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General Introduction



1-1. EER

1-1-1. 227 Y —= v JRI%

HRlNx 2 v 7L OMAERIC XV EMZRTHTTH Y, T TRECHER. G
2 v g BRHERZ R (GPCR), 44 v F ¥ A VICESL T T, kA REERSFEER L
L723FIBFINTHED, ZhFE T, 2o DRBHENICTT 2K TR OEELE
MmErzize y MLEMZE RO 2 00 ERERT 70 —F L LTAAANV=T v F X7 Y
—=v 7 (HTS) AL VWL N T & /2, HTS 3—MINICHEM 2 EHAE & A &7 iR
KX LT, 77 F&E 500 A2 0 a 28t d 0 KREEGILEY 74 77V =5 0iEEST
ZRIET 27200 FEKTH Y (Figure 1-1 (a)?, HEEPESLT H T I T7ERTILL AV S
NTws, £/, ey P LTHEONLALEYBRIGFEDO 2 —7 v F DY 7 FOFR
D2 b H Y, ThE ToOEEMICH > Tflb 2 muAEGLEZA T 2LEY DA
WIENLDZ EDWRFEIND Y, L Lass, HTS 3R 7 ) —=v 7 %17 5 {L&WEH
ZCERCPHRZEST 2 2 L, MhtimEk 217 5 BICHREME & < 72 2 /5%, ORI
PEREL R EEMLE L TCAEY LA TETL 5 WE, MEN DL VCOREIRT
H 5,

% ZC, HTS & 3Rl 0AIZE T 7a —F ke LT FBDD (Fragment based drug discovery)
BRI N7, FBDD 137 7 7 A v P LI 5 7018 300 AT 2572 5 5 b {b&Y % H
WTRZ Y —= v 7 %iTw, MEomEic X WVERZ v Ficn L CHAER%Z 3 %
V— MW 2T 5 -0 g3 cH %5 (Figure 1-1 (b)®, 2okl HTS T
B e T2 ERRETH S 72/NE BT I AN A= L COMEEESE L, 1 TR
Eo XY 2o {bEYEE (Fragment library) T v FEREFEHFT R TE 20, T/,
FBDD THIW b 1 2L APIEEIE— AT Rule of three, 3% b bor1& =300, KEMEH
AR ZEEOE =3, cogP =3, RIERA[RER G =3 2RI N2, 2070,
REERICy v 7T, KBERRZR TV 2 26 ) — FEAY~D BRI TVuR 3 v
ZebRY vy PELTETONED,


https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/hydrogen-bond
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/hydrogen-bond

(a). High Throughput Screening (HTS)

by oMo —

compound library (Mw=500) protein

(b). Fragment-Based Drug Discovery (FBDD)

reversible
. structure inhibition
. + screening ! I optimization | |

fragment library (Mw<300) protein protein

Figure 1-1. Schematic diagram of drug discovery method. (a). High Throughput Screening
(HTS), (b). Fragment-Based Drug Discovery (FBDD).

L22L723b, FBDD TIIfEH I N2 {LEVD VA XN Z iz, FE v o378
L OREABMEMER N Z 23 TH B, HTS 7 v & 4 CllilH, MEEEEiE (Ko 23 nM
~pM #7223, FBDD To b v MEUAYILEE ., pM~mM TH % & 5T 350,
ZD7H, A7) —=v 7 ORBICIIRE 7 7 XE VK (SPR). NMR, X #k i g
BV =<7 b T v A h EOEYYEAR i 2 BE L. MiarllET s LT
bty MEAWEEEL T BERHZ9, chboifiz 6, FBDD (X, HTS 2> T
b2 doTirA, HTS L AEEHcHwbn S,



1-1-2. 2L v+ F Iy Z7OHR
FdL7ZLSiccnEcor 7 72y MeAYEEMERH =01 e v MLEY 215
WK WHRYEH L, 22 T7 77 AV MEAYOBRBEMEZH S -0 iR 2 v o2 H e
HE/BEEERT 2a"L Y PRIy 772G T7 77XV PRIERTONS X 9Tk o
Teo ALY M F Ty ZEA B EMEERE T 2 ) Ay VRIS 2. B O K%
YT 2 WRIE L G T 2 720 ORE T ICHE: (Warhead) #OFeFH, a XL v b F
Sy S LHER R v X2 ERMHEMEHT 5 2 LT, BN & v oS 2 BRI O KEET 2 7 B
& warhead IC31 3 2 REECERTHEL X 5 (Figure 1-2 (), 2HLHD 7 57 A v b idJELL
ARG AR %Z T 2LEME ZRARY Z Vv AN THEBHEL W &2 bEuiES
e RWERIR 2635 & o 2 E Fo 00,

(a) (b)
Warhead A 4
covalent

bond

an k""a

—_— targ!%t _m, target Off—tiarlget
‘:(_ protein protein protein
off
Irreversible Side effects
inhibition

Figure 1-2 (a). Inhibitory mechanism of covalent inhibitor. (b). Off target labeling of covalent

inhibitor.

ZDXHICaNL Yy NIy E% DAY vy P EFET 55—/ T, warhead DISHED
oy b L ITENRREPAERCGEICIIENUND X v N ETCH A7 2 =T v + X
Vo LEAEEREER L CL ¥ S RS S % (Figure 1-2 (b)1?, 2o Xk HIcLCTE
THER & 2 v o HOEAERIIRA REER 25 2 RS2 e BB EaI s, ERICEY
DIEEHEE R 75 1T K0 SRICHEGHEE ~ b e x h, & v o327 B < DNA 7g UK
B RIS L, ZDREZHE T 2 2 & TRMEM 2 RBT 2 2 e rMEIN T35, £/,
KHEEY . 2 v o3 7B e OEAEERIIPUR & L TRl S i % 2 iEt b U, ffufESE Al
FREEE, X OICHEEREAICEBEAEZEIZRC T bH 2, flx X, MEEEREE
ELTHIONET 2T 72 v OEEEREVITHE NTFAL-p-Rv I *X )4
1 v (NAPQD (I, Iflio CYP EEFRRCTHER I, HIRKICITEI L TwE 72 F 4 v
KXV I s, Lo L AaW&aRENEEIC XY RO 72 54 v H»kE L 72856120k
NAPOQI 3% L. MFHIIE#E S o5 E 2 5] 2 2 3 (Figure 1-3 ()Y,

¥ 7o ROSEED RIGTEDS A ER ST CRERICRAFERE 2285680 5 5, 21X,
Grygorenko b ¥, PV TV EENE LT 77 AV MR ) ==V T RITH DIC AN

3



RV TINAY) FERIGREE LTRO2FED T4 77 ) =% L7208, A MLIic A
NEVYT I FEET3LEWTIEE A LEDGE. NUKSRICX WG T 2 2K Vg T
gy & LCEigEE i, 1 HUHICE K 23032 2 & 2R L T % (Figure 1-3 (b)) 19,

(a)

Off target H
; N
H\n/ cYP ,N\n/ labeling N
,©, o) o HO ©
HO o : -
~
off-target
protein
(b) OH
H
SO,F RN O SOF ) o Oxdz0
Clo,S 1 2 RZ‘N’]:'% hydrolySIS RZ‘N’ﬁ
éq © FI21 o
unstable

Figure 1-3. (a). Mechanism of hepatoxicity by acetaminophen. (b). Decomposition

mechanism of sulfonyl fluoride derivatives

R U7 X5 R Z RS 2720100, ROCHED OGS Z @RI+ 26 2 L EE
THb, ZDLOFFETIE, 2V 7B EBIMHEENT 2 7y Ve, 7 27
B EHe L 7R IC O AIE T 5 X 9 il B I OO AT S 7z IGE 2 F L, BEER
Hom ExERLZa Ly FJ v 7 Ch % Targeted Covalent Inhibitors (TCIs) D Bf¥
DA o T3, TCIs DR e LT, Ticilifi L7 RBICH 27 I/ BRE L DA
FRRICKIET 2720, cnEToa Ly FJy 7Tl S 7 EEZ&2RIEHO K
HFanz09, cnFc7 A Y HEMEIHENE (US Food and Drug Administration : FDA)
KR I TCIs & LT hEfidhTw b ESIE osimertinib $° afatinib, ibrutinib,
sotorasib 7z & 28% % (Figure 1-4), osimertinib % afatinib |% & E R 2 &4& (EGFR)
DFuvvFF—YHEAE L THMONTEY, Cys797 LIEH-AERKT 5 2 L CHllg
D HE5E % Wi L YU R 2 Fefii 9~ 5 0718, £ 72 ibrutinib 13 B #HAE D E{E & HGiE I =L
% B MilEZAEROTRICHDEFF—¥THL 7V vy BFur vy —+ (BTK) O
Cys481 HHEE %R L. BMluZEAY 7 iniZolE, B MildoiEEbtoK T, &
LFUT R = 2DFEEZ D 72531920 sotorasib (3BT TH 5 KRAS © G12C AR
RIC/ERI$ % covalent inhibitor T&% . FBDD Al#2:56 1) — LI N EH ML TH 5@

22)

o
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Figure 1-4. The representative TClIs

LA LAaDBS, BITRLZX Y ic, TCls icksw»wTRE TR IR SIGHE A E W~ A 7
NT 2 TE— (MA) 2BAT BT —ARBETH3B, £/, covalent FBDD i B1F 3 Hl
HICBWTH VAT A VEFNE LEERIGEE LTE~A T AT 72 72— HI KB
MRE w77 eF ik (CA) PHEI TV 3 10, FEER Cravatt LD 7' v — 713, BE
HDORATNT 272 =% 5k LTHT S TCls KT AF v 272 E AL 70—
7 xAFBLL | gel-based ABPP %1757, % DGR, KIRA - R CIIENRRRIC 7 a
— TOMER T 2 A5, MR K ONBERESEAIN S B o, JERRESSASHEAN LA IR 1 s
Hbis T LEHME LTV,

DX RERP S, UHEETIRINT TD CAEPL MA X0 biECHr o %2 F
ORIGEL LT a-Zuvua7zatua T b7 3 F (CFA) B2 R+ L hL 72425,
CFARRIIANVEF=NED a fric w7 v a2 EHT S a-~aT7t b7 I VOB THEE R
FICHEEBET 2 &h b, EFFRKIEA DL, po¥shoimva L v FHER~DIS
M s x5 (Figure 1-5 (a)), EBRICAFE TR L 72 CFA 5% EGFR FHEH~ &G
L7728, EGFR i) L CTREREDE W T _AALBTE 5 & 2353 D - 72 (Figure 1-5
(b))



(a)

(0] H (@) o] o] 0
~ NN cl % F 2 .Y
C|\)LH/\ ril’\/\g’ ¥ fl\u/ Bth)LH ﬁcn/lLﬂ/ F\)L”/’i
CA MA CFA
t’2(h) 0.037 0.51 4.44 349 39.6 42.3

reactivity highﬂ low

(b)
L L g
<\§ n HN | E “ HN 1 <N\§ n ljl N 1
WIS A0 AT

=
MA probe CFA probe CA probe
o MA CFA § CFA CA
conc. (uM) % 0105101051 conc. (UM) O 010510105 1

MW (kDa) MW (kDa)
150 4 150 +
100 4 100
75 4 75
50 50 —
37 37 4
254 25 ]

Figure 1-5. (a). Reactivity of electrophiles. (b). Gel-based ABPP. A431 cells were treated with
MA probe, CFA probe, or CFA probe. (0.1-1 uM, 2 h, 37 °C) 9.



1-1-3. 2LV FFIv 707572 FRIEIGH

aNLY MNI YT ERAWET 27X PRBRIRIERDIEEREAN R T 7 7 A v Ml
3 (FBDD) &L T, WX v N7 B OfAREDSKIEICH 325, 20720, i E
TIHENE T HZEBAAREE INTE XV NI HEICNLCHAIFE L -y P EeT 2
LoREL b, BT, 777 AV FBHAREGERIEKT S L2 MAL, WEER—X
2oy 7Ta 774 ) v 7 (Activity-Based Protein Profiling) % FH > 72 Bl SERFZE 23 1] BE
72 % (10.26,.27) - 2Rz Backas H1F CAR L7 27 VAT I FEMCEELTHET L2V AT A
VEBENE LEEEEA T 7 Ay 7477 ) — (Figure 1-6 (a)) %# 60 FEEEREZE L |
ERN 7T v T4 I 7 RENTFETH 5 isoTOP-ABPP %175 T & CAMEH D e
AT A VEFEERRT, ZORRESE 700 2R 5 AT A4 VEEOWE Y Y FEREE
i€ L 7= (Figure 1-6 (b)), [A/E & N7z UG HEERFED W Ot S E CTICEER L2 EHE L v
EEZLNTOWIIER TR & v o i & T E Y (Figure 1-6 (c)). covalent
FBDD Z3RIEEX —7 v P L LTI L WE INTELZ VNI HTH-TH, U —FLA
VaE AT e B CTE 2BNRAEEFIRLE R L ARBL TN,

(a)
0 B _
\\J\N,R1 C - et o gment
R2
(b) (c)
Liganded cysteines Liganded protelns [~ DrugBank Transcription factors

(758) (637) proteins (92)

‘ - Chaperones
o Channels, transporters,
receptors
Unliganded Cys Unliganded proteins Non-DrugBank Uncategorized

(5,399) (2,248) proteins (545)

and regulators
Adapter, scaffolding,
modulator proteins

Enzymes

Figure 1-6. (a). General structure of electrophilic fragment library, (b). Analysis of cysteines

and proteins liganded by fragment electrophiles, (c). Hit proteins by electrophilic fragment
library@®.



7, BT 77 A MEAMERCIZHERA 7 ) —= v 3B iTbhTw» 5,
Dubiella &1, F@RIcBS 32 ) VBBUKFET v ) Y AV X 57 —¥TH % Pinl ZfF
e LEFERE77 7 AV MNCXERZ ) —= v 7% {7572, Pinl IR AT 4 v
BFE (Cysl13) 26H T2 ¢RI NT WS, ZDDHELIITZ7IALT IFEa-7801
T M7 INERIGEE LTHT M 1000MDKRETFET 77XV FF74 77 — %
L. LC/MS f#&Hr< Pinl OREEER & GHAZIEKT 2LEYW % FE L7z (Figure 1-7
(@), ZDFEHE, 111D 7 F 2" A~ F A Pinl % 50 %L EARARICRHE L (Figure 1-7
(b)), FEEWEIEMBIC X 2 & DL ##8C. Pinl O FRMHERE TH % sulfopin % B
Hi L 7z (Figure 1-7 (c))®@”,

(@) (b) (c)

Covalent fragment screen ) v Optimization
o Pin1 labeling
1%10 Unlabeled 50-75% al
n

~ 8x10° Laeed "‘O 75-95% °
2 . N S .

I » i > ¢ W >95% ?)

G 63 hits
4x10° g &A (6.3%) 31 hits C\)‘ N
2x10° N (8.1%) S
| (@)

04 | . . , :
Total of 111/993 hits
15,000 15,500 16,000 16,500 17,000 (11.2% hit rate)

Mass (Da)

Intensity (A

Sulfopin

Figure 1-7. (a). Covalent fragment screening using CA and AA library, (b). Distribution of
hits in the Pinl screening campaign and their corresponding labeling. (c). Creation of hit

compound (Sulfopin) by structural optimization®.

X oc, Al cottFiEA D 7 5 72 v FARRL {ThILTw 3, Daniel K. Nomura
Six, CARLTZ7IAT IVEERIGEE LTHET 27 77 2 v MLaY % Bl A H
KON TH % PaCa2 MK LCiimL., AMilECOR 2 ) —=v 7 2fTo7, Z Dk
% PaCa2 Ml D417 % BALICI/Y X & % DKM 2-67, DKM 2-83, DKM 2-93 # R L 7=
(Figure 1-8 (a)), & 51T isoTOP-ABPP %1795 C & TIEMN Y AT 4 v 27z & 2 A,
DKM 2-93 iZ2 v %5 vk X v 37 B Th 5 UFMI1 %36t 2FE CTH b, PaCa2
MR D HAIc B CTH B UBAS @ cys250 & EEIRICHAT 32 0830017
(Figure 1-8(b))®?,



(@)

survival screen in PaCa2 pancreatic cancer cells leads
2.0 Q
NN
H
T 1.51 DKM 2-67
2 0
% 1 0 N ’©/\uﬂ\,0|
0.51 ° DKM 2-83
o
/OIDANJ’\/C'
H
° DKM 2-93
(b)
isoTOP-ABPP analysis of DKM 2-93
in PaCa2 pancreatic cancer cell proteomes
9 & UBA5 C250
2T e
254 7
28 3 §
<. 4
£3 ——
8 8 1'/
b O - T L) L) 1
0 100 200 300 400

peptides

Figure 1-8. (a). Fragment screening of a library of cysteine-reactive acrylamides and

chloroacetamides in PaCa2 pancreatic cancer cells. (b). isoTOP-ABPP analysis of DKM 2-

93.

L7z X5, R v 2B GHAZBKRT 2a Ly Moy 7 72y Meds
MERWIZRA ) ==V IREALTR>T0dE, L2LAaBb, YATAVvEERNE LK
777 AV PhORIEHEEE LTIE CA P AA 2% HvebnTnwg, 77272 Me
BYNE—RIIC & v o 28 L DN ME N 72 0 R EEE oL A & v 2 BE D H
5, ZD—J]CRITR L UCHEZH T 2{LEW %2 SIRE T 5 Z & 1T off-target & ¥/ %
7HE DT ALl EEIC S O30 A7) —= v ZIRFICEGED S < 7e 2 JRIK I
bhd, 200, BeraIGEEET 2 CFA 7 7 7 Ay MeaMa Wiz 7 2 ) 24
TR ) — = v IR P IER RIS OMENC O3 ) . A — Ty FEOE AR

SO 5 LRI NG,



1-2. i HE

FBDD 3R#y % v o3 7 Hicxtd 2 il o [HEAIEAI L &Y 2 A3 720 ich A FEB T
BB, BTEPNIWIDICE v B EOMAEER?R5EL. vy MEAYEREZIT
TEBEGTER G, —F, 777 AV MIRIGEZEA L7 covalent fragment IC X %
FBDD flE iV CifadifittodErsRiisnsg C Ly b, HEAIEMLAY OBER
CIEHICART® 5, £/, UMEETIEHZzMIBT 24 7 v — 7 ORFEZ{To T
5, ZD7-®, YFRECTHBICHIEL Eer a2 H T2 CFARZEALZ7 7
AV e e, REemB T 2Ht T e -T2 lladbE LT AV TFY T4
DEHia L v P RIOREHER 2 TE 2 L F 27,

ZZT, A CTIECFAREZRIGELE LTHT 2777 AV 72477 —%2Hv7R
# e il 2 (LEYORFE L 2 OEREFF O Z HI & L 72,

H—E T, YEECHBICABEL G TH S CFA B2 EBEALL7 77X v b
FAT ) —DWERERITo7, UIEETIEINETIC N, v 2ER L L 7= EH OB
FICHRII LT3 23, 2 DRSICHESE L7 CFA 5475 ) —0¥t 30 BECTH 0 ol
Tld o7z, % T THLICK 120 M ZHEE S 2 2 L CHEOSHRIEICE ALK A 77
SRV MUEMBEREL, 72 ) 24 TR YV —=v 7 Tey MULEYZRE L7014
B ER AT,

B TIE. UATYIFEE RS L 72 BIELRHIA S 7' e — 7 O SO o dE L
CFA BEZRIGH L LTHT 2% 7 7 7 X v ML E R W2 Fi#l A& B B LHER o
FAFAHIE L7z, hE co BBRLIHEARNIIIERAGRAROILAY RS L, FhpFHw &
Vo MDD, 20720, BRI T 2 LERAHEAN O IIIFEFEICEH TS
5Z8hb, vy MUAYOBERZITo 2,

BEECHE2ETE Y PRV AIHELEONTELZEYRTI VY - UV Y VEKER
T 2LEPICDOWT, gel based-ABPP 2> b ifila N T o REZEE) 2883 5 & dkic, 7 I
NTBTFITAMBHICE D ey PR YN IEERE Lz, EHICey PRV ASTEEL
THE L N7, proteinX1/X2 12O T, KHIEE#E % v T ABPP 2 X 3 T ~ AALZEE) DfiR#T,
FHEVE PEETAR 2 17 5 L 4kic, proteinX & B #EfL & DBHRMEZIHS A i LD TRl L 72,
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Chapter 1
Construction of CA/CFA fragment libraries.



1-1. &%

IANLY Ty BN R N EMHEFRE T 2 ) Y FEAL L SRIZET 1 2 B
Bk & BEE N 2B L, HEREAERERT 2L cx v "7 HoBEERHET 2 & h
5. LA BRI ZH T2 & o Ri#a o002, gk, aSL v bR Ty
ZRIBRICE T 2T Tu—F ke LTk, okt anzy 7y Fick L CRIGE%
B AT % ik (Figure 1-1 () 23— TH 290, BECRIILERKARZ R T 200D
Mok LT, HElEx vy 28R ZY I 2L —va VETT % In silico
docking (Figure 1-1 (b)) 284 WS TW B W, KFiECIIEHRERIEZ T 217
D7D AN—Ty MED EBRAENS, 2D—T7 T, FIHFRER X —7 v b & v
JHEPREIND Z LA, & VX7 EOFRREICHRNICRLC & 373K E 753 o [
A ORIGEEZ FHITE iz il OGO R LEY 235 b 5 ATREM 3 H % ),

¥, OO FIEL L THTRORERILEMEH VZaNLY P FIy ZICk bR
2V ==V ZRERED DD, AT7X =T v b XV NZEEDORIGDOBENCHEEE I 5
ft&Pinie y MLEWIE L TR OLNZAREER D Z b, A7) —= v JRIEEE LT
BT O N BHEAICH BT,

. . e Target protein
imatinib i i

N - 1\ B 5
|\ N™ °N N O | :

Lead QSAR MD Binding affinity ~ Post-dock

JNK-IN-1 (o] i Studies

System Preparation

Figure 1-1. Drug Discovery Approach for Covalent Drugs. (a). Methods for introducing

reactive groups into known ligands. (b). In silico docking®.
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INLDOERPLMESTE Mw=300) DLWz vica Ly PO 7Z 7% v ¢
A3 (Covalent fragment-based drug discovery; covalent FBDD) 285/A < w6 T3,
aNLy o7 77 Ay MEEWRBMEDS Y A v FEALICN L CRUGHE %2 8 A
T2, k07 Z 7 Xy MUEYORTER TS 2KBRIEZH > 2 LA TE 260,

KERICHPIRETE N T TR RISTEDE W CARL <A T AT 7% 72 —icfQ
DL WRIEHE LT CFA RAZFAF L 7zo CFARZEALZa LY RO 7 7R
v MEEWER 30 FEEEEE L, AT A v T u T T —X¥TH NN, vEERNE LR
7)==V T % (To7z, ZORER, RV FT V= NVEKERED 30 2584 v OHER
& LTCRIL 7 (Figurel-5(a)), 512307 v% v ZEAL LAY 30-yne Z/EHL L
ABPP % AT o 72 ffi, X4 v & T AL LEE L ARG Z TR L T 5 2 & 2l L
7z (Figurel-5 (b)), F7z, 4 YA OREHR L L CTid. iR olEE<©H 5 GAPDH
. WEROTFE WA v EHTH S Ag85C #HET 27 7 7 A v MELEYIDOEZRIC
R LT3,

(@) (b) o 30-yne(uM)
g 2 5
X Q
i NQOH MW (kDa) O N~V 9
|
Cl 150 4
A
g H 75 -
30 50 4
37 A

Vo
O N O
I A

T |- ———
20 -

30-yne Fluorescence Coomassie

Figure 1-2. (a). Chemical structure of 30 and 30-yne, (b). Concentration-dependent labeling

of Papain using 30-yne.
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FRL7zkoic, aSLy b FIvr07 772 MEIBRICEBWTIX, 74770 —1t
EMERRN 2 v o) VIR S S IHEEE 2 R T LAY 2 EENICHEERE T 2 H2[RETH
2, LoLadb, TUHDORI ) —= v ZAFRICE I RNICEL RO X v o7
HEHETAIHERD ) SHOEM T 52 L. %< OHEIEDL 3 RHR 2 EN &
L 7ZHEFI OB ICIIAHMETH S, 2D, ThbORERFRT 2 -0 EfMes
M7z 24 TR ) ==V %7 TePEETH S, I HICHRITRL T,
w7z CFA 7 2 7' X v MEAYIEHK 30 FEE L 227 <ALV OREE L RRIE & v ) Blrid D
A t+no<chsd, 200, B 5CFA77 7 AV 7477 ) —DINRBPVHETH 5,
L2LZans, Al T 2a LY b 737XV PEHWERZ ) -2 v T T7 70
A Y MUEVOIRIC K 2 KBIBRRA 2 ) —= v 7 %{TH LT, A7 X2 —=7 v FRIGIC
X BIEFFRICVEC 2 ARENEREZ 5 2 e b A7 ) —= v KRR GIE 28 2 5 Al e
Wbz, 20720, 7772y MLAYOER RIS Z 18 LIFFRFERCZ M 2 72 X —
T FRIEERAT O MERD B,

INET, VATAVEENE L7 7272 MULAEYDRIGH % 3Hlid 3 ke LT
X, Z x5y (GSH) 72 BEdHoHIE R FICHW b T b (Figure 1-3 (a)),
THE, YATA VI T B RICEDO I EZE=2 —F 52 Lic kY, BENLA 7 X
— 7y RIS EY ICBT 2B LCHwL B0 L LAas s, EENT
DEBEDOWELRZ T T VA VY AN 7HEM S AT A4 voRIGER COREKTE 22 13K
HM#Ech b, X bic, REIERE T HPLC 2 HWCHliZ 1T 5 720, 74 77 V) —{L&PD
X 9 7o KB 70 FTAMIC 1338 L T,

¥ 728 0 JOGEEfENTR & LC, Craven & 13, ERAAHET Y v 7k (qIT) %Bd
FL-W, ZoFETIE, GSH T RATAVvERET IRV ANIHERETHT I 7 AV
MEaE —ERRKIC X E72kic, 7~V vEiEEaFRe LTHT 2% 7-diethylamino-3-
(4’-maleimidylphenyl) -4-methylcoumarin (CPM) % RKKIGD F A — L & KIGE 2, HHD
BACK D b F A — L% ERBMICHIET 2 /715 TH 5 (Figure 1-3 (b)), T O FETIIAFR &
LIz RV RNIBE TS 7AY MEEYZRICE®Z LA TE L2 LITMA, REET
HMECTEZ b FA—NoRGEFICH O TWE, LaLAaDEL, AFRiCE
WCINERTF A v EET AT AL E LTEMT 2 L, FA—ABELI s Lick
b, EMERT A —NVERILHEYT O N2, AIEES AL 7 4 FEITHIA CPM & G L
HHAELCTLE D L ORMEN S Y FERASMICHIBLES 5,
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(b)

PEOT Y
NEt,
O
0o
o o
CPM =

Thiol Electrophilic Thiol-fragment
(GSH or protein) fragment (E,) conjugate
warhead k
n
o s 0Q
Immobilized
fragment TCEP

Sampling of reactions by
fluorogenic thiol quantification
(FTQ) at discrete time points

Fluorescence intensity is proportional
to unreacted thiol concentration

1 A rate constant (k) is derived
for each reaction

Fluorescence

Figure 1-3. Thiol reactivity evaluation method. (a). GSH reactivity assay'?. (b). Assay

overview of Quantitative irreversible tethering (qIT).

iR U7z X5 ic, ko KISHEEMNTIEIC B W CUTBIESMFICHIRYEH 5, 72, F4
— & DITIMAETE R DL GV DBMIERER I LT nZan T LTz, B RIGHE
EHT LB THING CFA 7477 ) —IZB WIS % IEMEICFHTl € % 7o\ AlEE
Wrd sz, 2o DHEFEICRLEH - lEEILETHELEEZLND,
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ARETIE, CFA 77 7 XA MULEVIDIRL 7= 7 24 TR 2 ) —= v Z7ICHWSE Z b
EHIE L7z, ekl 7z X9 IcZNE TICHEEL 72 CFA 7 7 7 X v ME&aW it 30 R
ETLrhnizy, HESHEEOBSE» L X LR 2 {LAVDOIRPBETH L, ZD7D,
W7zl 4 77 ) —OfFEEZ{TV, MEORHE R LD TlRET 5,
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2.axL v VRIZ 572 MUY ORESR

2-1.CA/CFA 54 77V —DHEE

FBDD (303 Mic bt 2Efiz i cx 2 X 5 i, X VKRG TLAM M3 2 BT
THEBEY KT T7 77 AV I ERAWCRAZ Y —= v 733081, X2 )—=V
JRo ey FROMETH Y MFENICENZ v 2 EMHEERT 2{taME i3 C
ENRTELRICH 20017, ZD—J7 T, ALEMITIE—EDKBENER EBARRRTH 5729,
TITAVETATITY —RHEETIEICIINL O»DEESHETH 508, Congreve
Lli, ¥ T ¥R Tu T T —X¥REDRVYNIHIICWNT BT Z AV TATT7) =D
A7) —=v 7, ¥ DRDEN%RY — Mua~oidriftiz, vy MULEW
E OB EA R T C L 2 TRLTwWE, 2OXoAey NI, FHLTHTER
=300, KEMAEHESGEDOE D =3, KR OZEMRDEA =3, clogP 23=3 L5 K%
Fb, T3 L HT lrule of 3] EFEIEI, $KRW R Y — FREDOEDDT7 I 7 X v
FIAT Y —mEETIEOEEL LU AL T 219,

ZD7H, TFTCFAZRIGHL LTFR274 770 —0OMEEL. 2o LEY28 rule of
SICHEHMIND L) hr2llEdwT, kA BHMEDT =Y v ROT I VEFEMEICRIGHEZ
AT B LTISTHED 74 77 ) — (LW 257z (Table 2-1), ARUIICA RS 7
150 FFHO ML EMITN 2. ¥ 30 M ED{LEM ZHi7- ic G L Z oo 157 FiEZ | L T
RICFE LDz, KIGHDE AL sodium 2-chloro-2-fluoroacetate ® propanephosphonic acid
anhydride (T3P) % 724 & (Figure 2-1. (a)) XiZ 2-chloro-2-fluoroacetyl chloride iZ X %
e st (Figure 2-1. (b)) THE L 72,

(a)
(o]
T5P, DIEA 2
CI\I)LO_ Na* + R-NH, m-— Cl\HLNHR
F 212, F
(b)
o]
cl DIEA 2
\|)L0| + R-NH; cl NHR
F CH.Cly, rt £

Figure 2-1. Synthesis of CFA fragments, (a). condensation reaction by sodium 2-chloro-2-

fluoroacetate, (b). condensation reaction by 2-chloro-2-fluoroacetyl chloride.
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Table 2-1. Synthesis of « -chlorofluoroacetamide fragment library.

No. Product No. Product No. Product
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Table 2-1. Synthesis of « -chlorofluoroacetamide fragment library.

No. Product No. Product No. product
) DNCI ] . O o N-O r
46 fLHO S 61 \HL 2 Ol 76 c\;)LEJ'\’)‘Q‘E
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SN o, S0
56 o % 71 9 86 e
Bes 0 0
57 %»@z T on Ve 87 o A
o] e O:,-'ZH?
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Table 2-1. Synthesis of « -chlorofluoroacetamide fragment library.

No. Product No. Product No.
91 RED 106 o, 121
O 1 . cl 1
92 o oH 07 ey 22
Yaaae v,
|
93 L Q 108 o @ 123
Cljz)l\” u Vi \FHLE

& F o)
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Table 2-1. Synthesis of « -chlorofluoroacetamide fragment library.

No. Product No. Product No. Product
F O, O\ [e) j)OL __S
136 N 144 cl s 151 IS
A e o d
o )

137 m\TJL;j;;j 145 m\IjL;][;j 152 C\rﬁ;I:fl””wH
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H
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72, ERIL 727 77 2 v MLAYD Mw, clogP. HBA, HBD # Figure 2-2 IZ/R L 72,
Rule of 3 %iiii 7= L 72{LAW. T 7ab b 518 300 K, KEMAZAMAE =3, cLogP fH
=3, RO HERE A H (RB) =3 Db &AM 61%TH 5, £/, HTEICEL TIEK
JGEED v S VIRTOEFEGBKE N, 200l TH ZEEO TR ERVEIF
BAL COMETL72& 2 A8 67 %D 7 7 7 2 MELEWD Rule of 3 %7 L7-, 7477
Y —REEICHW 27T =) voiERIZ, AFOLLTIICEREZBWT WS, IBRED
B LA W ohEENTWE, TIVv 77272y ORENSRIEIC A, MG
DFG CFA FRIC B W TIE, BN R T A4 v Fd— 1 & OshR W R ICHEETH . Kb
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Figure 2-2. Electrophile-fragment library adheres to the rule-of-three. (a). molecular weights

of the fragments, including the electrophile moiety, (b). clogP values, (c). number of

hydrogen-bond acceptors, (d). number of hydrogen-bond donors.
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Synthetic Procedures

General synthetic methods

Reagents and solvents were obtained from commercial suppliers and used without further
purification, unless otherwise stated. Reactions were carried out under a positive atmosphere
of nitrogen, unless otherwise stated. Reactions were monitored by thin layer chromatography
(TLC) carried out on Merck TLC Silica gel 60 F254, using shortwave UV light as the
visualizing agent and phosphomolybdic acid in EtOH and heat as developing agent. Flash
column chromatography was performed using Kanto Chemical Silica gel 60 N (spherical, 40-
50 pm). 'H and *C NMR spectra were recorded on Bruker or Agilent Avance III HD 500
MHz spectrometer and were calibrated using residual undeuterated solvent as the internal
references (CDCls: 7.26 ppm; DMSO-ds: 2.50 ppm; D,O: 4.79 ppm). The following
abbreviations were used to explain NMR peak multiplicities: s = singlet, d = doublet, t =
triplet, q = quartet, p = pentet, m = multiplet, br = broad. Low-resolution and high-resolution
mass spectra were recorded on Agilent or Bruker micrOTOF focus II mass spectrometer using

electrospray ionization time-of-flight (ESI-TOF) reflectron experiments.

