}piperidin-1-yl)ethyl]phenyl}boronic
acid (56)

Compound 56 was prepared in a similar manner described for 42. Yield: 11%. *H-NMR (CDsOD) &: 8.48
(1H, s), 7.97-7.95 (1H, m), 7.51-7.44 (2H, m), 7.39-7.32 (2H, m), 6.98 (1H, t, J = 8.4 Hz), 6.31 (1H,d, J =
2.3 Hz), 552-5.49 (1H, m), 4.08-3.92 (4H, m), 2.23-2.17 (2H, m), 2.04-1.99 (2H, m). C-NMR
(DMSO-ds) &: 171.24, 167.39, 152.78, 144.92, 131.14, 130.77, 127.57, 125.28, 118.83 (q, 2J(C, F) = 32.1
Hz), 68.26, 42.77, 42.31, 31.45, 31.11, 30.44, 30.06, 26.97. MS (ESI*) m/z: 425 (M+H)*. HRMS (ESI")
m/z: 423.1302 (M-H)" (calcd for C19H10BF3N20s: 423.1345).
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2-(2-Bromophenyl)-2-methoxy-1-(4-{[5-(trifluoromethyl)pyridin-2-yl]Joxy}piperidin-1-yl)ethanone
(58)

Compound 58 was prepared in a similar manner described for 45a. Yield: 100%. *H-NMR (CDCls) 5: 8.38
(1H,s), 7.76 (1H, t, J = 8.0 Hz), 7.59 (1H, d, J = 7.8 Hz), 7.54 (1H, dd, J = 7.8, 1.6 Hz), 7.37 (1H, td, J =
7.0, 1.7 Hz), 7.22 (1H, td, J = 7.6, 1.6 Hz), 6.82-6.70 (1H, m), 5.40 (1H, s), 5.31-5.24 (1H, m), 4.11-4.07
(1H, m), 3.82-3.76 (1H, m), 3.67-3.59 (1H, m), 3.46 (3H, s), 3.39-3.30 (1H, m), 1.97-1.84 (2H, m),
1.76-1.65 (1H, m), 1.52-1.50 (1H, m). *C-NMR (CD:OD) &: 169.90, 166.64, 146.06, 137.39, 134.36,
131.88, 130.62, 129.47, 127.05, 125.62, 124.32, 121.29 (q, 2J(C, F) = 33.1 Hz), 113.12, 81.15, 72.37, 58.46,
43.91, 41.16, 31.66. MS (ESI*) m/z: 473 (M+H)*. HRMS (ESI*) m/z: 473.0698 (M+H)* (calcd for

C20H21BrF3N203: 473.0682).

{2-[1-Methoxy-2-0x0-2-(4-{[5-(trifluoromethyl)pyridin-2-yl]Joxy}piperidin-1-yl)ethyl]phenyl}boronic
acid (59)

Step A:
2-Methoxy-2-[2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-1-(4-{[5-(trifluoromethyl)pyridin-2-
ylloxy}piperidin-1-yl)ethanone was prepared in a manner similar to that used for 46a. Yield: 57%.
IH-NMR (CDCls) &: 8.37 (1H, s), 7.74 (1H, d, J = 8.3 Hz), 7.47-7.43 (2H, m), 7.39-7.30 (2H, m),
6.76-6.74 (1H, m), 5.27-5.25 (1H, m), 5.08 (1H, s), 4.05-3.88 (2H, m), 3.68-3.62 (2H, m), 3.41 (3H, 9),
2.02-1.61 (4H, m), 1.27 (4H, s), 1.24 (8H, s). MS (ESI*) m/z: 521 (M+H)*. Step B: Compound 59 was
prepared in a similar manner described for 47a. Yield: 12%. 'H-NMR (CD3OD) &: 8.44 (1H, d, J = 16.6
Hz), 7.94-7.90 (1H, m), 7.38-7.32 (3H, m), 7.19 (1H, d, J = 7.3 Hz), 6.93-6.89 (1H, m), 5.34-5.33 (1H,
m), 5.23 (1H, ), 4.04-4.00 (1H, m), 3.79-3.75 (1H, m), 3.66-3.58 (1H, m), 3.51-3.48 (4H, m), 2.14-2.08
(1H, m), 1.89-1.80 (3H, m). C-NMR (DMSO-ds) &: 164.84, 144.88, 136.66, 127.06, 125.22, 123.07,
118.89, 118.63, 111.94, 80.96, 80.60, 71.24, 70.53, 57.10, 42.19, 30.63, 30.33, 29.60. MS (ESI") m/z: 437
(M-H). HRMS (ESI) m/z: 437.1511 (M-H)- (calcd for CaoH21BFsN20s: 437.1501).
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2-(2-Bromo-4-fluorophenyl)-1-(4-{[5-(trifluoromethyl)pyridin-2-ylJoxy}piperidin-1-yl)ethanone (61a)

