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.4.3. & v MLAY) 1a DFEESRE
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L1. 5

L 1. 1. EBHINERE 2 B ) & < B&E

L 1. 1. 1. EAINERE 0K

SEHMT 4 H (AMR; antimicrobial resistance) & 1%, JIEEA 27 h o7z, Tk, W&
(o MDD &TH B, HANMMEREOSIE T, HRPCHEALMEL 2o T3,
2019 4Eic, FHHFIMHER 2 EE O FIK TIETE L 72 ADKIZ &R T/ 127 FATH b, AIDS
LTV TICIBHEERLD DS v, 51T, 2014 FiIC 4 ¥V ZBIFSH L -G EA
== - LR—= ' ofT, ZoF FEANMER~ONE 25 U 72T i, 2050 401X 3EH
M IR 3 2 FEE B 2R T 1000 TAZ#E A 2 L DEAHI N TV |, ZOHE
. AT K BHEFER20 T AZKIEIC L2 DTH 5,

JRYYE O BRI 5 5 A 2356 < | BRI 7 &t o 18R B o RS L T FltE & £
BT g ZDT2®, % K DEEEPEEPHHIFEAIOFRAFE D SHOR L T 5, FricHA T,
%Rk T EYSE~ D HMFE DML & B oEER L & Vo 2 ERIC X Y BEYYEER O
BRI WOREEE & i L CEAZ N> T, HRICE T 2EAMET 7 avy 77 v o0
—ERE LT, EATEE P REEYEOFHIARE A HEEL T3 2, 2014 £, HAKGE
IEFRRED 6 FRVPEFT, HAMMEREOBIR & FEIERER O LB 23K 2 2185
U7z, £72, 283 2 IMP ! MBL AR & &, HAZF.LL T 2T TEITARY %

R 2 FEANMMER >4 D H Y. FHEEAIOHAE RSB TH 5,

L1.1.2.B-77 X LRPEEL -7 274 ~<—F
1,940 FEIC< =3 ) v S HEE S TR, B-7 7 % LR R AT S B PR XM R RYE O
BRICACEHML TE 2, 2O B-7 7 X LHRPEEIZ, R=v ) VR 7 2 L%, AN

RALZRRE, ZOFREEDE DO X LICHETE LA TES (Figure 1),
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RV ) VERIIREEIX, STHNO B-7 7 X LEEHEIE G B D 2 MBI D~
TFEITV AV EEET L, =V ) Vi & v %7 B (PBP; penicillin binding protein)® b
T VARTFRX—REEEZHE L <, REIFH Z /83, PBP 230HE X 2 L lifmEE I fE O
AU, MEMEAERE L AR L TLE 5, PBP IZIEMEIIIC ) vEREEZFF L, Zhhi~
TFEZY AV OREICD 25, PR B-7 7 X LBROT I FiEA D FERICUIBI L, H
HBICHEELTLE S 20D, RTF V7V A VOREEZITA R 2D, T X b flie
EESRSHE S5,

MEOEAT 2 B-7 7 2~—X L \»wHEERIZ, ARG PBP S UL TH O, EHHER
D) VD B-T7 7 XA LEBKDOT I VIEEAEMKSAEL, RS2 2 & THEKE
Rl s 2 2%,

1940 FRICR=2 ) VRPIHERIER L T2 E, =2 )V v i 0fET 2 p-7 7 2~—+
FEAR(N =2 ) F—¥ELARPRLICHAINTHWE, =) VEHIFEED I b, XA F
YU VIE2ODAMFUREEEALLZZ LT, B-7 74w —KITHEA LR R0, SEHIm:
ZEELTW3, Lo L, BfE, AF2 U VIicHd 3R 5 5., &7 F 7 EKEH(MRSA;
methicillin-resistant Staphylocpccus aureus) i FEPEEFFICHIE & 7> T 5,

SRV ) VERVIREEORICHE I Nz 7 7 v AR ) vEPIRHEIZ, r=v ) vREI
LAETRICERABET 2R, R IEI ., REFFEUMR E oI hTn b,

FNN A BRPER T, A OPIE A= 27 b L BCPIEEE, p-7 27 4 ~—+Xicxd 3

FMVWEEEEZA L TEY, “PlEIERE D E(ast resort)” & D FEEIL 5,

5/ 141



(a) Penicillins

m ijizz

N

OJWZV ﬁﬁ:z

CO,H CO,H
Penicillin G Ampicillin
OMe
HHH VHe
CHs CHs
OMe O NCHg, Hom j;’i%cm
CO,H CO,H
Methicillin Amoxicillin
(b) Cephalosporins
i HHH
HO —
O N~ OCOCH;
(¢}
HsC
CO,H
CO,H H3Cﬁ/ 2
Cephalosporin C o
°N
| HHH
HZN\(/%N =S 2
Hlj H S S o N~ Nx
s 6! j;r\';)vococm COH
) Ceftazidime

CO5H
Cephalothin

(c) Carbapenems

CO,H
Imipenem

CO,H
Meropenem

Figure 1. 7 B-7 7 X LR PIH
UV RPEEEORE. (c) H A=A LRPIEEOME

HOME. ) =

INGE s

BEIET 5, $72. p-F 7 R=—X 3% DR ¥ b\ {2 ORI
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~=v ) v R

DRSS B-T7 7 2~ —Xik, BA RO ME!

CO,H

CO,H
Ertapenem

CHRBELTEY,

HoWE (b)) 7 78 AR
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%2 56, Ambler 137 I /BEEHIOMFEEDL S p-F7 7 4 ~—X% AL DD 4 77 RITH
FA L 7z (Figure 2),

“DIHBRBDOE L EDNIZ AN ARILZVEIRTH 205, hA "t~ — L BFR

INDZANANRALRYIFESEZ T 2R B HEL Th 0, K CREICR>Tw5E, 7
NN A LA RS P A TR R (CRE; carbapenem-resistant Enterobacteriaceae) 23 4F{F H X 41
THY, TAYHDEFNE T+ v X —(CDC; Centers for Disease Control and Prevention) %
BEORGIRL ~AVICEELTWS 18, AAANRIw—tDdTh . KT H AN F AfHE
DBIENDPB, 7 F7AB AZ0-P-772~v—¥MBL)THS, TNETDP-T 7 X~v—ED
EERLIce) vEREEE T S V-7 7 X~ —E(SBL)TH > 7=DIcxf L, MBL I1iE

e 2 2% 7213 1 208 EA v @2 HT 5,

Beta-lactamase
l

l l

Serine- Metallo-
(SBL) (MBL)
| I
| | | = 1 -
Class C Class A Class D Class B
AmpC TEM, SHYV, OXA B1
CTX IMP, NDM, VIM
KPC, SME, OXA-48 B3 B2
CTX-M L1, FEZ-1 CphA
| J
“HIVNRERZ—E"

Figure 2. Ambler IC X 2 B-7 7 X ~—¥ D7 7 AL AN " p v —+F
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L1.2.MBL| A X 0-p-F 7 X~w—%

I. 1.2.1. MBL iZ2\T

JIABDP-TFIE22—XTHEAZUP-T 7 2~v—EMBL)Z, 77 ZIFiCL3r
ECE AL TOKHRIET 2 720, BENEEZ I ok iR B0 it s 2, i,
ZIERTD P 727 X LAMEEE DA T 2720 T% <, MBL EARENIER-T 7 2 L 2PH
BEDRT 2HRELIEFO L 23% v, £ Do, MBL ZEIKIC I TEHFED K
ELTRIEIN TV 27210 T EANEZIERR o WEic 2 28D L Tw
%,

F 7 MBL iC, IMP-1 (Imipenemase), NDM-1 (New Dehli Metallo-B-lactamase), VIM-2 (Verona
Interogen-encoded Metallo-p-lactamase)?’® % (Figure 3), S 6D MBL 32z ZNEHO T

I BRI & BEREMVEEBL % F5 D 2%, Figure 3d ISR Y . 2N E N OMEEAIER ICHELIL
T3 %10, F7-. 2020 4F 5 H DIFRT, 85 FHHD IMP Z Rk, 29 %D NDM 2 2k,

69 FEFH D VIM ZEAELHE I LT B,

IMP-1 NDM-1 VIiM-2

Figure 3. MBL D& (a) IMP-1 Of#i& (PDB# SEV6); (b) NDM-1 Di#i& (PDB#; S5ZGE); (c)
VIM-2 (PDB#; 1KO3); (d) IMP-1, NDM-1, VIM-2 * &b 17z

MBL D ETEF OO R % Figure4 IS8T, MBL 2 &9, B-7 7 2 = —X DEHF
%5 1% Dideberg I X o T LI N TH Y, AWIETH 2 D& S5 Z M5 ', MBL iEtEH

DNCTFIEST 3 2 OD Zn?>* D 9 B Znl 1213 Hisll6, Hisl18, His196 @ 3 > ® His A AL

8 / 141



LTHED, BHHFA FEIFENE, 9D Zn2 DAL IE DCH %4 + & MEE, Aspl20,
Cys221, His263 232 L T\ %, 2 DD Zn2 3K 7 72 13KBEIL A A v 24 L TG L

TWw325, IMP ! MBL Cl., T OKSTFIIMHER I N T,

3H site DCH site

His118 Asp120
N @ . |His263
His116 \\@’ @
His196 | [cys221

Figure 4. MBL &40 0 i[X]

Scheme 1 1C MBL 28 7 Vo34 L R GURIEZ MK 3T 2 A 1 =X L%k d 12, BlE, 2
DD JNGHEREHIE Z DT 5, MBL IEHEHL D Zn? 1AL L 727K 501 F 72 (3K IEAL ) A
F VB ANANRE LD ANKZNVIRRICKIGBEZ 35 2 LT, 7 7 X LEOIKG G
FAlET 2. BIBRLZZ NE T2 Zn2 KR L7z b, 7oA v & 78 b v {bd 2 BRE O
DFIEDE L 2, BBEDIKIY T 7213 Zn2 ITEALL T 3 KD FICRkKIGW B2 +5 2 &

TT=Fva7Tarvibah, BEGRBEREZEKT S EE2LN T35,
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His118

Histte [~ 7

—_

[<X

(b)

@\ His118 | __
N _--1Asp120
His196 Cys221

(c)
®

(9)

SN0 N0
v Yo

|

.

\

His118 |__ T
- | _--1Asp120
His196

His196 Cys221

Scheme 1. MBL @ 77 L3~ 3 LAIKSHFA 77 = R 2, 12
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I. 1.2.2. IMP & MBL

IMP-1 (%, 1991 FICEHEHNOHHETA I A LMMED LT FT - vty vV ADDH
FRINZ, YO THE SN MBL TH 3 13, IMP-1 % 2 — N9 3 blawe. 86T 13 {mEtk
7RIV EDOA vT e viEEICX VNS, FCRIRE R S0 7 N v BEERRE S T
LR O E NS, ftho MBL & KL T, IMP B MBL 137 Vo3~ 4 LRI %
SRS BIEMED E . T2, IMP-1 13PN MBL TH D, 4 DD Lys 5K (Lys87, Lys89,
Lys145, Lys147) 05l R AMES & BRI AEH ZTER L Tw» 5,

IMP-1 OFEEFEMEICBED 25D 95 B, Ser262 13 IMP-1 & VU #' v FEAKRD I iA#ED
LEICHG T 2IREETH O, Valo7 IZTEH L OFAICEEG T 2K TH 5, S262G LR %
HT % IMP-3 % IMP-6, IMP-25 (3, =V Y HUKHEEIEDMET 92 25, 2 74 L0
ARG EETE DS LT 1415, VOTF ZR %2 H 3 5 IMP-10 T, [FRDO MK S TE D
ZALARLNE 16T IMP-6 & IMP-10 13 &5 6 b HRTHA I N7z IMP-1 BRKATH %,
Crowder & DHfFE 7V — 7 512 X - T IMP-1 Z B4R DHEFEIY 2 ff T 23T DA, IMP-1 13471
NRALFPEEOMHHIC L 5T, XD AN AR LGBIRN R EE~OELRI NG
EDRHAL Lo 8, I HIC, IMP-1 BRKZ 2 — F I 2#IGF I, =2 VRPET
FOZRO Y RIEEE AT S BT 7 4~—¥DBETEHFELTVR I EREL, %

A tED —K & 72> T 5,

I. 1. 2. 3. NDM %! MBL

NDM-1 IZ., 2007 A ¥ F D=2 —F ) —ITHIT L 7= 8 X 0 B X n -l AR E 2 5
FAIN0BYOWMETH S 9, HATD, 2010 FIHHERIKE T NDM-1 A F A
B~ DR i & 7z 20,

NDM # MBL (%, IMP %! MBL % VIM #! MBL & 13%7: b, JEE{L & 117z Cys26 I L -

THIEAME I EE S T 3 EEER MBL TH % 26228, li7 v —TH % Cys26 Ihl
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Z. Argd5 & Arg52 DR AME & SEM AR 2R L w5, #lEME~DEEIC L Y
7" 7 LFEVER O AME/NE(OMYV; outer membrane vesicle)lCHX D A F 3 < 7 | SRAIM
DIERT 52— L 7o T b, NDM-1 EAKEE 2. NDM-1 /- OMV Oz /L, A
1A DRZHARIRE 2 A 0 <3 LB SRE L2 WO HED B B X,

NDM-1 (3, 15 =M OB IC & o TEFYRDHELA R T, FFic, MISAL ZREZHT

B EARCIT Zn BRI A B3 B 252627

I. 1. 2. 4. VIM £ MBL

VIM B MBL 1Z,1997 FEiCA 2 )V 7OV = v —F TRIRE 2 5 VIM-1 BRIz b
77 VvAREARYT T VIM-2 A X 7z 282930, VIM (X, NDM-1 & [EIER I 15 3241 o Byl
B IC X o TEBYA~ DML MR X 115 25, NDM-1 & 7z ) | FFIC H220R 288 CEVRENE:

A ET 3 512,

1. 1.3. B4 MBL FHEH]

05T TV, RN RL, ANNT ZLD B-T 7 x<w—XIHER & L TR T
INTWE A, MBL X L TiRIZ e A AT (Figure 5), BfE, < D7 —7ic X
> C MBL [HEFIOFRWIE A TON TV 50, Eifid AN R7Z v, £, #ikhk
HHNZBIF L T MESEAMMEZER T 2. 0bidNib Jo 2" ORERFVTE D

WEBCHICHT IR Z BRFE T 2 L E D H 5,

HQ, H CR 0
JJ S Me Me
\>\/ \)<Me
COZH COZH COZH
Calvulanic acid Tazobactam Sulbactam

Figure 5. SBL FHEH| O i
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MBL HE & Z R IL &Y O —#l % Figure 6 12739,

HIRHIE 7 7 L~ DFAFE L 72 OP0595 F * =327 X (%, CRE FRicxf LT, BFD B-7
7 2 LRYIEE E O CEWIIREIEEZ R 3 338, X 51, OP0595 Z N HIKAHIHEE &
LToBEIbHT S, £72. VNRX-5133 Z=FRA "7 253, Ao vEihEsa L. SBL
FEAERE & MBL EEA R O 710 U CRHEEE 2R3 241, HEETEREEE ORFE L 72 S-649266
7470 anE, 77 e ARY) VEREET 2LEYMTH Y AN AT —FITH L
ENTLEEZRT 28, 20 b 3{LEYIE. BIERIKRGER TO T 525, S-649266 &L