2-chloro-2-fluoro- V-(5-hydroxy-naphthalen-1-yl)acetamide (CFA-1)

Pale purple solid. 'H-NMR (500 MHz, CDCls) 6: 8.31 (brs, 1H), 8.14 (d, /= 8.5 Hz, 1H),
7.98 (d, /=7.5Hz, 1H), 7.51 (t, /= 8.0 Hz, 1H), 7.41-7.36 (m, 2H), 6.88-6.82 (m, 1H), 6.55
(d, /= 51.0 Hz, 1H)

LRMS (ESI) m/z [M+H]* calcd for C1oHoCIFNO,Na 276.02; found 276.01

2-chloro-2-fluoro- V-(4-phenoxyphenyl) acetamide (CFA-2)

White solid. '"H-NMR (400 MHz, CDCl;) 6: 7.83 (brs, 1H), 7.52 (d, /= 8.8 Hz, 2H), 7.32
(t, /= 8.0 Hz, 2H), 7.10 (t, /= 8.0 Hz, 1H), 7.04-6.96 (m, 4H), 6.41 (d, /= 51.2 Hz, 1H)
LRMS (ESI) m/z[M+Na]* calcd for C14H;1CIFNO;Na 302.04; found 302.04

2-chloro-2-fluoro- N-(2-phenoxyphenyl) acetamide (CFA-3)

Colorless oil. 'TH-NMR (500 MHz, CDCl3) 6:8.61 (brs, 1H), 8.41 (dd, /= 8.0, 1.5 Hz, 1H),
7.41-7.36 (m, 2H), 7.20-7.02 (m, 5H), 6.88 (dd, /= 8.0, 1.5 Hz, 1H), 6.40 (d, /= 50.5 Hz,
1H)

LRMS (ESI) m/z[M+Na]* calcd for C14H11CIFNO;Na 302.04; found 302.01

2-chloro-2-fluoro- N-(3-phenoxyphenyl) acetamide (CFA-4)
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Yellow oil. "TH-NMR (500 MHz, CDCl;) §:7.85 (brs, 1H), 7.40-7.29 (m, 4H), 7.28-7.24 (m,
1H), 7.14 (t, /= 7.5 Hz, 1H), 7.04 (d, /= 7.5 Hz, 2H), 6.87-6.82 (m, 1H), 6.39 (d, /= 51.0
Hz, 1H)

LRMS (ESI) m/z[M+Nal* calcd for CiuH 1 CIFNO;Na 302.04; found 302.03

2-chloro- N-(3-chloro-4-methylphenyl) -2-fluoroacetamide (CFA-5)

White solid. 'H-NMR (500 MHz, CDCl3) 6:7.85 (brs, 1H), 7.66 (d, /= 2.5 Hz, 1H), 7.34
(dd, /=8.5,2.5Hz, 1H), 7.22 (d, /= 8.5 Hz, 1H), 6.41 (d, /= 51.0 Hz, 1H), 2.36 (s, 3H)
LRMS (ESI) m/z[M+Nal* calcd for CoHgCl,FNONa 257.99; found 257.98

2-chloro-2-fluoro- N-[4-(pyridin-4-yl)phenyl]acetamide (CFA-6)

Yellow solid. "H-NMR (500 MHz, CDCl;) 6:8.67 (d, /= 6.0 Hz, 2H), 8.13 (brs, 1H), 7.73
(d, /=9.0 Hz, 2H), 7.68 (d, /= 9.0 Hz, 2H), 7.50 (d, /= 6.0 Hz, 2H), 6.45 (d, /= 51.0 Hz,
1H)

LRMS (ESI) m/z [M+H]* caled for C13H1:CIFN,O 265.05; found 256.06

2-Chloro-2-fluoro-N-[4-(pyridin-3-yl)phenyl]acetamide (CFA-7)

Yellow solid. "H-NMR (500 MHz, CDCls) 6:8.85 (d, /= 2.0 Hz, 1H), 8.61 (dd, /= 5.0, 1.5
Hz, 1H), 8.06 (brs, 1H), 7.90 (dt, /= 8.0, 2.0 Hz, 1H), 7.72 (d, /= 9.0 Hz, 2H), 7.61 (d, /=
9.0 Hz, 2H), 7.40 (dd, /= 8.0, 5.0 Hz, 1H), 6.46 (d, /= 51.0 Hz, 1H)

LRMS (ESI) m/z [M+H]* calcd for C13H,:CIFN,O 265.05; found 256.06

2-Chloro-2-fluoro-N-[3-(pyridin-4-yl)phenyl]acetamide (CFA-8)

White solid. 'TH-NMR (500 MHz, CDCl;) 6: 8.67 (d, /= 6.0 Hz, 2H), 8.32 (brs, 1H), 7.97
(d, /= 1.5Hz, 1H), 7.61 (dt, /= 7.5, 2.0 Hz, 1H), 7.52-7.46 (m, 4H), 6.46 (d, /= 51.0 Hz,
1H)

LRMS (ESI) m/z [M+H]* calcd for C13H:CIFN,O 265.05; found 256.06

2-chloro-2-fluoro- V-[3- (pyridin-3-yl) phenyl] acetamide (CFA-9)

Pale-brown solid. 'H-NMR (500 MHz, CDCl;) 6:8.86 (d, /= 2.0 Hz, 1H), 8.62 (d, /= 5.0,
2.0 Hz, 1H), 8.15 (brs, 1H), 7.92 (dt, /= 8.0, 2.0 Hz, 1H), 7.88 (t, /= 2.0 Hz, 1H), 7.62-7.59
(m, 1H), 7.50 (t, /= 8.0 Hz, 1H), 7.45-7.39 (m, 2H), 6.46 (d, /= 51.0 Hz, 1H)

LRMS (ESI) m/z [M+H]* calcd for C13H1:CIFN,O 265.05; found 256.05

2-chloro-2-fluoro- N-(quinolin-6-yl)acetamide (CFA-10)
White solid. "TH-NMR (500 MHz, CDCl;) 6: 8.89 (dd, /= 4.0, 1.5 Hz, 1H), 8.39 (d, /= 2.5
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Hz, 1H), 8.20 (brs, 1H), 8.18 (d,]= 8.5 Hz, 1H), 8.13 (d,]= 9.0 Hz, 1H), 7.67 (dd,]= 9.0,
2.5Hz, 1H), 7.44 (dd,]= 8.5,4.0 Hz, 1H), 6.49 (d,]= 51.0 Hz, 1H)
LRMS (ESI) m/z [M+H]* calcd for C11HoCIFN,O 239.04; found 239.03

2-chloro-2-fluoro- N-(quinolin-8-yl)acetamide (CFA-11)

White solid. '"H-NMR (400 MHz, CDCl;) 6:10.71 (brs, 1H), 8.85 (d, /= 4.0 Hz, 1H), 8.73
(d, /J=7.2Hz, 1H), 8.18 (d, /= 8.4 Hz, 1H), 7.62-7.53 (m, 3H), 6.53 (d, /= 50.8 Hz, 1H)
LRMS (ESI) m/z [M+H]* calcd for C11HoCIFN,O 239.04; found 239.04

2-chloro-2-fluoro- N-(quinolin-5-yl)acetamide (CFA-12)

White solid. "H-NMR (500 MHz, CDCls) 6:8.98 (dd, /= 4.0, 1.5 Hz, 1H), 8.34 (brs, 1H),
8.20 (d, /= 8.5 Hz, 1H), 8.09 (d, /= 8.5 Hz, 1H), 7.90 (d, /= 7.5 Hz, 1H), 7.75 (t, /= 7.5
Hz, 1H), 7.50 (d, /= 8.5, 4.0 Hz, 1H), 6.56 (d, /= 51.0 Hz, 1H)

LRMS (ESI) m/z [M+H]* calcd for C;;HoCIFN,O 239.04; found 239.04

2-chloro-2-fluoro- N-(quinolin-3-yl)acetamide (CFA-13)

Orange solid. '"H-NMR (500 MHz, CDCl;) 6:8.88 (d, /= 2.5 Hz, 1H), 8.81 (d, /= 2.5 Hz,
1H), 8.40 (brs, 1H), 8.10 (d, /= 8.5 Hz, 1H), 7.85 (d, /= 8.5 Hz, 1H), 7.71 (t, /= 7.5 Hz,
1H), 7.60 (t, /= 7.5 Hz, 1H), 6.52 (d, /= 50.5 Hz, 1H)

LRMS (ESI) m/z [M+H]* calcd for C11HoCIFN,O: 239.04; found 239.05

2-chloro-2-fluoro- N-(4-hydroxy-6-methylpyrimidin-2-yl) acetamide (CFA-14)

Pale-brown solid. '"H-NMR (400 MHz, CDCl;) 6:6.39 (d, /= 51.0 Hz, 1H), 5.95 (s, 1H),
2.26 (s, 3H)

LRMS (ESI) m/z[M+Na]* caled for C;H;CIFN3502Na 242.01; found 242.00

2-chloro-2-fluoro- V-(5-methoxy-4-methylpyrimidin-2-yl)acetamide (CFA-15)

White solid. "H-NMR (400 MHz, DMSO-ds) 6: 11.08 (s, 1H), 7.08 (d, /= 52.0 Hz, 1H),
6.55 (s, 1H), 3.90 (s, 3H), 2.33 (s, 3H)

LRMS (ESI) m/z[M+Na]* calcd for CsHoCIFN3;02Na 256.02; found 256.06

Methyl 4-(2-Chloro-2-fluoroacetamido) -3-methylbenzoate (CFA-16)

Off-white solid. "H-NMR (400 MHz, CDCl;) 6: 8.08 (d, /= 8.8 Hz, 1H), 7.96-7.84 (m,
3H), 6.44 (d, /=51.0 Hz, 1H), 3.89 (s, 3H), 2.34 (s, 3H)

LRMS (ESI) m/z[M+Na]* calcd for C1;H11CIFNOsNa 282.03; found 282.03

2-chloro-2-fluoro- N-(1 H-indazol-4-yl)acetamide (CFA-17)
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White solid. 'H-NMR (400 MHz, CDCl;) 6:8.19 (brs, 1H), 8.11 (s, 1H), 7.67 (d, J=17.2 Hz,
1H), 7.43-7.36 (m, 2H), 6.50 (d,]= 51.2 Hz, 1H)
LRMS (ESI) m/z [M+Na]* calcd for CoH;CIFN3ONa 250.02; found 250.02

2-chloro-2-fluoro- N-(1H-indazol-5-yl)acetamide (CFA-18)

Pale-brown solid. 'TH-NMR (400 MHz, CDCl;) 6:8.12 (s, 1H), 8.07 (s, 1H), 7.97 (brs, 1H),
7.49 (d, /=8.8 Hz, 1H), 7.43 (d, /= 8.8 Hz, 1H), 6.45 (d, /= 51.0 Hz, 1H)

LRMS (ESI) m/z [M+Na]* calcd for 250.02 CoH;CIFN3ONa 250.02; found 250.02

2-chloro-2-fluoro- N-(1 H-indazol-6-yl)acetamide (CFA-19)

Pale-yellow solid. "H-NMR (400 MHz, DMSO-d,) 6 :12.98 (brs, 1H), 10.73 (brs, 1H), 8.10
(s, 1H), 8.00 (s, 1H), 7.72 (d, /= 8.8 Hz, 1H), 7.21 (dd, /= 8.8, 1.6 Hz, 1H), 6.88 (d, /=
49.0 Hz, 1H)

LRMS (ESI) m/z [M+Na]* caled for CoH;CIFN3ONa: 250.02; found 250.00

N-[(1H-Indazol-5-yl) methyl]-2-chloro-2-fluoroacetamide (CFA-20)

White solid. '"H-NMR (400 MHz, DMSO-d,) 6 :13.0 (brs, 1H), 9.19 (brs, 1H), 8.03 (s, 1H),
7.63 (s, 1H), 7.50 (d, /= 8.0 Hz, 1H), 7.27 (d, /= 8.4 Hz, 1H), 6.77 (d, /= 49.0 Hz, 1H),
4.43 (d, /= 5.6 Hz, 2H)

LRMS (ESI) m/z[M+Na]* calcd for Ci1oHoCIFN3ONa: 264.03: found 264.04

2-chloro-2-fluoro- N-(thiazol-2-yl)acetamide (CFA-21)

White solid. "H-NMR (400 MHz, CDCl;) 6:11.42 (s, 1H), 7.57 (d, /= 3.6 Hz, 1H), 7.09 (d,
J=3.6 Hz, 1H), 6.64 (d, /= 50.0 Hz, 1H)

LRMS (ESI) m/z [M+H]* calcd for CsH5;CIFN,O 194.98; found 194.97

2-chloro-2-fluoro- N-(6-fluorobenzo| dlthiazol-2-yl)acetamide (CFA-22)

White solid. "H-NMR (500 MHz, CDCl;) 6:7.79 (dd, /= 9.0, 4.5 Hz, 1H), 7.54 (dd, /= 7.5,
2.5 Hz, 1H), 7.22 (td, /= 9.0, 2.5 Hz, 1H), 6.56 (d, /= 50.5 Hz, 1H)

LRMS (ESI) m/z [M+Na]* caled for CoHsCIF,N,OSNa 284.97; found 284.96
2-chloro-2-fluoro- N-(2-phenylthiazol-5-yl)acetamide (CFA-23)

Pale-yellow solid. "H-NMR (500 MHz, CDCl;) 6: 8.84 (brs, 1H), 7.95-7.90 (m, 2H), 7.77
(s, 1H), 7.49-7.41 (m, 3H), 6.54 (d, /= 50.5 Hz, 1H)

LRMS (ESI) m/z[M+Na]* calcd for C;;HgCIFN;OSNa 292.99; found 292.99

2-chloro-2-fluoro- V-(4-methyl-2-phenylthiazol-5-yl)acetamide (CFA-24)
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Yellow solid. 'H-NMR (400 MHz, CDCl3) §: 8.06 (brs, 1H), 7.89-7.86 (m, 2H), 7.43-7.39
(m, 3H), 6.52 (d, /=50.8 Hz, 1H), 2.45 (s, 3H)
LRMS (ESI) m/z [M+Nal* calcd for C12HoCIFN,OSNa: 307.01; found 307.00

2-chloro-2-fluoro- N-[ (2-phenylthiazol-5-yl) methyl]acetamide (CFA-25)

White solid. '"H-NMR (400 MHz, CDCl;) 6:7.91-7.89 (m, 2H), 7.73 (s, 1H), 7.43-7.41 (m,
3H), 6.70 (brs, 1H), 6.33 (d, /= 51.2 Hz, 1H), 4.74 (d, /= 5.6 Hz, 2H)

LRMS (ESI) m/z[M+Na]* caled for C12H1oCIFN,OSNa 307.01; found 307.00

2-chloro-2-fluoro- N-(3-phenylisoxazol-5-yl)acetamide (CFA-26)

Yellow solid. 'H-NMR (500 MHz, CDCls) & : 8.87 (brs, 1H), 7.85-7.80 (m, 2H), 7.50-7.46
(m, 3H), 6.83 (s, 1H), 6.52 (d, /= 50.5 Hz, 1H)

LRMS (ESI) m/z[M+Na]* caled for C;;HsCIFN2O,Na: 277.02; found 277.02

N-[2-(1 H-indol-3-yl)ethyl]-2-chloro-2-fluoroacetamide (CFA-27)

Orange solid. "H-NMR (500 MHz, CDCls) &:8.05 (brs, 1H), 7.62 (d, /= 8.0 Hz, 1H), 7.40
(d, /=8.0 Hz, 1H), 7.23 (td, /= 8.0, 1.0 Hz, 1H), 7.15 (td, /= 8.0, 0.5 Hz, 1H), 7.07 (d, /=
2.0 Hz, 1H), 6.37 (brs, 1H), 6.26 (d, /= 51.0 Hz, 1H), 3.75-3.60 (m, 2H), 3.05 (t, /= 6.5 Hz,
2H)

LRMS (ESI) m/z [M+Na]* caled for Ci12H12CIFN,ONa 277.05; found 277.06

N-adamantan-1-yl-2-chloro-2-fluoroacetamide (CFA-28)

White solid. "TH-NMR (500 MHz, CDCl3) 6:6.15 (d, /= 51.5 Hz, 1H), 5.91 (brs, 1H), 2.12
(brs, 3H), 2.04 (d, /= 3.5 Hz, 6H), 1.70 (t, /= 3.5 Hz, 6H)

LRMS (ESI) m/z [M+Na]* caled for Ci12H17CIFNONa 268.09; found 268.09

(E)-2-chloro-2-fluoro- N-[4- (phenyldiazenyl) phenyl]acetamide (CFA-29)

Orange solid. "TH-NMR (500 MHz, CDCl;) 6 : 8.05 (brs, 1H), 7.98 (d, /= 9.0 Hz, 2H), 7.91
(d, /J=7.0 Hz, 2H), 7.76 (d, /= 9.0 Hz, 2H), 7.54-7.46 (m, 3H), 6.45 (d, /= 51.0 Hz, 1H)
LRMS (ESI) m/z[M+Na]* caled for Ci14H;;CIFN5sONa 314.05; found 314.03

2-chloro- N-(6-ethoxybenzo| d] thiazol-2-yl)-2-fluoroacetamide (CFA-30)

Off-white solid. "H-NMR (500 MHz, CDCl3) 6:7.71 (d, /= 9.0 Hz, 1H), 7.30 (d, /= 2.5 Hz,
1H), 7.08 (dd, /= 9.0, 2.5 Hz, 1H), 6.55 (d, /= 50.0 Hz, 1H), 4.10 (q, /= 7.0 Hz, 2H), 1.46
(t, J= 7.0 Hz, 3H)

LRMS (ESI) m/z[M+Na]* calcd for C;1H;oCIFN,O>SNa 311.00; found 310.99
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2-chloro-2-fluoro- N-(4-(trifluoromethoxy) phenyl)acetamide (CFA-31)

White solid. 'TH-NMR (400 MHz, CDCl;) 6:7.91 (brs, 1H), 7.60 (d, /= 8.8 Hz, 2H), 7.23
(d, /=11.2 Hz, 2H), 6.41 (d, /= 51.2 Hz, 1H)

LRMS (ESI) m/z [M+Na]* caled for CoHgCIF4NO2Na 293.99; found 293.99

2-chloro-2-fluoro- N-(9-ox0-9 H-fluoren-2-yl)acetamide (CFA-32)

Yellow solid. "H-NMR (400 MHz, DMSO-d,) 6:10.87 (brs, 1H), 7.95 (s, 1H), 7.79 (s, 2H),
7.74 (d, /= 7.6 Hz, 1H), 7.62-7.58 (m, 2H), 7.35 (t, /= 6.8 Hz, 1H), 6.90 (d, /= 48.8 Hz,
1H)

LRMS (ESI) m/z[M+Nal* calcd for CisHoCIFNO,Na 312.02; found 312.01

2-chloro-2-fluoro- N-(4-(1-hydroxyethyl) phenyl)acetamide (CFA-33)

Yellow solid. 'H-NMR (400 MHz, DMSO-d,) 6:10.54 (s, 1H), 7.50 (d, /= 8.8 Hz, 2H), 7.31
(d, /= 8.4 Hz, 2H), 6.84 (d, /= 49.2 Hz, 1H), 5.09 (brs, 1H), 4.69-4.67 (m, 1H), 1.30 (d, /
= 6.4 Hz, 3H)

LRMS (ESI) m/z[M+Na]* calcd for C1oH;1CIFNO2Na 256.03; found 256.04

Methyl 2-(2-chloro-2-fluoroacetamido)-3,4,5-trimethoxybenzoate (CFA-34)

White solid. 'TH-NMR (400 MHz, CDCl;) 6: 8.84 (brs, 1H), 7.24 (s, 1H), 6.42 (d, /= 50.8
Hz, 1H), 3.93 (s, 3H), 3.91 (s, 3H), 3.88 (s, 3H), 3.87 (s, 3H)

LRMS (ESI) m/z [M+Na]* caled for Ci13HisCIFNOgNa 358.05; found 358.03

2-chloro- N-(4-(3,4-difluorophenyl) thiazol-2-yl) -2-fluoroacetamide (CFA-35)

White solid. "H-NMR (400 MHz, CDCls) 6: 7.67-7.62 (m, 1H), 7.55-7.52 (m, 1H), 7.22-
7.15 (m, 2H), 6.54 (d, /= 50.4 Hz, 1H)

LRMS (ESI) m/z [M+Na]* caled for C11HsCIF3sN,OSNa 328.97; found 328.96

Methyl 4-(2-chloro-2-fluoroacetamido)-3-iodobenzoate (CFA-36)

White solid. '"H-NMR (400 MHz, CDCl;) 6: 8.54 (brs, 1H), 8.49 (d, / =2.0 Hz, 1H), 8.36
(d, /= 8.4 Hz, 1H), 8.04 (dd, /= 8.4, 2.0 Hz, 1H), 6.44 (d, /= 50.4 Hz, 1H), 3.91 (s, 3H)
LRMS (ESI) m/z [M+Na]* caled for CioHsCIFINO3;Na 393.91; found 393.90

3-(2-chloro-2-fluoroacetamido)benzofuran-2-carboxamide (CFA-37)

White solid. 'H-NMR (400 MHz, DMSO-d;) 6:11.03 (brs, 1H), 8.22 (brs, 1H), 8.03 (d, /=
8.4 Hz, 1H), 7.95 (brs, 1H), 7.62 (d, /= 8.4 Hz, 1H), 7.53 (t, /= 7.2 Hz, 1H), 7.36 (t, /= 6.8
Hz, 1H), 7.15 (d, /= 49.2 Hz, 1H)
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LRMS (ESI) m/z[M+Na]* caled for C1;HsCIFN2OsNa 293.01; found 293.01

N-(2-benzol d]thiazol-2-yl) phenyl) -2-chloro-2-fluoroacetamide (CFA-38)

White solid. '"H-NMR (500 MHz, CDCl3) 6:13.63 (brs, 1H), 8.72 (dd, /= 8.5, 1.0 Hz, 1H),
7.92 (d, /= 8.0 Hz, 1H), 7.82 (d, /= 8.0 Hz, 1H), 7.77 (dd, /= 8.0, 1.5 Hz, 1H), 7.45-7.41
(m, 2H), 7.36 (td, /= 8.3, 1.5 Hz 1H), (td, /= 8.3, 1.5 Hz, 1H), 6.46 (d, /= 50.5 Hz, 1H)
LRMS (ESI) m/z[M+Nal* caled for CisHoCIFN,OSNa 343.01; found 343.01

2-chloro-2-fluoro- N-(3-((2-hydroxyethyl)sulfonyl) phenyl) acetamide (CFA-39)

Colorless oil. 'H-NMR (400 MHz, CDCl3) 6 :8.25 (brs, 1H), 8.11 (s, 1H), 7.98-7.96 (m, 1H),
7.75 (d, J= 8.4 Hz, 1H), 7.60 (t, /= 8.0 Hz, 1H), 6.43 (d, /= 51.2 Hz, 1H), 4.02 (t, /= 5.2
Hz, 2H), 3.38-3.36 (m, 2H)

LRMS (ESI) m/z [M+Na]* caled for C10H11CIFNO4SNa 318.00; found 318.00

2-chloro-2-fluoro- N-(9-ox0-9 H-fluoren-4-yl)acetamide (CFA-40)

Yellow solid. '"H-NMR (400 MHz, DMSO-d,) 6 : 10.83 (brs, 1H), 7.69-7.58 (m, 4H), 7.50-
7.39 (m, 3H), 7.08 (d, / =49.2 Hz, 1H)

LRMS (ESI) m/z[M+Na]* caled for Ci;5sHoCIFNO,Na 312.02; found 312.02

N-(5-bromoisoquinolin-8-yl)-2-chloro-2-fluoroacetamide (CFA-41)

Pale yellow solid. 'H-NMR (400 MHz, DMSO-d,) 6:11.03 (brs, 1H), 9.42 (s, 1H), 8.72 (d,
J=6.0Hz, 1H), 8.18 (d, /= 8.4 Hz, 1H), 7.98 (d, /= 6.0 Hz, 1H), 7.70 (d, /= 8.4 Hz, 1H),
7.08 (d, /= 49.2 Hz, 1H)

LRMS (ESI) m/z [M+Na]* caled for C;1H;BrCIFN,ONa 340.93; found 340.93

N-(2-(1 H-indol-2-yl) phenyl) -2-chloro-2-fluoroacetamide (CFA-42)

White amorphous solid. "TH-NMR (400 MHz, CDCl3) 6 : 8.85 (brs, 1H), 8.38 (d, /= 8.0 Hz,
1H), 8.23 (brs, 1H), 7.67 (d, /= 7.6 Hz, 1H), 6.70 (s, 1H), 6.38 (d, /= 50.8 Hz, 1H).
HRMS (ESI) m/z [M+Na]* caled for Ci4H12CIFN,ONa 325.0514; found 325.0477

N-(2-acetamido-4,5-dichlorophenyl)-2-chloro-2-fluoroacetamide (CFA-43)

Yellow solid. 'H-NMR (400 MHz, DMSO-d,) 6: 10.14 (brs, 1H), 9.67 (brs, 1H), 7.89 (s,
1H), 7.74 (s, 1H), 6.90 (d, /= 49.2 Hz, 1H), 2.08 (s, 3H)

LRMS (ESI) m/z[M+Na]* calcd for C1oHsCIsFN,O,Na 334.95; found 334.95

2-chloro- N-(3-(4-chlorophenyl)isoxazole-5-yl)-2-fluoroacetamide (CFA-44)
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Yellow solid. 'H-NMR (400 MHz, CDCl;) 6: 8.82 (brs, 1H), 7.74 (d,]= 8.8 Hz, 2H), 7.43
(d,]= 8.8 Hz, 2H), 6.78 (s, 1H), 6.50 (d,]= 50.4 Hz, 1H)
LRMS (ESI) m/z [M+Na]* caled for C11H;CLL,FN,O»Na 310.98; found 310.98

2-chloro-2-fluoro- N-(2-(2-hydroxymethyl) phenyl)acetamide (CFA-45)

Colorless oil. "H-NMR (400 MHz, DMSO-d,) 6 :10.32 (brs, 1H), 7.43 (d, /= 7.6 Hz, 1H),
7.30-7.17 (m, 3H), 6.96 (d, /= 49.2 Hz, 1H), 5.13 (t, /= 4.0 Hz, 1H), 3.64-3.60 (m, 2H),
2.74 (t, /= 6.4 Hz, 2H)

LRMS (ESI) m/z [M+Na]* caled for C1oH1:CIFNO,Na 254.04; found 254.04

N-(2-benzoyl-4-chlorophenyl)-2-chloro-2-fluoroacetamide (CFA-46)

Off-white solid. "TH-NMR (400 MHz, CDCls) 6: 11.58 (brs, 1H), 8.61 (d, /= 8.4 Hz, 1H),
7.71 (d, /= 8.0 Hz, 2H), 7.64 (t, /= 7.2 Hz, 1H), 7.59 (s, 1H), 7.57 (d, /= 2.4 Hz, 1H), 7.52
(t, J= 7.6 Hz, 2H), 6.40 (d, /= 50.8 Hz, 1H)

LRMS (ESI) m/z [M+Na]* caled for C15H10Cl,FNO,Na 348.00; found 348.00

N-(4-bromo-3-methyl-1-phenyl-1H-pyrazol-5-yl)-2-chloro-2-fluoroacetamide (CFA-47)
White solid. "H-NMR (400 MHz, CDCl;) 6: 7.52 (brs, 1H), 7.46-7.35 (m, 5H), 6.42 (d, /=
50.8 Hz, 1H), 2.32 (s, 3H)

LRMS (ESI) m/z [M+Na]* caled for Ci12H1oBrCIFN3ONa 369.96; found 369.95

2-chloro- N-(4-chloro-2- (hydroxymethyl) phenyl) -2-fluoroacetamide (CFA-48)

Pale red solid. "TH-NMR (400 MHz, CDCl;) 6:9.68 (brs, 1H), 8.11 (d, /= 8.8 Hz, 1H), 7.33
(dd, /= 8.8, 2.4 Hz, 1H), 7.19 (d, /= 2.0 Hz, 1H), 6.40 (d, /= 50.8 Hz, 1H), 4.76 (s, 2H),
2.15 (brs, 1H)

LRMS (ESI) m/z [M+Na]* caled for CoHgCl,FNO,Na 273.98; found 273.98

2-chloro-2-fluoro- N-(2-methoxydibenzo[ b, dlfuran-3-yl)acetamide (CFA-49)

Pale yellow solid. 'H-NMR (400 MHz, DMSO-d,) ¢:10.04 (s, 1H), 8.32 (s, 1H), 8.11 (d, /
= 8.0 Hz, 1H), 7.89 (s, 1H), 7.66 (d, /= 8.4 Hz, 1H), 7.48 (t, /=7.6 Hz, 1H), 7.38 (t, /= 7.6
Hz, 1H), 7.12 (d, /= 50.0 Hz, 1H), 4.0 (s, 3H)

LRMS (ESI) m/z [M+Na]* calcd for CisH11CIFNO3;Na 330.03; found 330.03

2-chloro-2-fluoro- N-(4-sulfamoylphenyl)acetamide (CFA-50)
White solid. "H-NMR (400 MHz, DMSO-dj) 6:10.92 (brs, 1H), 7.80 (s, 4H), 7.29 (s, 2H),
6.89 (d, /=49.2 Hz, 1H)
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LRMS (ESI) m/z[M+Na]* caled for CsHsCIFN,O3SNa 288.98: found 288.99

N-(4-(benzyloxy)phenyl)-2-chloro-2-fluoroacetamide (CFA-51)

White solid. "H-NMR (400 MHz, CDCl;) 6: 7.78 (brs, 1H), 7.46 (d, /= 9.2 Hz, 2H), 7.41-
7.31 (m, 5H), 6.96 (d, /= 9.2 Hz, 2H), 6.39 (d, /= 50.8 Hz, 1H), 5.05 (s, 2H)

LRMS (ESI) m/z [M+Na]* caled for C1sH13CIFNO,Na 316.05; found 316.06

2-chloro- N-(2-chloro-6,7-dimethoxyquinazolin-4-yl)-2-fluoroacetamide (CFA-52)

Pale yellow solid. 'H-NMR (400 MHz, CDCl3) 6: 8.78 (brs, 1H), 7.26 (s, 1H), 7.12 (brs,
1H), 6.80 (d, /= 52.0 Hz, 1H), 4.04 (s, 3H), 4.00 (s, 3H)

LRMS (ESI) m/z[M+Na]* calcd for C12H19CI:FN3O3Na 356.00; found 356.00

N-([1,2,4]triazolo[4,3-a] -pyridin-3-yl)-2-chloro-2-fluoroacetamide (CFA-53)

Orange solid. "H-NMR (400 MHz, CDCl3) 6:8.20 (d, /= 6.8 Hz, 1H), 7.50 (d, / =9.2 Hz,
1H), 7.38 (t, /=6.8 Hz, 1H), 6.87 (t, /= 6.8 Hz, 1H), 6.45 (d, /= 51.6 Hz, 1H)

HRMS (ESI) m/z[M+Na]* calcd for CsHsCIFN,ONa 251.0106; found 251.0121

2-chloro- N-(4,6-dimethylpyrimidin-2-yl)-2-fluoroacetamide (CFA-54)

Orange oil. 'H-NMR (500MHz, DMSO-d;) 6 11.12 (s, 1H), 7.06 (d, /= 50.5 Hz, 1H), 7.05
(s, 1H), 2.39 (s, 6H)

LRMS (ESI) m/z [M+Na]* caled for CsHICIFN3;ONa 240.03; found 240.03

2-chloro-2-fluoro- N-(m-tolyl)acetamide (CFA-55)

Off-white solid. 'H-NMR (400 MHz, CDCls) 6 :7.82 (brs, 1H), 7.40 (s, 1H), 7.34 (d, /= 8.0
Hz, 1H), 7.24 (t, /= 15.6 Hz, 1H), 7.01 (d, /= 8.0 Hz, 1H), 6.39 (d, /= 51.2 Hz, 1H), 2.35
(s, 3H)

LRMS (ESI) m/z [M+Na]* calcd for CoHyCIFNONa 224.02: found 224.02

2-chloro- N-(3-(dimethylamino) phenyl) -2-fluoroacetamide (CFA-56)

Off-white solid. "H-NMR (400 MHz, CDCl;) 6:7.78 (brs, 1H), 7.19 (t, /= 8.0 Hz, 1H), 7.04
(s, 1H), 6.79 (d, /= 7.6Hz, 1H), 6.55 (d, /= 7.6 Hz, 1H), 6.38 (d, /= 51.2 Hz, 1H), 2.95 (s,
6H)