Compound 61a was prepared in a similar manner described for 45a. Yield: 94%. *H-NMR (CDCls) 5: 8.41
(1H, s), 7.78 (1H, dd, J = 8.8, 2.5 Hz), 7.34-7.28 (2H, m), 7.03 (1H, td, J = 8.3, 2.6 Hz), 6.80 (1H, d, J =
8.6 Hz), 5.38-5.33 (1H, m), 4.01-3.95 (1H, m), 3.82 (2H, d, J = 2.0 Hz), 3.76-3.72 (1H, m), 3.61-3.54 (1H,
m), 3.47-3.41 (1H, m), 2.05-1.95 (2H, m), 1.82-1.70 (2H, m). *C-NMR (CDsOD) &: 170.68, 166.77,
163.03 (d, 1J(C, F) = 247.0 Hz), 146.10 (g, 3J(C, F) = 4.8 Hz), 137.51 (q, 3J(C, F) = 3.2 Hz), 133.79 (d,
8J(C, F) = 8.6 Hz), 133.35, 126.15 (d, 3J(C, F) = 10.5 Hz), 121.29 (g, 2J(C, F) = 33.4 Hz), 120.80 (d, 2J(C,
F) = 25.7 Hz), 115.80 (d, 2J(C, F) = 20.0 Hz), 113.14, 72.28, 44.33, 40.71, 40.59, 32.29, 31.64. MS (ESI*)

miz: 461 (M+H)*. HRMS (ESI*) m/z: 461.0485 (M+H)* (calcd for CioH1sBrFaN20,: 461.0482).

2-(2-Bromo-4-chlorophenyl)-1-(4-{[5-(trifluoromethyl)pyridin-2-ylJoxy}piperidin-1-yl)ethanone (61b)
Compound 61b was prepared in a similar manner described for 45a. Yield: 80%. *H-NMR (CDCls) 3: 8.41
(1H,s), 7.78 (1H, dd, J = 9.0, 2.3 Hz), 7.59 (1H, d, J = 2.0 Hz), 7.29-7.26 (2H, m), 6.80 (1H, d, J = 8.6 Hz),
5.37-5.33 (1H, m), 3.98-3.94 (1H, m), 3.82 (2H, d, J = 2.0 Hz), 3.73-3.70 (1H, m), 3.61-3.55 (1H, m),
3.45-3.42 (1H, m), 2.01-1.97 (2H, m), 1.82-1.72 (2H, m). 3C-NMR (CDsOD) &: 173.07, 166.73, 146.08
(g, 3J(C, F) = 4.5 Hz), 137.49 (q, 3J(C, F) = 3.2 Hz), 136.15, 134.65, 133.74, 133.26, 129.01, 126.57,
125.68 (q, 1J(C, F) = 270.2 Hz), 121.30 (q, 2J(C, F) = 67.7 Hz), 113.12, 72.40, 44.34, 40.93, 40.59, 32.33,
31.62. MS (ESI*) m/z: 477 (M+H)*. HRMS (ESI*) m/z: 477.0231 (M+H)* (calcd for C19H1sBrCIFsN20:

477.0187).