AL L 72 & B> FR295389 1ZBHFE s Ik X L7z 44,

Me
H +HSO
MeA( 0, 4
1) HZN\I//NH
/\/O\ )"1,_ N
HoN N "~ NH;
e ﬁgu
N
N\
o} 0SO3H CO,H
OP0595 Nacubactam FR295389

Me
Me \ _CO,H
H ﬂ
];'/ OH
HZN\/\N\\'m m \g\/ ~"N
H HO CO H
CO,H 2 OH

VNRX-5133 Taniborbactam S$-649266 Cefiderocol
Figure 6. MBL FHE#] D ##i&

I 1.4. 56470138 : YT E I B 3 MBL [HEH RIS

L1.41.&227V—=v2icksey HMLEY R
LR =EIC BT 2581705 ¢, MBL [HEREHLEY D invivo 2 27 V) — = v 7 R 53T H

Niz, B ZE DK 600 EEHOLEYITOWT MBL FHERZRIE L 72 ¥, L& 74 7
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Z V3. b MUEAEY AR 1 BIHIV-1) SR G EESE O RNase H Gk, /1 v 7 rz v
TANARY AT =DV FRX7LT—¥iEEEN L LZHER oMY E S <
& AT\ B (Figure 7)%52, JEEFFOIC 2 DD Zn* 4 4 v %F 3% MBL L [FERIC, HIV-1 ©
MR RERIEEFROIC 2 20 M4 A v b LA M4 A v A v Irz v Fyfn
ADITYFRXILT —X¥iEWE2HETE2PAY 72=v b 220 Mn* 4 4 v b L L 1T Mg*
AFXVvERL TS 356 R LDCEBRA A Vv EET BRI A X v 94 L LR
NER, AZ2ax v ¥ A LOEEFLICH 2E8EA A4 v 2E L LZHERNIT, B 2R
TS dT 2560355, 2070, LAWY Z 4 77 Vicii MBL OEREEZHE ST 21k

avnEEITn T EHfFL 72,

Influenza virus PAN inhibitor HIV-1 RNase H inhibitor
oY
\ J 0 Me><l\lle
BK-0109 BK-0217

Figure 7. ¥ ETHK I N A 2 v v ¥4 LHEHO—H

27 ) —=v 7 BRIz, TTLAEYIEE 100uM B0 217 7 B8 AR Y ¥ C DK fE
FAEFFEZRE L, 47 LAV EMHIL 72, #vT. 20 pM DILAEYIRE CHERZHE L.
47 L&D S 12 LBV VAR, o 12{bEYE. BEoBREL» S 4 DD 7N —
7N B L 72 (Figure 8), 7 v — 7" B OALEY) 2 HiZ. HIV-1 W E SR © RNase H i1 D
FHEFMERLAM L LTHEI T3, Zv—7 C oftaWiticit, NERAD—FET
H BRI ORESEY & L CRRNED DT\ % TrkB BHERIERM{LEY A E T Tw»
7o 338, MPNIA v I Ny F T A VAD PANZHET LAY MBL & b HEMEHT 5

ETRL 7225, diE L7 2 LAY o hicBlE S 2 &R & E ko7,
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OEt
OMe
(b)
o Me \Et/©/N02 Me\~/\Et/©/
O,N_ O N O,N
2 ® o/\n/ 2 \Q/U\
(0]
(c) S
O N \
o
NH
e}

(d)

MeO: : _CO,Me
O

MsO CO,Et (j COMe
S8 ST ISR O X
O,N
Figure 8. Invitro 27 Y —= v 758 < MBL [HEEEZ R L7z 12 DfLEY
BT, M L2 2/LEIConT, 40uM & 0.8uM DRJEICE 1 5 MBL [HER %
Tz, Z DR, 3 oDLEYZ MBL [HEA ML AW & L Cilith L 72 (Figure 9), & @

3 ALEYIT oW TRl A BB EE O MIE 21T\, ICs EZFH L 72, 2D 5 B, IMP-1 &

NDM-1 &5 St LTdh X Y muHEEE% TR L 72{LEY) 1a(BK-395)% . AffFEicE T 5
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bty MEaw e L CEoRdEftzEo 2 2 L e L,

TrkB inhibitor (Neuroblastoma)

o%\ oue copte
Ry 0BG, o

1a (BK-0395) 2¢ (BK 0320)
ICso = 27.3 uM (IMP-1) ICsq = 45.5 uM (IMP-1) ICso = 79.7 pM (IMP-1)
ICso = 74.1 uM (NDM-1) ICs0 > 100 uM (NDM-1) ICs0 = 77.0 uM (NDM-1)

Figure 9. MBL [HE L% /R L 72 3 L&Y O

I. 1.4.2. & v MEAYI & MBL OMHEERBNT

L&) 1a & IMP-1 D HAEF A5 S M7= (Figure 10), X #ifG SRS O 558, IMP-1 11X
BAETHRIC 4 07T 08E&EnTED, 30 ToEW1a BFEEL . 39T DEY 1a D
5B, 207D IMP-1 DIEMEALICHEALTEY., b5 1 01132 20 IMP-1 &3 T
TEL Tz, IMP-1 iEMERALICHI AL TwatEM1a Do b, 1 5311 8-7 7 X LERDE
LR —XADKEE, 35 101 6-77 X LBOMALZKR—-XBofiExr L > T

77
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P
Trp64 His263}---~ "~

Pose A Pose B

Figure 10. L&) 1a & IMP-1 HEKROFEREE, 720 RIT/LEY 1a © 2 2DFEEFR—X
(PDB#; 6JKA)

I 1.4.3. & v MLAY) 1a OBERE

UIFFREDITREIC X V. (LAY 1a 1S3 2 VA DOREEWZE AT D L7z 145, IRk Figure
1 ISR TCEMREZ AR L 7225, (LAY 1a X ViR MBL FHEE 263 2LaWizEs
Nz h o7,

{LEY) 1a D -7 7 X LEBR%E y-7 7 X LABRICER L 72 BK-b LAY 1a i3 BT mnss

MBL [HEEKEZ R L7z, —H T, 727 R2LBOT 3 E%EL LAY MBL FHEE M
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TR E ol REIMTRRZMD v Ial—YavoffRe&be., (LEY 1a 1T 5-
7 7 X LB MBL I X 3K fREZESZ T, A U7z vFRF 2 EH MBL iEMEH LD Zn2t e

Mefz9 5 2 & T MBL HEEEZ /R T LRk S ni,

) (b)
o
7 -
Shi .
1m
NH 5 o Y

(UOY ¢ 4 5 6
S 1a (BK-0395)

N ICso = 27.3 M (IMP-1) o

ICso = 74.1 uM (NDM-1)

Me
Ph °© iPr o

0 NH
o el
10

(C)
0] (0] o} S
N ) m ) ©\ N )
A8, Sy LLALEY,
10 1" 12
Figure 11. JC{THIZE TR b L7z (LA PIHRE 140

1.2. B®Y & i

(%18 MBL HER 0 BIEL| 2 HINE T 5,

WMIFFEICE T 2T TE Oz, MBL BHEEE 2R3 v v MLAED 1a OREE
WEL, #HKY — FMUAWZRR L 72, ALAWRREHC IZEI AT 205 L 72, AL 72 M6
AW O WTIE, invitro SABRIC X Y 1ICs fEZ B L, 58 < MBL Z %S 2{Laico
WTIE MBL & oS 2 /ER L . MEEMAAHBEZ o 2 ic Lz, £720 U — FLEYID in
vivo RBR 17\, FEEICKIGHENER CHEA 2 & D X 5 ICE T 2 2> Db b it 72, A

geld. MR ZRERE T H 2 FANMERE 2 k3 2 —Ic 23 b DTH 5,
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13 R L EE

L. 3. 1L E T

L3.1.1L.MDY Ial—vavick3iasEo Tl

ftAaY 1a & IMP-1 HAKDO D TEINEL T2 —v a v ICid Amber DY 7+ 7 =T %
FA 72 9, X HRAS SIS MRAT OAE T, (LAY 1a 1. IMP-1 DGR LICEWT, §-7 7 X 4
BROAL7ZFR—XA L, FARLZEZF—XB OEETHAL Tz, 2 2DfiHFR—XD%L
WA B L, IMP-1 & DMHEERICHSE LTV 322 #5720, ZnZ okl RiEE)
LRFEETAZRMER L, 200ns D MD ¥ 2 2L —¥ 3 v %{T -7z, {LAYOIR T, JfT
gt & kR, B|FLsEEtRIC X PE L 72 006,

200ns DY I ab—va v, LAY 1a iZ3FE—X A, B & b IiC IMP-1 O ICE £
STV, av 7+ A=y a Vi IPIIAEES AL L Tz, F—X A OHAERHE
ZTEL Tzl L, F—X B offiti e znHoR/NEfffoZET/NE {, F-X
B O ARIEOREWEDRBEI N, ThbDy Iab—va ViER2 L, LAY 1a 13,
§-7 7 XA LERDFAR L 72K — X B BRERMEMIETH Y, ANKRFoELE Zn> DG
23 MBL FHEEEICH S L Cw b EfEiaft I 72, AR FoAF e B|A 4 v e id, 4
MEETHEON, A X V4 LTH L IRIERUKEESR CA-IL OfiffEEch R I T

b)% 630
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compound distance 'vomz m compound
RMSD (protein) (protein)
RMSD( (compound)

RMSD (compound)

() eoueysip
(y) @oueysip

i%
L
;

0
200 0 40 80 120 160 200
tlme (ns) time (ns)

Figure 12.(a) ¥ I =2 L — ¥ a3 YHOLEY) 1a-F—X A & IMP-1 ® RMSD & X Ui b Zn*"
L WR T OREEDOZH). IMP-1 L LAWY 1a © RMSD 13 % L2 3wkl & 48, /N3 8
tBTRT. (b)) Y Ialb—va vFoEY 1la- K —X B & IMP-1 ® RMSD & X U Zn**
LEWIRF OO ZE). IMP-1 L ALEY) 1a © RMSD 132 N2 ik & 25, fv BRIt

TiNT.

¥ 72, NDM-1 & 7 v v ) VEAEEROEEFEEPDBY 6JKB)2> 5, LAY 1a & NDM-1
DFEEET AR L, IMP-1 LFEIFRICMD & 2 2L —3 3 v &{To7-, ZDHE, (LAY

alINDM-1 FICHEWTH K= X B OMEECTREICHEGT 5 2 & 2RE X 1172 (Figure A3),

RMSD (A)
(y) @oueysip

0 40 120 160 200
tlme (ns)

Figure13. ¥ 2 2L — ¥ 3 v Ho{LAY 1a-F— X A &£ NDM-1 ® RMSD & X Wik b Zn?t &
EVRE T OO ZE). NDM-1 &{LEY) 1a D RMSD 13 % W2 higk e 4, i/ hgE iR ¥ o

R

HATRICBE W CGEBROAK L2 7 I Va2 2w r b v {bEY4 5 L U513 MBL
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PHE M % 7R & 72 %> o 7z (Figure 11b),
DLED#ER?» S, {LEY 1a 1 MBL OBEZRFEHIC LD -7 7 2 LZERAFHAE L. MBL &1
LD Zn?iclichid 3 2 & ¢ MBL BHEEE 2 R T2 E 272, X o T, LAY 1a DIEESX

ZEt. 6-F 7 R LBOL 2R —X A oGl rEaTac e e Lz,

L 3. 1.2. IMP-1 ZZ&~ DX

IMP-1 (ZH V3= L RGIEE O T, X b EHIME O R Rk~ DR S h
%, BEAND MBL FHEA 2 V720198 Cld, ZRRIC X o THE OERMENR R 5 L v 5
HRH B M, 22T, ALEY 1a DR —X B & IMP-1 DG Z i, IMP-1 BEEKDF
HEFALZIERK L. Orentation 780 27 7 LI X3 Ny ¥ v /v Ial—vaviirorz,

Orientation 7' 7° 7 L, FT@ITEE CHB ICFRAE I N F NG EY 7 v =7 Th
% 65, Orientation 7’0 7" 7 Lt ZHOET A %MHI L CFHETE 25, 2 v N7 E2ED
W& % ol lC & 2 RUCERIMEDL B U | HUR & PUE O BIFITEFHI°. HIV-1 © RNase H FHE
Al DM EAE RIENT IC S IEH & 7z 0007,

Y Ialb—¥a VI, IMP-6 (S262G), IMP-10 (V67F), IMP-78 (V67F, S262G)D 3 fEXH D
BEEEM T, 260 IMP ZRREERIT. T ZHATHD THRE Ik 8, v
Tal—va VOFEREE Table 1 IC/RT, IMP-1 BpERI L [l L €, SERK LAY 1a D
AT AN F—ICKE RE T Do 7%, LAY 1a & IMP-1 HFERKOHEA THIE T V%
Figure 14 1783, ZEAED 5 5| IMP-10 & IMP-78 12\ Tid, V6TF BRICX VLAY 1a
DFTV—=NVERPH LS, 2> T Trpod DIMINICII LI N T i, 577 V=0
BRE Trp64 ODBUKMEMEERAHEE L md o722 B ALAY E 2 v RV EOLRERFEED
HERFICT S LT b e EZ BN 5, S262G ZRIC X Y BiHE L T Zn2 ICBLHZ L TV % His263
EARENET & 25, IMP-6 & IMP-78 DfiET MICE T, {LEY 1a @ Zn2 ~DEAL

ICIEBEE 2T R O L7 D o 7 (BRERELHE), U Lo 5. vy MEAY) 1a 13 IMP-
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| ZEED—ICHEFE L, MBLIAFEAIE LTHMHTH S Z LRI N,

Table 1. Orientation 7' &2 2" A % F\> 72 IMP-1 ZZ 24K & AL-AY) 1a DFGE BRI

Variants Mutations Binding Score
IMP-1 - -17.245
IMP-6 S262G -17.782
IMP-10 V67F -20.483
IMP-78 V67F, S262G -18.946

A\ 7

OIMP-1 B IMP-6 (S262G) M IMP-10 (V67F) M IMP-78 (V67F, S262G)

Figure 14. L&Y 1a & IMP-1 BRIk & FHlET v

L 3. 1. 3. BB&WE 0 B L L AWEkaEt

TREDWIZE D B1F O N7 REEETEMBI DAL & | X Bl ST OSSR 2 B 2. #77-
T G DYREE % V2% L 72, Figure 15 1IR3 X 9 iC, LAY 1a % Z OREED H A~C D 3
I T, TN EFNOBEWREZITS 2 & & L7z, AfEEIZ MBL iEEHL AT 2 6

772 LBREETLEMTH D, IMP-1 & oHFERPICEBWT, A F L VvEN ORI R
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R=2ANRH B, BHERIETTFTT V- AEBREA L, FAICIEAR— 25D 5, CHIHIL5F Kk
D7 x /)X HETH Y GO L 72ALAEWREIC D C HIICSZ 2N 2 72L& D&