LRMS (ESI) m/z [M+Na]* caled for CioH12CIFN2ONa 253.05; found 253.05

2-chloro-2-fluoro- N-(4-isopropoxyphenyl)acetamide (CFA-57)
Yellow solid. "H-NMR (400 MHz, CDCl;) 6: 7.78 (brs, 1H), 7.43 (d, /= 8.8 Hz, 2H), 6.87
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(d, /= 8.8 Hz, 2H), 6,39 (d, /= 51.2 Hz, 1H) 4.50 (q, /= 5.9 Hz, 1H), 1.31 (d, /= 6.0 Hz,
6H)
HRMS (ESI) m/z [M+Na]* caled for C11H13CIFNO;Na 268.0511; found 268.0523

2-chloro-2-fluoro- N-(5-methylpyridin-2-yl)acetamide (CFA-58)

Pale yellow solid. '"H-NMR (400 MHz, CDCl;) 6: 8.51 (brs, 1H), 8.14 (s, 1H), 8.06 (d, /=
8.0 Hz, 1H), 7.56 (d, /= 8.8 Hz, 1H), 6.40 (d, /= 50.8 Hz, 1H), 2.31 (s, 3H)

LRMS (ESI) m/z[M+Na]* calcd for CsHsCIFN,ONa 225.02; found 225.03

2-chloro- N-(4-ethoxyphenyl)-2-fluoroacetamide (CFA-59)

Pale green solid. 'H-NMR (400 MHz, CDCl3) &: 7.78 (brs, 1H), 7.44 (d, /= 8.8 Hz, 1H),
6.88 (d, /= 8.4 Hz, 2H), 6.39 (d, /= 51.2 Hz, 2H), 4.01 (q, /= 7.0 Hz, 2H), 1.40 (t, /= 6.8
Hz, 3H)

LRMS (ESI) m/z [M+Na]* caled for C10H11CIFNO,Na 254.04; found 254.03

2-chloro-2-fluoro- N-(4-methylpyridin-2-yl) acetamide (CFA-60)

Pale yellow solid. '"H-NMR (400 MHz, CDCl;) 6: 8.65 (brs, 1H), 8.17 (d, /= 5.2 Hz, 1H),
8.01 (s, 1H), 6.95 (d, /= 5.2 Hz, 1H), 6.40 (d, /= 50.4 Hz, 1H), 2.38 (s, 3H)

LRMS (ESI) m/z [M+Na]* caled for CsHsCIFN,O3SNa 288.98; found 225.03

2-chloro-2-fluoro- N-(4-oxo-2-phenyl-4 H-chromen-6-yl) acetamide (CFA-61)

Pale yellow solid. "H-NMR (400 MHz, CDCl3) 6 :8.32 (m, 1H), 8.29 (m, 1H), 8.14 (m, 1H),
7.93 (d, /= 6.8 Hz, 2H), 7.63 (d, /= 9.6 Hz, 1H), 7.54-7.53 (m, 3H), 6.82 (s, 1H), 6.46 (d, /
=50.8 Hz, 1H)

LRMS (ESI) m/z[M+Na]* caled for Ci7H11CIFNOsNa 354.03; found 354.01

N-(2-(4-bromobenzoyl)phenyl)-2-chloro-2-fluoroacetamide (CFA-62)

Pale yellow solid. "H-NMR (400 MHz, CDCls) 6: 11.67 (brs, 1H), 8.63 (d, /= 8.4 Hz, 1H),
7.64 (d, /= 6.8 Hz, 1H), 7.63-7.59 (m, 4H), 7.58 (t, /= 3.6 Hz, 1H), 7.22-7.18 (m, 1H), 6.41
(d, /= 50.8 Hz, 1H)

LRMS (ESI) m/z [M+Na]* caled for CisH1oBrCIFNO,Na 393.94; found 393.94

2-chloro- N-(4-chlorophthalen-1-yl)-2-fluoroacetamide (CFA-63)

Light gray solid. '"H-NMR (500 MHz, CDCl;) 6 : 8.36-8.34 (m, 1H), 8.30 (brs, 1H), 7.87-
7.85 (m, 2H), 7.69-7.60 (m, 3H), 6.55 (d, /= 51.0 Hz, 1H)

LRMS (ESI) m/z[M+Na]* caled for Ci2HsCLLFNONa 293.99; found 294.00
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Methyl 3-bromo-4-(2-chloro-2-fluoroacetamido)benzoate (CFA-64)

Off-white solid. 'H-NMR (400 MHz, CDCl;) 6:8.69 (s, 1H), 8.47 (d, /= 8.4 Hz, 1H), 8.26
(s, 1H), 8.02 (d, /=9.2 Hz, 1H), 6.44 (d, /= 51.2 Hz, 1H), 3.91 (s, 3H)

LRMS (ESI) m/z[M+Nal* calcd for CoHsBrCIFNOsNa 347.92; found 347.91

2-chloro-2-fluoro- N-(5-phenylpyrazin-2-yl) acetamide (CFA-65)

Off-white solid. "H-NMR (400 MHz, CDCl3) 6:9.54 (s, 1H), 8.73 (s, 1H), 8.59 (brs, 1H),
7.99 (d, /= 6.8 Hz, 2H), 7.51-7.42 (m, 3H), 6.48 (d, /= 50.8 Hz, 1H)

LRMS (ESI) m/z[M+Na]* calcd for CsHsCIFN,O3SNa 288.03; found 288.03

2-chloro-2-fluoro- N-(4-(N-methylacetamido)phenyl)acetaminde (CFA-66)

Off-white solid. 'H-NMR (400 MHz, CDCls) 6 : 8.32 (brs, 1H), 7.69 (d, /= 7.6 Hz, 2H),
7.23 (d, /= 8.0 Hz, 2H), 6.46 (d, /= 50.8 Hz, 1H), 3.27 (s, 3H), 1.90 (s, 3H)

LRMS (ESI) m/z [M+Na]* calcd for Ci1H12CIFN,O;Na 281.05; found 281.04

N-(2-bromo-5-fluoropyridin-3-yl)-2-chloro-2-fluoroacetamide (CFA-67)

Clear oil. '"H-NMR (400 MHz, CDCl;) 6 : 8.58 (brs, 1H), 8.55-8.54 (m, 1H), 8.10 (d, /= 2.8
Hz, 1H), 6.45 (d, /= 50.8 Hz, 1H)

LRMS (ESI) m/z [M+Na]* caled for C;H,BrCIF,N,ONa 308.91; found 308.91

2-chloro- N-(5-(4-chlorophenyl)-1,3,4-oxadiazol-2-yl)-2-fluoroacetamide (CFA-68)

Yellow solid. '"H-NMR (400 MHz, DMSO-d,) 6: 8.59 (brs, 1H), 7.86 (d, /= 8.0 Hz, 2H),
7.59 (d, /= 8.4 Hz, 2H), 6.50 (d, /= 51.6 Hz, 1H)

LRMS (ESI) m/z [M+Na]* calcd for C19HsCl,FN3O,Na 311.97; found 311.97

2-chloro-2-fluoro- V-(isoquinoline-4-yl)acetamide (CFA-69)

Red solid. "TH-NMR (400 MHz, DMSO-d,) 6:9.27 (s, 1H), 8.58 (s, 1H), 8.21 (d, /= 8.8 Hz,
1H), 7.97 (d, /= 8.0 Hz, 1H), 7.88 (t, /= 10.0 Hz, 1H), 7.76 (t, /= 9.0 Hz, 1H), 7.08 (d, /=
49.2 Hz, 1H)

LRMS (ESI) m/z [M+Na]* caled for C;1HsCIFN,ONa 261.02; found 261.02

N-(2-benzoyl-5-methylphenyl)-2-chloro-2-fluoroacetamide (CFA-70)

Yellow oil. 'H-NMR (400 MHz, CDCl;) 6:11.96 (brs, 1H), 8.49 (s, 1H), 7.68 (d, /= 6.8 Hz,
2H), 7.58 (d, /= 14.8 Hz, 1H), 7.53 (d, /= 8.0 Hz, 1H), 7.47 (d, /= 8.0 Hz, 2H), 6.98 (d, /
=7.6 Hz, 1H), 6.40 (d, /= 51.2 Hz, 1H), 2.45 (s, 3H)
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LRMS (ESI) m/z[M+Na]* caled for Ci1H13CIFNO,Na 328.05: found 328.05

N-(5-acetyl-2-bromophenyl)-2-chloro-2-fluoroacetamide (CFA-71)

Pale yellow solid. '"H-NMR (400 MHz, CDCl;) 6:8.90 (s, 1H), 8.57 (brs, 1H), 7.68 (d, /=
4.4 Hz, 2H), 6.46 (d, /= 50.8 Hz, 1H), 2.60 (s, 3H)

LRMS (ESI) m/z[M+Nal* calcd for CoHsBrCIFNO,Na 331.92; found 331.93

N-(4-(benzyloxy)-3-chlorophenyl) -2-chloro-2-fluoroacetamide (CFA-72)

Khaki solid. "TH-NMR (400 MHz, CDCl;) 6:7.78 (brs, 1H), 7.65 (d, /= 2.8 Hz, 1H), 7.43
(d, /= 6.8 Hz, 2H), 7.38 (d, /= 10.4 Hz, 1H), 7.35 (s, 1H), 7.32 (d, /= 7.2 Hz, 1H), 6.94 (d,
J=8.8Hz, 1H), 6.38 (d, /= 50.8 Hz, 1H), 5.14 (s, 2H)

LRMS (ESI) m/z[M+Na]* caled for CisH12Cl,FNO,Na 350.01; found 350.01

N-(benzo[ d|oxazol-2-yl)-2-chloro-2-fluoroacetamide (CFA-73)

Pale yellow solid. "H-NMR (400 MHz, CDCls) 6: 11.69 (brs, 1H), 7.48-7.47 (m, 1H), 7.41-
7.34 (m, 3H), 6.44 (d, /= 51.2 Hz, 1H)

LRMS (ESI) m/z [M+Na]* caled for CoHsCIFN>O,Na 251.00; found 251.00

2-chloro-2-fluoro -V-(3-(4-fluorophenyl) - 1H-pyrazol-5-yl) acetamide (CFA-74)

Off-white solid. '"H-NMR (400 MHz, DMSO-d,) 6:13.04 (s, 1H), 11.21 (s, 1H), 7.78 (t, /
=6.8 Hz, 2H), 7.29 (t, / =8.0 Hz, 2H), 6.88 (s, 1H), 6.82 (d, /= 50.8 Hz, 1H)

LRMS (ESI) m/z[M+Na]* caled for C;;HsCIF,NsONa 294.02; found 294.02

Methyl 5-(3-(2-chloro-2-fluoroacetamido) phenyl)furan-2-carboxylate (CFA-75)

Off-white solid. 'H-NMR (400 MHz, CDCls) 6 :7.97 (brs, 1H), 7.91 (s, 1H), 7.66 (d, /= 7.6
Hz, 1H), 7.60 (d, /= 8.0 Hz 1H), 7.42 (t, /= 7.8 Hz, 1H), 7.24 (d, /= 4.4 Hz, 1H), 6.78 (d,
J=3.6 Hz, 1H), 6.42 (d, /= 51.2 Hz, 1H), 3.91 (s, 3H)

LRMS (ESI) m/z[M+Na]* calcd for Ci14H;;CIFNO4Na 334.03; found 334.02

N-(5-(4-bromophenyl)isoxazole-3-yl)-2-chloro-2-fluoroacetamide (CFA-76)

Pale yellow solid. 'H-NMR (400 MHz, CD;0D) 6:7.77 (d, /= 8.0 Hz, 2H), 7.69 (d, /= 8.4
Hz, 2H), 7.27 (s, 1H), 6.70 (d, /= 49.2 Hz, 1H)

LRMS (ESI) m/z[M+Na]* calcd for Ci;H;BrCIFN2O,Na 356.92; found 356.91

2-chloro-2-fluoro -NV-(5- (hydroxymethyl) -2-methylphenyl) acetamide (CFA-77)
Off-white solid. "H-NMR (400 MHz, DMSO-d;) 6:10.08 (brs, 1H), 7.24 (s, 1H), 7.20 (d, /
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=7.6Hz, 1H), 7.11 (d,]= 8.0 Hz, 1H), 6.91 (d,]= 49.6 Hz, 1H), 5.16 (t,]= 10.8 Hz, 1H),
4.45 (d,]= 5.6 Hz, 2H), 2.16 (s, 3H)
LRMS (ESI) m/z [M+Na]* calcd for C;0H1:CIFNO,Na 254.04; found 254.02

2-chloro-2-fluoro -V-(3- (hydroxymethyl) -2-methylphenyl) acetamide (CFA-78)

Pale yellow solid. "H-NMR (400 MHz, DMSO-d;) 6:10.15 (s, 1H), 7.30 (d, /= 6.4 Hz, 1H),
7.19 (t, /= 7.4 Hz, 1H), 7.13 (d, /= 8.0 Hz, 1H), 6.92 (d, /= 49.6 Hz, 1H), 5.11 (t, /= 5.4
Hz, 1H), 4.50 (d, /= 5.6 Hz, 2H), 2.08 (s, 3H)

LRMS (ESI) m/z [M+Nal* calcd for CoH;1CIFNO,Na 254.04; found 254.03

2-chloro-2-fluoro -NV-(3-(1-hydroxyethyl) phenyl) acetamide (CFA-79)

Yellow solid. "TH-NMR (400 MHz, DMSO-d;) 6:10.56 (s, 1H), 7.61 (s, 1H), 7.50 (d, /= 8.0
Hz, 1H), 7.28 (t, /=7.8 Hz, 1H), 7.10 (d, /= 7.6 Hz, 1H), 6.83 (d, /= 49.2 Hz, 1H), 5.17 (q,
J=4.0Hz, 1H), 4.69 (t, /= 5.2 Hz, 1H), 1.30 (d, /= 6.4 Hz, 3H)

LRMS (ESI) m/z[M+Na]* caled for CioH1:CIFNO,Na 254.04; found 254.03

2-chloro-2-fluoro -V-(2-hydroxy-5- ( tert-pentyl) phenyl) acetamide (CFA-80)

Cream yellow solid. "H-NMR (400 MHz, DMSO-dy) 6:9.76 (s, 1H), 9.65 (brs, 1H), 7.79 (s,
1H), 7.08 (m, 1H), 6.98 (m, 1H), 6.90 (d, /= 48.8 Hz, 1H), 1.55 (q, /= 7.3 Hz, 2H), 1.18 (s,
6H), 0.62 (t, /= 7.4 Hz, 3H)

LRMS (ESI) m/z [M+Na]* caled for C13H17CIFNO,Na 296.08; found 296.07

2-chloro-2-fluoro -V-(4-(((S)-2-oxooxazolidin-4-yl)methyl) phenyl) acetamide (CFA-81)
Pale yellow amorphous solid. "H-NMR (400 MHz, DMSO-d,) 6 :10.56 (s, 1H), 7.23 (s, 1H),
7.56 (d, /= 6.8 Hz, 2H), 7.23 (d, /= 7.2 Hz, 2H), 6.84 (d, /= 48.8 Hz, 1H), 4.25 (s, 1H),
4.02-3.96 (m, 2H), 2.75 (m, 2H)

LRMS (ESI) m/z[M+Na]* calcd for Ci2H12CIFN,OsNa 309.04; found 309.03

Ethyl 3-(2-chloro-2-fluoroacetamido)benzofuran-2-carboxylate (CFA-82)

White solid. 'H-NMR (400 MHz, CDCl3) 6:10.26 (brs, 1H), 8.41 (d, /= 8.4 Hz, 1H), 7.51-
7.48 (m, 2H), 7.33 (t, /= 7.2 Hz, 1H), 6.51 (d, /= 50.4 Hz, 1H), 4.50 (q, /= 7.2 Hz, 2H),
1.46 (t, /= 4.8 Hz, 3H)

LRMS (ESI) m/z[M+Na]* calcd for C13H1CIFNO4Na 322.03; found 322.02

2-chloro-2-fluoro -NV-(2- (hydroxy(phenyl) methyl) phenyl) acetamide (CFA-83)
Pale yellow oil. 'H-NMR (400 MHz, CDCl;) 6:9.71 (brs, 1H), 8.14 (d, /= 8.4 Hz, 1H),
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7.38-7.26 (m, 6H), 7.15-7.14 (m, 2H), 6.21 (d, /= 51.2 Hz, 1H), 5.97 (s, 1H), 2.81 (brs,
1H)
LRMS (ESI) m/z[M+Na]* calcd for CisH3CIFNO;Na 316.05; found 316.05

2-chloro-2-fluoro -V-(3-(4-methoxyphenyl)isoxazol-5-yl)acetamide (CFA-84)

Cream yellow solid. '"H-NMR (400 MHz, CDCl3) 6:8.77 (brs, 1H), 7.74 (d, /= 8.8 Hz, 2H),
6.97 (d, /= 8.8 Hz, 2H), 6.74 (s, 1H), 6.49 (d, /= 50.4 Hz, 1H), 3.85 (s, 3H)

LRMS (ESI) m/z[M+Nal* caled for C12H10CIFN2OsNa 307.03; found 307.03

N-(5-bromo-4-methylpyrimidin-2-yl)-2-chloro-2-fluoroacetamide (CFA-85)

Brown solid. "H-NMR (400 MHz, CDCl;) 6: 8.61 (s, 1H), 8.51 (brs, 1H), 6.62 (d, /= 51.6
Hz, 1H), 2.60 (s, 3H)

LRMS (ESI) m/z [M+Na]* caled for C;HsBrCIFN3ONa 305.92; found 305.93

2-chloro-2-fluoro -NV-(3,4,5trimethoxyphenyl)acetamide (CFA-86)

Off-white solid. "TH-NMR (400 MHz, CDCl3) 6: 8.01 (s, 1H), 6.85 (brs, 2H), 6.38 (d, /=
51.0 Hz, 1H), 3.81 (d, /= 7.2 Hz, 9H)

LRMS (ESI) m/z[M+Na]* calcd for C;;Hi3CIFNO4Na 300.04; found 300.04

2-chloro-2-fluoro -V-(4-(((S)-2-oxooxazolidin-4-yl) methyl) phenyl) acetamide (CFA-87)
White solid. "TH-NMR (500 MHz, DMSO-d;) 6:10.7 (s, 1H), 7.87 (t, /= 7.8 Hz, 1H), 7.82
(d, /= 2.5 Hz, 1H), 7.55 (d, /= 8.0 Hz, 1H), 7.50 (d, /= 9.0 Hz, 1H), 7.36 (t, /= 6.0 Hz,
1H), 7.25 (d, /= 9.0 Hz, 1H), 6.87 (d, /= 49.0 Hz, 1H), 5.26 (s, 2H)

LRMS (ESI) m/z[M+Na]* caled for CiuH;;Cl,FN2O2Na 351.01; found 351.01

2-chloro-2-fluoro- N-(4-sulfamoylphenyl)acetamide (CFA-88)

White solid. 'H-NMR (400 MHz, DMSO-d;) 6: 10.9 (s, 1H), 7.80 (s, 4H), 7.29 (s, 2H),
6.95-6.83 (d, /= 49.0 Hz, 1H)

LRMS (ESI) m/z [M+Na]* caled for CsHsCIFN2,O3SNa 288.98; found 288.98

N-(3-acetylohenyl)-2-chloro-2-fluoroacetamide (CFA-89)

Yellow solid. "H-NMR (400 MHz, CDCl;) 6:8.10 (brs, 1H), 8.09 (s, 1H), 7.91 (d, /= 8.4
Hz, 1H), 7.77 (J= 8.0 Hz, 1H), 7.48 (t, /= 8.0 Hz, 1H), 6.42 (d, /= 51.0 Hz, 1H), 2.61 (s,
3H)

LRMS (ESI) m/z[M+Na]* calcd for C1oHoCIFNO;Na252.02; found 252.02
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2-chloro-2-fluoro -V-(4-propoxyphenyl) acetamide (CFA-90)

Green solid. '"H-NMR (400 MHz, CDCl;) 6:7.78 (brs, 1H), 7.44 (d, /= 9.2 Hz, 2H), 6.88
(d, /= 9.2 Hz, 2H), 6.39 (d, /= 51.0 Hz, 1H), 3.90 (t, /= 6.4 Hz, 2H), 1.83-1.74 (m, 2H),
1.02 (t, /= 7.2 Hz, 3H)

LRMS (ESI) m/z[M+Nal* calcd for C;1H3CIFNO;Na 268.05; found 268.05

N-(4-(4-bromophenyl)isoxazole-5-yl)-2-chloro-2-fluoroacetamide (CFA-91)

Brown solid. "H-NMR (400 MHz, CDCl3) 6:8.44 (d, /= 1.2 Hz, 2H), 8.21 (brs, 1H), 7.55
(d, /= 8.8 Hz, 2H), 7.22 (d, /= 8.8 Hz, 2H), 6.44 (d, /= 51.0 Hz, 1H)

LRMS (ESI) m/z [M+Nal* calcd for C;1H;BrCIFN,O,Na 354.93; found 354.92

2-chloro-2-fluoro -V-(2’-hydroxy-[1,1’:3,1”-terphenyl] -5’-yl)acetamide (CFA-92)

Yellow solid. '"H-NMR (400 MHz, CDCl3) 6: 7.84 (brs, 1H), 7.66 (s, 1H), 7.55-7.37 (m,
12H), 6.41 (d, /= 51.0 Hz, 1H)

LRMS (ESI) m/z [M+Na]* calcd for C30H15CIFNO,Na 378.07; found 378.06

2-chloro -N-(7-chloro-1H-benzo[ dlimidzol-2-yl) -2-fluoroacetamide (CFA-93)

Yellow solid. '"H-NMR (400 MHz, DMSO-d;) 6: 12.60 (brs, 2H), 7.46 (d, /= 8.0 Hz, 1H),
7.24 (d, /= 8.0 Hz, 1H), 7.15 (d, /= 8.0 Hz, 1H), 6.83 (d, /= 49.0 Hz, 1H)

LRMS (ESI) m/z [M+Na]* caled for CoHsCl,FN3ONa 283.98; found 283.97

2-chloro-2-fluoro- N-(5-(pyridine-4-yl)-1,3,4-thiadiazol-2-yl)acetamide (CFA-94)
Pale-yellow solid. '"H-NMR (400 MHz, DMSO-d;) 6:8.72 (d, /= 4.8 Hz, 2H), 7.91 (d, /=
4.4 Hz, 2H), 7.52 (brs, 1H), 6.92 (d, /= 50.0 Hz, 1H)

LRMS (ESI) m/z [M+Na]* caled for CoHsCIFN,OSNa 294.98; found 294.98

2-chloro -V-(2-((cyclohexyl (methyl) amino) methyl) phenyl) -2-fluoroacetamide (CFA-95)
Yellow oil. 'H-NMR (500 MHz, CDCls) 6: 12.40 (brs, 1H), 8.26 (d, /= 8.0 Hz, 1H), 7.32-
7.29 (m, 1H), 7.11 (d, /= 6.5 Hz, 1H), 7.07 (t, /= 7.3 Hz, 1H), 6.37 (d, /= 50.5 Hz, 1H),
(dd, /=17.0, 17.0 Hz, 2H), 2.46 (tt, /= 13.0, 4.0 Hz, 1H), 2.20 (s, 3H), 1.84 (dd, /= 28.0,
10.5 Hz, 4H), 1.34-1.07 (m, 5H)

LRMS (ESI) m/z[M+Na]* calcd for CiH2:CIFN,ONa 335.13; found 335.13

2-chloro -NV-(2-((cyclohexyl (methyl) amino) methyl) phenyl) -2-fluoroacetamide (CFA-96)
Beige solid. '"H-NMR (500 MHz, CDCl3) 6: 7.95 (brs, 1H), 7.45-7.42 (m, 2H), 6.88-6.85
(m, 2H), 6.38 (d, /=51.0 Hz, 1H), 3.92 (t, /= 6.5 Hz, 2H), 1.78-1.73 (m, 2H), 1.45-1.41 (m,
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2H), 1.35-1.31 (m, 4H), 0.89 (t, /= 7.0 Hz, 3H)
LRMS (ESI) m/z[M+Na]* calcd for CuHoCIFNO,Na 310.09; found 310.10

2-chloro-2-fluoro- N-(4-(N-(5-methylisooxyazol-3-yl)sulfamoyl) phenyl)acetamide =~ (CFA-
97)

Pink solid. "H NMR (400 MHz, CDCl3) 6:8.11 (brs, 1H), 7.84 (d, /= 7.6 Hz, 2H), 7.72 (d,
J=17.6Hz, 2H), 6.41 (d, /=51.0 Hz, 1H), 6.21 (s, 1H), 2.35 (s, 3H), 2.15 (d, /= 1.2 Hz, 1H)
LRMS (ESI) m/z [M+Na]* caled for Ci2H1;CIFN304,SNa 370.00; found 370.01

Ethyl 5-(4-bromophenyl)-2-(2-chloro-2-fluoroacetamido)thiophene-3-carboxylate (CFA-
98)

Yellow solid. "TH-NMR (500MHz, DMSO-dy) 6:11.73 (s, 1H), 7.57 (d, /=8.5 Hz, 2H), 7.31
(d, /=485 Hz, 1H), 7.30 (d, /= 8.5 Hz, 2H), 7.17 (s, 1H), 4.12 (q, /= 7.0 Hz, 2H), 1.01-
0.96 (t, /= 12.5 Hz, 3H)

LRMS (ESI) m/z[M+Na]* calcd for C1sH;12BrCIFNO3;SNa 443.93; found 443.92

N-(4-(1 H-pyrazol-3-yl) phenyl) -2-chloro-2-fluoroacetamide (CFA-99)

Off-white solid. "H-NMR (400 MHz, CDCl;) 6:12.80 (s, 1H), 10.70 (s, 1H), 7.78-7.66 (m,
5H), 6.87 (d, /= 49.0 Hz, 1H), 6.66 (s, 1H)

LRMS (ESI) m/z [M+Na]* caled for C11HoCIFN3ONa 276.03; found 276.04

2-chloro-N-(9,10-dioxo-9,10-dihydroanthracen-2-yl)-2-fluoroacetamide (CFA-100)

Orange solid. 'TH-NMR (400 MHz, CDCls) 6 : 8.37-8.24 (m, 5H), 7.80 (t, /= 3.6 Hz, 2H),
6.46 (d, /= 51.0 Hz, 1H)

LRMS (ESI) m/z[M+Na]* caled for CisHoCIFNO3Na 340.01; found 340.28

2-chloro-2-fluoro- V-(isoquinolin-5-yl)acetamide (CFA-101)

Orange amorphous solid. 'H-NMR (400 MHz, CDCl3) 6:9.28 (s, 1H), 8.60 (t, /= 6.0 Hz,
1H), 8.42 (brs, 1H), 8.17 (d, /= 7.6 Hz, 1H), 7.90 (d, /= 8.4 Hz, 1H), 7.65 (d, /= 8.0 Hz,
1H), 7.61 (d, /= 7.2 Hz, 1H), 6.54 (d, /= 51.0 Hz, 1H)

LRMS (ESI) m/z [M+Na]* calcd for C1;HyCIFN,ONa 239.04; found 239.04

N-(4-bromo-3-methoxyphenyl)-2-chloro-2-fluoroacetamide (CFA-102)

Off-white solid. 'H-NMR (400 MHz, CDCl;) 6: 7.86 (brs, 1H), 7.49 (d, /= 8.8 Hz, 1H),
7.46 (s, 1H), 6.86 (d, /= 8.8 Hz, 1H), 6.40 (d, /= 51.0 Hz, 1H), 3.90 (d, /= 1.2 Hz, 3H)
LRMS (ESI) m/z[M+Na]* calcd for CoHgBrCIFNO,Na 319.93; found 319.94
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2-chloro-2-fluoro-1-(8-phenyl-2-oxa-5,8-diazapiro[3.4]octan-5-yl)ethan-1-one (CFA-103)
White solid. '"H-NMR (500 MHz, CDCl3) 6 :7.37-7.35 (m, 2H), 7.24-7.22 (m, 2H), 7.04 (x,
J=7.0Hz, 1H), 5.45-5.42 (m, 2H), 5.07-5.02 (m, 2H), 3.93-3.84 (m, 2H), 3.60-3.50 (m, 2H)
LRMS (ESI) m/z [M+H]* calcd for C1sH15CIFN,O, 285.08; found 285.08

2-chloro-2-fluoro- V-(4-hydroxymethyl) phenyl) acetamide (CFA-104)

White solid. '"H-NMR (400 MHz, DMSO-d,) 6:10.57 (s, 1H), 7.61 (s, 1H), 7.48 (d, /= 7.2
Hz, 1H), 7.30 (t, /= 7.6 Hz, 1H), 7.08 (d, /= 7.2 Hz, 1H), 6.74 (d, /= 49.2 Hz, 1H), 5.21 (¢,
J=6.0 Hz, 1H), 4.48 (d, /= 4.0 Hz, 2H)

LRMS (ESI) m/z[M+Nal* caled for CoHoCIFNO,Na 240.02; found 240.02

2-chloro-2-fluoro -V-(4-(thiophen-3-yl) phenyl) acetamide (CFA-105)

Cream yellow solid. "H-NMR (400 MHz, DMSO-d,) 6 : 10.66 (brs, 1H), 7.82 (s, 1H), 7.72
(d, /= 8.8 Hz, 2H), 7.67 (d, /= 8.4 Hz, 2H), 7.63 (d, /= 4.4 Hz, 1H), 7.54 (d, /= 5.2 Hz,
1H), 6.87 (d, /= 49.2 Hz, 1H)

LRMS (ESI) m/z [M+Na]* caled for C12HoCIFNOSNa 292.00; found 291.99

2-chloro-2-fluoro- N-(5-fluoro-2-methoxyphenyl)acetamide (CFA-106)

Yellow oil. 'H-NMR (400 MHz, CDCl3) 6 : 8.62 (brs, 1H), 8.15-8.12 (m, 1H), 6.81-6.78 (m,
2H), 6.39 (d, / =50.8 Hz, 1H), 3.88 (s, 3H)

LRMS (ESI) m/z[M+Na]* calcd for CoHsCIF2NO,Na 258.01; found 258.01

Methyl 4-chloro-2-(chloro-2-fluoroacetamido)benzoate (CFA-107)

Cream yellow solid. '"H-NMR (400 MHz, DMSO-d,) 6: 11.59 (brs, 1H), 8.39 (s, 1H), 8.03
(d, /J=8.4 Hz, 1H), 7.40 (d, /= 7.6 Hz, 1H), 7.09 (d, /= 49.2 Hz, 1H), 3.88 (s, 3H)

LRMS (ESI) m/z [2M+Na]* calcd for CoHsCIF.NO,Na 582.96; found 582.94

2-chloro-2-fluoro- V-phenylacetamide (CFA-108)

White solid. "H-NMR (400 MHz, CDCl3) 6:7.85 (s, 1H), 7.55 (d, /= 8.4 Hz, 2H), 7.37 (t, /
= 8.0 Hz, 2H), 7.19 (t, /= 7.2 Hz, 1H), 6.40 (d, /= 51.2 Hz, 1H)

LRMS (ESI) m/z [M+Na]* caled for CgH;CIFNONa 210.01; found 210.01

N-(3-(benzyloxy) pyridin-2-yl)-2-chloro-2-fluoroacetamide (CFA-109)
Pale yellow solid. "TH-NMR (400 MHz, DMSO-d;) 6:10.50 (s, 1H), 8.02 (d, /= 3.6 Hz, 1H),
7.58 (d, /= 9.2 Hz, 1H), 7.47 (d, /= 7.2 Hz, 2H), 7.37 (¢, /= 7.2 Hz, 2H), 7.32 (¢, /= 4.0 Hz,
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1H), 7.30 (t, /= 4.0 Hz, 1H)
LRMS (ESI) m/z[M+Na]* caled for CiuH2CIFN,O,Na 317.05; found 317.05

2-chloro -N-(5-chloro-2-methoxyphenyl)-2-fluoroacetamide (CFA-110)

Brown solid. '"H-NMR (400 MHz, CDCl3) &: 8.57 (brs, 1H), 8.38 (s, 1H), 7.08 (d, /= 8.8
Hz, 1H), 6.82 (d, /= 8.8 Hz, 1H), 6.39 (d, /= 51.0 Hz, 1H), 3.90 (s, 3H)

LRMS (ESI) m/z[M+Nal* calcd for CoHgCl,FNO,Na 273.98; found 273.98

2-chloro-2-fluoro- V-(4-hydroxymethyl) phenyl) acetamide (CFA-111)

Orange solid. 'H-NMR (400 MHz, DMSO-d;) 6 : 10.60 (s, 1H), 7.57 (d, /= 7.6 Hz, 2H),
7.29 (d, /= 7.6 Hz, 2H), 6.84 (d, /= 49.0 Hz, 1H), 5.13 (t, /= 4.8 Hz, 1H), 4.46 (d, /= 5.2
Hz, 2H)

LRMS (ESI) m/z [M+Na]* calcd for CoHoCIFNO,Na 240.02; found 240.02

N- (4-bromo-2-ethylphenyl) -2-chloro-2-fluoroacetamide (CFA-112)

Off-white solid. 'H-NMR (400 MHz, CDCls) 6: 7.76 (brs, 1H), 7.73 (d, /= 8.8 Hz, 1H),
7.38 (s, 1H), 7.37 (d, /= 8.8 Hz, 1H), 6.42 (d, /= 51.0 Hz, 1H), 2.60 (q, /= 15.0 Hz, 2H),
1.25 (t, /= 7.6 Hz, 3H)

LRMS (ESI) m/z [M+Na]* calcd for C1oH10BrCIFNONa 315.95; found 315.95

2-chloro-2-fluoro- N-(2-oxo-4-(trifluoromethyl) -2 H-chromen-7-yl) acetamide (CFA-113)
Yellow solid. "H-NMR (400 MHz, DMSO-d;) 6:11.20 (s, 1H), 7.88 (s, 1H), 7.74 (d, /= 8.4
Hz, 1H), 7.68 (d, /= 8.8 Hz, 1H), 6.93 (d, /= 49.0 Hz, 1H), 6.96 (s, 1H)