2-(2-Bromo-4-methoxyphenyl)-1-(4-{[5-(trifluoromethyl)pyridin-2-ylJoxy}piperidin-1-yl)ethanone
(61c)

Compound 61c was prepared in a similar manner described for 45a. Yield: 97%. *H-NMR (CDCls) &: 8.41
(1H, s), 7.77 (1H, dd, J = 8.6, 2.7 Hz), 7.23 (1H, d, J = 8.6 Hz), 7.13 (1H, d, J = 2.3 Hz), 6.85 (1H, dd, J =
8.4, 2.5 Hz), 6.80 (1H, d, J = 9.0 Hz), 5.37-5.31 (1H, m), 4.00-3.97 (1H, m), 3.80-3.79 (5H, m), 3.73-3.70
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(1H, m), 3.59-3.55 (1H, m), 3.43-3.39 (1H, m), 2.03-1.91 (2H, m), 1.81-1.70 (2H, m). ®C-NMR
(CDsOD) &: 171.40, 166.77, 161.02, 146.11, 137.51, 132.76, 128.65, 126.09, 121.30 (q, %J(C, F) = 68.7 Hz),
119.22, 114.79, 113.13, 72.30, 56.20, 44.43, 40.75, 40.58, 32.25, 31.63. MS (ESI*) m/z: 473 (M+H)".

HRMS (ESI*) m/z: 473.0693 (M+H)* (calcd for C2oH21BrFsN,Os: 473.0682).

{5-Fluoro-2-[2-ox0-2-(4-{[5-(trifluoromethyl)pyridin-2-ylJoxy}piperidin-1-yl)ethyl]phenyl}boronic
acid (62a)

Step A:
2-[4-Fluoro-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-1-(4-{[5-(trifluoromethyl) pyridin-2-yl]
oxy}piperidin-1-yl)ethanone was was prepared in a similar manner described for 46a. Yield: 59%.
IH-NMR (CDCls) 5: 8.40 (1H, d, J = 2.3 Hz), 7.77 (1H, dd, J = 8.6, 2.3 Hz), 7.51 (1H, dd, J = 9.4, 2.7 Hz),
7.24 (1H, dd, J = 8.6, 5.1 Hz), 7.07 (1H, td, J = 8.4, 3.0 Hz), 6.79 (1H, d, J = 8.6 Hz), 5.35-5.29 (1H, m),
4.04 (2H, s), 3.99-3.96 (1H, m), 3.80-3.76 (1H, m), 3.49-3.43 (2H, m), 2.00-1.94 (2H, m), 1.79-1.66 (2H,
m), 1.33 (12H, s). MS (ESI*) m/z: 509 (M+H)*. Step B: Compound 62a was prepared in a similar manner
described for 47a. Yield: 49%. 'H-NMR (CD3OD) : 8.48 (1H, s), 7.96 (1H, dd, J = 8.6, 2.7 Hz), 7.18 (1H,
dd, J = 8.2, 5.1 Hz), 7.12 (1H, dd, J = 9.0, 3.1 Hz), 6.98 (1H, d, J = 8.6 Hz), 6.91 (1H, td, J = 8.6, 2.7 H2),
5.54-549 (1H, m), 4.05-4.01 (5H, m), 3.94-3.90 (1H, m), 2.28-2.14 (2H, m), 2.06-2.00 (2H, m).
13C-NMR (CDsOD) &: 175.21, 166.48, 164.71, 162.26, 146.03 (q, 3J(C, F) = 4.5 Hz), 137.53 (g, 3J(C, F) =
3.2 Hz), 131.02, 129.76 (d, 3J(C, F) = 7.6 Hz), 126.92, 124.21, 121.40 (q, 2J(C, F) = 65.8 Hz), 117.69 (d,
2)(C, F) = 19.1 Hz), 114.84 (d, 2J(C, F) = 23.8 Hz), 113.09, 70.78, 44.88, 42.24, 31.63, 31.10. HRMS

(ESI") m/z: 425.1302 (M-H)" (calcd for CioH1sBFsN,O4: 425.1301).

{5-Chloro-2-[2-ox0-2-(4-{[5-(trifluoromethyl)pyridin-2-ylJoxy}piperidin-1-yl)ethyl]phenyl}boronic

acid (62b)