¥ LT\ 7z (Figure 11a),

C-region B-region A-region
A
O\/&N

NH

1a (BK-0395)
ICs = 27.3 uM (IMP-1)
ICso = 74.1 uM (NDM-1)

Figure 15. LAY 1a OREEUZE O Hlik

U — FALAPI D 3EHC I3 RN 2 F > 72 IMP-1 & O HAE G T — 2 2> S L 72
t v MEAY) 1a D& % HEIC, OpenEye OfFiEE%ENY 7 bV = 7 vBrood % VT, ¥H 2
SET DILAME L L 720 MEEREREZFR L 72D B IMP-1 & ORBES] F v * ~
7y ialb—vavickbinsilico A7) —=v 7B ETo 72,

FyFv2Zviab—vaviclk, YMRECHACHBINZSTIGEY 7 Y
=7 T»H% Orientation 71 77 Lxfniz, filkO Ny ¥y v iab—vavy7hy
=7 L H# L, Orientation 710 277 L, KT OHELEZECELH, VAV FExvS

sEoEGEROEEERFRELTE 2 TERLTND

I.3.2.{t &Y D EERE

L. 3.2. 1. C EHIBOEEXRE
L&Y 1a & IMP-1 @ X RIS REERITIC X V. 1la DRV ¥ VBT AL EDIC I3 32 R

BHDBZERbroTEY Y AEHEDE A CMBLEEEELS M Ed 3 LRI N,
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WRE I~ v 2 v B2 “ERRNE ICE R L 72 088K 1m, 1n, 1o Z AL 7223, MBL FHE M IZ
MR CTE ol /zd, BAT B EMILOMGI 2 HETH % (Figure 11a),

L&Y 1a 3 X O 2 OFERFIARIZ, Scheme2 DRFFETHM L 72, 7 = /7 —AiFEK L T o E
TEF=FVAERHOE S KCTUEM 13 2B -0b, 74T T I FEHOTFA
7 3 FL&EY 14 %157z, Friedel-Crafts KIGT* 7 U/ VL&Y 15 215705, LAY 14
rRHTLEM 1 2AK L7z, £72. vV E2HT 26 1Ih oA&KICiZ, =1 FL
74V VOEETHIRRESZZEIC LTz, THIFALREEETHILEY If 2T L T

fLaw1g 215705, BKKIGIZ X YV {LEY 1g 2157,

S
O e
R1 R1 Ry
13a-13f, 13i-13 14a-14f, 14i-141 (iv)
H H S
N__O (iif) N__O \
o)
oo, Oy fons
cl R, NH
0
15 o
1a-1f, 1i-11
S ) S
0] \_>y v) 0\/4\3\/ (vi) 0\/4\,:)\/
H3C H3C * HzC\
OH
1f 1g 1h

Scheme 2. {LEY) 1 DA R

Reagents and conditions: (i) Bromoacetonitrile (1.2 eq.), KoCOs (2.0 eq.), acetone, rt;

(ii) thioacetamide (1.5 eq.), 4 M HCI, DMF, 1,4-dioxane, reflux; (iii) chloroacetyl chloride (1.7 eq.),
AICl3 (3.0 eq.), CSy, reflux, 5 h, yield 98%; (iv) quinolinone 15 (1.0 eq.), EtOH, DMF, 80 °C; (v)
NaBH4 (10.0 eq.), CHCI3;, MeOH, rt, 16 h, yield 90%; (vi) benzoyl chloride (25.0 eq.), dry DMF,
100 °C, 18 h under Ny, yield 41%.

H L AL EED MBL FHETEMES Table 2 ICTR TRV E VED NI A7IC T L F I,

Traxy VR ~u s vEEREAL RN L, ZREEEEZE T % 4 20 FKED, G 15
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fHOREBAEZE BT L 720 A2V —= v 7Bk & [FIER 0 EERE(E © MBL %2 HIE L 72
LA, ZTFNEEET LAY 1c L e = A B EE T 2{LAEY 1h 28 X Y 58\ MBL FHEE
MxERLz, ErHGHEoKAEED X P o2 ET 2 1b, ETWRSIMEClRAEED 7 v =
HAHET2 1k 25 MBL FHEFEN 2RI hd o722 L 206, BTHEG1ED SIS AN E IR 2
HFHTHZ ERBI Nz, T, tert-7FNME%ETG T 5 1d 28 MBL BHEWEM: 278 & 37, 841K
EIESEHCTH 2 LRI N7z, DLEORERED S, CHEBR Vv VERO ST, 14t
L p o IR0 SR EWIE 2 E A4 5 2 & ¢, MBL HEEESHE ET 3 & v HE RS
BrafS7z, a6, vV EEHF TS thictkx, 2 FAVEEZHFET 2 1c DT 5 235\ MBL
PHEWEEZ R L2 2 &b, B ORIFRO HHE2 MBL & DMHAERICEHFS L TWw5 &

2 77,

Table 2. (L&Y 1a B X % 0 F#AD MBL FHETEE (in vitro)

OVL\N\
R1/©/ NH
o
Compounds R, ICs0 (M)
IMP-1 NDM-1
1a H 27.3 741
tb Me >100 ~100
e Et 28.5 25
1d tBu >100 >100
le OMe >100 >100
1f -COCH; >100 ~100
1g -CH(OH)CH; >100 ~100
1h -CH=CH;, 52.0 58.6
= F >100 ~100
i Cl >100 ~100
1k Br >100 ~100
1 CF; >100 ~100

25 / 141



L 3.2.2. B SR OBEERE

L&Y 1a & IMP-1 © X FiA5 iE T Ic X v . BREBELL O =R A #H©® 3 2 & T MBL
OB LT 2 ERBE Nz, FT VAR5 fi~DBUKMEREDEA X, 40T
RO A L, LA OB SKIEIKT T2 B2z, 20D, 77V —
WL ZF=RT I VICiER L, Ry U AEEREA L ZLEY 17a 2 E%ET L 72 (Figure

16).

O

o~ SN N
o, = O
NH NH
(6]
1a 17a
Figure 16. (L&Y 1a 3 X (LAY 17a O

L&Y 172 B X 0% O RIZ. Scheme 3 DREIETHK L=, ¥/ V7 vo=tufkd
BITICE Y., ALEW19 #1572, 72/ —n e 3T uE0-FTux) —AZHWT SN2 Kb
X ibEY 200 25 7-0b, 28 v EHWCTRERLL 72LEY 21a 21572, LEY)

19 & 21a 2> S HIEKAR 16 215720 b HLX v Y AFEREZ W LEY 17 Z &KL 72,
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H H H
oLy —— (X fF— (1
O,N H,N
18 19

©/OH (iii) O _~_0CH (iv) O _~_Br

20a 21a
R2

%

H

O ~UN 0
"o (Y v (T
+ —_— _—

NH NH
19
o
16a

(0]
17a-17c

Scheme 3. L&Y 17 D& KRR

Reagents and conditions: (i) 35% HNO3, H>SOs, H>0, 0 °C, 30 min., yield 91%; (ii) Hz, 10% Pd/C,
MeOH, r1t; (iii) K»COs (1.0 eq.), 3-bromo-1-phenol (1.0 eq.), acetone, 60 °C, 18 h, yield 92%; (iv)
PBr3 (0.5 eq.), dry Et20, 0 °C, 18 h, yield 48%; (v) K2COs (1.5 eq.), DMF, 60 °C, yield 11%; (vi)
K>COs (1.5 eq.), KI (1.0 eq.), DMF, 60 °C.

AR L7ALEY 17a 13, v v MEAP 1a X 0 B 58 MBL BEEIEYE % 7R L 72(Table 3).
L&Y 17a AT 16a 12, (LAY 1a LHEEABIT W 212 H b &3, MBL FHEE
WrRE ot T2, (LAY 172 TIX, IMP-1 © Trp64 & n-n HANER ZEH L T
FT VAR Ko I b b S5, MBLEEE AR L 2, 20720, BEEO
VAR G DY, MBL & OREAIC K WV EEAKE AR ZL TV EE X,

FenT, BB OS2 R T 5720, XV IAEORVE VA ZfiIc s nuikl
APFOEEZNZNEALZZAEY 17D & 17c ZHEL 72, (LAY 170 & 17¢ 1Z MBL
FHEVEME A R & . Fc8BA LRy VvBIZ, 73 BB L na HEMER%ZTER L

TWwihnweEz 7,
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Table 3. L&) 17a 5 X ' % o FFfgkED MBL FHEEY: (in vitro)

R2

4
oy

O
Compounds R: 1Cs0 (M)
IMP-1 NDM-1
la - 27.3 74.1
16a - >100 >100
17a H 28.5 25.2
17b Cl >100 >100
17¢ OMe 11.6 98.9

ZZ T AtEY 17a OS2 X —RIC, BHD 3 5 7% 2 REENE 21T o 70, MHEEK
Y7 b 27 vBrood VT, NV IAIICKE RN A 72 1421 [HOREERE L 2 ER L
72D b, Orientation 70 77 LW iH Fy v v Ialb—vaviiToi,
Orientation 7' 27 LIZ X 35 EMIRD 5 b, SR X2 7 B0 40 K& % Figure 17 1071
T, hfio 40 G0, NEBEREEL T I v 2 2 20REFHR T TRV IEZHERS (A
bNTzled, ZNHLDR—R LDy 7 u~F L VEE T 2 HEOLAY) 22a ZEGHL

770
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Me
S Me > S
Me H' /
\/N X Me O 7 © -,
1 ; o I

0547 0551 0714 0551 0752 0545 1223 0668
0563 0006 0540 1176
Me Me
cl_cl rr g
Me -
Me H HY
A S ~ N
. " e n

0610 0739 0546 0689 0773 0061 0778

" 55y o

1370 0736 0553 0728 1371

0623 0745 0022 0748 1141 0965 1350

Figure 17. Orientation 7' 1 2" 7 A CTRAF 745 R %2R L 72 BAL 40 [ O R, (LEYHE S 13ETHH

DIFICH 7% D,

(L&Y 22a B L V% OB, Schemed DREEIETHK L 720 LAY 17 OGRS & |7

B, 7 = 7 —AVEBEIRD HRIEER 16 A L7z, 2-70~Fo AL k) — L ERFEL

7205, HiEkAK16 & D SN2 KL TIEY 22 B L7=. Ve X 2 HT 2{LAEY 22

3. A MFUEERET{UEY 22d i A F LT B Z L THT,
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Br

R4J©/OH i
R3

Ka (i)
OH

. Rs H Rs
E R4:©/OV\/ N R4:©/OV\/ N
Rs NH Rs NH
(¢} ¢}
16a-16d, 16f-160 22a-22d, 22f-220
(iii)
/@/O\/\/ N /@/OV\/ N
MeO NH HO NH
¢} (¢}
22d 22e

Scheme 4. L&) 22a B X 0% OFRIE D & HGRES
Reagents and conditions: (i) PBr3 (1.5 eq.), dry THF, 0 °C to rt, 6.5 h, yield 45%; (ii) K2CO3 (2.0 eq.),
KI (1.0 eq.), DMF, 60 °C; (iii) BBr3; (1.5 eq.), DCM, 0 °C, 15 min.

BHECL 72ALEY) 222 13, (LAY 17a £ 0 b BRIF7%2 MBL FHEEM: % 7R L 72(Table 4), {Lé
Y 22a DRGEICH L, C RO V¥ VERICEIE 28 A L 7251 14 O EERR A % &K

L7z ZA, WINPT AFAIEEZET 2{LEY 22b 23 b 58\ MBL [HEIEEZ R L 72,
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Table 4. L&) 22 15 X % OB IAD MBL [HEIEE (in vitro)

Rs
R4 o_~_N
R3:©/ NH
o
ICso (M)
Compounds R3 Ry Rs
IMP-1 NDM-1
la - - - 27.3 74.1
17a - - - 9.23 43.5
22a H H H 4.14 38.6
22b Me H H 4.81 33.0
22¢ Et H H 22.9 43.3
22d OMe H H 6.52 41.7
22f NH, H H >100 36.5
22¢g COH H H 19.9 30.3
22h F H H 7.14 27.4
22i Cl H H 6.02 79.8
22j Br H H 25.5 24.0
22k I H H 8.69 17.7
221 CF; H H 41.0 52.0
22m H Me H 5.20 80.5
22n H Me 21.5 49.9
220 Me H Me 25.9 26.1

{bEP1a &, CHEIEE B SO QZE TS b N AL AWIREL. EMEME L & v S REE A
Holze Z DI, ERRHICKEGHE 2 v e/ NERHIEREOHIED TE T, £ 2T,
L&t 220 DffERZ R —21C, v o7u~FoLIICBEFFLEALLE 2 20/LAY 23 &
24 &L 72(Scheme 5) ¥ 7 B ~F U ANHEDREZE—-DOEERICERL LAY 28 BL WV

30 2570 H LEY) 22b DER & R ORI CTILEY 23 5 L 24 2N ENEKL 72,
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L&Y 23 & 24 139 d MBL FHEN T Z/R &3, BHEBEAAOFKEEERT v F 2H® 31

3. BUKEDOEWHEAEHTH 5 & v ) R 2157,

H ?oc ?oc
N N N
[i 0 [i 0
OH OH Cl
27 28
Boc H
N N

30 24

Scheme 5. L&) 23 &5 X U 24 O AR

Reagents and conditions: (i) Boc2O (1.1 eq.), TEA (3.0 eq.), DCM, 0 °C to rt, 16 h, yield 97%; (ii)
CCly (1.0 eq.), PPh3 (1.0 eq.), DCM, rt, 23 h, yield 63%; (iii) KoCOs3 (2.0 eq.), KI (1.0 eq.), DMF,
60 °C, yield 62%; (iv) 4 N HCI, AcOEt, t, 24 h, yield 71%; (v) SOCI; (1.2 eq.), toluene, 0 °C to 60 °C,
3 h, yield 23%; (vi) K2COs (2.0 eq.), KI (1.0 eq.), DMF, 60 °C, yield 60%.