LRMS (ESI) m/z [M+Na]* calcd for C12HsCIF4NO3Na 345.99; found 345.99

N-(2-bromo-4,6-dimethylphenyl) -2-chloro-fluoroacetamide (CFA-114)

White solid. '"H-NMR (400 MHz, CDCl;) 6:7.62 (brs, 1H), 7.29 (s, 1H), 7.02 (s, 1H), 6.45
(d, /=51.0 Hz, 1H), 2.29 (s, 3H), 2.25 (s, 3H)

LRMS (ESI) m/z [M+Na]* caled for CioH1oBrCIFNONa 317.9491; found 317.9488

N-(4-(1 H-imidazol-1-yl)phenyl) -2-chloro-2-fluoroacetamide (CFA-115)

Beige solid. '"H-NMR (400 MHz, DMSO-ds) 6:10.80 (s, 1H), 8.21 (s, 1H), 7.77 (d, /= 8.8
Hz, 2H), 7.70 (s, 1H), 7.65 (d, /= 8.8 Hz, 2H), 7.09 (s, 1H), 6.89 (d, /= 49.0 Hz, 1H)
LRMS (ESI) m/z [M+H]" calcd for C;1H1oCIFN50 254.05; found 254.05

2-chloro -V-(4-chloro-2- (2-fluorobenzoyl) phenyl) -2-fluoroacetamide (CFA-116)
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Yellow solid. '"H-NMR (400 MHz, CDCl;) 6:12.0 (brs, 1H), 8.69 (d, /= 2.3 Hz, 1H), 7.59
(d, /J=9.2Hz, 2H), 7.49 (t, /= 7.6 Hz, 2H), 7.30 (t, /= 7.6 Hz, 1H), 7.20 (t, /= 9.2 Hz, 1H),
6.42 (d, /=51.0 Hz, 1H)

LRMS (ESI) m/z [M+Na]* calcd for Ci5sHoCl,F.NO,Na 365.99; found 365.99

2-chloro-N-(2,5-doethoxyphenyl)-2-fluoroacetamide (CFA-117)

Beige solid. "H-NMR (400 MHz, CDCl3) 6 : 8.69 (brs, 1H), 8.01 (d, /= 1.6 Hz, 2H), 6.80 (d,
J=8.8Hz, 1H), 6.63 (d, /= 8.8 Hz, 1H), 6.39 (d, /= 51.0 Hz, 1H), 4.07 (g, /= 6.8 Hz, 2H),
4.00 (q, /= 6.8 Hz, 2H), 1.41 (t, /= 8.4 Hz, 3H), 1.37 (¢, /= 8.4 Hz, 3H)

LRMS (ESI) m/z [M+Nal* calcd for C2H5CIFNO3sNa 298.06; found 298.06

2-chloro -N-(4-(V-(5,6-dimethoxypyrimidin-4-yl) sulfamoyl) phenyl) -2-fluoroacetamide
(CFA-118)

Off-white amorphous solid. '"H-NMR (400 MHz, DMSO-d;) 6: 11.10 (brs, 1H), 11.0 (brs,
1H), 8.10 (s, 2H), 7.99 (d, /= 8.4 Hz, 2H), 7.81 (d, /= 9.2 Hz, 2H), 6.88 (d, /= 49.0 Hz,
1H), 3.90 (s, 1H), 3.69 (s, 1H)

LRMS (ESI) m/z[M+Na]* caled for C14H14CIFN,OsSNa 427.03; found 427.02

2-chloro-2-fluoro- N-(trifluoromethoxy) phenyl) acetamide (CFA-119)

Off-white solid. 'H-NMR (400 MHz, CDCl;) 6:8.35 (d, /= 7.6 Hz, 1H), 8.26 (brs, 1H),
7.32 (q, /= 7.6 Hz, 2H), 7.21 (d, /= 7.6 Hz, 1H), 6.42 (d, /= 51.0 Hz, 1H)

LRMS (ESI) m/z [M+Na]* caled for CoHsCIF4NO,Na 293.99; found 293.99

N-(4-(2-chloro-fluoroacetamido)phenyl)-2,2,2-trifluoroacetamide (CFA-120)
Pale grey solid. 'H-NMR (500 MHz, CDCl;) 6:7.66-7.62 (m, 4H), 6.49 (d, /= 51.0 Hz, 1H)
LRMS (ESI) m/z[M+Na]* caled for C1oH7CIF4sN,O,Na 321.00; found 321.00

Methyl 4-(2-chloro-2-fluoroacetamido)-2-methoxybenzoate (CFA-121)

Pale yellow sticky solid. '"H-NMR (500 MHz, CDCl3) 6: 8.39 (brs, 1H), 7.83 (d, /= 8.5 Hz,
1H), 7.57 (d, /= 2.0 Hz, 1H), 7.03 (dd, /= 8.5, 2.0 Hz, 1H), 6.42 (d, / =50.5 Hz, 1H), 3.87
(s, 3H), 3.86 (s, 3H)

LRMS (ESI) m/z[M+Na]* calcd for C;1H1;CIFNO4Na 298.03; found 298.02

Methyl 3-(2-chloro-2-fluoroacetamido)-4-metylbenzoate (CFA-122)
White solid. "TH-NMR (400 MHz, CDCl;) 6:8.39 (s, 1H), 7.83 (d, /= 7.6 Hz, 1H), 7.80 (brs,
1H), 7.30 (d, /= 7.6 Hz, 1H), 6.44 (d, / =51.0 Hz, 1H), 3.89 (d, /= 2.0 Hz, 3H), 2.34 (d,
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= 1.6 Hz, 3H)
LRMS (ESI) m/z[M+Nal* calcd for C;;H;1CIFNO3sNa 282.03; found 282.03

Dimethyl 5-(2-chloro-2-fluoroacetamido)isophthalate (CFA-123)

Off-white solid. 'H-NMR (400 MHz, CDCl;) 6:8.49 (s, 1H), 8.45 (d, /= 1.2 Hz, 2H), 8.28
(brs, 1H), 6.44 (d, /= 50.0 Hz, 1H), 3.84 (t, /= 6.4 Hz, 2H), 3.93 (s, 6H)

LRMS (ESI) m/z [M+Nal* calcd for C2H1CIFNOsNa 326.02; found 326.02

2-chloro-2-fluoro- N-(4-(2-hydroxyethyl) phenyl) acetamide (CFA-124)

White solid. 'TH-NMR (400 MHz, CDCl;) 6:7.92 (brs, 1H), 7.50 (d, /= 7.2 Hz, 2H), 7.23
(d, /= 8.0 Hz, 2H), 6.40 (d, /= 51.0 Hz, 1H), 3.84 (t, /= 6.4 Hz, 2H), 2.85 (t, /= 6.4 Hz,
2H), 2.56 (brs, 1H)

LRMS (ESI) m/z[M+Na]* caled for CioH1:CIFNO,Na 254.04; found 254.03

2-chloro-2-fluoro- N-(2- (hydroxymethyl) phenyl) acetamide (CFA-125)

Yellow oil. "TH-NMR (400 MHz, CDCl3) 6:9.64 (brs, 1H), 8.14 (d, /= 8.0 Hz, 1H), 7.36 (4,
J=18.0 Hz, 1H), 7.20 (d, /= 8.0 Hz, 1H), 7.14 (t, /= 8.0 Hz, 1H), 6.41 (d, /= 51.0 Hz, 1H),
4.79 (s, 2H)

LRMS (ESI) m/z [M+Na]* calcd for CoOHyCIFNO,Na 240.02; found 240.02

2-chloro-2-fluoro- N-(4-(hydroxymethyl) pyridin-2-yl)acetamide (CFA-126)

Colorless oil. "H-NMR (400 MHz, DMSO-d;) 6 : 11.10 (brs, 1H), 8.29 (d, /= 5.2 Hz, 1H),
8.02 (s, 1H), 7.13 (d, /= 4.0 Hz, 1H), 6.88 (d, /= 50.0 Hz, 1H), 4.55 (s, 2H)

LRMS (ESI) m/z[M+Na]* caled for CsHsCIFN,O,Na 241.02; found 241.02

2-chloro- N-(3-cyanophenyl) -2-fluoroacetamide (CFA-127)

Off white solid. "TH-NMR (400 MHz, CDCls) 6: 7.99 (m, 2H), 7.75 (brs, 1H), 7.49 (d, /=
4.4 Hz, 1H), 6.42 (d, /= 51.2 Hz, 1H)

LRMS (ESI) m/z [M+Na]* caled for CoHsCIFN>,ONa 235.00; found 235.01

3-(2-chloro-2-fluoroacetamido)benzamide (CFA-128)

White solid. 'TH-NMR (400 MHz, DMSO-d;) &§:10.73 (s, 1H), 8.09 (s, 1H), 7.95 (s, 1H),
7.76 (d, /= 7.2 Hz, 1H), 7.63 (d, /= 7.2 Hz, 1H), 7.43 (t, /= 8.0 Hz, 1H), 7.34 (s, 1H), 6.87
(d, /= 48.8 Hz, 1H)

LRMS (ESI) m/z [M+Na]* caled for CoHgCIFN2O,Na 253.02; found 253.02
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N-(4-bromonaphthalen-1-yl)-2-chloro-2-fluoroacetamide (CFA-129)

Orange solid. '"H-NMR (400 MHz, CDCl;) 6: 8.32-8.31 (m, 1H), 8.27 (brs, 1H), 7.84 (m,
1H), 7.82 (d, /= 5.2 Hz, 2H), 7.65 (m, 2H), 6.53 (d, /= 51.6 Hz, 1H)

LRMS (ESI) m/z [M+Na]* calcd for C12HsBrCIFNONa 339.93; found 339.93

4-chloro-3-(2-chloro-2-fluoroacetamido)benzamide (CFA-130)

White solid. "H-NMR (400 MHz, CDCl;) 6:8.75 (s, 1H), 8.57 (brs, 1H), 7.71 (d, /= 8.0 Hz,
1H), 7.53 (d, /= 8.4 Hz, 1H), 6.46 (d, /= 50.8 Hz, 1H), 6.19 (brs, 1H), 5.61 (brs, 1H)
LRMS (ESI) m/z [M+Na]* calcd for CoH;Cl,FN,O,Na 286.98; found 286.98

2-chloro- N-(3,4-difluorophenyl)-2-fluoroacetamide (CFA-131)

Off-white solid. '"H-NMR (400 MHz, CDCl;) 6: 7.91 (brs, 1H), 7.66-7.62 (m, 1H), 7.17-
7.11 (m, 1H), 6.40 (d, /= 51.0 Hz, 1H)

LRMS (ESI) m/z [M+Na]* calcd for CsHsCIFsNONa 245.99; found 245.99

2-chloro- N-(3,4-dimethylphenyl) -2-fluoroacetamide (CFA-132)

White solid. "TH-NMR (500 MHz, CDCl;) 6 :7.88 (brs, 1H), 7.34 (s, 1H), 7.34-7.27 (m, 1H),
7.11 (d, /= 8.0 Hz, 1H), 6.39 (d, /= 51.0 Hz, 1H), 2.25 (d, /= 8.5 Hz, 6H)

LRMS (ESI) m/z[M+Na]* calcd for CioH1;CIFNONa 238.04; found 238.04

2-chloro-2-fluoro- V-(3-methoxyphenyl) acetamide (CFA-133)

Pale yellow solid. "H-NMR (400 MHz, CDCl;) 6 :7.85 (brs, 1H), 7.28-7.23 (m, 2H), 7.03 (d,
J=8.0Hz, 1H), 6.74 (d, /= 8.4 Hz, 1H) 6.39 (d, /= 51.0 Hz, 1H), 3.80 (s, 4H)

LRMS (ESI) m/z [M+Na]* calcd for CoHoCIFNO,Na 240.02; found 240.02

2-chloro-2-fluoro- V-(pyridine-4-ylmethyl)acetamide (CFA-134)

Brown oil. "TH-NMR (400 MHz, CDCl;) 6:8.59 (d, /= 4.4 Hz, 2H), 7.21 (d, /= 4.8 Hz, 2H),
6.69 (brs, 1H), 6.42 (d, /= 51.0 Hz, 1H), 4.61-4.48 (m, 2H)

LRMS (ESI) m/z [M+H]* calcd for CsHoCIFN,O 203.04; found 203.04

N-(3,5-bis(trifluoromethyl)benzyl) -2-chloro-2-fluoroacetamide (CFA-135)

White solid. '"H-NMR (400 MHz, CDCl;) 6:7.82 (s, 1H), 7.74 (s, 1H), 6.77 (brs, 1H), 6.37
(d, /=51.0 Hz, 1H), 4.70-4.63 (m, 2H)

LRMS (ESI) m/z [M-H]" calcd for CoHoCIFNO;Na 336.00; found 336.01

Methyl 2-(2-chloro-2-fluoroacetamido)benzoate (CFA-136)
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Beige solid. "H-NMR (400 MHz, CDCl3) 6:12.0 (brs, 1H), 8.67 (d, /= 8.0 Hz, 1H), 8.08 (d,
J=8.4Hz, 1H), 7.59 (t, /= 8.4 Hz, 1H), 7.18 (t, /= 8.4 Hz, 1H), 6.40 (d, /= 51.0 Hz, 1H),
3.95 (s, 3H)

LRMS (ESI) m/z[M-H]" calcd for C10HsCIFNO; 244.02; found 244.03

2-chloro-2-fluoro- N-(3-methylpyridin-2-yl) acetamide (CFA-137)

Clear oil. 'TH-NMR (400 MHz, DMSO-d;) 6:10.74 (brs, 1H), 8.30 (d, /= 4.8 Hz, 1H), 7.73
(d, /= 7.2 Hz, 1H), 7.28 (t, /= 12.4 Hz, 1H), 6.94 (d, /= 49.6 Hz, 1H), 2.17 (s, 3H)

LRMS (ESI) m/z[M+Na]* calcd for CsHsCIFN,ONa 225.02; found 225.02

2-chloro-2-fluoro- N-(3-sulfamoylphenyl)acetamide (CFA-138)

Beige solid. 'H-NMR (400 MHz, CDCl3) 6: 8.25 (t, /= 1.6 Hz, 1H), 7.82-7.79 (m, 1H),
7.71-7.69 (m, 1H), 7.53 (t, / =8.0 Hz, 1H), 6.67 (d, /= 50.0 Hz, 1H), 4.55 (s, 2H)

LRMS (ESI) m/z [M+Na]* caled for CsHsCIFN,O3SNa 288.98; found 288.98

2-chloro-2-fluoro- N-(o-tolyl)acetamide (CFA-139)

Pale yellow solid. "H-NMR (400 MHz, DMSO-d;) 6: 10.10 (brs, 1H), 7.32 (t, / = 8.4 Hz,
2H), 7.20 (t, / =14.0 Hz, 2H), 6.93 (d, /= 49.6 Hz, 1H), 2.19 (s, 3H)

LRMS (ESI) m/z [M+Na]* calcd for CoHyCIFNONa 224.02; found 224.02

2-chloro- N-(4-(dimethylamino) phenyl) -2-fluoroacetamide (CFA-140)

Pale yellow solid. "H-NMR (400 MHz, CDCl;) 6: 7.73 (brs, 1H), 7.39 (d, / = 8.8 Hz, 2H),
6.69 (d, /= 8.8 Hz, 2H), 6.38 (d, /= 50.8 Hz, 1H), 2.93 (s, 6H)

LRMS (ESI) m/z [M+Na]* caled for Ci;oH12CIFN,ONa 253.05; found 253.05

2-chloro- N-(3-chlorophenyl) -2-fluoroacetamide (CFA-141)

Pale yellow solid. 'H-NMR (400 MHz, DMSO-d;) 6 10.79 (brs, 1H), 7.79 (s, 1H), 7.55 (d, /
= 8.4 Hz, 1H), 7.39 (t, / =8.2 Hz, 1H), 7.21 (d, / =8.0 Hz, 1H), 6.87 (d, /= 48.8 Hz, 1H)
LRMS (ESI) m/z [M+Na]* calcd for CsH¢ClLFNONa 243.97; found 243.97

2-chloro- N-(4-chlorophenyl) -2-fluoroacetamide (CFA-142)

Off white solid. 'H-NMR (400 MHz, DMSO-ds) 6:10.74 (brs, 1H), 7.67 (d, /= 8.8 Hz, 2H),
7.42 (t, /=8.8 Hz, 2H), 6.86 (d, /= 48.8 Hz, 1H)

LRMS (ESI) m/z[M+Na]* calcd for CsHsCI,FNONa 243.97; found 243.97

2-chloro-2-fluoro- N-(pyridine-3-yl)acetamide (CFA-143)
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Orange solid. 'H-NMR (400 MHz, DMSO-d;) 6:10.84 (brs, 1H), 8.80 (d, /= 2.4 Hz, 1H),
8.36 (d, /= 4.8 Hz, 1H), 8.06 (d, /= 8.8 Hz, 1H), 7.41 (q, /= 4.4 Hz, 1H), 6.91 (d, /= 48.8
Hz, 1H)

LRMS (ESI) m/z [M+Nal* calcd for C;HsCIFN,ONa 211.00; found 211.01

2-chloro-2-fluoro- V-(thiophen-2-ylmethyl)acetamide (CFA-144)

Yellow oil. "H-NMR (400MHz, DMSO-d;) 6:9.27 (brs, 1H), 7.41 (d, /= 4.8 Hz, 1H), 6.99
(brs, 1H), 6.96 (t, /= 8.4 Hz, 1H), 6.76 (d, /= 49.6 Hz, 1H), 4.50 (d, /= 6.0 Hz, 2H)
LRMS (ESI) m/z [M+Nal* calcd for C;H;CIFNOSNa 229.98; found 229.98

2-chloro- N-(2,6-difluorophenyl)-2-fluoroacetamide (CFA-145)

Yellow solid. 'H-NMR (400 MHz, DMSO-d;) 6:10.52 (brs, 1H), 7.45-7.40 (m, 1H), 7.21 (t,
J=8.2Hz, 2H), 7.02 (d, /= 49.2 Hz, 1H)

LRMS (ESI) m/z [M+Na]* calcd for CsHsCIFsNONa 245.99; found 245.99

2-(2-chloro-2-fluoroacetamido)benzoic acid (CFA-146)

Beige solid. 'TH-NMR (400 MHz, CDCl;) 6: 11.80 (brs, 1H), 8.70 (d, /= 8.0 Hz, 1H), 8.18
(d, /=8.0 Hz, 1H), 7.65 (t, /= 8.4 Hz, 1H), 7.23 (t, / =8.4 Hz, 1H), 6.42 (d, /= 51.0 Hz,
1H)

LRMS (ESI) m/z [M-H]" calcd for CoH¢CIFNO3; 230.00; found 230.01

2-chloro- N-(2,6-dichlorophenyl)-2-fluoroacetamide (CFA-147)

Beige solid. "H-NMR (400 MHz, CDCl3) 6:7.74 (brs, 1H), 7.40 (d, /= 7.6 Hz, 1H), 7.24 (¢,
J=8.0Hz, 1H), 6.48 (d, /= 51.0 Hz, 1H)

LRMS (ESI) m/z [M-H]" caled for CgH4CIsFNO 253.93; found 253.94

2-chloro-2-fluoro- N-(4-methoxyphenyl) acetamide (CFA-148)

Off-white solid. 'H-NMR (400 MHz, CDCl;) 6: 7.79 (brs, 1H), 7.46 (d, /= 8.8 Hz, 2H),
6.89 (d, /= 8.8 Hz, 2H), 6.39 (d, /= 51.0 Hz, 1H), 3.79 (s, 3H)

HRMS (ESI) m/z[M+Na]l* caled for CoHoCIFNO,Na 240.0198; found 240.0213

2-chloro-2-fluoro- N-methyl- N-phenylacetamide (CFA-149)

Pale yellow oil. '"H-NMR (400 MHz, CDCl3) 6:7.48-7.39 (m, 3H), 7.26 (d, /= 7.2 Hz, 2H),
6.14 (d, /=50.0 Hz, 1H), 3.33 (s, 3H)

LRMS (ESI) m/z [M+Na]* calcd for CoHyCIFNONa 224.02; found 224.03
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2-chloro-2-fluoro- N-(4-nitrophenyl) acetamide (CFA-150)

Yellow solid. 'H-NMR (500 MHz, CDCl;) 6:8.25 (dd, /= 7.0, 1.6 Hz, 2H), 8.21 (brs, 1H),
7.80 (dd, /=7.0, 2.0 Hz), 6.46 (d, /= 51.0 Hz, 1H)

HRMS (ESI) m/z[M-H]" calcd for CsHsCIFN,O3 230.9978; found 230.9985

3-(2-chloro-2-fluoroacetamido) thiophene-2-carboxiamide (CFA-151)

White solid. "TH-NMR (400 MHz, CDCl3) 6:11.80 (brs, 1H), 8.14 (d, /= 5.6 Hz, 1H), 7.43
(d, /J=5.6 Hz, 1H), 6.41 (d, /= 50.0 Hz, 1H), 5.55 (brs, 2H)

LRMS (ESI) m/z[M+Nal* calcd for C;HsCIFN,O,SNa 258.97; found 258.97

2-chloro- NV-(4-(ethyl(2-hydroxyethyl)amino) -2-methylphenyl) -2-fluoroacetamide =~ (CFA-
152)

Yellow solid. "H-NMR (400 MHz, DMSO-dy) 6:9.79 (s, 1H), 6.96 (d, /= 8.8 Hz, 1H), 6.85
(d, /=49.2Hz, 1H), 6.51 (s, 1H), 6.48 (d, /= 8.8 Hz, 1 H), 4.65 (t, /= 5.6 Hz, 1H), 3.51 (q,
J=6.4Hz, 1H), 3.37-3.31 (m, 4H), 2.09 (s, 3H), 1.06 (t, /= 7.2 Hz, 3H)

LRMS (ESI) m/z[M+H]* calcd for Ci3sHoCIFN,O, 289.11; found 289.11

2-chloro-2-fluoro-1-(6-methoxy-3,4-dihydroquinolin-1(2 A) -yl)ethan-1-one (CFA-153)
Yellow oil. 'TH-NMR (500 MHz, CDCls) 6 :7.68-6.78 (m, 4H), 3.95-3.45 (m, 5H), 2.79-2.51
(m, 2H), 2.01-1.82 (m, 2H)

HRMS (ESI) m/z [M+Na]* calcd for Ci2H;3CIFNO,Na 280.0511; found 280.0508

2-chloro-1-(4-(4-chlorophenyl)-4-hydroxypiperidin-1-yl) -2-fluoroethan-1-one (CFA-154)
White solid. "TH-NMR (500 MHz, CDCl3) 6:7.40 (dd, /= 8.5, 2.5 Hz, 2H), 7.34 (d, /= 8.5
Hz, 2H), 6.50 and 6.49 (d, /. = 51.0 Hz, 1H), 4.46-4.44 (m, 1H), 4.07-3.96 (m, 1H), 3.68-
3.62 (m, 1H), 3.28-3.21 (m, 1H), 2.10-1.97 (m, 3H), 1.84-1.82 (m, 2H)

3C-NMR (126 MHz, CDCl3;) 6 161.8 (d, Jicr» = 20.0 Hz), 145.6 X2, 133.5, 132.0, 128.8,
125.9, 94.7 and 93.7 (d, Jicp = 259.9 Hz), 71.2, 41.7, 41.6 X 2, 39.1, 38.5, 38.4, 37.7, 37.6,
22.9

HRMS (ESI) m/z[M+Na]* calcd for Ci3H14Cl,FNO,Na 328.0278; found 328.0292
2-(2-chloro-2-fluoro- N-propylacetamido) - V-( o-tolyl) propenamide (CFA-155)

Yellow oil. 'H-NMR (500 MHz, CDCl;) 6:8.33 (d, /= 39.0 Hz, 1H), 7.92 (t, /= 9.75 Hz,
1H), 7.18 (q, /= 8.5 Hz, 2H), 6.57 and 6.56 (d, Jurp = 51.0 Hz, 1H), 5.02-4.96 (m, 1H),
3.44-3.31 (m, 2H), 2.24 (d, /= 7.5 Hz, 3H), 1.82-1.53 (m, 5H), 0.931-0.890 (m, 3H)
HRMS (ESI) m/z [M+Na]* calcd for Ci5Hs0CIFN2O,Na 337.1090; found 337.1076
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N-(acethylphenyl) -2-chloro-2-fluoro- N-methylacetamide (CFA-156)

Brown solid. 'H-NMR (500 MHz, CDCl3) 6:8.03 (d, /= 8.0 Hz, 2H), 7.39-7.37 (m, 2H),
6.16 (d, Jurm = 50.0 Hz, 1H), 3.34 (s, 3H), 2.60 (s, 3H)

HRMS (ESI) m/z [M+Na]* calcd for C;1H;1CIFN,ONa 266.0355; found 266.0354

4-(4-(2-chloro-2-fluoroacetyl) piperazin-1-yl)benzonitrile (CFA-157)

White solid. '"H-NMR (500 MHz, CDCl;) 6: 7.53-7.51 (m, 2H), 6.89-6.86 (m , 2H), 6.50
(d, Jar-m =50.5 Hz, 1H), 3.85-3.79 (m, 4H), 3.43-3.39 (m, 4H)

3 C-NMR (126 MHz, CDCl3) 6:161.9 (d, /e = 22.5 Hz), 152.8, 133.6, 119.3, 114.9, 94.5
(d, Jie-m = 259.8 Hz), 47.3, 47.0, 44.8 X 2, 42.3

HRMS (ESI) m/z [M+Na]* calcd for C13H;3CIFN3;ONa 304.0623; found 304.0639

48



w

- BE R

1. S. De Cesco, et al. Eur. J. Med. Chem., 2017, 138,96

2. Renato A. Bauer, Drug Discov. Today, 2015, 20(9),

3. A. Chaikuad, et. al. Angew. Chem. Int. Ed., 2018, 57,4372

4. H. M. Kumalo, et. al. Molecules, 2015, 20, 1984

5. D. T. Warshaviak, et. al. . Chem. Inf. Model., 2014, 54, 1941
6. S. Sirois, et. al. Comput Biol Chem, 2005, 29, 55

7.]. T. Metz, et. al. /. Comput., 2007, 21, 139

8. W. Lu, et. al. RSC Chem. Biol, 2021, 2, 354

9. C. Miura, et. al. Chem. Pharm. Bull., 2020, 68, 1074

10. A. Birkholz, et. al. /. Med. Chem., 2020, 63, 11602

11.]. A. H. Schwobel, et. al. Chem. Res. Toxicol., 2010, 23, 1576
12. G. B. Craven, et. al. Angew. Chem. Int. Ed., 2018, 57, 5257

49



Chapter 2
Improvement of sensing ability of fluorescent
probe and its application to screening of covalent

B -oxidation inhibitors.
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1-1. 5%

RN EmHERHEE) IC L T 4 L F — DR, RICLELRAEMOER%21T S 7-
DITERNTEZ 32 T X TOELERSUCORIFTH . & F DEMGEICE W TEE R
HEZHo TWE, &Y biF, BTG ICBE L ik, EFEMEE 2AMETRKE CH
o THEY ., BPAMIIC W THFRNEL T CHFER2ITEI N T 5 &) Warburg
RN ZOREFITH 2V, 2, PAMKIICECTIE, CALEVEE, b Fo X i,
WEig, 7r 2 v, BXOIENMEZ Eokc bV OEER TTEI N TSP, ZD7:
O, CHFRE O FHEi 32 & & I3ER A = X L 0fFe, BlEEICHRD CTEETHY .,
Z ORFNEWREE OB EZFH L T, IBETIEIIBAROMAEBEA LR TETWEY,

BB AT 28T e — T I L e hEofx kb 5, il 213,
Jingmin Zhang 53, tkA4 RERERER, 70 N7 v 7 REZ X T AEHEY O NEHERE
ICBWCHEHERKE 2R 73 & THIbN S Carboxylesterase ZiEH 3 2847w —7C
»% CE-1 DBAFEICHYI L 7z, CE-1 [E = X7 VEI S EER ICARR S WE 2 H 5 5 on-off
Mo 7o —7CThH b, 100 nm 22 2 KEHA =27 A7 F%H 3% NIR 7
0—7TH Y, KM, CEEE B X OEERIEIC in vitro XU in vivo TDYf A4 X
— YV 7 DRI LT % (Figure. 1-1)@,

o]
Carboxylesterase >¥ o
"Turn-on”
CE-1
DCI-OH
No Fluorescence Strong NIR Fluorescence
Low background fluorescence N exem= 535/665 nm
ex/em
Well cell membrane permeability Near-infrared red emission
Good sensitivity(LOD~2.76x10"2U/ml) Large Stokes shift (130nm)

Figure 1-1. Fluorescent probe detecting Carboxylesterase®.
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¥ 72, Xin-FangZhai 53, = b KT V| 4V 7 H Vi &4 3V oA & <00
bé@?f%é[@TMl%@ﬁ?%ﬁ%fﬂ—f?%%NmT%ﬁ%LtoMﬂFd%
7 ANA 3 BiEREL, F7 204 I V0T I EREA Y TF AR, BEREET
ﬁf@571/—»ﬁtrn#y%®ﬁ»+u%7n)h@%@?é_a@\mm%EE
11332 (92 %) % 3EK L 720,

A

0 N 0

UDPGA
OO UGTIAL
O Cl COOH
OH
HO" ‘OH

oH

NHPF NHPF-G

Figure 1-2. Fluorescent probe detecting UGT1A1®.
L2 L. RSS2 R 3 2 BESR O SLEDSRIRIE I — i ic @ < L & S IR UGHT D

HEOREZ/ NS Wiz, EHRRE © KG % eI e L %5 t¢57u—7®%%
FE—RICHEECH 2, 51T, TRETHEINTELHLT e —TRIFLAEETH
FRL7ZX ) R —DERIGERET 272000 THS, 22T, KfETIEZ. h
TIHlD 7w, T 2RI S 7 5 R 2L FHiicX 2 70 — 7O %
Hig L. R#@tkEIED—>TdH B NENIE B L (FAO) ICEH L7 I A7 u— T DR %
Hig L 7=,

fEMiEE D pIEfLIZ. S v v FY TACRC 3, EIifE» 5 ATP ORI 22 T F v
CoA ® NADH, FADH; #4#H3., v Pict o CTEHEAI AL —EERIKETDH 5,
Figure 1-3 i B OWIIEXI %7~ L 72, % 3 &R (L Fatty acid transport proteins (FATPs)
IC X VAT D A E N2 ICHIIRE © CoAfLa nL7zte, AL=F Vi ¥ FriCXoT
ItV P TRHCEXEING, 2ok, IO BAicsw»wTO. B, @ KHl, @ &
ft, @HHEDARAT v TORIGEFECT2HRFEFL Y £ DilafETT & F L CoA < NADH,
FADH, 4 I N5, 2 [KRFEHFL 7o 72 IGIHREIC B L TR BRI 4 7 vic X 0 G
T, I ETORBEDLT F N CoA~LEBHINBEO, £k T 51 CoA
® NADH. FADH, I3®rE R, 7 T v EEE~L AV R c oty v
fgfbic X 2 ATP FEEICO %28 %D
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n

idati cleavage o]
T
NADH »(’\')JJ\/U\SCoA
cytosol witochondria n /

Figure 1-3. Mechanism of FAO

WIRECTIIINE CIKIEMB LML ZEFEMIC LAy I v e —T7L LT, #tEE
ThBr~) VICEMEZEA L 7o — T %BFE LTz, 2D 7 v —71% Roser K. S.5D
MeIGEE B IRIL ZEE & L2 K 7 v 77 F U N Y —2 25 A (DDS) R c i 217> T3 @),
o7 u—7ENELIEILICK Y C3 oI nrth, KNKIEERT~IT X —
AR EINE, BRI NE~NI TR -V ERLERED, BRARGEERREC ), &
Biice Faex o s~ vAEEET 5 2 & CHOED IR 3 5 BREK & 7% > T B (Figure 1-4
(@) To7 v —7 MM % & v fEfEREET, 30 min &\ 5 MR T B L
WEZBRHNTE 3 28, ROBRMBROEFERIESLE TN WHIFIRZHAL, ThE T
B4 7B T o BIBALIERE R S 2 © L I3 LT 3 (Figure 1-4 (b)), 20 —7
T, BEOKREARERORILMILOEEICA LAV, BATE ZHNEMMBRL NS
TR, HIMANTCER LA FrFs r <0 v ORI, MR K &
WO RIESE DD 572, & 0 DbIRBEE ICE TR, AFRHEOLOFEIC X 323G o 1E
fEED KA 7 v — 7% A 72 G LA - BHERIR 7 ) — = v R Ic B E o MEIC 2 7
BH7=0, Tu—7oREHRTZ RETC L ICk 3HNEBEOWERLIETH -7,
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(a) (b) etomoxir (-)
coumarin 0 min 3 min 5 min
o o)

HO\/\N 2 fatty acid Howu)m
/\/\N\)L o o
fluorescence off fluorescence on
N
- e + - ".\«\”
/ vy carnitine shuttle Spontaneous mitochondria ™\
f transport hydrolysis \

aasest i
o~ Ho\/\um o o
oo X VA)LSCuA

v FAO cycle enoyl CoA etomoxir (+) 30 min pIC
v hydratase
? acyl CoA o
HO\/\N Z /\)L dehydrogenase HO\/\N >

Figure 1-4. (a) Schematic mechanism of fluorescent probe detecting of FAO, (b)

Fluorescence imaging in living cells®

B B AL | I BB RAE O L RRIAAT V7 &, B4 R L BT 2 C LA b B oihE

Z il 3 2 EARRITH IR L KR Y — MM e e b 2 L 3ifFEI s, £/, B
7D BEALIEANL, CREOBEREE LTI Tnd, DX =L LT, O
i Tl AN F—FEE BIELICKE CIKEL T 228, LEBICHE VT BERLHEH
G536 T, BMEHERLS BRI LBERHE RN D WIERR A~ 7 b
ZEEZ L, DE~0BEHEZES L Tnwb, 2hE T, FEBIEER oW o2z Elidn
T¥ b, partial inhibitor T % trimetazidine'® % ranolazine ™ 2341 H LT \» % 23, 3% -
ERFFEOm Tl Ha T, 20—7., BEEILEERFEL L THMons CPT1 otf
EEMHEA & LT etomoxir XA OLNTWEA, ZOFEKICEHL CIIKICTHIMTH 5
epoxide DGR E  BWERH 8N &2 HEHRME L CORF RS I TnE 0419,
ZD7z®, b DFAND B HM <. BHERH OV WEEAORHFESLE L T T
W5,

O‘CH3 Og

Trimetazidine Ranolazine Etomoxir

Figure 1-5. Chemical structure of FAO inhibitors.
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1-2. B®Y

ARECTIIMFO BBt 7T r — 7 28R 3 2 2 & CREE cOEEREZAREL L.
T O ICHTH BIRALHIE LAY ORIFE~LICHT 2 2L 2 HWE 35, T E T L%
fHESTZ2axLy P F 7y 70BN 2wz, WEBEEH T 772 F #HwTHE
ARV —=v 7 %k{75 2 &<, Hi-wlEREMLEMZ AT, 2L v P VI 7
TR L 72 2 RIGEIC X 2 IFFFROCZ T 2 7201, HBIEE ChF I 7z CFA K%
Mz bt FEoEARHEIR ., BWEH O wbtEY otz HiE 3, AFETIX
B o BB LB RS 7 v — 7T oH I ch 2 7 ~Y v D 6 fLic A ukk%i L7
— 7 RAER L, ORI RBEIBE 2N L 72, $72. MGHEE LT CRAREZHE T2 77
7k v MuEW & e CTHiRL B BRI EAIERR 217 MIfa o %S 2805 L 72 72
Dtz Lk 3 5,
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2. BRRALRHI RS 7' v — 7 D L BESE

2-1 7'u— 7 04Tk

MREN O BIEILIEME A BIE T 2 20l ERSEET (pH7.4) KBTI tav FI7T
TRMALZZ T CH e on b 82 70 —TORGDVPMEL D, TNETORN»L, 7
~ ) vEt&E 3 5t probel ICBHL Tl, AEflifad < pBELiEE 2R C& 5 2 L 23y
Dotz X D—JTTHND on & T o FZBROHIEEERE 2355 < . AL EZBVIC wEn
MR D o7z, Z T CTHNBELZRET L7201, 7<) VED 6 fLic7rAuks
A L 7= probe2 % #i7=12i%at L 7z (Figure 2-1), Wei-Chuan Sun H O IC X, 7~
YV AuEZEAT 5 i X BIN - dOLERRICKRERZ(LITR b nmv—T]
T, BALGZWEHA L HARFAEE 21320 EodEETIEZ R, pKa 23EEHEMNIC >~
7 P33 (Table 2-1) Z LI XV AKRFMHET TV HWEL I FrendeanTnd
0, Fi, pEEEFECTT 2/ L— MEREKHFET 2 2 L ik, (LEYofilaNiEEEo M
FedbFETrenEz2ZLNEY, 200, kD BEE{LIEE 7' v — 7 TH % probel
D6 fcT7AFAaREBEATLILICLY, BELAEZ T CTREAMICIEE LS e Fr ¥
=) vOKBEED pKa KT I 222 TLYV 72/ L— MEDOFEEREZHD, X
D EREE T PR LEE R R TE B 2 2 IR L 7,

0O o]
F
o H/\/OH o SN H/\/OH
HOMO 0" o HOMO 0" o
probe1 probe2

Figure 2-1. Chemical structure of fluorescent probe detecting FAO.