Step A:
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2-[4-Chloro-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-1-(4-{[5-(trifluoromethyl)pyridin-2-yl]
oxy}piperidin-1-yl)ethanone was prepared in a similar manner described for 46a. Yield: 39%. 'H-NMR
(CDCls) &: 8.40 (1H, s), 7.79-7.77 (2H, m), 7.35 (1H, dd, J = 8.2, 2.3 Hz), 7.21 (1H, d, J = 8.2 Hz), 6.79
(1H, d, J = 8.6 Hz), 5.35-5.29 (1H, m), 4.04 (2H, s), 4.01-3.95 (1H, m), 3.80-3.75 (1H, m), 3.53-3.39 (2H,
m), 2.00-1.94 (2H, m), 1.77-1.70 (2H, m), 1.33 (12H, s). MS (FAB*) m/z: 525 (M+H)*. Step B:
Compound 62b was prepared in a similar manner described for 47a. Yield: 53%. 'H-NMR (CDs;OD) é:
8.49 (1H, s), 7.96 (1H, dd, J = 8.6, 2.7 Hz), 7.40 (1H, d, J = 2.0 Hz), 7.19-7.16 (2H, m), 6.98 (1H, d, J =
8.6 Hz), 5.53-5.49 (1H, m), 4.08-4.01 (5H, m), 3.93-3.90 (1H, m), 2.27-2.14 (2H, m), 2.09-1.96 (2H, m).
13C-NMR (CDsOD) &: 174.92, 166.48, 146.03 (q, 3J(C, F) = 4.8 Hz), 137.53 (q, 3J(C, F) = 3.2 Hz), 134.00,
133.74, 131.59, 129.67, 128.09, 126.93, 124.22, 121.41 (q, 2J(C, F) = 33.1 Hz), 113.05, 70.72, 44.91, 42.27,

31.57, 31.06. HRMS (ESI") m/z: 441.1018 (M-H) (calcd for C19H18BCIFsN204: 441.1006).

{5-Methoxy-2-[2-0x0-2-(4-{[5-(trifluoromethyl)pyridin-2-yl]Joxy}piperidin-1-yl)ethyl]phenyl}boronic
acid (62c)

Step A:
2-[4-Methoxy-2-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)phenyl]-1-(4-{[5-(trifluoromethyl)pyridin-2-
ylJoxy}piperidin-1-yl)ethanone was prepared in a similar manner described for 46a. Yield: 61%. *H-NMR
(CDCls) &: 8.40 (1H, s), 7.77 (1H, dd, J = 8.4, 2.5 Hz), 7.37 (1H, d, J = 2.7 Hz), 7.22 (1H, d, J = 8.6 Hz),
6.95 (1H, dd, J = 8.4, 2.9 Hz), 6.79 (1H, d, J = 8.6 Hz), 5.32-5.30 (1H, m), 4.04 (2H, s), 4.01-3.96 (1H, m),
3.83 (3H, s), 3.56-3.44 (3H, m), 1.99-1.90 (3H, m), 1.79-1.74 (1H, m), 1.33 (12H, s). MS (FAB*) m/z: 521
(M+H)*. Step B: Compound 62¢ was prepared in a similar manner described for 47a. Yield: 30%. *H-NMR
(CD3OD) &: 8.48 (1H, s), 7.95 (1H, dd, J = 8.8, 2.4 Hz), 7.08 (1H, d, J = 8.3 Hz), 7.01 (1H, d, J = 2.9 Hz),
6.97 (1H, d, J = 8.3 Hz), 6.77 (1H, dd, J = 8.5, 2.7 Hz), 5.52-5.48 (1H, m), 4.07-3.94 (5H, m), 3.90-3.87
(1H, m), 3.78 (3H, s), 2.24-2.13 (2H, m), 2.06-1.95 (2H, m). *C-NMR (CDs0OD) &: 175.79, 166.76,

160.00 , 146.29 (q, 3J(C, F) = 4.5 Hz), 137.77 (q, 3J(C, F) = 3.2 Hz), 129.32, 127.70, 127.21, 124.4, 121.66
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(@, 2(C, F) = 66.3 Hz), 116.76, 114.56, 113.33, 71.19, 55.82, 45.06, 42.32, 31.95, 31.40. HRMS (ESI")

m/z: 437.1479 (M-H) (calcd for CaoH21BFsN20s: 437.1501).