L. 3.2.3. A EHIBOBEESRE
A SEI OREEWZ 12, (LAY 22b OREEZ R — 2T T o 72, TEDITHIZ 2 5. A H

D -7 7 2 LBOREICH %R EHD 5 L. MBL & DM AMER M E3 5 LRI
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7z(Figure 1lc), Z 2T, (LAY 22b D 5-7 7 X LERD A F L VLT A FARE 2 09D
BALLEY25 & 26 AL 72,
L&Y 25 3 X 1826 1%, Scheme 6 DIFIETHB L7z 20D AFAVEEET XY ) v

K33 BLU38 #5706, (LAY 22 DA L FBEORIETILEY 25 B L 1N 26 % %

NENEL 72,
(i) O Me (i) O Me
CI)J\/\Me HO™ > “Me
31

H (i) H O ~N
N X Me v N c .

o M Me NH

© Me o
Me Me Me
32 33 25

H 0 N
Me mme T e NH

37 38 26 Me Me
Scheme 6. (L& 25 35 X U 26 D & R
Reagents and conditions: (i) SOCI: (1.5 eq.), cat. DMF, dry DCM, 0 °C to 50 °C, 1 h; (ii) DIPEA (2.0
eq.), dry DCM, 1t, 2.5 h, yield 70%; (iii) AICl3 (2.0 eq.), dry DCM, reflux, 1 h, yield 65%; (iv)
isobutyronitrile (1.3 eq.), LIHMDS (2.0 eq.), dry THF, rt, 15 h, yield 96%; (v) Cul (3.00 mol%), KI
(1.00 mol%), N-acetylglycine (6.00 mol%), NaOH (3.0 eq.), tBuOH, 100 °C, 48 h, yield 30%.
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Table 5. 1t.A%) 23 —26 © MBL FHETGTE (in vitro)

ICs0 (M)
Compounds
IMP-1 NDM-1
22b 4.81 33.0
23 >100 >100
24 >100 >100
25 4.48 14.9
26 >100 7.73

I 3.2.4.{tA% 22b & IMP-1 DA ERENT

YR EORIC X - T, LAY 22b & IMP-1 O HAE S HUS & 172 (Figure 18), & » b
A 1a & IMP-1 D5 S & [FRR, IMP-1 (3 HAA&F I 4 pF 23 E E T {LEY) 22b
B 1 RFBFIELTE Y, §-7 7 X LEDPHAE L g Tl L@ Zn? L fie L Tz,
Trp64d &V — 7HEHEPYGLGN)ICERE 115 L 5 BT, #icr KT v MICAVIAATED, &
Ima~F U VED Trpod &, p-AF N7 = ) F UEDN— TN & 2 WBUKER EAE
L Cnie, 2O Z 8 IE, B IC IZBUKEORENEHTH 5 L IR L —& L 72,

SHBIIMD ¥ 2L —va v T LEY 22b 28 MBL ZHE T 256l s 2 1 =X L%

OIS 208N 5,
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Trp64 \ Me
g (=) ™)
/) Loop
X (PYGLGN)

A NH,
: e N\ 0

) o )
( —(PYGLi-IN; ®@

Figure 18. L&A1 22b & IMP-1 AR EME, 7 b i /L&Y 22b DFf G

L 3.2.5. ARt O E

AR Y . & & F TTHLNAEYRERBERESNER B L WO HER D 5, 2070,
MBL FHEIGEZ R L oo, AEfiftEom L2 IS L 2 ERE %2 1T- 7=,

EEY 1e D §-7 7 Z LT I FEEAF UL ZALEY 46 ZEK LTz, 7 I FHEE X
FbF s LT, @R TR BREESH 32 AR L 7223, L&Y 46 13 MBL FH
ELE R IR X 722> - 72 (Table 6),

L&Y 46 DA KL Scheme 8 ISR L7z, TFAEEHFT2MEY 1e D 5-T 7 X LB % A

Fait L., L&Y 46 2157,
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S S

\ Mel (2.0 eq.) \
/©/O\/<\N NaH (1.0 eq.) /©/OV<\N
Et NH DMF Et n-Me
0°Ctort, 21 h
o [Yield 89%)] o
1c 46

Scheme 7. L&) 46 D E K

T, LY 1a DT —F AT E 2 F F o NICEHL 2L 48 2 AL 7=, 1t
AP 1a & IMP-1 O X #REG RSN X 0 . LAY 1a © = — T AN I MBL O ZMINIC AL
BELTW20DT, BUKMEORESICE Xz 2 2 L O, Al e oBMEL A L, W2k
B2 IR L 72, UIMEECTMNEARABREORIE Z HiicfTbh T 5, TrkB FHEH
DEERMFICE T, WEICH LAV T 4 FEZBLLCALEAF L FICT 57 70
—FHRRINTEY, KWIETD ZNESEIC L, &b, TrkB HEH OERIIIEICO W

T, ARFSCOH M FICCRER

L&) 48 (3 Scheme 8 DIEMCTHK L7z, FA 7 =/ — A2 HEWEHE LT, LEW1 D
AL FRRDFERETAL T 4 VLAY 47 2187-D b BILKISIC X o TALEF > MU

Yy 48 B 1547-,

S
©/SH i CN (”) S\)J\NH2

50

00 S
\N\ 7/ \
(|||) S\/< (|v) S\/<\N

NH NH

Scheme 8. L&Y 48 @/ﬁ\ﬂiﬁf%

Reagents and conditions: (i) bromoacetonitrile (1.2 eq.), K2COs3 (2.0 eq.), acetone, rt, 5 h, quant.;
(i1) thioacetamide (1.5 eq.), 4 M HCl, DMF, 1,4-dioxane, reflux, 23 h, yield 3.9%; (iii) compound 15,
EtOH, DMF, reflux, 19 h, yield 75%; (iv) mCPBA (4.0 eq.), DCM, 0 °C, 14.5 h, yield 42%.
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H L 72tEY) 48 1Z. MBL BHEEEII RS b o2d DD, BRI KESHER T
720 ZD7=®, MBL BHEEHICHS T 2LEY 22 i EORARHEZ X — R & LT, Al
Y e BUKTEORSE 2B A4 5 2 & C. MBL FHEEM: L IS EA I, CZ 3 L #2 T

5 69, 70O

Table 6. {244 46 — 48 D MBL FHETGYE (in vitro)

ICso (M)
Compounds
IMP-1 NDM-1
46 >100 >100
47 >100 >100
48 >100 >100

1L.3.3.%E : i AF %Z B L 7z K-Ras G12D [REF|~D LA

Ras |X. #fOIENERE D 2 % v ¥ 7B TH Y | K-Ras, N-Ras, H-Ras 23f£fET % 7174, 7o
Tb. K-Ras BT OERIL, FIESABED 5% LIcZ®» bh T3, YHFFEE T,
U A FI DBHFE % HiE L 72 K-Ras G12D R EAKHHEA DERRIT LD b T d, X2 Y
—=vI7HABIcBWT, tEY 22g e v MEEW L L CHIE X L7z, BIFE, (L&Y 22g &

K-Ras G12D Z BAK D it S REE DRI, 70 b NICEEF O ER B UL ECHED LTV 5,

1.4. /NG

FEFNMNPERE O TR 25 Sk 13, R TR EFHETDH 5, AWIFETIE, TR B-7
7 X LFYREE RS 2R THL, AXxuB-T 7 23x—¥MBLZHET LAY %
AL 7z,

TR ROz vy MLEY 1a 13, DFHIC6-7 7 X LERZ R0, X ki i i

MBLUOMD Yol —vavoiiRsrs, {LEY) 1a ld MBL OERIER CS-7 7 £ LB
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DFR L. MBLIEWHO O Zn? ickiG L CHEFAZ R T & HE 2 72, $72. Y5t ol
HICBIF L 72 Orientation 70 277 L2z by vy iab—vaviito, L&Y
1a (ZFEANME DT IMP-1 ZEARICHIIGTE 2 2 LRB S L7z,

L&Y 1a % ABC @ 3 fHIKIC . 22 W oK OEREL Z 77 - 7, C D
NYEVERAIAIC I FVEZEAL 22LEY 1 T MBL HEE ML E L, J§EEDR S
BFHGEOBERENGHTH 2 L DHMAZG/- BHIBDOF 7 V- A BREHE=HRT I VI
Bl N A EEA L 72LEY) 17a T MBL HEEEN A L U 72 GHEEREHC X 0,
fbEY 17a 2 RZ L 72L& 22a & 22b (3. X 50 MBL FHEEM 2 M E L 72, (L&Y 22b
& IMP-1 AR D X MG ERIT OFG R, LAY 2b DY 7 u~F oL p- X F L7
=/ ¥ VD IMP-1 & BUKMAHAAER 2L TW 2 2 &b o7z,

T 72, BUS L 2 LB ISR MR W 2 & ST H Y B SGE T 2 -0 o
WE#IT > 720 LAY 1a D IMP-1 fEAHEE IC BT, ABHENCALE S 2 = — F A ERAT % %
AR F Y FICEIR L 72LEY) 48 13, AR E L7225, MBL BEEEZ R & b o 7z,

AWFFEIC BT, RBEF7% MBL EFWEMEZ R 3LAY 220 2G5 7z, (LAYID A T
SIS REL T 2 RMAH Y. . BFEOWE L VO BEEEA TS, S

X, LAY 22b DIEEE R —RITE L 73 BRBEWE D T
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=

AVINZIVFYANRIBERZEN & L 758 PANFHER| DR

IL 1.EHR p.41
LI.I.AvIrzvy¥+Fuf LR
mL1.1.1. f v7rzv¥
IL1. 1. 2. BFFEDHIA v 7 v v F 7 4 L =3
IL1.1.3.CEN| ¥ v v 7kt v F X7 L7 — Gtk
I1.1. 2. PAN FHEAI DR
IL1.2. 1. BEAI© PAN BHEFAI
[L1.2.2.BXM | 2SE FH L« LR F L
IL1. 3. YHFREIC BT 5 PAN FHEA O BRI
IL1.3. 1. ey MEAYIOR 27 ) —= v 75K
I.1.3.2. & v MEAYI & PAN DAEAERfEHT
I1.1. 3. 3. {L&Y) S1a DERSFEIE O PAN FHE G

IL1.3. 4. /L&Y 51a OGRS
IL 2. B & 75iE p.53

1m.2. 1. HWY
I1.2. 2. 751 + WEIE S O BRI

L3R LER p.54

IL3. 1 G A - HERMEDME
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I1.3. 2. Orientation 7' v 7" L % F\» 7= TR ET

I1.3. 3. (b &Y DExGE!

I1.3. 4. PAN FHEAI D G 1K
I.3.4.1. 77 V' = LAY 64 DETK
1.3.4.2. } V7V —=ALEW) 65 DEK
1.3.4.3. } V7 V= ALEY) 66 DEIK

.3.4.4. XX B 7V —ALEY) 67 DETK

IL. 4. /N&
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IL1. &8

IL11LAYILZVHFIALNLR
IL ..LL.A Y7/

AVINZIVHFIF, A VILIZVF T AN ZADEPEIC L Y FRIET 2 AFlkaEE ch
D, AFICHITT 5 7% 38 °C MU L oFe-CuiiE. BAER. MR & v o ZZsEiERichn 2
DI APt Ke CREEHERS e R oz, 1 1AM ORE TR 5 25, Gl
FHIZEEALHCD Y 22755, NECRPHERPLEMER LT 2 Y X7 &EE 5,

AVINZVFIANLRE, ANV ITZVTANABHCET 2 RNA VAV ATH D
(Figure 19)7%, HUHEDE XY A, B, C D 3 Blicpfsn, dcd AN R RFUT Y 7
v I EGIREREITOIR, ATAVINZVFIANRTHSE, ATf v Irz vy A
VAE, VANAREICHIET VRO X v N0 EThH L~V F =V (HA)L /A4
7 I X —ENA)DENIC X Y, HA HiR(HI - H16) & NA HiBRI(NT - NIl 2> < & L

A 77, 780

Figure 19. f ¥ 7 VT V¥ v 4 Vv 2 DEFBEMEEK 7
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AVvINT Yy FREHERAT YT Iy 725 g T, HIF 1918 F0“R<_ S v
FAMHIND ICIRE Y, 1968 FEDFHEAL v 7 LT v HF(A/H3N2), 1977 SED VE# A v 7L
I V2009 FEDWHW B W4 v 7 v v (A/HINIpdm) 72 & &2 NEITRERL T & 72,
WD A v Iz v FyANZBER L, REER A2 ~DREREMPIERT 5 2 & T,
INHLDRYT Iy IPEIERIINDE EFEDNT WS, BFFOHIY A N RFIC T 3EH Y
PAERRAHBLL TW 3720, ROV T 1y 71fii 2 FHERET 263 2 a5EE O

KBBBETH D, AV ILIVHFT AN ZDOHE A 71 = X 1% LA T <78 3 (Figure 20)7,

i W& UANARST AT = V(HA)IC K > TEEMEOFmICKE L, HA 3k
HORE R v 7 EYMERy D T VBRI L G T 5,

i, BA W WAL AA R, fil@o v P94 b=y Rk o THIRERNIC HARIC
WMyrEnsd, oL &, AFVFrAnLBDO M2 X VX7 EHRY 4 v ZANEIC H AT
B, VANZTOMEEEE LT3 LT, vANZAEEREEL T 5 2 v BEABIEI
%,

iii. 8 MR SO S 72 Y R R o VB IIENICE T L. 7 4 VA RNA DHREC
X %2 mRNA &L, 74 VAT 2 RNA (VRNA)DEBL SR 42 1cfThbh 3,

iv. B RS - BEAL 20 A LRI, 74 7 I =X —ENABHIleE OB %Z > 7 v

BRI CUI Y B C &, MRSt T s,
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B ﬁ%ﬂe—- .Q
x | (o
B —

57 LRNAOHS |——— el e
W

| memmm | | cevmmm | @

Figure 20. /1 Y 7V VHFTANZRD T A T7H A 7V ERIZEX =7y b CCHk 80 ICFEHEH D
X% 2028 L)

IL 1.1.2. BEOH A v IANT v FT 4 L 2K

HACEKRBRFTZ I N T BHA4 v 7z v ¥ 7 4 v 23 % Figure 21 IC/R L 72,

~ VT =V HA)RE EMEORmICEE 7 N-T2F v/ 47 I VE(NANA) % 72
kL CTHEA T 5 DT, NANA IZBl72 0 F 23St HA FHEFNICR Y 5 2203, REZFFEI N
TWiala,

AT I X —¥NAZHEST 2 2 & TREMNED O v A VARBHI I N 725 DT,
BIEABVIED 52N TE D, HRTEBEINTLEHA v IL TV FI AL RIEDS
CIXINAPHEHITH 2, ¥ I e iPkiEtErm <, IBERY BB TE AnizoRO#%5 T
EhVS, ez I e dBoktEEm EX e 2RI TH Y BT XIS W
. FEHIMEZ RS i S 3,

M2 2V X7 ERHET 2L TYAARIEGR L 720D, vRNA 238 EMIZICA S 7
Vo ABIA v I LI v O M2 BHEANICT ~ v 2 Y VB 20, EERITLTCWwE 4 v 7L

IVHFDIREALR TV VIMETH 2720, 3L AEHHI TR 828,
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(a)

(b) NA inhibitors

HO,C OH CO,H CO,Et
OH J\JI\I-| OH Et
HO Y OH HoN H Y OH HoN Y O)\Et
NH NH NH
Ac” OH Ac” OH Ac”
NANA Zanamivir Oseltamivir
(N-acetylneuraminic acid)
CO,H
)NJ\H CO,H
=z
HoN H OH NH O OH o !
N B HNTONTTN nriep
Ac Et Ac/NH OMe (0]
Peramivir Laninamivir