Table 2-1. Physical Properties of Coumarin®

Compd R, R; Ry Ry Rs EX107" Abs/Em' pKk, oyb Bleaching®
1 H H H CH, H 17.0 360450 7.8 0.63 22%
3 F H H CH. H 174 359/465 64 063 17%
R3 R4 4 H F H CH, H 17.8 360/440 6.4  0.64 20%
5 H H F CHy H 18.7 354456 59 078 12%
R R 6 F F H CH, H 17.5 358455 47 0489 5%
2 \ 5 7 F F F CH; H 15.8 359/459 42 054 nd
8 F F H CH, CH,COH 18.7 362/459 47 089 nd
9 H H H CFk H 16.3 385/501 73 034 1%
10 H F H CF, H 16.2 385/491 57 044 18%
H O o O 11 F F H CF H 16.1 384/504 40 023 T%
2 n o H H CO,H 36.7 386/448 7.5 0.70 nd
R,] 12 F F H H CO.H 205 400447 37 0.75 nd
13 F F H H CO,Et 30.0 405/450 i8 0.78 nd

a) mnm (10" m). b) Quantum yield, determined in 0.} M phosphate buffer at pH 10. ¢) Percent decrease in fluorescence
intensity afler 33 min of illummation 1n a fluorometer at the wavelength of maximum absorption. d) not determined.
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probe2 DERAF — L% TIC/R L7z, JECH % 4-fluororesorcinol DK EH%Z X 5 v1b
L7z 1-2 #& L 72, KRIC Dichloromethyl methyl ether % f\>7z Vislmeyer-Haack )& iC
X0, PTAr7e FEEZEALKZ 1-3 %137z, BBrs ic X Wi XA F AL L C 1-4 21571, IE
7=y LEAVE T L% Knoevenagel fiiiic X W IGE &, 7~V v 1-5 247,
RICHEESISIC XY 1-6 215718, CO IEMilkZEA L 72 1-7 2157z, iRIC TFA LI
XV tert-7F AT X7l TBS HOWifE#E % T\, 1-8 (probe2) #157-,

Cl (o)
:@L NaH Mel F c|)\o/ TiCl, FﬂLH
DMF rt ~o ol DCM, 0 °C ~o o

40 % 1-2 62 % 1-3
ammonium acetate 0
BB"s D\)‘\ Meldrum s acid F X OH
DCM, 0 °C water rt HO o] (e}
38 % 47 % 1-5

hN~OTBS
2

0
WSCI-HCI /]( J,[(\/_)
HOBt-H20 2 © Br

/1
DIEA FmNNOTBS DIEA N~AOTBS
H H
DMF, 1t HO 0”0 DCM, 60 °C
75 % 16 69 %

MNNOH
DCM, rt JL(\/j-

96 %
’ 1-8(probe2)

Scheme 2-1. Synthesis of probe2.

56


http://www.chem-station.com/odos/2009/06/knoevenagel-knoevenagel-conden.html

2-2. Probe2 o ¥ri: 5

7N udEEE A LTy probel ICBIL T, AERSEHT (pH 7.4) BT Bt %
Z\F 5 AR C IR R 23 350 nm fHRIChriE S 5 25, B % %) 7= B I BN s RilR
feL, WRo v —727 by Z3dfEr L —F —BE (CLSM) TofiERETH 2 405 nm
ISEDK 2T, HADEET S on-off MOHENT v —7THE I LBALNT Y,
ZD7-®, probe2 ICHEWTT7AABELZEBAT LI LICXEZWINA~RT P LDZEicDOwn
THE L WINA =T P VDOHIE Z1T\ >, probel & DD 7'v — 7 DFHEDE W 2~ 7=,
Absorption measurement conditions:
[probel, 1’ or 2, 2’] = 10 uM, room temperature, 50 mM HEPES buffer (pH7.4)
Shimadzu UV-2600

Fluorescence measurement conditions:

[probel, 1’ or 2, 2’] = 10 uM, room temperature, 50 mM HEPES buffer (pH7.4)
Lex = 405 nm, Ex Slit: 15.0 nm, Em Slit: 3.0 nm, Scan Speed: 200 nm/min
PerkinElmer LS55

0 0 0 o]
0 N L F: Ny Sy Xy O F N Sy ~OH
" HeA, ’ " '
HOMO 070 HO' e (Se] HO o) HO 07 N0
1 2 1v 2\
(a) (b)
0.5 700 1,2
600
0.4+ 172 -
- = |
< \.‘l\
3 Ve = 5001 \)
c 03 AN [z W\
© /N G \
o /AN L 400 W
= 1.2 / = A
e} ; \
38 ~ / 8 ‘ \
& 02 YAV S 300 ||
/ A 5}
0.1 .:3/ ey \'\ | ’s 5 2001 "I .;.\'2\\
s P / \\ \ = f \
g L~ N \ 100 f \
" , W\ . 1
0 — \\( L / 1,2 \%&
—
‘ : ; | 0 ‘
300 350 400 450 500 4&0 480 520 560 660
wavelength(nm) wavelength(nm)

Figure 2-2. (a) Absorption spectrum of 1, 1’, 2, 2’. (b) Fluorescence spectrum of 1, 1°, 2, 2’.
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AL A =7 b v« HHE A7 P L DOFER % Z Z 1L Figure 2-2 1R L7z, (a) TRULA =
7 PicBIL <, BElREEZ AT 5 1 & 2 Tlk. 360 nm fHTICHRIRINA A &7z, — T
HEWAEE % Fi7z o7 = 7 —Afk 17& 271D\ T it CLSM Dl & <& % 405 nm fHiTic
BRI R S, 220775 VX0 SBRERE D - T, HHARZ FAICEIL T, i
BeR% 405 nm & LCHIExR To72 8 2 A, B ZHE T2 1 & 2 T gD
ERERONE» o7, TN EZR 2w T 2/ =Rk 1E 22ClE, 450 nm fE1C
MK ZFFOHE A =27 P ADE S, probe2 ICH\Td probel & [EKE, #WIHIIRAE CI3H
He3 off Lo T B A, BIELEZ T 72RICHND on ICR 2EENBHEL N, 72, [H
—REICBEWT2OHNIBEITI T LV D LEN T L2 h o T,

2-3. Probel & Probe2 @ pKa HLE

Jeik L7z Y . probe2 ICBHL Tlx, 7~V v 6fiic 7t nksBEATLILICLD,
BIEAL %2 CTIRIEIICTER S NS e Fuxs <) voKEERD pKa # K N85 2 &
TEY., #lENTO 7 =/ L— MEDEEEE 2 SO, X0 EEE T S BE: 2 Rt T
XL LEWFEL T3, 2Dz, in vitro fFICET 5 probel KU 2 D7 = 7 — LK
I’s 220 pH % 2L X B 7 BEOWSNEZAL 2§~ % Z & T, probe2 ® pKa »3 Ml >~ 7
FLTWBERE ) DETEIDT,

B4 7o pH FCHIZE L7z VK22 OBRINA =7 b AZ{LDFER % Figure. 2-3 @ (a), (b)IC
7~ L. 400 nm QWS D pH AKFFIIFR % () ISR L7z, pH: 4.0 DRETESAE T IC B VT,
MfLEP L bic 360 nm (ISR ZFb, Zhid7 =/ — 2Bl s <) vichsks
DRI TH % LS Nz, — /5 TpH D LEFITHE- T 350 nm fHEDOWIIZFEAD L, KEE
I 400 nm QWA L7z, COHF LW, 7=/ L— o r<) vichk
THWINTH B LHEM I NG, 400 nm OBRNELEEE=2—F 2L T, 7~v)vDT
PChIE T2 7 = ) —AMKEERD pKa 2HH L7225, 1’3 6.8 THEDITHRL, 2
1354 THVY, probe2 23 B EZ T 721RICERT 27 =/ — Ak 22D pKa ld "X 0 B
iy 7 P LTCWB 2 e nhol, ZOMELL, 7<) vD 6 fLIC7 A nizE
AT B2 TT7x/—NMEKEEHED pKa 2ME T 32 2 EARHL & o7z,

58



Absorption measurement condition
[1’,2’] = 10 pM in HBS(+) buffer, pH: 4.0~9.0, room temperature
Shimadzu UV-2600

©
S
—~
O
S—

absorbance
absorbance

1 1 1 1 |
250 300 350 400 450 500 250 300 350 400 450 500

wavelength (nm) wavelength (nm)

—_~
Q
~—

04 7

absorbance

Figure 2-3. (a). Absorption spectrum of 1. (b). Absorption spectrum of 2’. (c). pKa

comparison of 1’ and 2.
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2-4, A A=Y v 7T X % probe2 D FFAfi & U probel & o i HFHEE LB

FEICTR U 7RSI S OF pKa O HIERE RS, 7<) v D 6 fiic7 A niE2EAT 2
T eI X DURIN - ORI IC R E B bR 52 22 L, bR Z T kicAkL 5 7
= /) —KERED pKa ZETERNICKE S 7 F$3 2 L3 T& 7=, 2D7-, probe2 %
EE I AMIICEH L, BERLoIEHEIc 3 2 & U probel & D HGIRIE D IR % 1T - 72,

Reaction conditions

HepG?2 cells, [probel or 2] = 5 uM in HBS(+) (pH: 7.4), 30 min, 37 °C, 5 % CO2, A «: 405

nm

(@)

—
=2
~

o 0 *
HOMO 0" o HOMO 0o

2 = 2 —
probe1 probe2 0%=4.2 0* =824

8 250 -
L
®
© 200 o
2 & 150 2o
c = ® o°
g5 N
£ & 1004
82
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DIC 3
e M
g 0
= probe1 probe2

Figure. 2-4 (a). Fluorescence imaging of probel and probe2 in living cells. (b). Comparison

of fluorescence intensity between probel and probe2. *P<0.0001.

CLSM w4 Milah o4 A —v v 7 OfER % (a) IC, probel & probe2 DR
EDEER R % (b)IC/R L7z, probe2 % HepG2 fllfdicFimL, 30 94 v Fa~x—+9 3
&, MWD DIEVESEAEE I, % OFELIL probel X D DAL ICHER 572, T HICT,
ARX=T v 7 TORERZIICHILEEICEI L TER%ZITS &, probe2 (I probel X Y 479
i WHOETREE C© SR L 2 MHIATRECTH 5 Z L 2R L 72,

¥ 72, probe2 ZHWT LM - FHEIC X 290EBELA 2T =X —3 52 L AT
2585 EHID 2, S, BERMLIEMA & LT ND630 % H\>7=, ND630 (A5
DR OISR & L CHl S 5 ACC(acetyl-CoA carboxylase) #fHE S 5 2 & T LML %
LT 2 eBHoN T, iz, BELOEERE LT, Arv=Fv¥ i
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g OHEH & LCTH &N 5 etomoxir Z 7z (Figure 2-5), HepG2 #liZic & L, ND630
SO etomoxir &V THIALE 24T\, Z D%, probe2 ZHMT 5 2 &I X Y HOLIMEEZ
bhE=2—1L7, Z0E% Figure 2-5 1o+, ND630 % 50 pM % 7213 100 uM 7l
T2 &, WEHERAIZRML TR E LR T, 70— 7 OUEERER 1.3 5 I
LCW/iz, ZD—J T, etomoxir Z¥lIL 72FRICIZ probe2 DHNB Iz O T VBT &
Doy ote, TNHDFERD S, probe2 FIFa v FY 7o BMELOEEICKRS Z LT,
LIRS L 7= probel X 0 bW HI 2 FT 5 2 LS RB I iz,

\_ O
W O
hee T,

ND630 etomoxir

Figure 2-5. Chemical structure of ND630 and etomoxir.
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Reaction conditions

Activation: HepG2 cells, [ND630]: 50 or 100 uM in DMEM(FBS(+)) for 4 hr, [probe2] = 5
pM in DMEM(FBS(-)) for 30 min, 37 °C, 5 % CO,

Inhibition: HepG2 cells, [etomoxir]: 10 pM in DMEM(FBS(-)) for 24 hr, [probe2] = 5 pM
in DMEM(FBS(-)) for 30 min, 37 °C, 5 % CO,

(@) (b)

without without ND630 ND630
stimulation etomoxir stimulation 50 nM 100 nM
DIC : DIC
(c)
%k
@ 250 1 02=600 02=201 02 =397
-
§ 200 e e
55 e
>2 150 * .
5 o I.
c = l-l
QS — gt
€2 100 =
g8 .
S 50
[$]
(7]
o
S
=

without ~ ND630  ND630
stimulation 50 nM 100 nM

Figure 2-5. Fluorescence imaging of FAO activity in HepG2 cells upon treatment of etomoxir
(a) or ND630 (b). (c). Statistical analysis of fluorescence intensity change in HepG2 cell (n

= 10). The bar represents the mean value. o2 represents the dispersion value.**P<0.0001
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2-5. HPLC % f\>7z probe2 ® B ER{LBHF X UF probel & DUEHEHREELLER

BELIZI by ) THTRZ ZIEMBEO 2RO T EREETH V. IGIHED R IC
X o TRERIEZZ T 725212, TP CoAlZ 2 DDRBIFTZITHEL Y, ZolEfET
T F N CoA BERINE Z EBAbNTWEW, Shly <) VICHEEEZEAL -
Je7'a—7CdH 5 probe2 ICBHL ThH ., MININ ORHESR I X Y FEIAEEAS 2 3R 0 4R
T, mEIce FrF o 72 ) vl E N 2 e A TFEING, ZD 7% probe2 %
MR L 7= 15, MR % BERE L 2 O % HPLC Tofrd 2 2 L X v, RERBEERAL
B2RBET O oz = BEBIHBINE DL ) p2E»D Tz, R —71C
B L Ti% ESI-TOF-MS i X WL &V D& D [FIE %2 1T - 72,0

F7, L7 probe2 137~V v D 6 i 7 A v EEAT S & CTHNHRE
DHRICHEIN LT3R, ZOHEKDO—2 & LTHIIEHNT 7 o — 7 OfUHREE 28k L <
WBHIEBEZOLNDS, D7D, RIS F Iro7c 8 — 2122w T, probel &
probe2 DI A HI T 22 L ick b, &7 v — T ONHEE DN 21T - 72,

Reaction conditions

HepG2 cells, [probel or 2] = 20 uM in HBS(+) (pH: 7.4), 1~6 hr, 37 °C, 5 % CO,

probe1 probe2 o)

"kO [8) O

probel: X=H
probe2: X = F

Incu_bation 3 Incubation
time 6 time

6 hr 6 hr

g

O OH
HOJU\/\/\/\R
5,5 (C7-OH)
o}

3hr

Ho)l\/\/\R
1hr
10 20 30 40

6,6 (C5)
0O OH
HOJJ\/k/\/\R

7,7 (C5-OH)

1hr

o]

‘ ‘ ‘ ‘ ‘ ‘ XIITLHNOH
10 20 30 40 HO' 07 N0

retention time (min) retention time (min) 8,8 (C0)

Figure 2-6. HPLC analysis of probel or probe2 metabolites in HepG2 cells.
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HA v Fa—MHEICE T 5, probel & probe2 THLEE L 724~ 7 v @ HPLC f##T o
FER% Figure 2-6 IR L7z, 70 —7% lhr A v F 2=} LARICWEL S 7L
CBILCTid, BRRIL DX VETL CTH LT, REDVILOERTH S 3, 3 TH > 7225,
6 hr 4 v ¥ 2 ~_—} L72FRiciZ probel & probe2 D\HFEYITH 5 C7. C5 KU Z DIKFI
h<dH % C7-OH,C5-OH D v — 7 MR E Lz, I b, 7u— 7o REEY<H %
7 x /) =k CO DEKDIERTE T L5, probe2 IFMAENDOEEFRIC X - TREKIE
BRIT-BIC 2 RET WL ADZILICIoT, mEICe e r=) v h
52 & THMEDR on LB LG0Tz,

72, H4 vFax—rKHEICE TS5, HPLC TO probel & probe2 O\HFEY D v —
7 RE & IS LAY O TFEEI S % Table 2-1 I & 07z, Z DfEHE, probel & probe2
D7 TALEVAM 6 hr 2T 7T HILA LS TCOBEDOE EHFEL T 2B Z WL 2 &
o7, X HLICHEIMHEYTH 2 8,8 1o Th., {LAYIRMNE 6 hr $ TTRED 2 %3
EL2FELTELT, —2o0 7 v —7HOMRBEEICKE LB RN LHR0h o7,
ZD7» ., AHHEEIC DTl probe2 DHENIEESIERN L Tnb 7 727 X —Tldh\wC
EDER I NI,

Table 2-1. Summary of ratio of each peak analyzed by HPLC

Probe1, % Probe2, %
Peak No. 1h 3h 6h Peak No. 1h 3h 6h
3 89.3 84.7 75.0 3 93.0 87.3 75.2
4 0.897 2.03 5.28 4 1.1 3.32 7.36
5 0.171 0.301 0.766 5 0.0195 0.294 0.758
6 1.40 3.69 7.19 & 0.955 2.64 5.47
7 0.397 0.958 0.320 7 0.387 0.720 2.18
8 0.492 1.08 2.20 8 0.280 0.604 240
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2-6. Probel KU 2 OMIRENHE M0 8RS

7<) vD 6 7 A uRkEE A L7 probe2 O AEMIIEF TOHDEIEE D 7 v A v i
AL Tzl probel XY KL TCW2ERE LT, @©. 7vu—7ORBHEED LAY,
probe2 DJinit Fu*vr<) vi % L Cnd, @. 74 ui 0B ALY 7 'a
— 7B EZ TR 7 = 7 —AMIKEER D pKa 2MET L. 7' — 7 Offika N E 4
BEE-TVWE, O 2 miEzLN5H, OORFEEICEHL Tk, 2 207 v -7 0
ICKRELREFRONGED» 0Tz, 20D, @07 v — 7 OHIIANHEETEIC D T probel &
probe2 O CHEZ % 1T - 7z, EBGEE L CIZAEMIZICK L T porbel Za\>L 2 24N L |
30 min 4 ¥ F 2 _X—F L7&IC wash Z1T\», CLSM ECHiidz 4 vFax—FrF 252 L
ICX b, ERICE T M0 HE% ~30 min BIE L, KNI 3BT 2 M0 SR % &
BE5Z LItk Yu—TraHilgshc it I 2 2 FH L 72,
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Figure 2-7. Comparison of intracellular retention of probel and 2. [probel or 2] = 5 uM
in DMEM(FBS(-)).
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Figure 2-7 (a) I probel ® 4 X — v v g & &FHIC B 1 3 HHOERELZ ., (b)IC
probe2 DA X — v Fif§ & FRFEIC B 1T 3 HOLDEE(E%Z R L 72, probel & probe2 @
IR Z N2 2.02 min & 4.80 min & 72 Y, 7 u— 7 OMAESMRHEEICK & 7n
IR B olz, D%, probel L probe2 DHIFEIRE IC K E A B DI
LR & MM E AN ORI D E K 235 5 Z L SR I 7z, ZDFHKED—D2 & L
TE25N% 0 IFMIEND pH 2B3HMAlIce 7 FLTWw3 Z L TH 3, LT D Figure 2-8
SR T DIRIEMEE A H X v 17, 27l <. pH 2 21b X ¥ 72 BR 0 HOGRE 0 2 L % 7R
L7zfERTH 5, TOfERIE pH 23 74 fhaTdh i 2 > D&Y O RICHEE O K %
TR0, pH 2 6.6 fHEIC7e s & VCHBEMET 52 L2 RL TS, ZD
2o, Ml pH 2@tEMics 7 b 3% & & T probel & probe2 d B gL D i HGEEE I
FERHTWE T EDF 2 b,

Fluorescence measurement conditions:
[1’ or 2’] = 5 pM, room temperature, 25 mM MES buffer (pH 6.6), 25 mM MES buffer (pH

7.00r7.4)
Lex = 405 nm, Ex Slit: 15.0 nm, Em Slit: 3.0 nm, Scan Speed: 200 nm/min

PerkinElmer LS55
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Figure 2-8. (a) Fluorescence spectrum of 1°. (b) Fluorescence spectrum of 2’
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2-1.%5¢®

AHfiCiE, HH AL HIEL A DR 21T 5 7= DI BIELIRH 7 v — 7 D HOCIEE %
WRTHZLEHNE L, 70 -7 0% 2fTo7, 7~V VD 6 fLic 7 A ufaEA
L 7z probe2 Zffi7-1cikat L. 7 A v B % EA L T s\ probel & D HUOLIRE % Hl L
Too % DFER. HNIRELH) 9 AL TV B 2 &2 h o7z, & 5T HPLC figtr o fE
Al - WEHACARRINEED 7' 0 — 7 O 28 Bl 2> © . probe2 v EERE TR MLz c&E 5 C
MR LT, E, dOEBESHE AL T 3 EKRZ IR % 729 1T probel & probe2 OfX
A & M AL R 2 BREE L 7o, AR IS B L IR AREE - [ A4 v F = ~— T IR
KBV Tl 7R —7De Fufxy s <) YOEREIGIE 1~2 BEETH Y. KEAREITR
WZ eS0T, Tz, MBESNRHEEICES L T3 probel @A X 2.02 min, probe2
DFJFHAIE 4.80 min TH LI b, 20D 7 0 —T DM TRKE LA I Do, ZD7-
B, BlOERE LCHIlEN D pH 2SEMMlicy 7 b2 2 ik b, S mEICENHT
WBIEREZONT, HNMEORE RRICKY, HEAMA 2 Y —=v 7IcHw5 72
DDV RRERERGS T LI L 72,
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2-8. EERIH

Cell culture

HepG2 cells were grown at 37 °C under a humidified 5 % CO, atmosphere in a culture
medium high-glucose DMEM (Wako). The media were supplemented with 10 % FBS
(HyClone), penicillin (50 IU/mL) and streptomycin (50 pg/mL)

Fluorescence detection of FAO activity in living cells

HepG2 cells (2x10° cells) were cultured on 3.5 cm glass-base dish (Iwaki) for 2-3 days at 37 °C
in CO; incubator. The cells were washed with 1 mL HBS (+) buffer (pH = 7.4) twice and
incubated with probel or probe2 (5 uM) for 30 min in HBS(+) buffer (pH = 7.4) at 37 °C. In
control experiments, the cells were treated HBS(+) buffer (pH = 7.4) without probel or
probe2 at 37 °C. The cells were then subjected to fluorescence imaging with confocal
microscopy (TCS SP8, Leica microsystems) equipped with HyD detector. Fluorescence

images were acquired using the 405 nm excitation derived from a semiconductor laser.

Evaluation of FAO activity change by the metabolite-related drugs in HepG2 cells

HepG2 cells(2 X 10° cells) were cultured on 3.5 cm glass-based dish (Iwaki) for 2-3 days at
37 °C in CO; incubator. The cells were then pretreated with ND630 (50 or 100 nM) for 4h in
DMEM (FBS(+)), etomoxir (10 uM) for 24 h in DMEM (FBS(-)). The cells were then
incubated with probe2 (5 pM) and in DMEM(FBS(-)) for 30 min at 37 °C, followed by
subjection to fluorescence imaging with confocal microscopy (TCS SP8, Leica microsystems)

equipped with HyD detector.

HPLC analysis of probel or probe2 metabolites in HepG2 cells.

HepG2 cells were cultured on 6 cm dish (NEST) for 3 days at 37 °C in CO; incubator. After
washing with HBS (+) buffer (pH = 7.4) twice, the cells were incubated with probel or
probe2 (20 uM) for 1~6 h at 37 °C in 2 mL HBS (+) buffer (pH = 7.4). After collecting the
HBS(+), the cells were lysed by RIPA buffer (50 uL) on an ice bath. After placing the dished
for 10 min, insoluble stuff was removed by centrifugation (16400 rcf, 10 min, 4 °C). Adding
MeOH (300 pL) and centrifuged (16400 rcf, 10min, 4 °C) again. The combined solution of
the cell lysate (350 ul.) and the HBS(+) was subjected to HPLC analysis (YMC-Triart C18,
250 X 10 mmI.D., Flow rate: 1.0 mL/min, mobile phase gradient: CH;CN (0.1% TFA) / H,O
(0.1% TFA) = 20/80 — 70/30 linear gradient over 60 min, Detection wavelength: 350 nm,
Compound identification of each peak was performed with ESI-TOF-MS (Bruker micrOTOF
10).
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The evaluation of retention time of metabolites of probe2 in HepG2 cells.

HepG2 cells were cultured on 3.5 cm dish (NEST) for 2 or 3 days at 37 °C in CO; incubator.
After washing with HBS (+) buffer (pH = 7.4) twice, the cells were incubated with probel or
probe2 (5 uM) for 30 min at 37 °C in 2 mL HBS (+) buffer. After washing with HBS(+)
twice, the cells were HBS(+) (2 mL). The fluorescent intensity was monitored for 0~30 min
at 37 °C with confocal microscopy (TCS SP8, Leica microsystems) equipped with HyD

detector.

Synthetic Procedures

General synthetic methods

Reagents and solvents were obtained from commercial suppliers and used without further
purification, unless otherwise stated. Reactions were carried out under a positive atmosphere
of nitrogen, unless otherwise stated. Reactions were monitored by thin layer chromatography
(TLC) carried out on Merck TLC Silica gel 60 F254, using shortwave UV light as the
visualizing agent and phosphomolybdic acid in EtOH and heat as developing agent. Flash
column chromatography was performed using Kanto Chemical Silica gel 60 N (spherical, 40-
50 pm). 'H and C NMR spectra were recorded on Agilent or Bruker Avance III HD 500
MHz spectrometer and were calibrated using residual undeuterated solvent as the internal
references (CDCls: 7.26 ppm; DMSO-ds: 2.50 ppm; D,O: 4.79 ppm). The following
abbreviations were used to explain NMR peak multiplicities: s = singlet, d = doublet, t =
triplet, q = quartet, p = pentet, m = multiplet, br = broad. Low-resolution and high-resolution
mass spectra were recorded on Bruker micrOTOF focus II mass spectrometer using

electrospray ionization time-of-flight (ESI-TOF) reflectron experiments.
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Synthesis of probe2

Cl 0
F:@\ NaH, Mel Fj@\ c|)\o/ TiCly FIjLH
HO OH DMF, rt ~o o DCM, 0 °C ~o o
1-1 40 % 1-2 62 % 1-3
o] ammonium acetate O
BBry R H Meldrum's acid FMOH
DCM, 0 °C HO OH water, rt HO (o]
38 % 1-4 47 % 1-5

H N/\/OTBS
2

o}
WSCI-HCI )( JM
: 0 o

HOBt-H20
DIEA Fﬁf»«\/oms DIEA MNNOTBS
H
DMF, rt HO 0" =0 DCM, 60 °C /j(JL(,/-).

75 % 5 69 %

I:ir‘“\"’“
DCM rt Jl@/’)-

96 %

1-8(probe?2)

1-fluoro-2,4-dimethoxybenzene (1-2)

To a flask with 4-fluorobenzene-1,3-diol (400 mg, 3.12 mmol) was added NaH (165 mg, 6.86
mmol) dissolved in dry DMF (4 mL) at 0 °C. The solution was stirred at 0 °C for 1 h and then
was added Mel (1.17 mL, 18.72 mmol). The solution was stirred at rt for 22.5 h. After dilution
with brine, the mixture was extracted with AcOEt and washed by brine. The organic layer was
dried over Na,SO, and after filtration, the organic layer was concentrated in vacuo. The crude
was purified by flash column chromatography on silica gel (hexane /AcOEt = 4.5/1) to give
1-2 as a colorless oil (196 mg, 1.26 mmol, 40 %).

'"H-NMR (500 MHz, CDCls) 6:6.96 (d, /= 20.0 Hz, 1H), 6.52 (d, /= 10.5 Hz, 1H), 6.36 (s,
1H), 3.86 (s, 3H), 3.77 (s, 1H)

BC-NMR (126 MHz, CDCl;) 6: 156.2%x2, 148.2, 148.2, 148.1, 146.3, 115.7, 115.6, 103.6,
103.6, 101.2, 56.1, 55.7

HRMS (ESI) m/z[M+Na]l* caled for CsHoFO,Na 179.0479; found 179.0485

5-fluoro-2,4-dimethoxybenzaldehyde (1-3)

To a solution of 1-fluoro-2,4-dimethoxybenzene (196 mg, 1.45 mmol) in dry DCM (3 mL)
was added TiCly (14 % in DCM) (3.19 mL, 3.19 mmol) slowly and dichloro(methoxy)methane
(193.0 pL, 2.18 mmol) at 0 °C. The solution was stirred at 0 °C for 45 min. The reaction was
diluted by sat.NH,4Cl (6 mL) and DCM (10 mL) and was stirred at 0 °C for 45min. The
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reaction was extracted with AcOEt and then washed by sat.NaHCOj3 and brine. The organic
layer was dried over Na;SOy and after filtration, the organic layer was concentrated in vacuo.
The crude was purified by flash column chromatography on silica gel (hexane /AcOEt = 4/1)
to give 4-3 as a colorless oil (166 mg, 0.9 mmol, 62.2 %)

"H-NMR (500 MHz, CDCl3) 6:10.3 (d, /=3.0 Hz, 1H), 7.52 (d, /= 11.5 Hz, 1H), 6.52 (d,
J=6.5Hz, 1H), 3.97 (s, 3H), 3.93 (s, 3H),

BC-NMR (126 MHz, CDCl3) 6: 187.4, 159.8, 159.8, 154.1, 154.0, 147.9, 146.0, 117.4 X 2,
114.4,114.2,97.0, 56.4, 56.2

HRMS (ESI) m/z [M+Na]* calcd for 207.0428; found 207.0438

5-fluoro-2,4-dihydroxybenzaldehyde (1-4)

To a solution of 5-fluoro-2,4-dimethoxybenzaldehyde (166.2 mg, 0.9 mmol) in dry DCM (3
mL) was added BBr; (1.0 mmol in DCM) (3 mL, 3.0 mmol) at 0 °C. The solution was stirred
at 0 °C for 2 h. After dilution with brine, the mixture was extracted with AcOEt and washed
by brine. The organic layer was dried over Na:SO, and after filtration, the organic layer was
concentrated in vacuo. The crude was purified by flash column chromatography on silica gel
(hexane /AcOEt = 4/1) to give 1-4 as a white solid (53 mg, 0.34 mmol, 38 %).