Ast7/k StOE il

Enzyme assay

Recombinant human HSL was expressed in a Spodoptera frugiperda Sf9 insect cell using the Bac-to-Bac
Baculovirus Expression System (Invitrogen. Inc.). The infected Sf9 cells were suspended in 3 pellet
volumes with homogenization buffer (25 mM sucrose pH 7.5, 1 mM EDTA, 1 mM DTT and protease
inhibitors) to the whole volume of 30 mL. The homogenate was sonicated on ice bath. Insoluble material
was removed by centrifugation at 18000 rpm for 20 min. The obtained 20 mL of clear supernatant was
utilized for in vitro assay. Inhibition of HSL was determined by a colorimetric assay that measures PNPB
as previously reported.®® The solution of human HSL extract diluted by 6-fold (10 pL) and various
concentrations of compounds in DMSO (10 pL) were added to a solution of 1.0 mM PNPB in a phosphate
buffer (0.1 M NaH,PO, pH 7.25, 0.15 M NaCl, and 1 mM dithiothreitol) (180 pL). The enzymatic
reactions were carried out at 37° C for 5 min. The solution absorbances were measured
spectrophotometrically at A of 405 nm at 0 and 5 min. Each assay was carried out in triplicate. ICso values

were obtained by fitting data to a nonlinear curve fitting program (GraphPad Software, Inc., La Jplla CA).

Kinetic HSL Experiments

To evaluate the mechanism of HSL inhibition, compound 16 was evaluated in substrate-dependent kinetic
experiments, and the corresponding progression curves as well as sets of Lineweaver—Burk plots were
generated. The reciprocal HSL activity was plotted against the reciprocal substrate concentration. The
initial catalytic rates of human HSL were measured at six different concentrations of the substrate PNPB
(0.75, 1.0, 1.5, 2.0, 3.0, and 4.0 mM) in the presence of three different concentrations (0.003, 0.03, and 0.01
KUM) of compound 16. The enzymatic reactions and measurements were performed using human HSL assay

conditions as described above for the determination of ICso values.
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Cellular assay

Lipolysis was measured in rat subcutaneous fat tissue cells (White Adipocyte Culture kit, f-8 purchased
from Primary Cell Co., Ltd.) differentiated for 7 days. After removal of the culture medium, each well in
the plate was washed with 200 pL of pre-warmed rat lipolysis assay buffer (a solution of 137 mM NacCl, 5
mM KCI, 4.2 mM NaHCOs;, 1.3 mM CaCly-2H,0, 0.5 mM KH2POs, 0.5 mM MgClz-6H0, 0.5 mM
MgSQ4-7H,0, 5 mM b-(+)-glucose, 20 mM HEPES, 11.1 pg/mL adenosine and 1% bovine serum albumin
(w/v), and the pH was adjusted to 7.0 by the addition of 1 M NaOH aqg.). Then, 50 uL of various
concentrations of compounds in DMSO was added to each well in the plate. The cells were incubated in the
CO; incubator at 37°C with 5% CO, for 30 min. After incubation, all of the culture supernatants in each
well in the plate were collected. Glycerol concentration in the culture supernatants was measured by Free
Glycerol  Determination  Kit  (Sigma-Aldrich). The solution absorbance was measured
spectrophotometrically at A of 540 nm using a spectrophotometer (SPECTRAMax PLUS384, Molecular
Devices Corporation Japan). Each assay was carried out in quadruplicate. ICso values were obtained by

fitting data to a nonlinear curve fitting program (GraphPad Software, Inc., La Jolla CA).

In vitro AChE and BuChE assay

A solution of the inhibitor (50 uL) was added to a 100 U/mL solution of AChE or BuChE (50 pL) and
preincubated for 10 min at room temperature. A phosphate buffer (0.1 M potassium phosphate-HCI, pH
8.0) (100 pL), acetylthiocholin iodide (final 500 uM) or S-butyrylthiocholin iodide (final 1000 puM) and
0.01 M DTNB in aqueous sodium hydrogen carbonate (1 mg/mL, 10 pL) were mixed with the
preincubation mixture in microtiter plates. The enzymatic reactions were carried out at 37°C for 15 min.
The absorption at 405 nm was measured at a spectrophotometer at 0 and 15 min at 37°C with shaking.

Inhibitory activity was measured at 1 uM, 10 uM, and 100 pM respectively.