(c) M2 inhibitor (d) RdRp inhibitor

NH, o
F N
T
~
N~ "OH
Amantadine Favipiravir

Figure 21. (a) NANA Df#idE. (b,c,d) HRTHERIN TV EHA v 7 r v HF 7 [ L R3E

IL 1.1.3.CEN| ¥~ v 7KL v FX 27 L7 —¥iEHE

AVINZVFTANADYT 7 L(VRNA)IZ, 8 RicHHifb I niz—4RE RNA TH 5,
RNA AIC BT 2 HARL =y I TH % vRNP HAEK(VRNP; viral ribonucleoprotein complex)
2. RNA K77 RNA RV X7 —¥RdARp)& X 7 LA F ¥ 7> F X Vv S ZENP)BFES L
T\ % (Figure 22a), & 512, vRNP #HAAD RdRp #EH (%, PBI, PB2,PA ® 3 DD ¥ 72 =
v b2 HIERK & L5 (Figure 22b), PB1 ¥+ 7 2= } @ N KU#IC PA 7 2= F ® C K
23, PBl 7 2=v b® CKIfHiC PB2 ¥ 7 2=y b D N K2 fiE L CT»b, RdRp fHE
Ale LTz e e bifidnis, BIfEA & LTRSS U | fhoinisEos e
T 23R A T GG O B OFHERICIR 5 LT 5 (Figure 21d)%%,

AVINZIVFTANRIE, HETRNAAREZIT) Z &8 CTE S, 15 EMEH chdhid z
fTO0ENRDH 5, RARp D PB2 ¥ 7 2=y F BEEDRBIA RNA O S KiGich s * v v 7

Mg %R L. WA T2, 20%. PAV 722y DN KIHPANBZ Y FX 27 L7 —Eih
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PEICX D F vy 7HEERYIVEEL, Ul S 2% v v 7HiEIX mRNA KO 70D 77 4
~—& LTCPBlI ¥ 7=2=v MIHIF XN 5 Figure 22¢)%> %, Z DRI “F v v 7+ ZF v
FUITEMMREN, PAY T2y bOZ VY KX LT =g, Fr v FRkEHEZ VB
X 7 L7 —EEPE(CEN; Cap-dependent Endonuclease) & S 4%, CEN 34 v 7 Lz v #y
AN ZDTRYFERIE CIREMEE . £72. e M PAY 7 2=y FMICHET 328G T2~

W=D, PAVT2=y PB4 VLD Vv FIAAREOER L L CHYETH B,

s (c)
" PA-enda® 3 PA
Ak v =
s Cap Ngo
Human’s

mRNA
Tracscription

Figure 22. (a) VRNP D& ¥7. (b) RdRp DfEE %8, (¢) ¥ ¥ v 7+ A F v F v 7oK

II. 1.2. PAN FHEA D BER

IL 1.2.1. BEA1D PANFHEHA]

BE. % @ 70— 728 PAN FHEARIOFHFEIFFCICHLY #lA CTW %, Cohen 5D 7N —7
. AxvT v A LIHERT /N TFD T4 77 2L 7= (Figure 23)®, 7477
DOHFICIF, 3 DD FuF A ET I la— LAl BEaENTnDE, NSWHT(7
FUAY MEEBDVICY — VLAY 2 ¥K 5. FBDD (Fragment-based Drug Design) i 5t
D7z PANFHER OBRR BT, ) — FLEMDETG X 1Lz 9%, CD/NyF7 477
%72 MBL [HEFIOERMFE b TN TE Y, Axux vy 4 LHERIOBFK, v

IR 2 Vo 7 GGG T ¥ 2 a[REME R S vz VT,
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Me COZH
L CCO
0N S0 HO OH NN
OH OH OH O OH OH HN _N
7
Credille-1 Credille-8 Credille-9
p|C50 =48 p|C50 <4 pleo =54
CF;
OH | R HNX
HO OH HO OH HO N/ OH N o
O OH O OH O (e} (o} OH OH
Credille-10 Credille-12 Credille-13 Credille-23
plCso = 4.9 plCs0 < 3.3 plCsp < 3.3 plCso=10.3
Me
HN™ ™
2 N7 O NS0 HO OH
OH OH OH OH OH
Credille-14 Credille-17 Credille-31
pleo =6.6 pIC50 =7.8 p|C50 =58

Figure 23. Cohen b D L 72 PAN L AT 2/ T 74 77 Y ©—ffil & PANFHEFHAI

IL 1.2.2.BXM | e FH LN -2 rRFn

2019 4, HEFERREED O PANHEERZ AT 24 v 7 v F v 4 L a3 L L <,
AR FHEN - VAR FIIUBXM 5 Bt V70— F)0 i X 7z (Figure 24a)%% 9% 9%,
BXM 7w FZ v 7 ThHh, X bForhri=nmFs X FLECH,O0COCH:) ki TN
o ¥ EAFRBXA) L 72 D PANIETEHL O Mn? A o v LA T 5,

BXM OFFICH 720, HHEHIEI VLT /7 e CERBL A Xz vy ¥4 LH
EHK|D ) 7~y &G L 72 (Figure 24b), HIV-1 4 ¥ 7 277 — ¥ 13, MiEEHD 2 K7 4 v
A DNA % fE EAlIED DNA ICH AT 2EETH Y, WGt ic 2 o0 Mg F3 2 A 40
IVHFALTHL, PAT TN WEEFLD 200 Mgt ¥ L — b L CEERNICE

B % 10007,
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(a) PAy inhibitor (b) HIV-1 integrase inhibitor
F F

O O._OCO,CH; o) @z @ Me O @i @

BXM; Baloxavir marboxyl BXA; Baloxavir acid Dolutegravir

Figure 24. (a) U ¥ HF E AL R F AL DOREE. (b) AT 277 LD,

B L WIERBT T2 iR U072 BXM TH 528, BXM BZMWEBSMET L4 v 7rz v
T ANV ZREDHRE ST B 10810, S X 7z A VAR 2 T o728 TAH PAY T
2=y biCEITDE 38 FHOA VAV Y BALA = VICEEERD 572 138T ZEAED L
7= (Figure 25), I38T A% (X A/HINI 3 XU A/H3N2 VA L RICBE W TR D KE AR EZR
L. ECso {2549 30-50 f5 LA L7z, 4 Vv aA v vRRALF = VICERINZZ LT, BXA
& PAN DEMZSIR Y | AEABAIEMET L2 EZONS, /-, BFARL BSM AR D
R I N7, BXM BEZE~DFEII/N S odz, EHIC, BRIV IZIALZVF T A LR
T, BT ARIC L 2 BXM EZMEDOE T, AMA VY7L Z Vv F 0 A L RITHRT/NE 2
27,

BUE 9172 72 PANPHLE A D BAFE D 72 0 12 . BXM DREENE % 1T - 7202 0 b & 5 25,
BXM %z 2 HEIEMEZ IR L 72 D37\, FEAIMEZ RIS D WG TE 5. PAN FHEHA

DFEIET N T W B,
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p A / \
Figure 25. PAN IEMESALIC 3517 2 BXA DAEGHEE. (a) PAWT & BXA DfiatiE (PDB#
6FS6). (b) PA/I3ST & BXA Diffi&i#iE (PDB#; 6FD7).

IL 1.3. 2607 : YRR i1 BT 3 PANFHER| D IERTFE

IL 1.3.1. 22 ) —=v 7HERIC X 5 v v MLEYDOEER
WHFREDARBNIC X o T PANHETE 2 R TLEYD 2 7 ) — = v 7R EE2R T bz 5L

2, BEECHRIF I N Tz 410 DILEWI T4 77 U 27z invitro 227 ) —= v 773K
Bick v, 3 oofba&E it L 72 (Figure 26a), £ D 5 5, BK-0109 & BK-0110 (v v i'm
— A EE%R A LTz, Cohen 5D A —7HHEE L 72 MBP 74 77 Vicdh, PAy EHHA
T2 7972V ATl —1 e ZzEUtEYRETNT VL, ZDT
¥, BK-0109 & BK-0110 @ &' 1 47 a1 — LE{7 A3 PAN TG L O M2t EAHAEAERH L T3 &
RBINT, £72, AV IALIVYHFY AL ZAD PAY ¥ HIV-1 OHEERHZL L, vaio
—VEKEAET 2 A2 vy 4 AHERIIPEC W o225 Y BK-0109 & BK-0110

b PANPHERI O LR L5 178 % L HIFF T % 72 (Figure 26b)!11-113,
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OH

(a)
o oOH "
OOQKCEOH N - CEOH
F OH NO, OH

51a (BK-0109) Cl 52 (BK-0110) 53 (BK-0116)
IC59 =9.7 uM IC50 = 63.3 uM IC50 = 8.3 uM
(b) Influenza virus PAy inhibitor (c) HIV-1 RNase H inhibitor
i;* S 1;*
Carcelli-23 IA-6 NH2

Figure 26. (a) Rif7 PANPHEEW 2R L 723 {Eé%@%ﬁ SL(b,c) ¥mTu—iEiEEE
FT2EHD A 2 u Ty ¥4 LFHER] D).

fe T, 3MLAYID invitro ICH T 2 ICsofHEDFEH &, HL v A VR IEWERIC X 5 ECso i
& CCso EDEH % 4T 5 72 (Table 7)o % DFEHE., BK-0109 %t v MLAEY) 51a & LCHEL

770

Table 7. {L.&¥) 51a, 52, 53 D PAN FHE G 5!

Compounds ICsp (uM) ECso (uM) CCsp (M)
51a 9.68 +£1.19 11.8+2.27 >200
52 63.3+£5.72 11.5+1.13 74.1 £ 1.61
53 8.26+0.79 14.4 £ 3.85 >200

I. 1.3.2. & v MbLEY & PAN DB /ERIfENT
FEc k> TELNze v MEAY) BK-0109 & PAN EHAEKRD X ks RSN IC X b .

PANTEMER 7 v MiTid, 3 07 D{LEY) 51a BSFHET 5 Z & 23 D - 7= (Figure 27). 7§ A
e e— Ao 3 oD Fu ¥ iR PANIEMERLICH B 2 DD M2 4 4 v A
EHLCEYD, p-7 At 7 2 = FHH Arg84, Trp88. Phel05. Leul06 DIEZ K7 v kic

T W7z, 97 B D p-7 A+ v 7 = = v HEE Thr20, Tyr24, Glu26, Lys34. Ile38 23K
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TR v b EBUKMHAERZERL Tz 0T Cldp-7 A8 7 = = LEEH Vall22,
Argl24, Phel50, Trpl88. Phel91, Argl92. Glul95 THEK & L2 BUKMER T v MITHEL AD
AT W, pfCcovuia—A fiiich b3 o0 Fufsiorb 3icdbe ¥

o ¥ BT Gludl LAKREREGEERL Tz,

d Phe191
lle3s Molecule C
Lys34 X
= HO OH
‘(\,:>/ (o)
(0]

/ Molecule B
¢ o,
: X o
MoleculeA O o
(X=F)

= O. a0

Figure 27. PAx & BK-0109 D% 5 i#i& (PDB#; 4YYL)

30oDtAYIS1a T & PANDO MD & 2 2L — 3 v %fT - 7z(Figure 28), 100 ns D 3
2L —va v F AR e e = ERA 2 PANTETEF GO M2 & ORI AR % #EFF L
BelF 7o —FiCLp-7 A r 7 = = AVEL IR EEE D O DL ERKRE o7, 7T B D p-
A BT 2 L Tyr24 & OMBERZMERF L Tzl a v 73 XA —v a3 VK&
(EAtL LTz 37 C D p-7 A w7 2 ZAERTIE, Phel9l & D nn MHANEH % 2 ICHERE
L CTwz,

X HIZ, MM/GBSA EIC X W &40 F L PAN DREAHBT ANV F —AGuw ZRH Lz L Z
5. 33 FOHRTHT C & PANDRIAPRDLETH D, 771 A & PAN DEAINED T D K

W I & BTl X 4172 (Table 8).
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U EotER 2 S, (LAY S1a @ p-7 A48 7 2 = ATRALA PAN & DFEAICEETH % &

B I Nz,

Figure 28. L&) 51a & PAN OEAETICE T2 MD v L 2L —> 3 vHD{LEY) 51a D
HHEZAL 51 PANTEEF OO EEA A v % Mn2 5 Mg ICiEfa L T 3.

Table 8. MM/GBSA 512 & 0 BH L 7245 & B = 4 v ¥ =51
Molecules  AE,. (kcal/mol) AE, 4, (kcal/mol) AGy, (keal/mol) AGhina (kcal/mol)

A -17.209 £ 2.591 -27.195 £3.494 14.324 +£2.142 -30.080 £ 3.068
B -12.007 £ 5.748 -35.694 £5.735 12.871 + 3.945 -34.830 £ 5.453
C -21.142 £ 11.68 -36.227 £ 5.361 18.746 + 8.104 -38.623 +3.602

AEeie : VTV F-2 v ok B o8 EMEIEH T AV ¥ —, AEw : van der Waals HHE/EFH = A v ¥ —
AGsor * IRIERIFNRIC X 2 REN T AN T —, AGping * FEEHHT AL F —

IL 1.3.3.{t&Y) 51a DEFHEED PANHER K
Fewn T, YIFREDILRIC X > T, LAY Sla D OHEETH I v o —riksg &%
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DFER S5 BF L2 W, b 2{bAEPIE, PANIHEG %R L, PANTEMEH L D Mn2*
& DFEEDHETR X N7z (Figure 29), L&Y 54 L 5513k dbicvn o — GO 3 oD F

0¥ A 2 DD Mn?HTBCAL L T 7eds, BEET 2 WV R = VBB R o Tz,

N

CORERNS, vuhu — A PANHEEMICES L TWE LRSI 5 T,
(@) b)
O OH O OH
K@or-l cl \)‘\©io+|
OH OH
54 55 -

) ol
{c) g
[ s
IC50=9.1 uM ICs0 =13 uM X )

Figure 29. (a) (L&) 54 5 L U 55 OHEE. (b) (LA 54 O PAVKEEHEE. (o) fLE) 55
PA i Er IS

IL 1.3. 4. {LAY 51a DEEREHEE

WFRE RS L CBEIC X o T, (L&Y 51a DT A ICEH L 2 iEE 2 frbh
7= (Figure 30)147: 148, TG X N2 LAY DT, (LAY Sla D 7 A ulis 7 v v i@
L 72ft&%) 51b T PANFHEFIEED M L L7z, LA L. 7 A OB DORHEWZE Tk, PANIH
FEWEERRELSMEL o7 b, X0 R AEENELLETH B LIRK X

ntz,
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4 '
O OH
F OH

51a
ICso= 9.7 uM
. 7
O OH O OH
‘ /©/oyk©:0H y O/\Q/OQKCEOH
‘ e OH OH
o 51b 51c
/ |C§0 =5.0uM
A Me O OH O OH
N \)‘\@:OH N \XCEOH
o T
cl OH OH
51d 51e

Figure 30. 771 A I H L 72L& S1a OREERZE 147148

IL.2. B & A&

IL.2.1. H&

CHiRl PAN FHEAI ORI ZHIY & L CAMIE 2D 72, HIFEEICIH T 5 TR T
oz y MLAYORMERL 2T, PAVAEFEEOR LA S IC, Nefyer - <

R ¥ 2OV TR & 7n o 7o FAMEL BARICHIG T % 2 Y OFF % Hig L 72,

IL 2.2. 778 © & D g

by MeEYE PAN OFEERHERNT ORER 2 I, FHERIRNT & WG L 72 L& Paka! 7«
bic, {0 Gk & EERHEZ T v, ) — FEER%Z{To 7,

AENC X 21L& S1a & PAN D XSG MITE MD > 2 2L —va v, &bt
i & FRRIC X B RS DAE R . PANTETERNLICHAES 2501 A & C 25, PAx & DM
AFRICHFEG L TWRZEBHLPICR 572, 22T, BF A L COD, 2 20ETE %