'H-NMR (500 MHz, CD;0D) 6:9.72 (s, 1H), 7.34 (d, /= 10.5 Hz, 1H), 6.41 (d, /= 7.0
Hz, 1H)

BC-NMR (126 MHz, CD3;0D) 6:194.4%x2, 161.3, 155.5, 155.3, 148.0, 146.2, 119.1, 118.9,
114.6, 114.5, 105.5, 105.5

HRMS (ESI) m/z[M-H]" caled for 155.0150; found 155.0139

6-fluoro-7-hydroxy-2-oxo-2H-chromene-3-carboxylic acid (1-5)

To a flask with 5-fluoro-2,4-dihydroxybenzaldehyde(53 mg, 0.34 mmol) was added
Meldrum' s acid(63 mg, 0.44 mmol) and ammonium acetate (8.0 mg, 0.10 mmol) and water(3
mL). The solution was stirred at rt for 1.5 h. The reaction was diluted by 1N HCI and then
stirred at 0 °C for 1 h. After filtration the 1-5 was dried under vacuum as a pale yellow solid(36
mg, 0.16 mmol, 47 %)

'"H-NMR (500 MHz, CD3;0D) 6:8.71 (s, 1H), 7.54 (d, /= 10.5 Hz, 1H), 6.89 (d, /= 7 Hz,
1H)

BC-NMR (126 MHz, CD;0D) 6: 164.4, 160.5, 153.3, 153.0, 152.9, 150.3, 149.8 X 2, 148.3,
115.3, 115.2, 112.6, 110.4, 104.2 X 2

HRMS (ESI) m/z[M-H]" calcd for 223.0048; found 223.0073
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N-(2-((tert-butyldimethylsilyl) oxy)ethyl) -6-fluoro-7-hydroxy-2-oxo-2H-chromene-3-
carboxamide (1-6)

To a solution of 6-fluoro-7-hydroxy-2-oxo-2H-chromene-3-carboxylic acid (36 mg, 0.16
mmol) in dry DMF (2 mL) was added HOBt-H,O (29 mg, 0.2 mmol), WSCI-HCI (37 mg,
0.19 mmol), DIEA (82.8 uL, 0.48 mmol) and 2-((tert-butyldimethylsilyl) oxy)ethan-1-amine
(34 mg, 0.19 mmol) dissolved in dry DMF(1 mL). The solution was stirred at rt for 2 h. After
dilution with 1N HCI and brine, the mixture was extracted with AcOEt and washed by brine
and 1N HCI. The organic layer was dried over Na;SOy and after filtration, the organic layer
was concentrated in vacuo. The crude was purified by flash column chromatography on silica
gel (CHCl; / MeOH = 30/1) to give 1-6 as a yellow solid (46 mg, 0.12 mmol, 75 %)
"H-NMR (500 MHz, CD;0OD) 6:9.22 (s, 1H), 8.76 (s, 1H), 7.57 (d, /= 10.0 Hz, 1H), 6.92
(d, /J="7.5Hz, 1H), 3.80 (t, /= 11.0 Hz, 2H), 3.54 (dd, /= 16.0 Hz, 2H), 0.92 (d, /= 8.5 Hz,
9H), 0.087 (s, 6H)

BC-NMR (126 MHz, CDs0D) 6: 164.2, 162.8, 154.2 X3, 151.8, 149.9, 149.2 X2, 116.4,
116.3, 115.5, 111.9, 111.8, 105.5, 105.5, 62.6, 43.2, 30.7, 30.4, 26.3, 19.1

HRMS (ESI) m/z [M-H]" calcd for 380.1335; found 380.1346

tert-butyl 9-((3-((2-((tert-butyldimethylsilyl) oxy) ethyl) carbamoyl) -6-fluoro-2-oxo-2H-
chromen-7-yl)oxy)nonanoate (1-7)
To a solution of N-(2-((tert-butyldimethylsilyl)oxy)ethyl)-6-fluoro-7-hydroxy-2-oxo-2H-
chromene-3-carboxamide (46 mg, 0.12 mmol) in dry DMF (2 mL) was added tert-butyl 9-
bromononanoate (70 mg, 0.24 mmol) dissolved in dry DMF (1 mL) and DIEA (209.0 pL, 1.2
mmol). The solution was stirred at 60 °C for 18 h. After dilution with brine, the mixture was
extracted with AcOEt and washed with brine. The organic layer was dried over Na,SO4 and
after filtration, the organic layer was concentrated in vacuo. The crude was purified by flash
column chromatography on silica gel (hexane /AcOEt = 4/1) to give 1-7 as a white solid (49
mg, 0.08 mmol, 69 %)
'"H-NMR (500 MHz, CDCl3) 6:9.00 (s, 1H), 8.77 (s, 1H), 7.32(d, /= 10.0 Hz, 1H), 6.89 (d,
J=6.5Hz, 1H), 4.09 (t, /= 13.0 Hz, 2H), 3.77 (t, /= 11.0 Hz, 2H), 3.57 (dd, /= 5.5 Hz,
2H), 2.19 (¢, /= 15.0 Hz, 2H), 1.86 (m, 2H), 1.57-1.30 (m. 22H), 0.07 (s, 6H)
BC-NMR (126 MHz, CDCl3) 6:173.4,161.8,161.4,153.2,153.0, 152.6, 150.8, 148.9, 147.6
x2,116.1,114.8,114.6,111.2,111.1, 101.6 X 2, 80.1, 70.1, 61.7, 42.2, 35.7, 29.3, 29.2, 29.1,
28.8, 28.2, 26.0, 25.9, 25.2x 2, 18.4
HRMS (ESI) m/z [M+H]* calcd for 594.3257; found 594.3273

[M+Na]* calcd for 616.3076; found 616.3090
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9-((6-fluoro-3-((2-hydroxyethyl) carbamoyl) -2-oxo-2H-chromen-7-yl) oxy) nonanoic acid
(probe2)

To a solution of tert-butyl 9-((3-((2-((tert-butyldimethylsilyl)oxy)ethyl)carbamoyl)-6-
fluoro-2-oxo-2H-chromen-7-yl)oxy)nonanoate (49 mg, 0.08 mmol) in dry DCM (3 mL) was
added TFA (1.3 mL) at 0 °C. The solution was stirred at rt for 2.5 h. The solvent was removed
and DCM was added and evaporated (repeat for twice). The crude was purified by HPLC to
give probe2 as a white solid (34 mg, 0.08 mmol, 96 %).

'"H-NMR (500 MHz, DMSO-ds) 6:11.9 (brs, 1H), 8.81 (d, /= 15.0 Hz,1H), 7.89 (d, /=
11.0 Hz, 1H), 7.38 (d, /= 5.0 Hz, 1H), 4.18 (t, /= 13.0 Hz, 2H), 3.51-3.37 (m, 4H), 2.18-
1.38 (m, 14H)

BC-NMR (126 MHz, DMSO-d,) 6:161.6, 161.2, 152.7, 148.1, 147.8, 116.3, 115.7, 115.5,
111.5, 102.5, 70.2, 60.0, 34.2, 29.1, 29.0, 28.6, 25.7, 25.0

HRMS (ESI) m/z [M+H]" calcd for C2;H2sFNO; 424.1766; found 424.1761
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Figure 3-1. Inhibitor screening of ENPP1 using fluorescent probe .
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Figure 3-2. (a). Fluorescent probe detection Fe(II). (b). Inhibitor screening of GLS1 using

fluorescent probe®,
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75
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ABPP #R—2 ¢ L= I AT uT4 I REkwfliasbe T, MirAMMiEcdh s A549
Mg oihii% HET % ¢ v MEAYEFE L 72 (Figure 3-3)29,
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Figure 3-3. Covalent fragment screening in A549 lung cancer cells to identify ligands that

impair lung cancer cell survival or proliferation®®,
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RV — ¥ =B (CLSM) % 723807 L — F ) — X —CHOLMEZAET 2 2 L T, &
JEIGH o RN I S 5 % < 7z,

(o]
Q Q
e e o N
H F H HO 4O O (0]

CA-108 CFA-108 probe2
Figure 3-4. Chemical structure of CA/CFA-108 and probe.

Reaction conditions
(a): HepG2 cell, [CA-108] = 1, 5 uM, 3 hr, [CFA-108] = 5 or 50 uM, 24 hr, [probe2] =5
pM, 30 min, 37 °C, 5 % CO.
(b): HepG2 cell, [CA-108] = 1~5 uM, 3 hr, [CFA-108] = 1~50 uM, 24 hr. [probe2] =5
uM, 1 or 2 hr, 37 °C, 5 % CO,
0]
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Figure 3-5 (a). Screening of FAO activity with CLSM, (b). Screening of FAO activity with

plate reader.
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EE X N7z, CA-108 (FFSHEAE < . AKIREL - FAWERH© d IERFRIIC X v X 7 H L ey
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Y MEAYITRZ ) —= v ZRITHICE L, 50 pM, 24 hr ©&fETcr v MLAY O FEEH
1TZDT Dy oiz,

3-3. BRRILIAEHI DR

CA-108/CFA-108 TS/ O 1 iz 3 1) % CA/CFA 3T o UG Dt 5
25 CFARZ RIS & LTio 7 5 7 2 v MLEW TR IC N 3 2 R R RG AV 72 < |
AR 2 ) —= v SICHRATH B 2 R oTz, ZD-® CFAKZEA L 72L&
150 fiFHZHWCTR 7 Y —= v 7EEZ{T > 72, FEBFOWNE%Z Figure 3-6 1</ 3, AEffid
(HepG2 fiid) % 7L — MITIBREL 7288, a "L v o7 772 v MLEMERINT 5,
Z 0%, BRI D probe2 ZiEM L., 7o — 7 OEETREE M 2L AW AR TERL
7eo E72. by MEAWIELUTICR FHOERE L 2 FICHE L 72,
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and probe2 o
cl
N
= B T0q
N

Plated cells Screen for decrease in Hit compounds

fluorescence of probe
Figure 3-6. Inhibitor screening protocol. HepG2 cells were treated with CFA fragments (50

pM) for 24 hr. After removing CFA fragments, probe2 was added in each well and incubated

for 2 hr. Plate was analyzed by plate reader.
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FHEA + probe2 d #5H L — blank O HiE i@ AL

JEHRIE L =

Z

2

probe2 @ % D HOGHRE — blank D HOGHREE

Reaction conditions

HepG2 cell, [fragment compounds] = 50 pM, 24 hr, [probe2] =5 pM, 2 hr, 37 °C, 5 % CO;

Ex: 405 nm, Em

460nm.
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Figure 3-7. Screening of FAQ activity screening (n = 2).
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Table 2-1. Summary of hit compound of FAO activity screening
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Table 2-1. Summary of hit compound of FAO activity screening

(o]

R= ONAN

F

Relative fluorescence intensity

Relative fluorescence intensity

No. structure No. structure
Plate reader imaging Plate reader imaging
o R
1
100 R_ 0.076 0.10 153 m 0.18 0.31
E [s] \D
~ R
2 N
15 ,G’N‘) 0.19 0.65 154 % 0.12 0.11
N |
OH R‘NN
125 '\/@ 0.15 0.95 155 )YH 0.12 0.79
B
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I i
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Figure 3-8. Screening of FAO activity by CA/CFA fragments. [CA fragment compound] = 1
pM, 3 hr, [CFA fragment compound] = 10 pM, 24 hr (n = 2).
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BRI IC At 3 2 e 2 g L 72,

Reaction condition
HepG2 cells, [CFA fragments] = 0.1~50 uM, 24 hr, [Ac fragment] = 1~50 uM, 24 hr,
[probe2] = 5uM, 2 hr, 37 °C, 5 % CO,

(@) o o (b) o

o]
CI\HL A cl N
N N N N
F &Q &@L 2 ﬁ”fl O”tl
Cl 'Cl CN 'CN
CFA-154 Ac-154 CFA-157 Ac-157
1.2 4 1.2
L
1.0 \ = iy s 10 == + u ]
0.8 0.8
& CFA-154 @ CFA-157

W Ac-154 B Ac-157

Related fluorescence intensity
o
(2]

Related fluorescence intensity
o
[=>]

04 - 0.4
0.2 0.2
0 I L ® - i 0 I
0.1 1 10 100 0.1 1 10 100
Concentration(uM) Concentration(uM)

Figure 3-9. Reactivity comparison between CFA group and Ac group. (a). CFA-154 and Ac-
154, (b) CFA-157 and Ac-157
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Reaction condition
HepG2 cells, [CFA fragments] = 0.01~50 uM, 72 hr in DMEM (FBS(+)), 37 °C, 5 % CO,

(a) (b)

CFA-154 CFA-157
120 120
100 100 | .
*
' % * fo *% 41 ]l
_ 80Ff + ¢ ¢ _ 80f
o o
€ €
8 60 | o) 60
ks ©
® 40 | 2 40t
20 20 +
0 1 1 1 1 0 1 1 1 1
1072 10™ 1 10 100 102 107 1 10 100
Concentration(uM) Concentration(uM)

Figure 3-10. WST assay of CFA fragments. (a). CFA-154, (b). CFA-157
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Reaction condition

HepG2 cells, [CFA fragments] = 0.1~50 pM, 24 hr, [probe2] = 20 pM, 2 hr, 37 °C, 5 % CO,

Table 2-2. Summary of hit compounds of FAO activity screening (n = 3)

o]
R= CI\I)ki
F
No. structure ICs0 (UM)  No. structure I1Cs0 (UM) No. structure ICso (M)
N Roy Ren 6.59+
+ 3.66 = .
154 Oﬁ”@\ 2 182 bND e 168 O\© 026
| HO
NN R‘N’ﬁ Ron
1.96+ 426+ 7.66+
157 L 163 N 169 O\@
‘@\CN 0.04 @( 0.64 219
o]
‘N’\l R'N’\l b OH
158 k,N@ 46435 164 kﬂ@ Gdgé 4i 170 &@\ 169:1 si
. e : s °
'N/\ R‘N .
159 A 5755 165 N 171 N'\\@ >20
\©\OH 1.02 o o3 L
[®%; Q ~
7.26+ N 182+ N
160 O% 166 172 N >20
0.71 0.1
Tl U
. R'N’\' N
161 Oﬁ“@ P LN\@ 300 173 Q@N >20
. 3 .

85



3-7. CFA-154/157 #INEED probe2 DR SZEBI AT

v Y YV EK RO CFA-154 KU~ 7 ¥ viE# &2 HfD CFA-157 2% probe2 D H{t
ZINZ 59 hoT-729, HPLC %\ CFA {L&EY) % I D probe2 Lz H)
ZiB o7, EEITIEL LTk CFALEYI ZahN#IC probe2 ZAlifcicasmm L. i L 7= 4
feD @R %Z HPLC T35 2 itk b, BBLAHEFEIN TV 20 2lfEr D, £Y
— 7B L TIZ ESI-TOF-MS i< X W L&Y O RE D FRIE %47 - 720

fisk % Figure 3-11 1C/R L7z, BE{LESEEEFE CTH % CPT1 @ inhibitor & L THIH N S
etomoxir ZIRM L 724 v 70N Tlx I SHETE T, IBNIRRORFER L CODEETH -
72o ZD—77C, CFA-154 RN 157 ML 729 v Z7Vic AL Tk B gL 22\ 72 7 v —
TOE—273RONEbOOMEITNE L IORRKEYITHL 7<) vor—I 25
AN b, £7 77X MLEYHR R 7 Y —= v ZIFIC probe2 @ hE & % I
THERE KT D e h o7z,

Reaction condition
HepG2 cells, [etomoxir, CFA-154, CFA-157] = 10 uM, 24 hr, [probe2] = 20 uM, 2 hr, 37 °C,
5% CO-

e F. _ N/\/OH
probe2® & etomoxir+probe2 ,.!\0 oo H

10 20 30 40 O OH

5 (C7-OH)
CFA-157+probe2 9

6 (C5)
O OH

HO R
7 (C5-OH)

o]

—— ~ F N~
10 20 30 40 H
Ho 0o

8 (C0)

Figure 3-11. HPLC analysis of probe2 metabolites with FAO inhibitor in HepG2 cells.
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3-9. EEIH

CA/CFA-Screening

HepG2 cells (1 X 10*cells) were cultured on 96 well black plate (Thermo) for 2 days at 37 °C
in CO; incubator. twice. After washing with DMEM (FBS(-)) (wako) (100 pL) twice, CA
fragment (1 uM) / CFA fragment (50 pM) was preincubated in 200 uL DMEM(FBS(-)) for
3 h (CA fragment)/ 24 h (CFA fragment). After removing DMEM (FBS(-)), probe2 (5 pM)
was added in DMEM(FBS(-))(200 pL). The cells were incubated for 1 h (CA fragment) or 2
h (CFA fragment) and evaluated with plate reader (n = 2).

FAO activity assay

HepG?2 cells (1 X 10*cells) were cultured on 96 well black plate (Thermo) for 2 days at 37 °C
in CO; incubator. After washing with DMEM (FBS(-)) (wako) (100 pL) twice, CFA or Ac
fragment (0.1~50 pM) was preincubated in 200 pL. DMEM(FBS(-)) for 24 h. After removing
DMEM (FBS(-)), probe2 (5 pM) was added in DMEM(FBS(-))(200 pL) for 2 h and

evaluated with plate reader (n = 3).

Cell proliferation assay (water soluble tetrazolium assay)

HepG2 cells were seeded into 96-well plates (IWAKI). The following day, inhibitors were
added to the culture medium at the different concentrations. After incubation for 72 h at 37
°C, 15 pL of Cell Count Reagent SF (Nacalai tesque) were added to each well, and the cells
were further incubated for several hours. Absorbance at 450 nm was measured with EnSpire
multimode plate reader (Perkin Elmer). Triplicate wells were tested at each inhibitor

concentration. The ICs value for the inhibitor was calculated from survival curve of the cells.

HPLC analysis of probe2 metabolites with inhibitors in HepG2 cells.

HepG2 cells were cultured on 6 cm dish (NEST) for 3 days at 37 °C in CO; incubator. After
washing with HBS(+) buffer (pH = 7.4) twice, the cells were preincubated with inhibitors in
4 mL HBS(+). probe2 (20 uM) were incubated for 2 h at 37 °C in 2 mL HBS, followed by the
collecting of the HBS(+). The cells were lysed by RIPA buffer (50 pL) on an ice bath. After
placing the dished for 10 min, MeOH (300 pL) was added and insoluble stuff was removed
by centrifugation (17000 rcf, 10 min, 4 °C). The combined solution of the cell lysate (350 puL)
and the HBS(+) was subjected to HPLC analysis (YMC-Triart C18, 250 X 10 mmlI.D., Flow
rate: 1.0 mL/min, mobile phase gradient: CH;CN (0.1% TFA) / H.O (0.1% TFA) = 20/80

— 70/30 linear gradient over 60 min, Detection wavelength: 350 nm, Compound
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identification of each peak was performed with ESI-TOF-MS (Bruker micrOTOF II).

Synthetic Procedures

Piperazine derivative

2-chloro-2-fluoro-1-(4-phenylpiperazin-1-yl)ethan-1-one (CFA-158)
White solid. '"H-NMR (500 MHz, CDCl3) 6:7.28 (t, /= 4.5 Hz, 2H), 6.91 (t, /= 7.75 Hz,
3H), 6.49 (d, Ju-» = 50.5 Hz, 1H), 3.80-3.78 (m, 4H), 3.23-3.20 (m, 4H)
BC-NMR (126 MHz, CDCl3) 6:161.8 (d, Jic-m = 22.7 Hz), 150.7, 129.3, 120.9, 116.8, 94.2
(d, Jie-m = 259.6 Hz), 49.5, 49.3, 45.4 X 2, 42.7
HRMS (ESI) m/z [M+H]* calcd for C12H;5CIFN,O 257.0851; found 257.0863

[M+Na]* caled for C1oH4CIFN,ONa 279.0671; found 279.0683

2-chloro-2-fluoro-1-(4-(4-hydroxyphenyl) piperazin-1-yl)ethan-1-one (CFA-159)

White solid. 'H-NMR (500 MHz, CDs0OD) §: 6.96 (d, Ju-p» = 49.5 Hz, 1H), 6.85-6.84 (m,
2H), 6.70-6.67 (m, 2H), 3.74-3.71 (m, 2H), 3.65 (t, /= 5.0 Hz, 2H), 3.28-3.26 (m, 2H), 3.04-
3.00 (m, 4H)

BC-NMR (126 MHz, CD;0D) ¢:162.8 (d, Jic-p» = 23.9 Hz), 152.1,144.2,119.3, 115.3,91.5
(d, Jie-m = 248.2 Hz), 51.0, 50.8, 45.3, 42.5

HRMS (ESI) m/z [M+Na]* caled for Ci,H14CIFN;O,Na 295.0620; found 295.0637

1-(4-acetyl-4-phenylpiperidin-1-yl)-2-chloro-2-fluoroethan-1-one (CFA-160)

Colorless oil. "H-NMR (500 MHz, CDCl;) & : 7.40-7.27 (m, 5H), 6.48 and 6.47 (d, /= 50.5
Hz, 1H), 4.17-4.10 (m, 1H), 3.88-3.82 (m, 1H), 3.55-3.48 (m, 1H), 3.27-3.19 (m, 1H), 2.53-
2.42 (m, 2H), 2.18-1.98 (m, 2H), 1.94 (s, 3H)

BC-NMR (126 MHz, CDCls) 6:208.5% 2, 161.7 (d, Jic-p = 25.3 Hz), 140.3, 140.2, 127.8 X
2,126.2,126.1,94.4 and 93.8 (d, Jic.» = 259.6 Hz), 54.8, 42.8 X 2, 40.2, 33.1, 33.0, 31.7, 31.6,
25.5,25.4

HRMS (ESI) m/z[M+Na]* calcd for CisH;7CIFNO2Na 320.0824; found 320.0839

1-(4-(4-bromophenyl)-4-hydroxypiperidin-1-yl)-2-chloro-2-fluoroethan-1-one (CFA-161)
White solid. "H-NMR (500 MHz, DMSO-dy) 6:7.51 (d, /= 8.5 Hz, 2H), 7.45-7.41 (m, 2H),
7.39 and 7.29 (d, Jur» = 49.0 Hz, 1H), 5.34 (d, /= 15.5 Hz, 1H), 4.26-4.24 (m, 1H), 3.73-
3.70 (m, 1H), 3.49-3.37 (m, 1H), 3.12-3.04 (m, 1H), 2.01-1.76 (m, 2H), 1.67-1.58 (2H, m)
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BC-NMR (126 MHz, DMSO-dy) 6:162.7 (d, Jiep = 22.7 Hz), 131.0, 130.9, 126.5, 126.4,
120.4%2,91.6 and 91.4 (d, Jic.» = 247.0 Hz), 41.6, 41.4, 38.8, 38.7, 37.8, 37.6, 37.0, 36.9
HRMS (ESI) m/z [M+Na]* caled for Ci3H1sBrCIFNO,Na 373.9753; found 373.9773

2-chloro-2-fluoro-1-(4-(2-hydroxyphenyl) piperazin-1-yl)ethan-1-one (CFA-162)

Yellow solid. 'H-NMR (500 MHz, CDCls) 6: 7.13-7.10 (m, 2H), 6.98-6.96 (m, 1H), 6.90-
6.86 (m, 1H), 6.82 (brs, 1 H), 6.52 (d, J-» = 51.0 Hz, 1H), 3.84-3.82 (m 4H), 2.97- 2.92 (m,
4H)

C-NMR (126 MHz, CDCly) 6:161.9 (d, Jic-» = 22.4 Hz), 151.2,137.8,127.2, 121.4, 120.4,
114.6,94.4 (d, Jic» = 259.4 Hz), 52.3, 52.1, 46.1 X 2, 43.4

HRMS (ESI) m/z[M+Na]* caled for C1,H14CIFN,O2Na 295.0620; found 295.0658

1-(4-(4-acetylphenyl) piperazin-1-yl)-2-chloro-2-fluoroethan-1-one (CFA-163)

Yellow solid. '"H-NMR (500 MHz, CDCl3) ¢:7.88 (d, /= 9.0 Hz, 2H), 6.87 (d, /= 9.0 Hz,
2H), 6.55 and 6.45 (d, J#-»=51.0 Hz, 1H), 3.83-3.78 (m, 4H), 3.45-3.39 (m, 4H), 2.51 (s,
3H)

BC-NMR (126 MHz, CDCl;) 6:196.5,161.9 (d, Jie.» = 22.7 Hz), 153.5,130.4, 128.7, 114.1,
94.3 (d, Jie-m = 258.3 Hz), 47.5,47.2, 44.9X 2, 42.4, 26.2

HRMS (ESI) m/z [M+Na]* caled for C14HisCIFN,O,Na 321.0777; found 321.0816

2-chloro-1-(4-(2-ethoxyphenyl) piperazin-1-yl)-2-fluoroethan-1-one (CFA-164)

Yellow oil. "H-NMR (500 MHz, CDCl3) 6 : 7.03-7.00 (m, 1H), 6.94-6.87 (m, 3H), 6.51 (d,
Jarp = 51.0 Hz, 1H), 4.11-4.07 (m, 2H), 3.83 (t, /= 4.75 Hz, 4H), 3.16-3.13 (m, 4H), 1.47
(t, /= 6.75 Hz, 3H)

BC-NMR (126 MHz, CDCl3) 6:161.9 (d, Jiem =21.9 Hz), 151.6, 140.3, 123.6, 121.1, 118.5,
112.5,94.2 (d, Jic-p = 258.6 Hz), 63.7, 50.5, 50.2, 45.8, 45.8, 43.0, 15.0

HRMS (ESI) m/z [M+Na]* calcd for C14HisCIFN,O2Na 323.0933; found 323.0928

2-chloro-1-(4-(4-chloro-3-(trifluoromethyl) phenyl) -4-hydroxypiperidin-1-yl)-2-
fluoroethan-1-one (CFA-165)

White solid. 'H-NMR (500 MHz, CDCl;) 6:7.83 (s, 1H), 7.57-7.54 (m, 1H), 7.51 (d, /=
8.5 Hz, 3H), 6.51 and 6.50 (d, Juz-» = 51.0 Hz, 1H), 4.52-4.49 (m, 1H), 4.14-4.03 (m, 1H),
3.69-3.62 (m, 1H), 3.29-3.22 (m, 1H), 2.09-2.03 (m, 2H), 1.90 (brs, 1H), 1.86-1.82 (m, 2H)
BC-NMR (126 MHz, CDCls) 6:161.8 (d, Jie-p = 23.9 Hz), 146.4, 146.3, 131.7, 131.6, 129.1,
128.7,128.5, 128.2, 124.0 X2, 123.9 X2, 121, 94.6 and 93.7 (d, Jicm = 259.6 Hz), 71.2, 41.5
x2,41.4,39.0, 38.4, 38.3, 37.6, 37.5
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HRMS (ESI) m/z [M+Na]* caled for C14H;5Cl,FsNONa 396.0152; found 396.0195

2-chloro-1-(4-(4-ethynylphenyl) piperazin-1-yl)-2-fluoroethan-1-one (CFA-166)

"H-NMR (500 MHz, CDCl3) 6:7.42-7.40 (m, 2H), 6.85-6.83 (m, 2H), 6.50 (d, Jizr) = 50.5
Hz, 1H), 3.83-3.78 (m, 4H), 3.31-3.26 (m, 4H), 3.01 (s, 1H)

13C-NMR (126 MHz, CDCl3) 6:161.9 (d, Jie » = 22.7 Hz), 150.5, 133.3, 115.7, 113.4, 94.4
(d, Jie-m = 258.3 Hz), 83.8, 76.0, 48.5, 48.3, 45.1 X 2, 42.5

HRMS (ESI) m/z[M+Na]* calced for C14H14CIFN,ONa 303.0671; found 303.0676

2-chloro-1-(4-(4-chlorophenyl)piperazin-1-yl)-2-fluoroethan-1-one (CFA-167)

"H-NMR (500 MHz, CDCl;) 6:7.24-7.22 (m, 2H), 6.86-6.84 (m, 2H), 6.55 and 6.45 (d, /i
»=50.5Hz, 1H), 3.83-3.78 (m, 4H), 3.22-3.17 (m, 4H)

3C-NMR (126 MHz, CDCls) 6:161.8 (d, Jic-» = 22.4 Hz), 149.3, 129.2, 125.9, 118.1, 94.4
(d, Jic-m=259.4 Hz), 49.5, 49.3, 45.3, 45.2, 42.6

HRMS (ESI) m/z[M+Na]* calcd for C12H;3CI,FN,ONa 313.0281; found 313.0291

2-chloro-2-fluoro-1-(4-phenylpiperidin-1-yl)ethan-1-one (CFA-168)

Yellow oil. "H-NMR (500 MHz, CDCls) §:7.32 (t, /= 7.3 Hz, 2H), 7.24-7.19 (m, 3H), 6.52
(d, Jur-r»=51.0 Hz, 1H), 4.68-4.65 (m, 1H), 4.69-4.66 (m, 1H), 4.23-4.21 (m, 1H), 3.25-3.16
(m, 1H), 2.82-2.76 (m, 2H), 1.94 (d, /= 13.0 Hz, 2H), 1.79-1.61 (m, 2H)

3C-NMR (125 MHz, CDCl3) 6:161.7 (d, Jie-» = 21.4 Hz), 144.7, 144.6, 128.7, 126.7, 94.4
and 93.9 (d, Jicr = 259.6 Hz), 46.11, 46.1 X2, 46.0 X 2, 43.7 X 2, 42.4, 33.5, 33.2, 32.7, 32.6
HRMS (ESI) m/z[M+Na]* calcd for CisHisCIFNONa 278.0718; found 278.0736

2-chloro-1-(4-(4-chlorophenyl)piperidin-1-yl)-2-fluoroethan-1-one (CFA-169)

White solid. "TH-NMR (500 MHz, CDCl;) 6:7.29 (d, /= 8.0 Hz, 2H), 7.13 (dd, /= 8.5, 2.0
Hz), 6.512 and 6.510 (dd, J#-» = 51.0 Hz, 1H), 4.69-4.66 (m, 1H), 4.23-4.21 (m, 1H), 3.25-
3.16 (m, 1H), 2.82-2.76 (m, 2H), 1.94 (d, /= 13.0 Hz, 2H), 1.79-1.61 (m, 2H)

BC-NMR (126 MHz, CDCl3) 6:161.7 (d, Jier = 22.4 Hz), 143.0 X2, 140.3, 132.4, 128.8,
128.1,95.2 and 93.9 (d, Jic-p = 259.6 Hz), 46.0 X 2, 45.9 X 2, 43.6, 41.9, 33.4, 33.2, 32.7. 32.5
HRMS (ESI) m/z[M+Na]* calcd for Ci13sH14ClLFNONa 312.0329; found 312.0347

2-chloro-1-(4-(4-ethynylphenyl) -4-hydroxypiperidin-1-yl) -2-fluoroethan-1-one (CFA-170)
Yellow oil. "TH-NMR (500 MHz, CDCl;) §:7.51 (d, /= 8.0 Hz, 2H), 7.43 (dd, /= 8.5, 3.0
Hz), 6.519 and 6.508 (d, Jz-r» = 51.0 Hz, 1H), 4.50-4.48 (m, 1H), 4.10-3.99 (m, 1H), 3.69-
3.62 (m, 1H), 3.29-3.23 (m, 1H), 3.08 (s, 1H), 2.10-2.01 (m, 2H), 1.85-1.83 (m, 2H)

91



BC-NMR (126 MHz, CDCl3) 6:161.8 (d, Jic.r =22.7 Hz), 147.6, 132.4, 131.8, 126.2, 124.4,
121.5,116.2, 94.7 and 93.8 (d, Jic» =259.6 Hz), 83.1, 71.4, 41.7, 41.6 X 2, 39.1, 38.4, 38.3,
37.6,37.5

HRMS (ESI) m/z [M+Na]* calcd for 318.0668; found 318.0713

1-(4-(4-acetylphenyl) piperazin-1-yl)-2-chloro-2-fluoroethan-1-one (CFA-171)
Yellow solid. 'H-NMR (500 MHz, CD3;OD) ¢ : 7.31-7.22 (m, 4H), 6.52 (d, /- = 49.0 Hz,
1H), 3.62-3.52 (m, 6H), 2.52-2.46 (m, 4H)
BC-NMR (126 MHz, CDCl;) 6:161.7 (d, Jic.p=22.7 Hz), 129.2,128.5,127.6,,94.1 (d, Jic-
»=258.3Hz), 62.6,52.5,52.3,45.3%2,42.6
HRMS (ESI) m/z[M+H]* caled for C13H;7CIFN,O 271.1008; found 271.0988

[M+Na]* calcd for C13H;sCIFN2ONa 293.0827: found 293.0801

2-chloro2-fluoroethan-1-(4-phenyl-1,4-diazepan-1-yl)ethan-1-one (CFA-172)