In vivo inhibition of lipolysis of compound 16
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Male Wistar rats 8 weeks of age were purchased from Japan SLC, Inc. 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. Overnight-fasted rats received vehicle (polypylene glycol/Tween80 =
4:1 (viv)) (n = 4) or compound 16 in the vehicle (1 mg/kg, 3 mg/kg and 10 mg/kg body weight p.o.; n =3
per group). EDTA-treated blood samples were collected just prior to and after dosing at 0.5, 1, 3, 5,and 7 h
from tail veins. The blood was centrifuged at 12000 rpm for 5 min at 4°C to obtain the plasma. The plasma
samples were stored at -20°C before analysis. Plasma glycerol levels were determined using a Free
Glycerol Determination Kit (Sigma-Aldrich). All experimental procedures were reviewed and approved by
the Institutional Animal Care and Use Committee at Daiichi Sankyo. The relative value was calculated as
the following formula:

Plasma glycerol reduction of the AUC—7h (%) relative to compound 1 = {[Plasma glycerol AUCy—n value
(vehicle group) - Plasma glycerol AUCq—n value (test group)] / [Plasma glycerol AUCo—7n value (vehicle

group) - Plasma glycerol AUCy—n value (compound 1 group)]} x 100

In vivo inhibition of lipolysis of compound 41b

Male Wistar rats 8 weeks of age were purchased from Japan SLC, Inc. 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. Overnight-fasted rats received vehicle (polypylene glycol/Tween80 =
4:1 (viv)) (n = 4) or compound 41b in the vehicle (1 mg/kg and 3 mg/kg body weight p.o.; n = 3 per group).
EDTA-treated blood samples were collected just prior to and after dosing at 0.5, 1, 3, 5, and 7 h from tail
veins. The blood was centrifuged at 12000 rpm for 5 min at 4°C to obtain the plasma. The plasma samples
were stored at -20°C before analysis. Plasma glycerol levels were determined using a Free Glycerol
Determination Kit (Sigma-Aldrich). All experimental procedures were reviewed and approved by the
Institutional Animal Care and Use Committee at Daiichi Sankyo. The relative value was calculated as the

following formula:
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Plasma glycerol reduction of the AUCg—7h (%) relative to compound 1 = {[Plasma glycerol AUCy— 1 value
(vehicle group) - Plasma glycerol AUCq—7h value (test group)] / [Plasma glycerol AUCo—7n value (vehicle

group) - Plasma glycerol AUCy— n value (compound 1 group)]} x 100

In vivo inhibition of lipolysis of compound 62a

Male Wistar rats 8 weeks of age were purchased from Japan SLC, Inc. 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. Overnight-fasted rats received vehicle (0.5% methylcellulose solution
(W/Vv)) (n = 4) or compound 62a in the vehicle (0.3 mg/kg and 1 mg/kg body weight p.o.; n = 3 per group).
EDTA-treated blood samples were collected just prior to and after dosing at 0.5, 1, 3, 5, and 7 h from tail
veins. The blood was centrifuged at 12000 rpm for 5 min at 4°C to obtain the plasma. The plasma samples
were stored at -20°C before analysis. Plasma glycerol levels were determined using a Free Glycerol
Determination Kit (Sigma-Aldrich). All experimental procedures were reviewed and approved by the
Institutional Animal Care and Use Committee at Daiichi Sankyo. The relative value was calculated as the
following formula:

Plasma glycerol reduction of the AUC—7h (%) relative to compound 1 = {[Plasma glycerol AUCy—n value
(vehicle group) - Plasma glycerol AUC—n value (test group)] / [Plasma glycerol AUCo—7n value (vehicle

group) - Plasma glycerol AUCy— n value (compound 1 group)]} x 100

Pharmacokinetic evaluation in rats

Each plasma sample was prepared as described above, followed by mixing with water, acetonitrile, and 1S
(internal standard) acetonitrile solution (20 uM of niflumic acid). For each standard sample, each standard
solution of test compounds (0.02, 0.05, 0.2, 0.5, 2, 5, 20 and 50 uM) was added to blank plasma and mixed
with water, acetonitrile and IS acetonitrile solution. After vortex mixing for 5 min at room temperature, the
mixtures were added to a Captiva plate (Agilent Technologies) and filtrated. The filtrates were subjected to

LC-MS/MS analysis using an APl 4000QTRAP (Applied Biosystems/MDS SCIEX). Cmax and AUCq.7n
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were determined by a non-compartmental model using the BioBook function of E-WorkBook Suite (ID

Business Solutions Ltd.).