Bouiiaoftamiz, X v PANEHEERT 2 L& 27,
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IL3. R EZFE

IL 3. 1.8 ERE : FEREEOMHE

WHFIEE O RMIC X - T, LAY 56 — 58 35 5 7z (Figure 31), 2 b DfbEPD T v
FX 7L 7 —¥HEENZ Table 9 1033, FoN07LEYWD 5 B, (LAY 56 & 58 13 PAx
HEEEEZ RS b ol 72, 2 00K FRY =L VG L 72{LEW 57Ta iZ v F X2
L7 —YHEEEZ RS ado72h, FROXR VY VERICA PR AFAE 2z T
WEALZLAYI 5Tb & 57c 3= v F X7 L7 —¥HEEEEZE L iz, LAY 57a 12
FHESEL . A TFRLERER 72720 Y FX 7L 7 —¥HEFEER RI Ao/ b
ExTze IO LAY ST iXe v MEAYI S1a X 0 b RIFAR ICs xR H L. (LAY 51a D
2 OD PANFEGEMIAZ ST e —F 03 TH b L d T, BE. (LEW ST 2~ —

L RRESE DS RIRIC L > TED b T 5,
O OH
OH
56
0]
Nipasy N space

57a:Rg = H

57b: Rg = OMe
57¢: Rg =

Figure 31. LAY 56 — 58 OffiE
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Table 9. L&Y 56 -58 D= v F X 27 L7 —¥HEEE
ZACSYEEE Ic 317 5 CEN FHEREM

Compounds ICso (uM)
20 pM 100 pM
51a + + 9.7
56 - - -
57a - - -
57b + + 27
57c + + 2.8
58 - - -

II. 3.2.Orientation 7' v 7" L%\ 7= FiEkREt

U v h— kg0 ECH 72 D . Orientation 71 27 J L x W= Fitgkat 2 1To72, Vv A
—fEL L TRV EVERZEAL, vudu—affEe p-ruu 7z = A fiE e S 70,
A ML, A XL TOME TROIZLEY) 59, 60, 61 DFFEE T L Z{ERK L 72 (Figure 32),
72, NVEVROEVFNEMETCH LT A7 2 vEBRE ) VA —EEICEAL LAY

62 L 63 DEtHEETALDIEKL 72,
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Sonasd &

clI” i
59 © o OoH
QJKEEIW
OH
61

60 Cl
O OH %{ O OH
SO OH o} OH
X
CI—@—O/\U \)K@ \_s A@:
OH
63

Figure 32. Fifatic W 72 LEY) 59 - 63 Dk

AutoDock Vina % Fil\» T{L &) & PAN DG EREED T T L %R L 72 D B | Orientation
a7 LR CEEREMGITE 2T o7z, H\> T, PAND B8T ZAREKL DO Fy v 7
Yial—vavbiToi, stEMEE Table 10 T35,

LAY 51a & PANVESTROREENT A D, vrA e — &L Mn>, Z7r8r 7 = vi
2% Phel9l & ZNZNMEAL T2 LHAREL 7228, Wi DAL TG ZTERL T2 Dk,
DIEPTHolz, L DA THMETNCT, p-7 v 7 2= 8L Phel9l OBUKMAMAAE
AR, vaia— il e M B HEER L CTw 3 €70, Phel9l EMHAMEHL
TWRETANID OV ole, TORERIE. BT S itk T 5. LAY 51a & PAND
HEBHBEI ANV F —OfTRERE —B L7z, £/, —HDET LTI, p-7rBw 7z =LK
T, Vvh—fEe L CEALZTERD, Pheldl &AL T,

ZNENDEYT 6 DDMAER—XDFEZITo 7225, ¥ riu— A& e Mn? O

HERBZ  ERTCE-DI3MLEY 59 L 62 THoT-o T2, BT LHEEZEALZZ LI
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X ofa A a7 oLt LEWS9 & 62 CHRIBE CTH -7, ULEDHIRLL, vuhn—
NERRLE p-7vm 7  ZAERLD 2 D% NEBERD 1(LL 447, HEWVIFABERD 1L 3
TG ISREED, BT PANIHEAORE L L THHTH % &R X 172 (Figure 33), /NE
BIGEZ AT LAY 59 [CHEIL 72, L&Y 57 &~ —RIC L sk 2 ki & -
THED LN TEHEY  RFFETE, Vv A= HERBEEZEAL T — FEREZTH C

Lt L7,
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Figure 33. (a) PAx & LAY 59-F — X 4 A THIFEE. (b) PAN & LAY 59-F — X 6 DA
THIHES. (c) PAN LA 62-K — X 4 DFEE T HINGE. (d) PAN L LEY) 62-F —X 6 DS
T IR .
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Table 10. Orientation 7' 12 7" 7 LZ X 3 FiffasT 0 5HEH R

Compounds Poses Interactions ? Binding Score

Phel91 Mn?* PA/WT PA/I38T
1 + + -25.041 -20.185
2 + + -24.115 -25.373
3 - + -20.982 -18.807
> 4 + + -29.495 -23.721
5 - + -25.581 -25.898
6 + ++ -23.635 -22.955
1 + - -22.073 -20.795
2 - - -20.880 -17.907
3 ++ - -24.244 -24.346
o0 4 - - -21.802 -20.852
5 - + -23.076 -22.261
6 ++ ++ -29.046 -23.025
1 ++ ++ -32.385 -29.455
2 + + -28.399 -27.601
3 ++ - -23.795 -21.759
o1 4 - + -22.386 -20.887
5 +b - -23.145 -22.747
6 + ++ -29.896 -23.893
1 - - -18.145 -18.490
2 - + -19.062 -17.357
3 + + -21.060 -20.111
62 4 ++ + -22.381 -23.842
5 + + -26.263 -22.151
6 ++ ++ -29.466 -23.007
1 - - -24.339 -22.925
2 ++ - -23.770 -22.263
3 - + -19.471 -17.646

63 4 +b + -23.347 -
5 + - -25.620 -25.794
6 ++ ++ -27.365 -21.746

(@) -IIHEFRZ L. +3HEEER S 9+ LAY Sla oSG LR WHAFH 2R T,
(b) Vv Hh—IRLDFHEEEE Phel9l BHHEIEH L T/,
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IL. 3.3.{t & D&

HTERZAETMEE LT, LAY 64 — 67 % i%ET L 7=(Figure 34), L&Y 64 i3 MBL FH
EH 4 DAY 15. LAY 65 — 67 1% TrkB FHEAI DML AY) 2a DREE 7 ZIGH L
Too UMRETIT o> TV B ZNZNDIFE T —~ Z BT CIT 5 & & T, 2R %

EITC&E 5 LEZT-,

OH
[ )/O\[ Linker ‘,/YQ:OH
cl

MBL inhibitor

S
(ONg OH
[ j N S
\
3 \%14 /©/O\/< ;}\ O/\[(Q[OH
1j o] cl 64 o OH

TrkB inhibitor (neuroblastoma)

N-N OMe N-N
]\
[)/ N s/\n/N\© F QO\AN*S OH
: ' O OH
N ¢ cl NHz g5

“ @ 2a

OH
N-N
I\
; /©/O\/<O)\SKH/©[OH
Cl 67 © OH

Figure 34. LAY 64 — 67 OIS & FEIEE O #RIG

IL. 3.4. PAN FHEA D A BL

Fit L 2L EWEE D A& AL IL. Scheme 9 DRRIE THED 72, v u o — Xt L. Friedel-Grafts
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FIGIC X LAY ss #BUS L 7=Db. 320 FuF o iir A b F 2 2 F L H(-MOM) T
i L CHIEKA 68 %1572,
fLat 68 D&aMiIchHi ., HWOLBERMGEZH I 2 HIEZ G L, SN2 KIGITHE <

MOM EDWifRFESIGIC X Y, KEt LB 2G5 2 L 2F 27,

OMOM OH OH
(ii) (i)
[ /ﬁ/@:omom mﬁ(@w @[OH
O OMOM O OH OH
68 55 (BK-0751) pyrogallol

OH
cl
i) SN2 reaction ° Y/\[(@OH
D Sn ' N O OH

ii) Deprotect of MOM groups
64 - 67

Scheme 9. FTHULEY) DA BGEHE 7 H UNIC HTELE 68 D AKX
Reagents and conditions: (i) chloroacetyl chloride (1.7 eq.), AICl3 (3.0 eq.), CS2, rt, 2 h, yield 31%;
MOMCI (4.0 eq.), NaCl (8.5 eq.), DIPEA (4.0 eq.), MeCN, 0 °C to rt, 17 h, yield 84%.

IL 3.4.1. 7 V= LAY 64 DERK

LAY 64 DAL, (LAY 1j D& EIEIC L 725K Tt 3 Z & %% 2 72(Scheme 10),

FAT I MMLEY 14) 26 F T V= LEW e AT 5 KGR, ETHHERTE hd o 7z,
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S

/©/OH i) /©/O\/CN (ii) /©/O\)J\NH2
Cl Cl Cl

p-chlorophenol 13j 14

OMe
s& s—& X“{(])/

O\/QN OH =comeen OVQ\N OMe
(X = -Cl, -Br, -SH)
Cl Cl

Scheme 10. 57 V' — W LEY) 64 DK
Reagents and conditions: (i) bromoacetonitrile (1.2 eq.), K»COs3 (2.0 eq.), acetone, rt, 5 h, yield 91%;
(i1) thioacetamide (1.5 eq.), 4 M HCI, DMF, 1,4-dioxane, 100 °C, 28 h, yield 20%.

IRATNERCTALEY 14) O F 7 V= AVBEACRISIET L 752 o 72 720 JlO#ERETD
AR ERB T, (LEW 14 I L, 14V 7T 0ET RV 23-VF VY EHWTF T V=L
) 69 % &1k L 72(Scheme 11a), JBEITH 3 1,4-¥ 7 ue 72 v23-VF v 482z 5 C
& T ZBRILAM DA ERI T, LAY 69 1Tk L. Baeyer-Villiger FEILIKE & i TR T
NDKDERIGICT XY HOLAEY 11 Ol 2l A 7223 ARG O = X 7 (b
Y170 @ HHEE % HERR T & 7z,

72, ALLALAY j otk TcH 2= Vb 13 cxtL, 427V a—n
BBrHWCTTF TV —MEEY T 2155 RISZRA 0, HIW AR5 2 enTc&ah ol

(Scheme 11b),
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o}
14j 69
S o}
\
QOV@NKOJVE“
cl
(B) 0 S 70
O._CN (v) HS\)kOH : /O\/Q\NB\OH (iii)
cl” : [N.D.] cl [N.D.]
13 71

Scheme 11. & HfEA 71 D &AL

Reagents and conditions; (i) 1,4-dibromobutane-2,3-dione (1.0 eq.), EtOH, reflux, 2 h, yield 33%;
(i1) mCPBA (2.4 eq.), NaHCOs3 (4.0 eq.), DCM, 0 °C to rt, 1 d; (iii) 10% KOH, MeOH, rt;

(iv) mercaptoacetic acid (1.0 eq.), pyridine (0.25 eq.), reflux, 2 h.

IL 3.4.2. Y U 7V —2ALEY) 65 DERK

U T = AL B 65 DA E 1T o 72(Scheme 12), JREHC p-7 w7 27 — A% H v
Ty AFAIZZATFAMCEM 13 %1570 b, & F 79y —KHW % 72K R G
Xb., 7P FZYMMELAEY 14 2GR L 72, i<, ZifbkFEZHTLaY 75 %
f7z0b, e FIVVYERWTT I/ PIT V=M LAEM 16 &K L7-. 7 I/ E% Boc
HCRET 2 IGE T o728, BNOLEY 77 2T 2 2 L B3 CE b o7z, {LAED
77T DA EZER L 7-D B 1, LAY 68 & D S\2 KIEERITW»., 2Dk, BEEIFET T
MOM %t & Boc % FIRFICHfRE L CHMO MV 7V = bEaW 65 232 2L %E 2T

%o
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Cl

(0]
/©/OH (i) /©/O¢0Me (ii) O\)LN,NHZ
—_— —_— H —_—
Cl Cl
3

p-chlorophenol 7 74

(iii)

N-N o)
. H
oA 3 (iv) o M N__sk
— e T
Cl NH, Cl
76 75
N-N N-N OH
(v) I\ R
R e
IN. D.]
cl NHBoc cl NH, O OH
77 65

Scheme 12. + VU 7 — L ALEY) 65 D EK

Reagents and conditions: (i) methyl bromoacetate (1.2 eq.), K2COs (2.0 eq.), acetone, 1t, 27 h, yield
99%; (ii) Ho2N-NH2*H>O (1.0 eq.), MeOH, rt, 17 h, yield 64%; (iii) CS2 (2.0 eq.), KOH (1.5 eq.),
EtOH, 45 °C, 10 h, yield 93%; (iv) Ho2N-NH2*H>O (2.0 eq.), H20, reflux, 13 h, yield 68%;

(v) Boc2O (1.2 eq.), NEt3 (1.5 eq.), DCM, tt.