Yellow solid. 'H-NMR (500 MHz, CD3;0OD) 6 : 7.25-7.22 (m, 2H), 6.73-6.70 (m, 3H), 6.50
and 6.39 (d, Ju-p = 44.5 Hz, 1H), 3.95-3.38 (m, 10 H)

BC-NMR (126 MHz, CDCl;) 6: 163.2 and 163.1 (d, Jic» = 35.3 Hz), 147.2, 146.7, 129.8,
129.7,117.0,112.0, 111.8, 112.0, 111.8, 94.0 and 93.5 (d, Jicp = 258.3 Hz), 50.9, 48.8, 48.1,
47.5,47.4,47.0%2,46.8,46.7, 46.3, 26.8, 23.9

HRMS (ESI) m/z[M+Na]* calcd for Ci3H1CIFN,ONa 293.0827; found 293.0828

1-(4-(4-butylphenyl) piperazin-1-yl)-2-chloro-2-fluoroethan-1-one (CFA-173)

Brown solid. 'H-NMR (500 MHz, CDCl;) 6:7.11 (d, /= 8.5 Hz, 2H), 6.88-6.86 (m, 2H),
6.52 (d, Jow-n=51.0 Hz, 1H), 3.81-3.79 (m, 4H), 3.22-3.17 (m, 4H), 2.55 (t, /= 7.8 Hz,, 2H),
1.61-1.55 (m, 2H), 1.38-1.33 (m, 2H), 0.93 (t, /= 7.5 Hz, 3H)

3C-NMR (126 MHz, CDCl3) 6:161.8 (d, /e =22.7 Hz), 148.7, 135.6, 129.4, 129.2, 129.0,
117.0, 116.8,94.0 (d, Jic-» = 258.3 Hz), 49.9, 49.7, 45.5, 45.4, 42.8, 34.8, 33.8, 22.4, 14.0
HRMS (ESI) m/z [M+Na]* calcd for C1sH2CIFN,ONa 335.1297; found 335.1316

1-4-(4-chlorophenyl)-4-hydroxypiperidin-1-yl)ethan-1-one (Ac-154)

White solid. "H-NMR (500 MHz, CDCl3) 6: 7.42-7.39 (m, 2H), 7.35-7.32 (m, 2H), 4.59-
4.56 (m, 1H), 3.73-3.70 (m, 1H), 3.62-3.57 (m, 1H), 3.09-3.05 (m, 1H), 2.13 (s, 3H), 2.02-
1.91 (m, 2H), 1.90-1.74 (m, 2H)

BC-NMR (126 MHz, CDCl;) &: 168.9, 146.2, 133.3, 128.7, 126.0, 42.6, 38.9, 37.8, 37.6,
30.9,21.4

HRMS (ESI) m/z [M+Na]* caled for Ci3sH14CINO2Na 276.0762; found 276.0746
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4-(4-acetylpiperazin-1-yl)benzonitrile (Ac-157)

White solid. "H-NMR (500 MHz, CDCl3) 6 : 7.54-7.51(m, 2H), 6.88-6.85 (m, 2H), 3.78 (t,
J=5.25Hz, 2H), 3.38-3.32 (m, 4H), 2.15 (s, 3H)

BC-NMR (126 MHz, CDCl;) 6:169.1, 153.0, 133.6, 119.7, 114.5, 101.2, 47.3, 47.1, 45.6,
40.8, 21.3

HRMS (ESI) m/z[M+Na]* caled for Ci13sH15N30Na 252.1107; found 252.1122
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Chapter 3
Elucidation of inhibiting mechanism of hit

compounds by chemical biology approach.
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1-2. gel-based ABPP ic X 3 & v MUAYID T R AAVEBfRAT

BEALITER DR IICZFET 2 REFET OPBINLEHRIGTHY, A7) —=v 7
Ik 0 R LA BEBLBEER O I r L KIET 5 2 L T OMEEZHE L <
WERZEREZLNED, ERICEDE IR EZ Vv ANIEEHEAL T2 00 R I L
CTIIEPODIVEDLDH D, ZD7=H, AL 7 727Xy MEEYOMIENICET 2 7 X
MU E) % gel-based ABPP # W Cilii 2T o720 TAFVEEALLZT 77XV FTH
% CFA-166. 170 % HepG2 ff@ic#vin L 7z#2ic. ML 7= #ifd Z nlifk L CuAAC % H
WTHOEREIZE A L SDS-PAGE TT % 1T o 720 IIGEMFICOWTIFES, 4 vFax
— MR % 24 hr icfEE L, LAYIEEZ 1~50 uM & 42 C & TT7 _ALE B %288 L 72,

Reaction condition
HepG2 cell line, [CFA-166, 170] = 1~50 uM, 24 hr, 37 °C, 5 % CO,

O O

Rge Rge”
SN

S
CFA-166 CFA-170
Conc.(UM) - 1 2 5 102550 Conc.(UM) - 1 2 51025 50
Mw (kDa) Mw (kDa)
150 -
150 -
100 -
75 - 100 -
75
50 - 50 A
37 | 37 -
25 - 25 -
20 4 : 20 4
‘ -
pe 1 o

Figure 1-2, Concentration-dependent reactivity profile of CFA-166/170 in HepG2 cells.
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FER % Figure 1-2 178 L 72, CFA-167, 170 o{b&PIC B W T, KRE T 50kDa @ £
VTR TANMMET B LR o7z, 30, 40 kDa fHEicBI L T b LAY T T = aql
LT3, 50 kDa fiED X v o8 7B L R T T _ALERE W20, 50 kDa O & v
NRIEPRE =Ty b DRV ANITETRBCIEELZRITL TV I ERRBIN, ZD
729, LUK, 50 kDa fED £ v X 7B L GEIFL TWw 2 &ic L7z, 1 pM DK
FFCh0kDad 2 v X7+ Rl TR L Tw b 2 e #EE L. 2 ORESFEZ
T, 1~24 hr OREFEILICE T 5 T _NALEBE % B L 72,

FEE % Figure 1-3 1R L7z, WifbAY T 1 uM, 1 hr T 50 kDa fhED & v o8 78 % &R
I 7 _AAL LT3 2 & 2SR &S N7z, CFA-166 1B L Tix 1 hr T v F O HGIRE A
LT, T0ULNTE A EHEITL TWEZEHH #R L7225, CFA-170 TlX 6 hr f2EE
TAY FVERENHMTE 2 Eh 0, ERTIVEIKRE ©RY Y VEH O TR E ICE
WSH BT EREE NS, £72, CFA-170 TIRERMA v Fax—1FF 3¢, 30kDaft
WDV F5EL 72 CFA-166 X 0 & JEFF RS HEIT L 72,

Reaction condition
HepG2 cell line, [CFA-166, 170] = 1 pM, 1~24 hr, 37 °C, 5 % CO:

CFA-166 CFA-170

Time(t) - 1 3 6 91224 time (h) -1 36 91224
Mw (kDa) Mw (kDa)
150 - 150 -
100 - 100 -
75 - 75 -

50| ———— - 50] —————=

37 . 37 - =
25 | 25 -
20 | 20 -

T — L

Conc. =1 uM Conc. =1 uM

Figure 1-3. Time-dependent reactivity profile of CFA-166/170 in HepG2 cells.
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1-3. EFMEEMETAZF Y 757X v b &S ABPP

CFA-166 & U170 13 1 uM, 1 hr EAFT50kDa D X v X2 E % 7 ~<nflb$ 3 2 & 235y
oS, 777 AV MUEMRIFEESEMAR DT X v DB AIC LY Ta — T DEH)
DEALT 2B—NEDH 5, ZD7=H CFA-170 ¢ ZDETFAMLEYTH B CFA-154, CFA-
166 & Z D ETAMLEWTH B CFA-157 ICBIL T, Bidikic X 3 ABPP %175 Z & Tt
WRTH B 50kDaftiiD z v X7y FRHEATE . RUOBEAZE-20{LEY
O [H D EERLER M % T~ 72,

#iF % Figure 1-4 ICR L7z, ©_Y Y VEKEZFRFD CFA-154 & CFA-170, ©RZ Vv
B %> CFA-157 & CFA-166 DLV %A 273~ 7T 50kDa DY v F A%k
L7zZ b, 2 20T MLAEMR T A X VIKEREDO 2 =7y F 2 Vv 2B E T
b2 ol, 2O—J7T, EXTVVEIKL XY U VERKROLEY TERE
DEVHERONS Z & B o72, CFA-170 13 50 kDa i H—D Ny K& 7L
T3 28, CFA-166 [FEE DNV F &2 7 bl CTniz, £/, (b) iI2WwTix CFA-166
L CFA-154 4 U8 157 %3 X ¢ 727 VEHRICO T 50 kDa fhED N Y FaiEAL 725 O
TH B, ) I VEKREHD CFA-154 L v <7 Vv EREZEFS CFA-166 # it &
=% v 7Tl 50 kDa fHEicd 200Ny FOABHEIK L TH Y., CFA-166 TFEICT
~UEL T BNy F@ik CFA-154 Tl 7Mbb L o7z, Zb DRSS, CFA-
154, 170 ©7 <AL L T3 50 kDa D & v 8 7’ EO2 f BEL OFHEICES L T 3
T EDREE N, CFA-166 T7 <AL L Tw3 30, 40 kDa D & v -5 7 8 (13 I By
W7 _MEL T3 2 & BRBI LT,
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Reaction condition
HepG?2 cell line, [CFA-154, 157] = 10 uM, 24 hr, [CFA-166, 170] = 10 uM, 1 hr, 37 °C, 5%
CO,

e}

CI\B.LN OH Cllj)\N OH Cl\llz)OLN,\lN CIfLLN
&@\C' ij(j\\\ ~ ©\CN O\\\

CFA-154 CFA-170 CFA-157 CFA-166
(a) CFA-154 - - + -
CFA-154 - - + CFA-157 - - - +
CFA-170 - + + CFA-166 - + + +
Mw (kDa) Mw (kDa)
150 - 150 -
100 4 100 1
75 - 75 -
501 = 50{ ®Res
37 37 - >3
251 25 | T
20 20 |
(b)
CFA-154 - - + -
CFA-157 - - - +
CFA-166 - + + +

- |_E|

NE

90 -

Figure 1-4. Competitive protein labeling in HepG2 cells
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1-4. BAEXHVET IANTaTA I 7 RAETICL 2B EZ v 2 BORE

ABPP CTofEEf2 6. CFA-166 & UF CFA-170 2358 @ 50 kDa fHEICTFEET % 2 v o3
B I7_NMMEL T BEERBE LN, 2D, TRV ANZERLIEILICEESL I
LTWwdEEx, FENEA Y ANIEERRET 5720107 I AT aT4 I 7 RN %17 72,
BARW 72 Fik% Figure 1-5 IR L7z, TAF VX T%EGT 777 AV &L 7zilkd
7 42— MZx LT CuAAC I X b desithiobiotin Z&E A L, X v X7 EH DM - v 7
AL, LC-MS/MS T 2fTH5 2 &ick b, 7272 ickh Ig_nfbanizzyv
NIEDOREERITHI LB TESL®, T2, CuAAC I X ViE A 3 % desithiobiotin |3 & A
FURGE VN THICHNT AR EAF XD B TFHI LB HSh, A FVIC ko
TR rORBer R cER I NI A F VEUKTH LY, T, 2L
MEDEZMMAL T, 2 v 7 HREHRICEHIRED A F VY TT Y v - L Dfia %
BT 2L T, BNX Vv AN HEORRRERIMHTE 5 2 L 2H]FREL 72,

CFA fragments
—CA fragments

Ezzzgi > > log: ratio

Cell lysis
HepG2 1. CuAAC with desthiobiotin-azide - |
2. Streptavidin enrichment E‘
3. Elution with biotin o
CA fragments 4. SDS-PAGE IS
5. In gel trypsin digestion _g
6. LC-MS/MS o
14
e Cell lysis
HepG2

Figure 1-5. Schematic illustration of chemical proteomics analysis.

HIESIFCBEL TR, TAF vy 77272 F OIERFRMICOFERZE L, CFA-154 &
ZDOTNF R TH B CA-170 DFiEE, KO CFA-157 £ TA¥ v {kTH 5 CA-166 DFE
HiEEHCT CFALAEMITI_MULL T WB 2 v S0 E R HF{ N7z, TAr*x vk LT CA
tEME RT3 DIE, HAOMFTICHEWT CFAD T A * VAT X v 828 0+H451c
WX nd ., RIGEIC X 2NKDEOHERZEZ bN7dTH b, LITRLEGAET
FIANTuTA I RENETICHZY, £ CFA {LEWE CA LAYITORE
ABPP %179 & & T, 50kDa fiED v FOBDRR SN B 0% DL ® 7=,
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Reaction condition
HepG?2 cell line, [CFA-154, 157] = 10 uM, 24 hr, [CA-157] = 1 uM, 3 hr, [CA-166] = 2 pM,
3 hr, 37°C, 5% CO,

0 0] (o] @]
CI\)LN cw\)LN
. N L, N
CFA-154 CA-170 CFA-157 CA-166
CFA-154 - - CFA-157 - = 4
CA-170 - 4+ 4+ CA-166 - + +
Mw (kDa) Mw (kDa)
150 - 150 -
100 - 100 A
75 - 75
50 - - 50 - -
37 - P 37
05| W= 25 Jia e .
20 - 20 -

Figure 1-6. Competitive protein labeling in HepG2 cells.
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fik % Figure 1-6 IC/R L7z, 7 77 A v MEEWIORIGHEMEE LT, 7~=) v 7 a—
TERAWERZY) —= v I ToE» S, B L EFERICHZ B ERE - BERZA (10
M, 24 hr) TfT o7z, CFA-154 & CA-170 OFEATIZ NV FFERICTITHE 2 T WA,
50kDafizo Ny FAHML o Twd 2 b, CFARTRENL T2 v 0 8% 7L
L LT 3EE) %2157z, 7. CFA-154 & CA-170 O#Hi&a Tl 50 kDa o N v F231HA L
oo, Fl—DX v X8 T_NMMELTWBZ LB olz, 2D, 2 D2DLEY
EHaIEbI LT, FFRNCTIRMELTwE 2 Yy N 2EZRETE 5 2 LTRKRIN
7o

U EDORIRZMRL, JETD ABPP LAIBRDSEMTETT I AT w74 I 7 AT 21T -
720 Z DGR % Figure 1-7 I8 L7z, Hih2ie v + &2 v o3 7 EHECCHE DS 7 ~AALRhFC
Hbo KEFIECFA 777 AV FTI_NMLL TR, CA 777 AV Mo 7 LT 555
HETH Y, logy ratio (el/e2) DA~ A FAD XV N7 E (I CFAATe Yy PLTERZE
V) ERICR B, ARFEERT 3 BIEZITV, log, ratio fHOFHfEZ 7wy P LTWw5, %
DAERMEL AT proteinX1 23|\ A a7 Tk v b L7z (CFA-154: -3.30, CFA-157: -4.75),
proteinX (% 50 ~ 55 kDa ffiLICTFET 22 v X2 ETH B e BALNTWEO0, i
®D gel-based ABPP 1€ & % 50kDa {fi DFFER 72N F i proteinX TH 5 T L BRE I
7o T72. TNENDLAYIT proteinX ICxTS 2 5& M3 B v . CFA-154 23 proteinX1
RFEINIC T ~ {3 % — T, CFA-157 i3 proteinX1 R U'X2 % 7 ~nfb L7z, —J T,
B IEAVER R I B Ice v P LTECTHHF . CFA-157 Tlx 3 HOHIE T log, ratio
(el/e2) DI~ A F R LI otz X Vv XIEIT D572, 7z CFA-154 T3 B (LB E
F e LT, M ORE % il 3 2 f#52 TH % Trifunctional enzyme subunit beta 7% log;
ratio (el/e2) = 023 ¢V =4 F R L Fm o725, 3 BETOHIETHEE~AFR LTk
blarote, UMD Z L b proteinX 28 B EEL OHIHICEE G- LT 5 2 &R I Tz,

102



a
@) e1: CFA-154 (10 uM, 24 hr) — CA-170 (1 uM, 3 hr)

e2: DMSO — CA-170 (1 uM, 3 hr)

400 600 800 1000 1200

Protein number

200

log, ratio (e1/e2)
o

«—— proteinX1:-3.30

(b)

e1: CFA-157 (10 pM, 24 hr) — CA-166 (2 uM, 3 hr)
e2: DMSO — CA-166 (2 uM, 3 hr)

50 100 150 200 250 300

log, ratio (e1/e2)

o Protein number

4_. «<—— proteinX2: -3.53

¢ «——— proteinX1:-4.75

6

Figure 1-7. Log, ratio plots for proteins detected in el -versus- e2. (a) el: CFA-154 (10 pM,
24 hr) — CA-170 (1 pM, 3 hr), (b). el: CFA-157 (10 uM, 24 hr) — CA-166 (2 uM, 3 hr). n
_3

103



1-5. proteinX1 K& U* X2 $ifk % F > 7z western blotting

D IhrTa Tt I RENTCOMET A 5, CFA-154 T3 proteinX1 %, CFA-157
EEEIRIIC 7 LT 2RO N, 2D, IOBRIMELE LTIV E Y VT
v & 4 %{T\> western blotting IZ X % proteinX OFURHZITH 2 & & L7z, FEhTEE
LCE7 IAan7urt I Aok, 2 v 28 LifEG L7 772V ML
ot L <. CuAAC ZHlwTEeAF v ZEAL, XML T TV v E—X L OMALE
MAERCCTT 74 =7 4 —FBHEZITVWHRNO 2 v X2 B2 RGN L 7, % D1k SDS-PAGE %
T\, western blotting IZ X Y JUiA#H %2175 7=,

FER % Figure 1-8 IR L7z, FHFICOWTIZ T I AT v T4 I 7 RN OIS & [EER,
BRI EK 7' 'r — 7 CdH % probe2 DL AN Z 2IRIE - 4 v F 2 <X — P TIT W,
CFA-154 & CA-170 O #& B L Tl proteinX1 JifA T, CFA-157 & CA-166 Dii&ric>
W IE proteinX1 O X2 PUA T 21T > 720 CALEHI DA TT Mt L7 2,5,8 DY
VINTEANY PRI N, BEEP TSI T 3,6, 9100 TiEANY FRREL
9. CFA-154 Tl proteinX1 %, CFA-157 Tl proteinX1l MU X2 % 7~ {L L T %
TR olz, TOREREIED T IHNT 0T A I 7 ZEHT U gel-based ABPP D #E5H
b, by e LTELNLAYD proteinX EHFRMICHERKEZIERL T3 2 &
O & 7no 7z,

Reaction condition
HepG2 cells, [CFA-154] = 10 uM, 24 hr, [CA-170] = 1 pM, 3 hr,
[CFA-157] = 10 pM, 24 hr, [CA-166] =2 pM, 3 hr, 37 °C, 5 % CO,

(a) (b) (©)

1. DMSO 4. DMSO 7. DMSO
2. DMSO—CA-170 5. DMSO—CA-166 8. DMSO—CA-166
3. CFA-154—CA-170 6. CFA-157—CA-166 9. CFA-157—CA-166
1 2 3 4 5 6 7 8 9
— — -
proteinX1 antibody proteinX1 antibody proteinX2 antibody

Figure 1-8, Western blotting analysis detecting proteinX1 (a, b) and proteinX2 (c). Proteins
were labeled by competition with CFA-154 and CA-157 (a) or CFA-157 and CA-166 (b, c).

104



1-6. %

BELZMIH T 28N 7 0 — T 0HAENZ LA L LTIV Y - BRY U VE
WEFO7 77X v MeaEME REB L7z, 2 ZhoFigodc B Eicnt3 2 HEE
DiEvy CFA-154/157 1ICxf LT, TaA-F VEMIZEA L b&Y<H 5 CFA-167/170 %4
AR - B L 72, 2 OFFR. WA IIMKIRESAT (1 pM) < 50 kDa 80 & v o3 7 H %
FERINIC T LT 2 2 0otz 72, BLZIZ 2 SiEE - BEEM (10 M, 24
hr) OFEMFICBNTT IALTaTH I RABNKRE Y 2 AX v Tay T4V 7 &{ToT,
Z OfEH CFA-154 Tif proteinX1 23, CFA-157 T3 proteinX1 MU' X2 AW A a7 Tk
vy L7z, 2O lH b, 50kDaflhED & v X7 E I proteinX TH 55 2 biL, proteinX
23 BIEALICR L CTRHEEZ T L TWB Z EREZ LN,
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1-7. EBIH

In cell protein labeling

The HepG2 cells were cultured in a 3.5 or 6 cm or 10 cm dish (NEST or Corning). After the
cells were washed with PBS(-) or DMEM (FBS(-)) twice, CFA fragments or DMSO was
preincubated in DMEM (FBS(-)). After incubation at 37 °C in a CO; incubator for the
indicated time, the DMEM (FBS(-)) was aspirated off, alkyne fragments were incubated for
any length of time. The cells were washed twice with cold PBS(-) and lysed with cold RIPA
buffer containing protease inhibitor cocktail (Roche).The cells were lysed on ice over 20 min
and then the lysate was centrifuged (17000 X g, 4 °C). The supernatant was retrieved and
stored at -30 °C overnight.

Sample processing for in-gel fluorescence analysis

Protein concentrations for each sample were determined using the DC protein assay (BioRad)
and then normalized to 1.5 mg/mL in a volume of 42 pL. Click chemistry was performed on
each sample using final concentrations of 25 pM TAMRA azide, 1 mM Tris(2-
carboxyethyl)phosphine (TCEP, Sigma-Aldrich), 100 uM Tris [(1-benzyl-1H-1,2,3-triazol-
4-yl) methyl]amine (TBTA, Sigma-Aldrich) and 1 mM CuSOy in a final volume of 50 pL. The
samples were incubated for 37 °C for 1 h, followed by addition of 10 pL 5 X SDS loading buffer
(with 5 % 2-ME) the samples were incubated at 37 °C for 1 h. The samples (10 uL) were
loaded and resolved on a 12 % acrylamide SDS-PAGE gel. The in-gel fluorescence was
imaged using ImageQuant800 (Amersham).

Enrichment for proteomic analysis

All lysate samples were treated with prewashed streptavidin resin (10 pL, Thermo) for 1 h at
4 °C and normalized to 2 mg/mL protein. The equal amounts of samples were combined in a
5 mL microfuge tube (total volume 870 pL) and CuAAC reaction was performed with
desthiobiotin-PEG3-azide (200 uM, TCI) for 1 h at 37 °C. The excess reagents were removed
by CHCl; - MeOH precipitation. The protein pellet was air-dried and resuspended in 0.5 mL
of buffer solution (50 mM Tris-HCI, 150 mM NaCl, 1% SDS, pH 7.4) using a probe sonicator
in a 5 mL microfuge tube. The suspension was diluted with 4 mL of RIPA buffer and dissolved
using a probe sonicator (total volume 4.5 mL). Proteins were enriched over prewashed
streptavidin resin (50 uL) for 2 h at 4 °C on a rotator. The resin was sequentially washed with
50 mM Tris-HCI, 150 mM NaCl, 6 M urea, pH 7.4 (3 mL X 3), 50 mM Tris-HCI, 150 mM
NaCl, 1% SDS, pH 7.4 (3 mL X 3), and 50 mM Tris-HCI, 500 mM NaCl (3 mL x 3).

106



The resin was transferred to a 1.5 mL microfuge tube (PROKEEP low protein binding tube,
Watson) with 50 mM Tris-HCI, 500 mM NaCl (0.5 mL X 2) and the supernatant was
removed by centrifugation (2500 g, 5 min). The collected resin was added with 15 pL RIPA
buffer containing 4 mM biotin, and then incubated for 1 h at 37 °C. 5 SDS-PAGE loading
buffer (20 uL), and then heated for 5 min at 95 °C. The supernatant was collected by
centrifugation (2500 g, 5 min) for in-gel digestion. SDS-PAGE was carried out according to
the method described by Laemmli.S2 IP samples were separated partially (~1 cm) using slab
gel. Each lane was excised, and the obtained gel pieces were subjected to in-gel tryptic

digestion and subsequent MS analysis.

Pull down assay

Lysate samples were prepared as described above for in-cell labeling. All samples were treated
with prewashed streptavidin resin (10 pL, Thermo) for 1 h at 4 °C and normalized to 2 mg/mL
protein. The equal amounts of samples were combined in a 5 mL microfuge tube (total volume
850 pL) and CuAAC reaction was performed with biotin-PEG3-azide (200 pM, TCI) for 1 h
at 37 °C. The excess reagents were removed by CHCl; - MeOH precipitation. The protein
pellet was air-dried and resuspended in 0.5 mL of buffer solution (50 mM Tris-HCI, 150 mM
NaCl, 1% SDS, pH 7.4) using a probe sonicator in a 5 mL microfuge tube. The suspension
was diluted with 4 mL of RIPA buffer and dissolved using a probe sonicator (total volume 4.5
mL). Proteins were enriched over prewashed streptavidin resin (50 pL) overnight at 4 °C on
a rotator. The resin was sequentially washed with 50 mM Tris-HCI, 150 mM NaCl, 6 M urea,
pH 7.4 (3 mL X 3), 50 mM Tris-HCI, 150 mM NaCl, 1% SDS, pH 7.4 (3 mL X 3), and 50
mM Tris-HCI, 500 mM NaCl (3 mL X 3). The resin was transferred to a 1.5 mL microfuge
tube (PROKEEP low protein binding tube, Watson) with 50 mM Tris-HCI, 500 mM NaCl
(0.5 mL X 2) and the supernatant was removed by centrifugation (2500 g, 5 min). The
collected resin was added with 5 X SDS loading buffer (with 5 % 2-ME), and then heated for
10 min at 95 °C.

Western Blots

Proteins treated by pull down assay were separated by SDS-PAGE and transferred to PVDF
membranes with the semi-dry system (ATTA). The blots were blocked with 5 % skim milk in
Tris-buffered saline containing 0.05 % Tween 20 (TBS-T) solution for 1 h at room
temperature, and then washed with TBS-T. The blots were probed overnight at 4 °C with
primary antibodies ( X 1000) diluted in 5 % skim milk in TBS-T. Following washes with TBS-
T, the blots were incubated for 1 h at room temperature with secondary antibodies ( X 5000).
Blots were visualized using LAS-4000 lumino image analyzer (FUJIFILM).
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Primary antibodies: anti-proteinX1 (Proteintech, AG8665), anti-proteinX2 (Proteintech,
AG7452), secondary antibodies: anti-rabbit [gG-HRP (Santa Cruz, G2622).

Synthetic Procedures

2-chloro-1-(4-(4-ethynylphenyl) piperazin-1-yl)ethan-1-one (CA-166)

'H-NMR (500 MHz, CDCls) 6: 7.42-7.39 (m, 2H), 6.85-6.82 (m, 2H), 4.11 (s, 2H), 3.78
(t, /= 5.25 Hz, 2H), 3.68 (t, /= 5.0 Hz, 2H), 3.29 (t, /= 5.0 Hz, 2H), 3.24 (¢, /= 5.25 Hz,
2H), 3.01 (s, 1H)

3 C-NMR (126 MHz, CDCl;) &: 165.1, 148.0, 146.4, 132.3, 131.7, 126.3, 124.8, 124.5,
121.5,121.3, 83.2,71.3, 71.2, 42.7, 41.0, 38.6, 38.6, 38.4, 37.5, 29.7

HRMS (ESI) m/z: [M+Na]* calcd for C1uHi5CIN,ONa 285.0765; found 285.0755

2-chloro-1-(4-(4-ethynylphenyl) -4-hydroxypiperidin-1-yl)ethan-1-one (CA-170)

'"H-NMR (500 MHz, CD;0OD) 6 :7.50-7.49 (m, 2H), 7.43-7.42 (m, 2H), 4.52-4.49 (m, 1H),
4.15-4.04 (m, 2H), 3.78-3.63 (m, 2H), 3.20-3.14 (m, 1H), 3.08 (s, 1H), 2.07-1.97 (m, 3H),
1.86-1.77 (m, 3H)

13C-NMR (126 MHz, CDCl3) 6:165.2, 150.6, 133.5, 133.3, 124.8, 115.7, 113.2, 83.8, 48.7,
48.3,46.0,41.9, 40.8

HRMS (ESI) m/z: [M+Na]* calcd for CisHisCINONa 300.0762; found 300.0763

References
S1. U. K. Laemmli, Cleavage of structural proteins during the assembly of the head of
bacteriophage T4. Nature. 1970, 227, 680
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2. puroteinX Dt

2-1F

proteinX (%7 2 NAMES X OCHHEWET v 7 v FEE Offs £ 72 1ZERNERO oD
SRR CHERMRED I TR — V35 19 DEEA VN — 2RO EHBEIRT 77 I Y — 2
LIRBXVNIEELTHILNG O, proteinX (¥ 7 X4 FoE XY, MlgEe It
av FY T, BRABRGAIICERHL T3 ERHMbLNTED ., ZOBEEIXISZIRICHZ -
T3, f#lz1X, proteinX1, proteinX2, proteinX3 ¥ X U proteinX4 (I T & 7 A IIZKS)
A% i3~ % 2 & AVHT D LT % (Figure 2-1)®, 72, proteinX1 13, IEFEMlEE X O°
A Z R s X VT 2 -0 0~—h—E LTHEHINTE D, TETIE, WD
ot FEHEEORER FRICBEL TWwa 2 EBlE I LT 5012,

*» Aldehyde oxidation
( *Catalytic = |* Ester hydrolysis
* Nitrate reductase

* Endobiotics

* Bindin _
g » Xenobiotics

* Direct (GSH-like)

Functions of <
* Indirect [generating NAD(P)H]

——— * Antioxidant =——

* Structural —— |« Cornea and lens crystallins

k- Regulatory = | « Osmotic pressure

Figure 2-1. Functions of aldehyde dehydrogenase (proteinX) enzyme.®
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proteinX (3HHEK 450~500 7 I VOV T 2=y Mk o TBKE L5 FEUERKRE
AT B LTHBEEL., 200 TEIX 50~60 kDa TH 2313, 2KOHEIX
NADP)FEG T A4 v, it 2 4 v, ROZEBRFAL v D 3 DR 735{7&?3%7‘_}*}(
A v O E NG, £7-. proteinX1 % proteinX2 I W\ T IIBES LI TGS 2 T4 v %
{32 LIS NTW 51410,

proteinX DEERIIGA 1 = X L% LATICR T, BHEICIZFEICS DDRT Y 72 bk b,
9. OH01Ic k27w b voi ¥k & O 27 4 v OEMELET 2, T, @
WAL AT A VDA NR=VRFICHT 5 RKIEBE, O BT & F A Lic X 3 kT 4+
~IT7 22— AhREEOEK LT NAD(P)+ O Hffk2 o v Y Y VB~ F ) NG,
@ F A4 T 27 AHERO AN R, ® NAD(P)H % LK ¥ 2 BICHiA T o i, ko
NAD(P)#EEIC X 2 EOFHEDEREEZFE T, proteinX FHIHDIREEICE 231D, 2 b
DOiEFEZE L, proteinX [JMANICERE T A RBHET VT & F e 2%E 2 517-5
(Figure 2-2),
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Glu399 \
H
~ H
SH
| —8Cog
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/. © NaD(P)® _NH | NAD(P)®
! "NHo— 5 ) H T < 3
Ay HaN = Lys192\ ’ /NHz - HpNyLys192)
. , , Gu S
R G M /
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Figure 2-2. Functions of aldehyde dehydrogenase (proteinX) enzyme.'?
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proteinX (¥ Fib L7z X 5 ickk4 irex A L. FEOFAEIC D D s 5 B(LEE. ROS,
FEEWEEE L, BXUEET VT & FOEMEZED S ¢ 2HEREL L CoiElz R 309,
ZD—7} T, proteinX OBFFEHIC B WTIE, AT v 2ADELIC X Y AT LR
F L ZA3ROS DA, IEEHIBIE(L. 3 X UOHBERT AT & FOEMICORAR 5720, il
JaicEFE Lo Z b 20T & 0fERDH 519, 72, proteinX1 1T\ TIE A AT

(Cancer Stem Cell; CSC) 27—V iEfT & SEEL T3 2 &5, proteinX B3 3
FgE. R OPHEAIBF IR A I Th LT 5 @0,

proteinX ZFHET 2 FANCEAL CTlx, RAZIMEV D2, HIZ XXV VT Vv EREAT
% CMO026 1% proteinX1 DFHIEFE % 1C5p = 800 nM THE % inhibitor & L THIH LT
B0, CM026 @ * 4 v 7 vEIE, Tyr297 LBkt 7 A& v % v 7MHEERHZ /L THA
FRI% T2 & OWMERD B, £7-. v VBT His293. Cys302. U Glyds8 & ki
AR L, Trpl78 v =7 ¥ v OB 7 b v i L IKE-E 2 KT % (Figure 2-3 (a)),
I F Y VT VEREICAEST 24 Y~y F iz Cys302 imd > TR L, Bk
R v b &7z LT3 (Figure2-3 (b))©@Y,

B D proteinX1 OFERPHEA]ITH 5 CMO371D 3’ I Fv i &L 3 DDBEO KD
2% Phel71, Val460, ¥ X UF Phed66 I & o TIERE NBUKMERST v MICMIEL TWw 5
(Figure2-3 (d)), ¥7z. vV I FV EDOAIARZ AR T & Cys302 & ORI 727K
FiEAPER E 5 (Figure2-3 (c)) 17,

(a) (b)