GSH trapping experiments

For the GSH trapping experiments, each test compound (500 puM) was incubated with human liver
microsomes (2 mg of protein/mL) supplemented with an NADPH generating system and an equimolar
mixture of GSH and stable isotope-labeled GSH ([*3C,, *N-Gly]GSH). After 60-min incubation, the
reaction was terminated with acetonitrile containing propranolol, followed by centrifugation and
concentration of the supernatant. Incubation without NADPH or a substrate was performed to obtain
control samples. The analytical samples were subjected to LC-MS analysis in full scan MSE mode using a

Q-Tof Xevo mass spectrometer (Waters). The data were analyzed by MetaboLynx software (Waters).

Metabolic stability

Each compound (1 uM) and rat liver microsomes (0.5 mg/mL) were incubated in sodium phosphate buffer
(pH 7.4) at 37°C with an NADPH generating system. After 20-min incubation, the reaction was terminated
with MeOH. After centrifuging each solution separately at 3500 rpm for 10 min at 4°C, the remaining

parent compound was determined by LC-MS/MS.

Parallel artificial membrane permeability assay

Parallel artificial membrane permeability assay (PAMPA) was carried out using a Freedom EV0O200
system (Tecan, Méannedorf, Switzerland). The filter membrane of the acceptor plate (Stirwell PAMPA
Sandwich; Pion, Billerica, MA, USA) was coated with GIT-0 lipid solution (Pion). Each compound
solution in DMSO (10 mM) was added to Prisma HT buffer (Pion) to obtain 5 uM donor solutions
(containing 0.05% DMSO, pH 5.0 and pH 7.4) and placed on a donor plate. The acceptor plate was filled
with an acceptor sink buffer (Pion). The donor plate was placed on top of the acceptor plate and incubated

for 4 h at 25°C. After incubation, the concentration of each compounds in both plates was measured by an
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LC-MS/MS system. The permeability coefficient was calculated using PAMPA Evolution DP software

(Pion).

Distribution coefficient

The distribution coefficient between 1-octanol and PBS was assayed using a shaking flask method. Equal
amounts of PBS and 1-octanol were shaken and left overnight. The upper layer (1-octanol) and lower layer
(PBS) were collected individually. Each test compound was dissolved in 1-octanol or PBS (200 uM). The
same amount of either PBS or 1-octanol was added and the mixture was shaken vigorously for 30 min at
room temperature followed by centrifugation at 2100 g for 5 min at room temperature. Then, both phases
were separated and assayed by HPLC and LC-MS. LogD7.4 was calculated by the following equation:

LogDy~.4 = log (peak area of compound in 1-octanol/peak area of compound in PBS).

Plasma protein binding ratio

Plasma was obtained from male Wistar rats purchased from Charles River Laboratories Japan, Inc.
(Yokohama, Japan). A 10 mM solution of each test compound in DMSO (10 pL) was added to 190 pL of
CH3CN, and the mixture (6 pL) was added to a 594uL of plasma (final 5 uM). The plasma sample (200
pL) and PBS (350 pL) were transferred into the sample chamber and buffer chamber of a RED device
(Thermo Fisher Scientific Inc., USA), respectively. The dialysis device was placed on an orbital shaker in a
CO incubator set at 37°C and 5% COg, and incubated for 5 h. After incubation, the concentration of each
compounds in both plates was measured by an LC-MS/MS system. The plasma protein binding ratio (%)
was calculated using the following equitation:

The plasma protein binding ratio (%) = 100 — {peak area of compound in PBS / (peak area of compound in

PBS + peak area of compound in plasma)} x 100

Solubility
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A solution (50 pL) of each sample in DMSO was freeze-dried to remove DMSO. To the residue, 250 pL of
Japanese Pharmacopoeia First Fluid or Japanese Pharmacopoeia Second Fluid were added, and the each
mixture was stirred at 1700 rpm for 4 h. After filtration of the mixture by Whatman Unifilter, the resulting
filtrate was diluted with DMSO to obtain the measurement sample solution. Concentration of the filtrate

was analyzed by HPLC-UV using Acquity UPLC (Waters) based on the calibration curve of each sample.

Calculation of HOMO energy and HOMO-LUMO gap

The conformations of each compound were obtained by using Program Ligprep®” and then performing
conformational search of MacroModel®” with OPLS3 force field. HOMO and LUMO energies of each
compound were calculated by Jaguar®” in Schrodinger using density-functional theory calculation with

B3LYP/6-31++G(d,p) basis set.
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