IL 3.4.3. F U 7V —2ALEY) 66 DEEX

U T =LA 66 DAL, (LAY 65 DA KHEIA 76 % FH > THT - 72(Scheme
13), L& 76 1Tk L, BEMESME T ol T 2 LG %ETTS C & T, {LEaW 79 D& E R

AT, KOG RINEERFL B TE b o T,

N—N N—N
(A 6 M HCI (R
O\/(N)\SH O\/QH)\SH ---------- > 66
! H,0, EtOH
/E j NH 20, /E j
Cl 2 rt, overnight Cl
76 [trace] 79

Scheme 13. } U 7 V' — 1 ALEY) 66 D E K

L&MW 19 OHEHIE, 4-7 v v 7 = % UBFIE@-CPA) & F4 & I ALY FEHWTT

5 Z & ZMET L T % (Scheme 14),
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o H

N—-N
[\
oty —— e
Cl S Cl
79

4-CPA thiosemicarbazide

Scheme 14. F U 7 V' — ALEY) 66 DR L 7= & BGETHH]

IL 3.4.4. X3 YT V= {tLEY 67 DERK

T YT V=LAV 67 DEKIE. (LAY 65 B XV 66 DAMTRIATH 2T & +
v 7Y MLEY 74 % T o 72(Scheme 15), 7+t b b F 7 FLEY 74 13 L T,
L& 75 O % Pk e LTRIBL, X927 V= ALetd) 81 21572, i<, b

B 68 & 81 - SN2 G % (T2 7205, MIGDETEHERTE nd o 7=,

o o)
- H
(i)
o\/)LN,Nj(SK o M NH,
Ho T H
cl c
75 74
NN
o 1\
\“/QO SH OMOM
(i) NN
c e o A /\S OMOM - = 67
g O OMOM
OMOM 82
cl OMOM
O OMOM

68
Scheme 15. L&Y 67 DA K
Reagents and conditions: (i) CSz (2.0 eq.), KOH (1.5 eq.), EtOH, 45 °C, 10 h; 1 M HCI, yield 16%;
(i) NaH (1.0 eq.), Nal (1.0 eq.), THF, reflux.
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1.4, /NE

AVINIYFTANRDOR T 5 MR RTITICH A FHEREZHE ST 20 E1H
5, AT, A Vv IALZVFTANLZADRNAGKICEDZ 2 v 0 ETHS, PAY
7 2= v F D N Ki(PAN % FHE 3 2 Hiiilt &a¥ 2 &Gt L 72,

TATR TR O Nz ey MUEY 51a (X, PANTEMESRGZIC 3 72 EA L TEB Y, T
Aovuoiu—nLEfiie, 0FCOp-7rtn 7 = = VEAD, PANHEEMEICEHFSG L C
W5,

AIFE TR, 2 D2OREEHNLZ Y v H — CTROERED(L AW A X b iR PANBHETEN:
ZIRTEE R, vy MUEY) S1a DEEBKIAETH 2{LAEY) 57¢ T PANHETE M A L
A2 BCEEBIERTH 2 LIRBI NIz, Hitl T, SiFEECHFEI N
Orientation 712 7" 7 L W7 Mafic X 0, 2 DDA 2275 ) v A —ICiZHER
WERHERTH S LRI Nz, I HIc, AERNED ) v 1—%6T 2{Lawix. BifE
M L 7o T 2 EAIMEZ RIS TE 2 &Pl i, 22T, HIFEET
fTbh T\ MBL FHEAL. 7 & N TrkB FHEAI O BRI 15 & 1Lz L&Y D IE % G
ML, HEREEZET 2 4 D&M ZKE L 7z, S&ITEKEN L L&A % 1T

W, FTH PANFHEA ORI 2 HIE T,
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=

INRDSAIRERZ BN L L 72853 TrkB FHEH 0 %R

L 1.EHR p.68

ML 1. 1. ff 2
L 1. 1.1 R IC D » T
11 1.1.2. TrkB & BDNF
I 1. 1. 3. TrkB & ##R2FE
M1 1. 2. PR ZERE TR
ML 1. 3. 45T« UIFREIC BT 5 TrkB FHEH O GRS
1L 1.3. 1. TekB FHE LGV O X 7 ) — = v 73R
I 1.3.2. & v MEAY) 2a OREERENT

1. 1. 3. 3. Jef7tgeic B 2{LEY) 2a DFEENE

L 2. B/ & T3 p.74

L 3. R ER p.74
1L 3. 1. FHUL AV O %G 72 © N & RIS
111 3. 2. fL &%) 2b DR A

1. 3. 3. /L &%) 2d DREERZE

IIL 4./NE p.78
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1. s

I 1. 1. f#R 5 E

L1 1. 1. fEFE IO W T

FFE 2 E (neuroblastoma; NB) (%, i i K\ CTHWWNRDOETEA TH 2 14115, 1
ficKR T 2 KBEHORTELLRAEMIEL, S RET L LELLNTHS, &k 1 FLUAIC
BEIND DIk, BRIGEHT 22 eA%0n, Ak | F2BELEED 5 FEFRIT
50%LA T TH Y, NEETE2RAOHCRD THROBEWEETH 2 16120, PERARDEHT

IZ. MYCN 728 A8 T OIER, 1p36 & 11q RfkoRiBLREBR LN S,

IL1.1.2. TrkB & BDNF

Jixd E % SR 22 Kl F-(BDNF; brain-derived neurotrophic factor) (3 il 1 35\ > C 8 52 7o pifE IR 1
THh Y. MR E T (NGF; nerve growth factor) ICHt W CH R Iz 21, 2ok, H3-H4
D=a—m 7477 IY—&LTNT3 & NT-4 23 [HE X472, BDNF IF 112 7 I/
BRI LR 50 TR 13.5kDa DR Y RTFFTHY, ST _BEEZERL CAEIEH%
9o BDNF [T HFEMIAC D A7 DHERF Lo LFFE., & F T RIEM 7R & OE] % . BDNF ICFF
B RZHEAETH 5 F vk 4y vZERF F — ¥ B(TrkB; Tropomyosin receptor kinase /
Ty re—=CHENMLTT I,

Trk 77 ) — 3RO E L HFFICEEZKEI ZHoTw Ty V¥ S —E¥RH
KTH Y, NGF ICFFE 7 TrkA. BDNF & NT-4/5 ICFFERM 72 TrkB, NT-3 ICFF 82197 TrkC
TIN5,

Figure 35 12, BDNF/TrkB ¥ 7" F Vigig O IE X % 78 L 7z, BDNF 25 TrkB IS &35 &
RAFR Y N— Cy (PLC)AEML I, 4 7 P =N 145-Z) VEEIP LV T o)

£ — DAG BERKEN S, ZHITXk Y., TRPC3/6 F % F %A L CHilgsts 77 F Al
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¥F—¥ ERK & ANV T LANEY 2 ) VIKEEEX VX7 E 5 —+% CaMKIV 2857EEAL

S, HE< CREB WEGREM OTEHE(LAS Akt fR7FVERERS & A0 L CHMEAINE 0 2t 17 2 ST

A 122-1240

TRPC3/6

o W @3
(b) \[ Neuronal survival ],_/

Figure 35. (a) BDNF & TrkB O #4rE 7 /L. (b) BDNF/TrkB & 2" F /U ARER 6 O BEIE 1.

fa

I11. 1. 3. TrkB & ffR3EE

HWRFEED 5 b, FHREF 2D DT TrkA 2SBFFEHEL THY, TEARLbDITI
TrkB 25BN FILL T 3, BfTHFFEIC B T, TrkB %I FEIH & 8 7= SR Al e e ok o
Mtk z <7 RIS L 72 & 2 2, 2ICiS 2 K L, SR 7 HNIceTo~y
ABFHC L VI MEDRD B 15, 2070, TrkB R & L7230, Wi E o 165

e LTHFEINTE I,
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I 1.2. fREF G

Figure 36 12, BEAID Trk FHER OMGEZ T3, 5B 1 A0 Tk HEAIE LT, Fm b L2
FoTEIX ML FTBERTHERAI R TWE A, Thbid7 I/ BARIC X 2 3-H
it 2SFEIRE & 72 > T\ B 126127 55 0 R Trk PHER & L TRt D2 ) bL 27 F =7,
LA FL 7 F=70F, WL O OFEFIMPEZ R ICHIG L 7225, REFRL TWianZERd H
% 128, AL DS Trk @l AMINE 2 FHE 3% CH7057288 %K L 72, CH7057288 1&7 = L
7 F =7 CRIEL 5o TWZRITHIG L, CYP3A4 FFE O L Tur 5 129130,

INHOHEANL, WD Trk OMIEANF > —+¥ F A4 VIHET 2720, MiRETO®R
Bk b, MORWERABAE LR T kb, 2070, MIESAIE S 2 TrkB © BDNF
FEARFAL v ERERE Lz, KOEECHREIEONIH LIS AKIOBRS KD b

w3,

(a)

O HN
Larotrectinib Entrectinib O

(b) (€)

H
sC
NH NH
N aad
. _N . _N  CHj

Selitrectinib Repotrectinib CH7057288

Figure 36. JEA1D Trk [HEH DS (a) 55 1 {8 TrkB BHEH. (b) 26 2 AR TrkB FHEHA.
(c) CH7057288 D itk
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IIL. 1.3.264THF5S « MR Eic 1) 3 TrkB FREF| O ERHFE

MIL.1.3. 1. TrkB [HELEYO R 7 V) —= v Bk

FATRICB TR 2 ) —= v 7EllEndfThb i, TrkB BHEEM 2R3 7 > oEflLEeEy
A-G BEE I Tz 78, £3 300 TEOILEYT A 7 Z Vicxf L, AutoDock % 7z in
silico 227 ) —= v 7l e T o7z, GHER 2723 17 100 fofEEo 6, 5k 7
v 774 775 60 Mot EMEH L7z, it <, i L7z 60 LAEYD S5 b AFTE AW
b D DMSO I L 72\ b D &R 72 37 LEWITIT L T in vitro 227 V) — = v 7Bk
T, TALEYERIH L 72, MEEFEMIERIC B VT, (LAY A & G AFREIC RAT 72 BE 5
IR % 7R L 72 (Figure 37). 4116 DfLAYIE. BDNF @ TrkB ~D#E G & Biar i ic HE
L. TrkB [HEE M Z RS Lo 2 ic o7, $72, LAW A & G I3, TrkB FEHME 25

WL 72~ v RADESEY 4 X% FD &, EERNTOPEEGEED 7~ L7 (Figure 38).

HsC
m\ o) OMe l;l—l:l)\ y  OMe
YO T O
N o]
HNTSN cl
ot )

CHj
Compound A Compound G (2a)

Figure 37. ST TR O NLEW A & G OHiE
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a

£

E

g -o- DMSO

'2 -=- Compound A
8 —# Compound G
E

0 2 4 6 8 10 12 14 16
Time (Days)

DMSO G

Figure 38. SCID ¥ v A % Fl\» 7= UG 1 aBR. (a) MEE Y 4 X0 ZE k. (b) FHEFIS 20 H
H oS DG A,

IL1.3.2. & v MLAEY) 2a OREERT

ey MEEY 2a & TrikB OGS FHIE T A 1E, AutoDock ZFH WA Fy ¥ v 27y 1oL —
v a VI X W ER L 72 (Figure 39), TrkB @ His335 ¥ X U\ His343 25, {t&¥2a D X b ¥
B, PV TYVAREZNEWKEBEEERL T FlllEnk, £/, (LAY 2a D
ve—ABEsae 7 = EE, TrkB fG R 7 v AN OBEEANCIE ST 5 L Tl

77

N-N His335

2a
ECso =0.038 uM

Figure 39. TrkB & {L&W) 2a ofESTHIE T L
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IL1.3. 3. BT IC BT 2 LAY 22 OBERE

UIFREIC BT 2 RTMEIC T LAY 2a OFEELZLZE L, TikB FHEFEME% 1) | &
B3 RADBTHNT- (Figure 40), {tAW2a D27 vu 7 = A Ko 7 vk HIRL 721
G & Ry VEBRICE Frx ol X P RO HEEBEAL LAY 2d T TrkB FHE M
230 U7z, FRiC, LAY 2d 135D i TrkB FHEWEEZ R L 72,

L&y 2a 5 X 0% OFERIIAFEOK S PFRETH - 72, BFMEEDOZD, A&
ZVERL R AR F L FICER L 72 EY) 83a 5 X UV 83b AMF L7z 28, TrkB BHEWE M2
KT L7z, £720 PU TV —ABREBR > 7200 — LE~DHEERZ L fThbN 2, & OF

LICIFFHFRRPLEE L R I iz,

N—l\j\ H OMe N—r}\ H OMe
;N\ I\
N N

NS NS
cl N ° ci N.©O O O

\ /; \ /)

2a 83a
ECs, = 0.038 uM ECsp = 3.141 M

N_

N
N OMe BN N
I\ H )
[:::T/JLN,X\S/A\H,N\I:i:] E d,é;\zf
iN] °© \W
\_/ 83b

2b (BK-0316) ECso = 0.224 uM

EC50 =0.025 |JM
N—-N H OMe
& N-N OMe
MeO . 3 S/\H/N BY f
HO N ° NS
\ / N o
) F

2d (BK-0322) @

ECso = 0.012 uM 2¢

Figure 40. SCTi9EI1C 517 2 LAWY 2a DREHESRZE
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IL.2. BW & fHiE
[ TrkB FREEFI OIS | % HIIC AR 21T - 7.
HATIE R L ML 2a 5 L 00 2d DREE R ~—2 & L. X Dy TekB BHEE M %

NI LaMO A E BiEL 72,

IL3. FERLEE

L 3. 1. 3L A O 8RELH s b DT A RUEREE

L&Y 2b 5 X LAY 83b D & kR % Scheme 16 IO~ T, KEFHE FA L Re ¥
FYFIEY. TI2 P T Y= MEAEMERBL T Y 7 V=¥ o — LAY & AR
L7205 LAY 91 & D SN2 JIGIC X 0 ALEY 2b 2 AL 7. {LEY) 2b I L, mCPBA

WS I X v {bEY 83b &AL 7=,

i H H (i) i (i) N
OH * HzN’N\n/N‘NHz — ©/<ITJ)\SH I ©/QN)\SH

S NH, N

W

benzoic acid thiocarbohydrazide
OMe . OMe
H.N (iii) H
2 — oY
o}
2-methoxyaniline 91

N-N N

/—\ H OMe /—l:l H OMe
N)\,,S\\/\[(N v) N)\SWN (iv)
N OO0 0o N o)

W W

83b 2b
Scheme 16. L&) 2b 5 X UF 83b D&
Reagents and conditions: (i) H,O, reflux; (ii) 2,5-dimethoxytetrahydrofuran (2.0 eq.), FeCls (1.0 eq.),
AcOH, 60 °C; (iii) chloroacetyl chloride (1.1 eq.), NEt3 (1.0 eq.), DCM, rt,; (iv) KoCOs (1.1 eq.),
acetone, rt; (v) mCPBA (4.0 eq.), CHCI3, 50 °C.
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AHWFZE Tl Scheme 16 #ZE I L THBULAYI O AR Z 2 E L 72, HiBLAEY D&

AXEHE % Scheme 17 IZ/8 T,

O N

Ry NH, /_'3)\ 91 ’;H:l)\ § e
OH+H2N \[S]/ —»H SH—>” S/\g/ \©
Br
‘/Q . ﬁf \©e mCPBA ‘/4 S/\ﬂ/ \ée

Scheme 17. FE TrkB FHEF 0 A ik 2

1L 3.2.{L&Y) 2b DBEEHRE

L&Y 2a OFEAREHER O PRI L U<, (LAY 92b B X T 93b DEHKEIT 2 72,
i T 2LEY 90b 2T, (LAY 920 ZEF L7220 b ., BLEIGIC X v {Lad
93b % 73/ L 7z(Scheme 18),

HUS L 74L& 92b 5 X 1° 93b (F TrkB HE WG Z RS b0, 20720, FI TV —

NBICSARI i 2 B A2 Z L 23, TrkB HEGEMEICEHTH 2 LHL Tk o 72,

N-N

N—I\i\ H OMe ) )\ H OMe
N\ [ N\
N N
N° "SH *+ CI E—— N~ 'S I
N /\[( N /ﬁr
(6] O
91 92b

90b

N_

BN Ho ™M
N
N /S\
TWERT O
93b
Scheme 18. A% 92b 35 X Of 93b DA R

Reagents and conditions: (i) K2COs (2.0 eq.), acetone, reflux, 14 h, quant.; (ii)) mCPBA (4.0 eq.),
CHCI3, 50 °C, 30 min., yield 11%.
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T, ARLLAY 920 DL )TV —ER 4 frIC KRR EBRESE 2B AT 2 /G
% 4T o 72(Table 11), EAFAE A TN, WL DD DRGSR TEBREZIT o 7223, wInd KiE

DETH MR T E o 72,

Table 11. {L&Y) 84b A D K5
OMe

Ny e S

N)\S/\H/N +%j N)\S/\H/N

H 0 ot %j 0
O/

92b 84b

Entry Reagents and conditions Results

12 Cs2COs3 (1.5 eq.), Cul (0.33 eq.), 1,10-phenanthroline (0.67 eq.), DMF, 120 °C N. R.

2 Cs2C03 (2.0 eq.), Cul (2.0 eq.), THF, 60 °C N.R.
3 K>CO3 (2.0 eq.), Cul (2.0 eq.), THF, 60 °C N. R.
4 Na,COs3 (2.0 eq.), Cul (2.0 eq.), THF, 60 °C N.R.
5% NEt; (2.0 eq.), iPrOH, reflux N.R.
6° Fe(acac)s (20mol%), Cu(OAc): (20mol%), K,COs3 (2.0 eq.), DMF, 135 °C N.R.