Figure 2-3. (a). Chemical structure of CM026 and (b). interaction with proteinX1?V. (c).
Chemical structure of CM037 and (d). interaction with proteinX147.
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IR L 7z 2 D DFEHIL proteinX DIFHAFREEIHEFA L L THIS AT %238, proteinX
DANLYFFTZv7e LTOWMED VL 22 INTWS, iz Disulfiram 13712
— IURTFEDIREICE K 2 LI LT3 proteinX1/2 Z[HET 23EHITH 5, G
AT A v THDH Cys302 & HEFEEZIEKT 5 Z & T proteinX OREZHEL., ARNDO T
2 bPTATE FOL_LE ERIEZ, ZofER, hEK, EH, SEIR, (KT 2R e
T2 ORI RN SIGE S 72 53, £72. proteinX2/X5 OfHEA L LTINS
Dyclonine (3, AL 7 7% 7Y v & OHFHIC X Y ESER SCC B X UHE~ Y RAETLICE
WISV B B & OWE A B 52429, DEAB I3 proteinX3 & U8 X2 Hofg itk & I
A& LCTHIS I, proteinX1 -2 X4 1T L Tl HER & L ChERES % %9, DEAB |3
PERGHHIC B W CEEEEZ D X2 57210 ¢, BEER R A EEHEO B OH
BRmAddeoTLeInTnsr ),

proteinX inhibitor

0]
S |/ 0
/\NJLS,S\H,N\/ /@)”\/\N H
J y Ao /)l
Disulfiram Dyclonine DEAB

Figure 2-4. Chemical structure of proteinX inhibitors.
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2-2. proteinX1/2 OFEHEER & F\ 72 T < MLBRET

B2 BCRAEMKEEZACETZZ AV IR ) == 700 BIBRLIHER 2B L 72,
by b & LTS L7z CFA-154 0 157 (218 B I LB ERE ZHE L T2 0 Tlid e <,
proteinX ZPHE 3% C & CHERIC BIEILZRHEL T b b AR®EI Nk, B
H#EX 7o =72 HOHERRA 2 ) —=v 7 Tid, 7'vn—70HNEEDHE G L
EZ001C proteinX DFHEEEAZREH T 22 e TcE e EZLNED, 77742 MLE
VIS JERE RN IC B IR BEEEESR % FHE L 725541 1% proteinX OFHEIGHE A T2 2 LT
TER\, ZD7-%, proteinX DIFHIFERZH W /-BEtz2fro 2 & & L7z,

Fifficor IAarrurt I 7 2ofER2» 5, CFA-154 12 HepG2 fifd® proteinX1 %
FEARMIC 7 <Al %2 —J7 T, CFA-157 iZ proteinX1/2 % 7 _ AL L T 3R 2B/ TW»
%, F72. CFA-154 vs 170, CFA-157 vs 166 Dt gel based ABPP D% 75, CFA-
170 1% proteinX1 %, CFA-166 % proteinX1/2 % [AfRIC 7 AL T 2 FERIRE X T
2, IO DORREFICHUBRELH 27 ML ERFT 22 &ic L, BRMICIZ
proteinX1/2 ORI LT CFA-170 U 166 # M L, CuAAC I X 280t taE%
BAT 5 LT, BLAEYOEERRERMEICE L G L 72

ik % Figure2-5 IR L7z, ©_Y YV EKEZH TS CFA-170 i proteinX1 % 7 <AL
L7z, proteinX2 ICBH L Td 7 AL L TW7z28, [FRE D proteinX1 ICltR2 & 2K bF
5 TH Y, CFA-170 23 proteinX1 E R TH 5 Z L 307z, Tz, BRIV VERE
9 3 CFA-166 1B L T3 proteinX1 KN X2 Ol /5% 7 A4l LT 7=, KRS % [
WZFHlIC B W T D 2 DDLEY DT v 7 Eicxd 2 #RE0E N & B CHh =,
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Reaction condition

Recombinant Human protein of proteinX1 or X2, [CFA-166, 170] = 0.5 uM, 0.25~3 hr, 37

°C

(a)
proteinX1
)
time(h) - VP~ o
Mw (kDa)
150
100 {
754
. ———
50 4
374
254
20 4
— e Gl . Gy S
coomassie
(b)
proteinX1
)
time (h) - e{\-’é’ N v
Mw (kDa)
100
75
- ————
50 {
37 - K
25
20 . e,
e

coomassie

Figure 2-5. Time-dependent reactivity profile of (a). CFA-166 or (b). CFA-170 in

Recombinant Human protein.
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T, BRIV Y RV VERTT AT VIR ER2 70 CFA-154 & 157 I8\ T,
fi#l proteinX2 % H\» T CFA-166 & DA %T> 2L T, ThZnoftaPo
proteinX EIRMEZ T~ 72, Z DFEHE % Figure2-6 IR L7z, ©=7 Y Vv EEZHT % CFA-
157 12\ Tid CFA-166 L DHAIC L VHADB R A 2T 2226, proteinX2 % 7 <AL
TEIEPRRINTz, T, ERY P VEKERT S CFA-154 IOV TIIHHAIC X D 8
VIFMEOMPIZR SN0, CFA-166 ICX > TI_ALINTWBE I Ehb,
proteinX2 XT3 23R IME N &R0z, IO DERIIFIECTCOT I AL T 1
THA I ZADFER L —E L TE Y, CFA-157 2 proteinX1/X2 % 7 _n{L$ % —7 T,
CFA-154 28 proteinX1 &R TH 5 2 L ZRR T 2R 2572,

Reaction condition
Recombinant Human protein of X2, [CFA-154, 157] = 0.5 upM, 1 hr, [CFA-166] = 0.5 uM, 1
hr, 37 °C

CFA-154 - - + -
CFA-157 = - - +
CFA-166 - + + +

Mw (kDa)
150 -

100 -
75 -

50 -

37 -

25 -
20 -

coomassie

Figure 2-6. Competitive protein labeling in Recombinant Human protein of proteinX2.
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2-3. BUBR LA\ 727 77 2 v MLEY O HEEERE

DFERPL, A7) —=v itk h R L7 CFA-154, 157 28 proteinX % 7 ~ AL §
%IRRT HIER L7z, % 2T, proteinX1 L OF X2 D KEHIEESR & v CHEG M
BB Ll L7z, proteinX {EHEZRE T 2 HiE I WL O0MELRLINTWE, ZD
—ORFEETHLETATE F{LAY L NAD+RE#E#FE 4 v % 2~—} L, £ L7z NADH
&M 3 % ik (Figure 2-7 (a)) TH %, %7z, proteinX 2% p-nitrophenyl acetate % p-
nitrophenol 154132 & & ZFIH L 7285EE (Figure 2-7 (b)) R Ed A b N T 519, K
Mt c i (a) proteinX % 3 % 75k CRERIEME 2 WIE L 72,

FERTEE LCld, KSR L CFA-154, 157 %4 v ¥ 2=+ LI, HETH 2
Propionaldehyde & NAD %Z#sfnL ., 43 % NADH ZdGic kv €= —L 7%,

(a)

O L O Abs at 340nm
I proteinX Il
C + NAD* 7—4 G + NADH
R™ H R “OH
H.0 o
Aldehyde Carboxylic Acid
(b) NO-2 Abs at 405nm
NO,
proteinX O
7—» + )j\
CHSYO Hzo CH3 OH
O OH
Para-nitrophenyl Para-nitrophenol Acetic acid

Figure 2-7. proteinX activity measurement mechanism. (a). NAD+ dependent aldehyde
oxidation reaction monitored formation of NADH. (b). NAD+ independent esterase reaction

that monitored the formation of p-nitrophenol.®
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Reaction condition

[proteinX1 or X2] = 0.05 uM in 20 mM HEPES, 0.5 mM TCEP (pH: 7.4)
[CFA-154, 157] = 0.1 ~ 10 nM, 3 hr
150 uM propionaldehyde, 150 uM NAD+

(@)
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12 -
1.0
0.8 -
06 -
04 1 |G,y 25.2 nM
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Related fluorescence intensity

1 10

1
100 1000

Concentration(nM)

Related fluorescence intensity
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1.0 1
0.8 -
0.6
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ICso: 11.3 NM

0.2 1

Related fluorescence intensity
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0.6
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proteinX2

®

L 2
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proteinX2

ICso: 766 NM

0.01

0.1 1 10
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Figure 2-8. proteinX1 and proteinX2 activity of (a). CFA-154 and (b). CFA-157 against

human recombinant proteins.
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Fi9 % Figure 2-8 IC/R L7z, T~ AL L 2B L [AIBE, vV YV EKREHT % CFA-154
IZ proteinX2 DEEFREEZHEFEL 2 w—/T, X7V VEKREAT S CFA-157
proteinX2 OREFIEEZIHE L. & VHEGEE 2R L7 (766 nM), 7. ~201t
EW D proteinX1 1Zxf 3 2 HEIEEIZIEF ICE <. 10~30 nM @ ICsfE & 72 o 72, FERIE
JE22 50nM It L T ICs il 2 K D DARVIREE & 72 o T 2 DR —HBRIE L T
L2720 HEZONE, L Ladb, SEORIUESE%H 72 ABPP OffH 2> 5 500 nM,
3hr DT CFA-166/170 % 4 v ¥ 2 _R—= T2 2 L TR TR LEEZIERL T 5E T
& xR FE 2 Td, CFA-154/157 7° proteinX1 I L CH ol EEEEAB L b 2 s
I Nz,
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2-4. 2L ®

ARETCIRATHIO7 S AT aT4 37 AT OFER»S e v b L7z proteinX ICEFH L.
ERIVY RV VEKEE TS CFA 7 7 7 XY MLEYIDREEL proteinX I35
OO % d# <7z, CFA-154, 157 RO ZN b DT v F VIR TH 2 CFA-170, 166 ICBIL T
K8 proteinX1, X2 %A 7= HAEFHTi 21T o 720 Z DRER Y~ T ¥ v BEI& & > CFA-157,
166 1B L T proteinX1 M X2 DREXFHE T 2 DIk L, )Y ¥ v EK Z > CFA-
154, 170 T3 proteinX1 i ERIVICHERHT B2 2 & 3o 7z, TNIED T IANLT v T4
I AR R AT AR CH B, 72, CFA-154, 157 @ proteinX1 (Zhf4 2 1Cs fili 1
ZNZ1264nM, 11.3nM 720, FEFICEHVIAFEEZE T2 2 L bad o7,

LA ED Z & 56 CFA-154, 170 (% proteinX (239~ 2 HEFEAHER & L CIER ICHRZ
ft&EVMIcTH s ednrol, LLarb, L 7/LAYIT proteinX 12X L CHEE R
BLZITo TnZr\nizd, Mildrh CORFEEA v F 2 <X — M X D IFFRFRRICSHR T
2ZERHETH D, DD, SRIETINLDILEWEFEMRIT 5 2 L T proteinX IC
BERLEREZ S0 5 2 L PR ETH 5,
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2-5. EERIH

In vitro labeling of human recombinant protein of proteinX1 and proteinX2

Human recombinant protein of proteinX1 or X2 (0.5 uM) and the CFA fragments (0.5 uM)
were incubated for 0.25 ~ 3 h at 37 °C in 10.6 uL of 20 mM HEPES (pH: 7.4) containing 0.5
mM TCEP. To the mixture (10.6 pL) was added the reaction buffer (2 uL) containing 6 mM
N-ethylmaleimide (final conc. 10 mM). The mixture was incubated at 37 °C for 0.5 h and
then click chemistry was performed on each sample using final concentrations of 25 pM
TAMRA azide, 1 mM TCEP, 100 uM TBTA and 1 mM CuSOy in a final volume of 13 pL.
The mixture was incubated at 37 °C for 1 h. After addition of 3.75 pL of 5 X SDS-PAGE
loading buffer, the mixture was further incubated at 37 °C for 1 h and the sample (10 pL) was
resolved on 12 % SDS-PAGE gel. The in-gel fluorescence imaging was performed using
ImageQuant800 (Amersham).

proteinX1 and proteinX2 activity assay

Human recombinant protein of proteinX1 or X2 was dissolved in 20 mM HEPES (pH: 7.4)
containing 0.5 mM TCEP. The mixture was added to 1/2 area 96 well plate (Perkin Elmer),
followed by rotary shaking for 5 min. CFA fragments (0.01~10 uM) were added to each well
and incubated for 3 h at 37 °C. After 150 pM NAD+ and 150 pM propionaldehyde in reaction
buffer were added, plate was incubated for 1 h at 37 °C (final enzymes conc.: 0.05 uM). The
changes in fluorescence were monitored through excitation at 350 nm and emission at 465
nm with a plate reader (Perkin Elmer). Each sample was contained 0.05 % (v/v)
dimethylsulfoxide (DMSQO). ICs values were determined by varying the concentration under

the same reaction conditions.
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3. proteinX & BER{L & DR

3-1. proteinX inhibitor Z 27z BE{LFHER 7 ) —=v 7

TFIANTUTFIZRBRHK I TARTY VT v 410X 3HEREORED S,
proteinX1 725 BEEALICHE % RIT L T3 T ERRBIN-7-0, EMildd d proteinX %
HES 2 2 LI X 2 BIEIL~DE R T ~7-, proteinX (I NAD(PYAF 2T LT FD
ANEVE~DOBAICEES L, e, AR, PiRbs X RIS L szt
BHHENT WS L) b IFRIFICEI L TIRBEL R L AR OEHREIEY ©H 5 (£)-
4-v Fa¥v-2E-7 4 F— (4-HNE) BB & L THEET 2 2 L3I LT 5@,

4-HNE (3 %Al A EFIRENGRE DREL A b L 2 X OEIRL S T CARK & 5 S0 &
Woa, -7 AT e FTh B, 4-HNE i#H, 747 b FEREDOREITP proteinX
ZEUHNEESEIC X > TRE X L2 (Figure 3-1)60, L2 L7ass, BLx LR EhF
Bl 2 LA L Cw 2 REETIE, 4-HNE [ZRBME X v 7 EREL, FRlicv 274 v, &
AFVv, VY voliT e b AL T N IEE L R E TR 5 6,

Dietary HNE Oxidants Stimulators

Membrane

Non-enzymatic Enzymatic

v A VY LOX, COX-2
OH

HNE /\/\/\/\/O

AR GSTs proteinX

DHN GS-HNE HNA | Adducts with proteins,
lipids, and nucleic acids

Further metabolized to final metabolites

Figure 3-1. Formation and pathways of 4-HNE®?),
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EBRIC 4-HNE LRz 2 2 v 2 Boicid, BEE{LESEERE & LT bR
% HADHA 233R&E X Cn»w 53, 7. 4-HNE 12 AMPK &% fHET 2 LT, wr =
L CoA % EF U, BENGEE B BRILZMHI$ 2 & v oD H 5 (Figure 3-2)6Y,

4-HNE AMPK

M ]
4 P 1
Acc MRNA 1 | FA synthesis
&_)x <+ $ J
(Acc) |
acetyl-CoA malonyl-CoA
A@r H N
i HO,
o ; CPT1
acetyl-CoA ' \i,@
- OA\\ i (FA p-oxidation
citrate
PC:)" 4-HNE
.t -
K k=--ROS, ONOO-
© "TUA
isocitrate !
\ - « " @
i 4-HNE

Figure 3-2. Scheme of the mechanism by which an elevated level of 4-HNE leads to an
increase in malonyl-CoA levels and to fat accumulation. Dashed arrows with a plus or minus

sign denote activation or inhibition, respectively®*.

ZFDEDWEDOR Y —=v 7 CRIELe v MUt wCid, [EsLEhERE %
EEHEL CTWbDTld k<, protenX Z[HET 2 & TRMILZREIEMICHEL T»5
AREME D EIV, £ Z T, proteinX inhibitor 23 B E(LIC 5 2 2 BT O W TH~N T,

BEfF @ proteinX1 inhibitor (CB L CTidw{ 2 2»8&EHI2H 5?0, % o CH Disulfiram
(DSF) % Aldi-6 i% proteinX1 OiftEy 27 4 v & KIET % C & CHEAEREXHET 2 LG
MAHERE Lo T3 (Figure 3-3 (a), ZNENKIGA D =X LITRR B,
Disulfiram (3G 27 4 v & DRI TR ANV 7 4 FZIEKT 5 Z 12 X % proteinX
DAE. b LRIALRERBAT ANVT 4 Vet Lz, WGEEIO > 274 v ejlo v 2
TAVEDBDGFNT ANT 4 FiEEDIZKIC X o T proteinX DHEFEREZ 2 & 3T
v % (Figure 3-2 (b)) ®9, 7z, Aldi-6 [ZEFED T I /7 BB E RIG L 2R ICKIGEDE W a,
B - AN R = ADAER L, proteinX DS 27 4 v ARG ZTEKT 5 2 & TR
FOWREE AW HE T 2 (Figure 3-3 (¢)) #0397,
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Figure 3-3. (a). Chemical structure of DSF and Aldi-6, (b). Reactivity mechanism of DSF®?,
(c). Reactivity mechanism of Aldi-6

INODEAA N =R L3752 2 DOEAICBIL T, AIECHFELZ7 <) v Ei
¥HT 5 BBACRHEAEE 7 v —7 2w BEBL~DFEEZF /- (Figure 3-4), 2D
&5 % Figure 3-4 1C/89, DSF KU Aldi-6 D% 0.1~200 pM OHiFATA > F 2 ~—
L. 22V —=v 7 %{To7=k 25, DSF = 253 M, Aldi-6 = 31.2 pM @ ICs fH2 S 5
N7z, F72. 50 pM LA ECilEiift A cltBEO R AP B R oIz, o thb,
proteinX Z[HE T2 Z L2 XV BIALASHE TN 2 HICTw s Z e 3FE 2 b,

o)
o FmLHNOH
HOMO oo

HepG2 proteinX
< inhibitor 5 uM probe
= ~ — ERTL U
37°C, 24 hr 37°C, 2 hr Aex: 405 nm
Aem: 460 nm

Figure 3-4. Schematic illustration of FAO activity assay with proteinX inhibitor.
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Figure 3-5. FAO activity of (a) DSF and (b) Aldi-6 against HepG2 cells.

3-2. Protein X inhibitor & CFA-157, 160 ®## gel based ABPP

FEL oGS 5 BEFE D protein Xinhibitor 28 S BEILICH L TREEZ 52 CTWwWb Z & 0h
272y ZDH, H 2 ETORI ) —=v 7KXWV RBLAET AV v EEHT 5 CFA-
166, CFA-170 & BffF® protein X inhibitor Z 55 & 5 Z & T 50 kDa 2D v F 23
KT ErEIPDORE,

Z DFEH A Figure 3-6 IC/R L7z, 50 kDa @3 FICBIL T, DSF & CFA-170 & D&
AR CIRIREIRTFIIC Y FBEORY PR o, —oD{LEYT proteinX1 237 <Al
LTW3ZEDRBENz, /2, CFA-166 L DFiAAERICEVTDH CFA-166 TT L
ftenzFic22050kDaffiEn Ny Fo 5 b, RICHiBET 28 FIGEERERICHE
BEORIPBPRONE b, TDXVXIED proteinXl THE I EBEZLNTZ,
ZD—J7 T, 50 kDa DNy FD 5 b, TICALET 53 FITHIGRE DD 23 H o h
Bhol, TOZlhb, TONYFREXITYAAEYITTI LI NG proteinX2 T
HrTlBEZLNS, DSF 1T proteinX1 D fthic proteinX2 #[HEJ 2 proteinX @
inhibitor & L THISGN T\ 5@, % D75 T proteinX2 DffEAEFHMEIKICIZ 3 2D 27
A VHHEFELTWEOZ &b, CFA-166 X DSF %A Lz 2T 4 v iEflov 27
AVERBLTE I LREZOLNS, FERIC, Aldi-6 ICBIL T, 10 pM AT % & CFA-
166, 170 Dj/F TN Y FEREN/NI S o/, I fEILIEEZHE T 21BETH 3
50 pM Cl3N v FAIZE A ETEE L7z, 2D T & h b, CFA-166/170 %% proteinX Dtk
VATAVETMEL, BEREREEZHEL W B8 Ex b,
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Reaction condition

HepG2 cells, [DSF] = 1~100 puM, 24 hr, [Aldi-6] = 1~100 uM, 24 hr, [CFA-166, 170] = 10
M, 1 hr, 37 °C, 5 % CO,
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Figure 3-6. Competitive protein labeling between proteinX inhibitor ((a). DSF, (b). Aldi-6)
and CFA fragments in HepG2 cells.




3-3.4-HNE ic X 3 B Bfb~Dfs

Jeik U7z & 512, proteinX inhibitor 23 B B#fZ [HEF 3 2 JiA & L Tlt. 4-HNE 23 #HfEM
ICEMT DL TRALRZ VAN ZEHEMIMEZER L. ZOKELZHEFEL TWws e n®
AbiLd, ZD7z®, proteinX %fHEFT S & T 4-HNE 2#4EKL T3 EEZLNS
CFA-154, 157 icBiL <. Mil@NTD 4-HNE D ERFICOWTH Rz, EERIZ Ny b7y
MECX o TTo 72, MIlET 4 & — b ZEHEX Y 7L VIRICHGE & ¢, 4-HNE §ifk CRH
T52LT, BV INOFNBME R L 72, T 72, LEPDIFMEICOWTIE, %k
TOBIALHINE T v —7 1 OHEBEZ MR 2IRESL A v F 2~ — PR & L7z,

fEH % Figure 3-7 IR L7z, (@QPFEBICHONLMEERETHY, £ Fy POBELZERL
72EEREOICR Lz, (@QIBALTRFE—D A v 7L vy TR L T3, BEfFED proteinX
inhibitor & L CHI &3 % Aldi-6 % CFA-154, 157 (2B L Tt Inhibitor (-) & kT FKF v b
DFNHRED 1.3~15 5L 72 0, MIZANTD 4-HNE OERARE S iz, £, ZOFE
225, 4-HNE 28 AL OFHFICBH G L T3 Z & 3F 2 b,

Reaction condition
HepG2 cells, [Aldi-6] = 50 pM, 24 hr, [CFA-154, 157] = 10 pM, 24 hr, 37 °C, 5 % CO,
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Figure 3-7. Luminescence intensity analysis of 4-HNE. *P<0.05.
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3-4.5L®

KETE T IArTuTi I 7 R ofEEr o e v F L7 proteinX ICEH L,
proteinX & B Mgft & OBR#MEZBH S 51 L7z, BEF D proteinX inhibitor T&% % DSF
® Aldi-6 13 B BALMIBHEOE 7 v — 7 0d 22 2 Z & 226 proteinX ZFHET
22 LiCkY B BBALEIH S AR EI TV B Z L ARB I NS, X 5T 4-HNE
PEEZ Gz 7 ey MEIC X SREES S, CFA-154 & 157 2 Aifidic i+ 5
Z & CHlEN T D 4-HNE 077 LA SED bz, % D72 CFA-154 KU 157 13
proteinX ZfHEFT 2 2 &ic X b, HlEANICERE X L7z 4-HNE 28 8 B LRSS & {1
MAEZERL CTWb 2 e RBI Lz, £/, AMPK #i%HET 5 C & <L ML
HEEOMBEAIIHIL Cnwd e dEZL LN,
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3-5. EERIH

Cell culture

HepG2 cells were grown at 37 °C under a humidified 5 % CO, atmosphere in a culture
medium high-glucose DMEM (Wako). The media were supplemented with 10 % FBS
(HyClone), penicillin (50 IU/mL) and streptomycin (50 pg/mL).

FAO activity assay with proteinX inhibitor

HepG2 cells (1x10* cells) were cultured on 96 well black plate (Thermo) for 2 days at 37 °C
in CO; incubator. twice. After washing with DMEM (FBS(-)) (wako) (100 pL) twice,
proteinX inhibitor (DSF or Aldi-6) (0.1~200 uM) was preincubated in 200 pL
DMEM(FBS(-)) for 24 h. After removing DMEM (FBS(-)), coumarin probe (5 pM) was
added in DMEM(FBS(-))(200 pL) for 2 h and evaluated with plate reader (n = 3).

In cell protein labeling with proteinX inhibitor

HepG2 cells were grown to ~80% confluence in 4 mL of growth medium in 6 cm culture
dishes (NEST). The growth medium was aspirated off, and the cells were washed twice with
PBS (2 mL), followed by treatment with the proteinX inhibitor (1~100 pM) in culture
medium (4 mL, FBS(-)). After incubation at 37 °C in a CO; incubator for 24 h, the medium
was aspirated off, and the alkyne fragment in culture medium (4 mL, FBS(-)) was added to
the cells. After incubation at 37 °C in a CO; incubator for the indicated time, the medium was
aspirated off. The cells were washed twice with cold PBS (2 mL) and lysed with cold RIPA
buffer (50 mM Tris-HCI pH 7.6, 150 mM NaCl, 1 w/v% Nonidet P40 substitute, 0.5 w/v%
sodium deoxycholate, 0.1 w/v% SDS, 50 pL) containing protease inhibitor cocktail (Roche).
The lysed cells were collected with a plastic scraper, transferred to a separated microfuge tube,
and centrifuged (17,000 g, 10 min, 4 °C). The supernatant was transferred to a microfuge
tube and stored at -30 °C.

Sample processing for in-gel fluorescence analysis

Protein concentrations for each sample were determined using the DC protein assay (BioRad)
and then normalized to 1.0 or 1.5 mg/mL in a volume of 42 pL. Click chemistry was performed
on each sample using final concentrations of 25 pM TAMRA azide, 1 mM Tris(2-
carboxyethyl)phosphine (TCEP, Sigma-Aldrich), 100 uM Tris [(1-benzyl-1H-1,2,3-triazol-
4-yl) methyl]amine (TBTA, Sigma-Aldrich) and 1 mM CuSOy in a final volume of 50 pL. The
samples were incubated for 37 °C for 1 h, followed by addition of 10 pL 5 X SDS loading buffer
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(with 5 % 2-ME) the samples were incubated at 37 °C for 1 h. The samples (10 puL) were
loaded and resolved on a 12 % acrylamide SDS-PAGE gel. The in-gel fluorescence was
imaged using ImageQuant800 (Amersham).

Dot blot

Protein concentrations for each sample were determined using the DC protein assay (BioRad)
and then normalized to 1.0 mg/mL in a volume of 120 pL. Nitrocellulose membrane (BioRad,
0.45 pum, cat: 1620114) was soaked in 1 X TBS and shaken for 10 min. The membrane was set
on the dot blot device (biodot, #1706545), followed by addition of 100 uL of 1 X TBS to each
well. After the 1 X TBS was aspirated off, 100 puL. of sample was added in each well and
incubated at room temperature for 2 hr. The sample was aspirated off, and the blots were
washed with Tris-buffered saline containing 0.05 % Tween 20 (TBS-T) solution. The blots
were blocked with 1 % BSA in TBS-T for 1 h at room temperature, and then washed with
TBS-T. The blots were probed overnight at 4 °C with primary antibodies ( X 4000) diluted in
TBS-T. Following washes with TBS-T, the blots were incubated for 1 h at room temperature
with secondary antibodies ( X 5000). The blots were washed with TBS-T, and then visualized
using ImageQuant800 (Amersham).

Primary antibodies: anti-4-HNE (abcum), secondary antibodies: anti-rabbit [gG-HRP (Santa
Cruz, G2622).
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AHETIECFA 77 7 AV s 7477 ) —2HA0MldR#M 72 ) 24727 ) —=v
B axxL vy r )Y FOBERZ{T- 72,

F1ETIIYPEECHAICHREL 2K TH 2 CFAREZEALL7 77 AV P4
77 ) —OWEEERTo T, THE CICHE L7z 30 EEOLEMITIN A, #7210 120 11
ERERT D L TREEDSRIEICEA T RA 27 7 7 X Y MUAYI R HEEL 72, % DfER
T7x2) BATRIY) —=vrTey MLEWERS O Tn T 7 7 A v MLEY R
52 LI T2,

B2 ECTIEMITRECHFEL 2 BRI T 280 Y v — 7T OHOLIEE 2 865 L |
CFA 26327772V MeAWE A W BBEILIHERI A2 ) —=v 7 %fT>7-, Th
¥ CICBAFR L 72 BIE(LBRHH SO 7 0 — 7 C % 5 probel I3 HCHRE 2355 < | #EE{LANE
Wit wZ b, HEAIRZ ) —=v 7 I3V 2 ERREETH -T2, 22 TI <)
VICEEAE AT S L CHRBEOWEEZ K o7z, 7~V v D 6 fLic7vAuikrE
AL 7- probe2 Z{F#I L, 7 AAwi%H X7\ probel & DHCBE DI ZTo7-8 C
2. K9 EEWEEREC AL ERBET A LI L, £, FRFRDO T e —T
D7 x) =Nk 1 220 pKa #HHL7ZEZA, I’0 pKa X 6.8 THEDICHIL, 2°D
pKa I 5.4 TH o7z, 2D Lh b, LHIOHREICH s/l 7<) vic Tt nkkriE
AT 2L pKa 2By 7 F L, pKa DEA{LA 7=V v OHENIRE DEWICEES L
TWb I LB RBINT,

¥ 7z, probe2 L5 1 ETHEE L 7z CFA A HT 2 7 7 7 A v MLaYE v Tl
ARG BBLIHERADOR 7 ) —= v 7 %572, ZORREXT VYV - XYV VERK
#H 9 % CFA-154 ) ' CFA-157 28 e v MEEY & L TR I 7z, WST assay J UF CFA-
154/157 O T 2 FAKTH 3 Ac-154/157 & DG 2 6. CFA-154/157 I3 Ml c 31k
25l ZvA"BEHERAREKT 5 2 LT RB{LOBEEZIIHIL T3

B0 T,

HBIECTIHE2E T y MeAW & LT b7z CFA-154/157 OE BT DR % 17 -
7zo CFA-154/157 i 7% v 2B AL 7{LEYTH 5 CFA-166 KT 170 ZHAK L. gel-
based ABPP Ic X 23Flix{fTo7-& 2 A, 2o L&Yt 50 kDa ® v F 2R IC 5
A LTz, T I AT B TA I T REITICE 2N E v XV BORIER{To 72 &
Z 25, CFA-154 kU 157 THiEo ey MeaWe LT AT e FKEBETH 2
proteinX1 ZEWA 27Ty PLTEALZ LD, proteinX ZHET L2 LiIck ) B
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{LDOBEREAMHI L T2 2 EREZ bz, & 5 CFA-154/157 @ proteinX IZ X3 5 [H
EIEE 2 TR D 7o D IR F W a2 1T o 72, CFA-154/157 K7 v % v 2 BAL
7= CFA-170 % 166 (% proteinX1 % 7 <At 32 —77C, CFA-166 IC2\» Tt proteinX2 %
FANMET BT D, BRIV - BRIV VERDENT proteinX DY 7 & A4 FIiTxt
T2EBREDEBENED L Z L0 o7, 72, CFA-154/157 @ proteinX1 15 3 2 [HES
Pz ~72 L T2 1Cs H3~50 nM L IFF ICECIHEAIE L CTHEES 2 2 L2390 0. Al
Ji S K 84 SR C proteinX @ 7 AL AR T 5 2 L 3T E 72,

¥ 72, proteinX & BEE{L DBAMRIC O WTHH~7z, BEFD proteinX inhibitor T& % DSF
* Aldi-6 Z EMICAIN L 7281 BIRRLRRIBEE 7' — 72 N3 2 L dt o mE 2 R
LNZEWT &b, proteinX ZHET 2 Z Lic X 0 B L oBERE NI X D & & 235D
o7, IHbIC, Fy 7wy MCX2HE2H, vy MLAY L L TR L7 CFA-154 ®
CFA-157 IZ proteinX #fHET 2 2 & CRIRIGET V7T & FTH % 4-HNE % AL I EHE
T, T HIC 4-HNE 723 B BRAUBERR & IR 2 JZ 4 % 2 & < B b oiae 2 1l L
TV AEEBIE TV e EZ LN,

proteinX OFAFH & L THMRLEYZ RS 2 LIk L7225 2 o{LEaEY DR
RECIZIT> Ty, 2 2 CHEILX CFA-154/157 @ & 572 3 B8RO G Z 1T\,
proteinX1 X 2 HEE,EZ M EE 2 2 E2HEELTWS, £/, HEGEZR EX
H 72 IZAEMALTD proteinX DIHEEMEZIRGI L. ®AAEICIZ~ Y AED in vivo ITFH
FEMABIT VIV EEZX TS,
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RWREITIICH2Y, HIEBYIR 2 JHEE, CHEXZBY T L UNRESE 2R
BIZEr S A4 ny—5l F7PH @ #RICOXVE#HoEERL T,
AFEEOMERIC D72 Y THREZ W2 &, HAGMEHEZK > Tl ZInE L HNZE
O BhE, ERE TSR B JIVPE SR REATICEE R 4

LC-MS/MS I X 2 &0 EfEL Z15E, CHE2H Y T L 72 R EREGE L0
R ML R R, HA R G, AEER¥ NI VR T4 —<=T 4 TGS
TWFERT (ATbM) o =IR  H3E  FREFEAR. i BT BB g2z L 9,
Foy b 7uy bOEBRCTEMERCR Y £ Lz, JUNKEREGEREHERE 1R e
et IUH fl#E— iR, AR OME BE CECE#H LT

WFRAEREBRICE TS KR D CXELHY T LE, FlE, BEOENITICEL
JEHEH L EF S,

MEEETEA T ST L2 JtH BEET WE, N BT WE, &l
CIVANS S @ S o s S O o = 3
KFETOMEEIIEL TLEIVE LAmBUCECEH#HEP L LT 3,

BB, KRBT DHEY HEZLDICR o722 ik, FAICEb - 722 TD AIC
DX YRGB £ 9
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