(a) ref. 131; (b) ref. 132; (c¢) ref. 133.

I 3.3.{t.&¥) 2d OBERE

L&) 2b OREELZ & AT LT LAY 2d DRGENRZE 21T - 72, MRS R O G U,
L&) 2b FHEMR & [FARORIETITY) T e & Lz, "= VEBE F AL I AN ST FRER
i LEP 90d #HUS L 720 B, (LAY 91 & D S\2 KIGIC X » TLEY) 92b DAL E il 7=
23, B THRWRIGHLEGEIT L, 92d 2152 Z £ S TE 720> > 72(Scheme 19), % Z T, t

B ek o AR L TARE TS AL T,
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O N—-N
/

0
(i) (if) M \
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Scheme 19. L&) 92d D E K
Reagents and conditions: (i) Ho2N-NH>*H>O (8.0 eq.), MeOH, reflux, 2.5 d, yield 58%; (ii) KSCN (2.0
eq.), conc. HCI, H>O, reflux, 7 h; (iii) H2O, reflux, 12 h.

T3, AP XU AFAHECMOM)IC X B (R %R A4 72 (Scheme 20), Y=V V% FEHC,
MOM R#ERIGCE T 72D H, MOM T AT A2 HT 2HEEERBEL T, € F 7Y MMLd

tl:% %?ﬂg‘ff_’.o

(0] (0]
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HO MOMO

methyl vanillate

(0] (0] O
(i)
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vanillic acid
N-N NH4SCN (4.5 eq.)
N\ 10% NaOH
MeO
e N)\SH
H H,0, 80 °C
MOMO [N.R]

Scheme 20. MOM f{RFEHE: % FI> 72 L&) 2d 558K D &K

Reagents and conditions: (i) MOMCI (1.5 eq.), DIPEA (1.0 eq.), DCM, 0 °C to rt, 20 h; HoN-NH;*
H>0 (10 eq.), MeOH, reflux, 1.5 h; (ii) MOMCI (5.5 eq.), DIPEA (5.5 eq.), DCM, 0 °C to rt, 5 h; HoN-
NH>*H>0 (10 eq.), MeOH, reflux, 4 h, yield 37%.
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Scheme 21. ~ ¥ VAR Z W 72LEY) 2d FEER O G
Reagents and conditions: (i) benzylbromide (1.2 eq.), KoCOs (2.0 eq.), acetone, rt, 14 h, yield 98%;
(i1) HoN-NH; * H2O (excess), MeOH, reflux, 2 d, yield 13%; (iii) KSCN (2.0 eq.), cat. HCI, H>O, EtOH,

reflux, 1.5 d, yield 45%; (iv) NaOH (2.0 eq.), MeOH, reflux, 13 h, yield 98%;
(v) thiosemicarbazide (1.1 eq.), EtOH, reflux.
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V. EERTH

V.1.{L&EP D ERK

General Experimental

All chemical reagents were commercially available. Silica gel column chromatography was
performed on Wakogel C-200 and C-400. Thin-layer chromatography (TLC) was carried out on
aluminium sheets coated with silica gel 60 Fas4 (Merck 5554). 'H-NMR spectra were recorded on a
JEOL ECZ-400 and spectrometer (operating as 399.78 MHz for 'H) using tetramethylsilane (TMS) as
the internal reference for '"H (8 = 0 ppm). High-resolution electrospray-ionization time-of-flight mass
spectroscopy was performed by a BRUKER microTOF model using positive or negative mode for
methanol solutions of samples.

The following abbreviations are used for the notation of the 'H-NMR spectrum data. (s: singlet, d:

doublet, t: triplet, q: quartet, m: multiplet, br: broad)

Organic Synthesis Procedure

Method A; phenoxyacetonitrile (13a). A 30 mL acetone solution containing phenol (2.82 g, 30.0
mmol) and potassium carbonate (8.28 g, 2.0 eq.) was added to bromoacetonitrile (2.52 mL, 1.2 eq.).
The mixture was stirred overnight at room temperature. The reaction was quenched with water (200
mL) and extracted with chloroform (2x100 mL). The combined organic layers were dried over MgSQOs.
The solvent was concentrated in vacuo to yield 3 as a yellow oil (3.82 g, 96%). 'H NMR (400 MHz,
298 K, CDCl3): & 7.34 (t, J = 8.0 Hz, 2H), 7.08 (t, J = 7.6 Hz, 1H), 6.97 (d, J = 8.4 Hz, 2H), 4.73 (s,

2H)

2-(4-methylphenoxy)acetonitrile (13b). Following method A, compound 13b was synthesized
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using 4-methylphenol. 'H NMR (400 MHz, 298 K, CDCls): & 7.09 (d, J = 8.6 Hz, 2H), 6.83 (d, J =

8.6 Hz, 2H), 4.60 (s, 2H), 2.27 (s, 3H)

2-(4-ethylphenoxy)acetonitrile (13¢). Following method A, compound 13c¢ was synthesized
using 4-ethylphenol. "H NMR (400 MHz, 298 K, CDCls): 5 7.18 (d, J = 8.6 Hz, 2H), 6.92 (d, J = 8.6

Hz, 2H), 4.73 (s, 2H), 2.63 (q, J= 7.3 Hz, 2H), 1.23 (t, J= 7.3 Hz, 3H).

2-(4-(tert-buthyl)phenoxy)acetonitrile (13d). Following method A, compound 13d was
synthesized using 4-tert-buthylphenol. "H NMR (400 MHz, 298 K, CDCl;): 8 7.60 (d, J = 8.6 Hz, 2H),

6.93 (d, ] = 8.6 Hz, 2H), 4.74 (s, 2H), 1.32 (s, 9H).

2-(4-methoxylphenoxy)acetonitrile (13e). Following method A, compound 13e was synthesized
using 4-methoxylphenol. '"H NMR (400 MHz, 298 K, CDCls): § 6.93 (d, J=9.2 Hz, 2H), 6.86 (d, J =

9.2 Hz, 2H), 4.68 (s, 2H), 3.76 (s, 3H).

2-(4-acethylphenoxy)acetonitrile (13f). Following method A, compound 13f was synthesized
using 4-acethylphenol. "H NMR (400 MHz, 298 K, CDCl3): 6 8.00 (s, J = 10.6 Hz, 2H), 7.03 (d, J =

10.6 Hz, 2H), 4.84 (s, 2H), 2.58 (s, 3H).

2-(4-fluorophenoxy)acetonitrile (13i). Following method A, compound 13i was synthesized

using 4-fluorophenol. 'H NMR (400 MHz, 298 K, CDCls): § 7.03-6.98 (m, 2H), 6.94-6.90 (m, 2H),

4.68 (s, 2H).

2-(4-chlorophenoxy)acetonitrile (13j). Following method A, compound 13j was synthesized
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using 4-chlorophenol. "TH NMR (400 MHz, 298 K, CDCls): 6 7.30 (d, J=9.2 Hz, 2H), 6.92 (d, J=9.2

Hz, 2H), 4.73 (s, 2H).

2-(4-bromophenoxy)acetonitrile (13k). Following method A, compound 13k was synthesized
using 4-bromophenol. '"H NMR (400 MHz, 298 K, CDCls): 6 7.46 (d, J = 8.6 Hz, 2H), 6.88 (d, J= 8.6

Hz, 2H), 4.75 (s, 2H).

2-(4-(trifluoromethyl)phenoxy)acetonitrile (131). Following method A, compound 131 was
synthesized using 4-(trifluoromethyl)phenol. '"H NMR (400 MHz, 298 K, CDCl3): 6 7.63 (d, J = 8.8

Hz, 2H), 7.07 (d, J = 8.8 Hz, 2H), 4.82 (s, 2H).

Method B; 2-phenoxyethanethioamide (14a). The mixture of phenoxyacetonitrile 3 (2.32 g, 17.4
mmol) and thioacetamide (1.96 g, 1.5 eq.) was dissolved in DMF (15 mL)/1,4-dioxane (15 mL) at
100 °C. A conc. HCI (8.2 mL) was added to the solution and stirred overnight at the same temperature.
The reaction was quenched with saturated aqueous sodium bicarbonate (200 mL) and extracted with
AcOEt (100 mLx2). The combined organic layers were washed with water (200 mLx2), dried over
MgSQOs, filtered, and concentrated in vacuo. The residue was purified via silica gel column
(hexane/AcOEt = 3/1 v/v) to yield 4 as a colorless solid (218 mg, 7.5%). '"H NMR (400 MHz, 298 K,
CDCl3): 6 7.90 (br, 2H), 7.32 (t, J = 8.0 Hz, 2H), 7.04 (t, J= 7.6 Hz, 1H), 6.93 (d, J = 8.0 Hz, 2H),

4.87 (s, 2H)

2-(4-methylphenoxy)ethanethioamide (14b). Following method B, compound 14b was

synthesized using compound 13b. "H NMR (400 MHz, 298 K, CDCls): & 7.95 (br, 1H), 7.53 (br, 1H),

7.12 (d, J = 9.2 Hz, 2H), 6.82 (d, J = 9.2 Hz, 2H), 4.85 (s, 2H), 2.30 (s, 3H)
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2-(4-ethylphenoxy)ethanethioamide (14¢). Following method B, compound 14¢ was synthesized
using compound 13¢. '"H NMR (400 MHz, 298 K, CDCls): 6 7.96 (br, 1H), 7.57 (br, 1H), 7.14 (d, J =

8.0 Hz, 2H), 6.85 (d, J = 8.0 Hz, 2H), 4.85 (s, 2H), 2.60 (q, J = 7.7 Hz, 2H), 1.21 (t, J = 7.7 Hz, 3H).

2-(4-(tert-buthyl)phenoxy)ethanethioamide (14d). Following method B, compound 14d was
synthesized using compound 13d. '"H NMR (400 MHz, 298 K, CDCl;): 6 7.96 (br, 1H), 7.56 (br, 1H),

7.33(d, J = 8.8 Hz, 2H), 6.86 (d, J = 8.8 Hz, 2H), 4.86 (s, 2H), 1.30 (s, 9H)

2-(4-methoxylphenoxy)ethanethioamide (14e). Following method B, compound 14e was
synthesized using compound 13e. 'H NMR (400 MHz, 298 K, CDCl5): & 8.12 (br, 2H), 6.84 (s, 4H),

4.80 (s, 2H), 3.76 (s, 3H).

2-(4-acethylphenoxy)ethanethioamide (14f). Following method B, compound 14f was
synthesized using compound 13f. "H NMR (400 MHz, 298 K, CDCls): 6 7.97 (d, J= 8.6 Hz, 2H), 7.87

(br, 1H), 7.58 (br, 1H), 6.99 (d, J = 8.6 Hz, 2H), 4.94 (s, 2H), 2.57 (s, 3H).

2-(4-fluorophenoxy)ethanethioamide (14i). Following method B, compound 14i was
synthesized using compound 13i. '"H NMR (400 MHz, 298 K, CDCls): & 7.91 (br, 1H), 7.55 (br, 1H),

7.04-7.00 (m, 2H), 6.90-6.86 (m, 2H), 4.84 (s, 2H).

2-(4-chlorophenoxy)ethanethioamide (14j). Following method B, compound 14j was
synthesized using compound 13j. '"H NMR (400 MHz, 298 K, CDCl3): 6 7.97 (br, 1H), 7.17-7.46 (m,

2H), 6.76-7.09 (m, 2H), 4.79 (s, 2H).
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2-(4-bromophenoxy)ethanethioamide (14k). Following method B, compound 14k was
synthesized using compound 13k. "H NMR (400 MHz, 298 K, CDCls): § 7.87 (br, 1H), 7.59 (br, 1H),

7.43 (d, J=8.8 Hz, 2H), 6.82 (d, J= 8.8 Hz, 2H), 4.84 (s, 2H).

2-(4-(trifluoromethyl)phenoxy)ethanethioamide (141). Following method B, compound 141 was
synthesized using compound 131. '"H NMR (400 MHz, 298 K, CDCls): & 7.85 (br, 1H), 7.60 (d, J =

8.8 Hz, 3H), 7.02 (d, J = 8.8 Hz, 2H), 4.92 (s, 2H).

6-(2-chloroacetyl)-3,4-dihydro-2( H)-quinolinone (15). Aluminum chloride (20.0 g, 150 mmol)
was dissolved in carbon disulfide (200 mL), and chloroacetyl chloride (6.8 mL, 85.0 mmol) was added
at room temperature. The mixture was stirred at room temperature for 15 minutes, and 3,4-dihydro-
2(1H)-quinolinone (7.40 g, 50.0 mmol) dissolved in carbon disulfide (200 mL) was added to the
mixture. After the mixture was refluxed for 5 hours, the resulting mixture was cooled to room
temperature. The solvent was removed by decantation, and water (500 mL) was added to the residual
solid. Quinolinone 5 was collected by filtration as a brown solid (11.0 g, 98%). '"H NMR (400 MHz,
298 K, DMSO-dy): 6 10.45 (s, 1H), 7.83-7.79 (m, 2H), 6.95 (d, J= 8.4 Hz, 1H), 5.08 (s, 2H), 2.95 (t,

J=17.6 Hz, 2H), 2.50 (overlapped with DMSO-ds, 2H)

Method C; compound 1a. The mixture of thioamide 14a (520 mg, 3.11 mmol) and quinolinone
15 (650 mg, 1.0 eq.) was dissolved in EtOH (30 mL)/DMF (10 mL) and stirred at 80 °C for 24 hours.
The reaction was monitored by TLC (CH2Cl/AcOEt = 3/1 v/v). After the solvents were removed,
MeOH was added to residue and precipitated 1 was collected as a colorless solid (355 mg, 34%). 'H

NMR (400 MHz, 298 K, DMSO-ds): 5 10.18 (s, 1H), 7.98 (s, 1H), 7.79 (s, 1H), 7.74 (d, J= 8.4 Hz,
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1H), 7.33 (t, J = 8.0 Hz, 2H), 7.08 (d, J = 8.0 Hz, 2H), 7.00 (t, /= 7.2 Hz, 1H), 6.91 (d, J= 8.4 Hz,
1H), 5.47 (s, 2H), 2.94 (t, J = 7.6 Hz, 2H), 2.49 (overlapped with DMSO-ds, 2H); ESI-HRMS (m/z):

[M+H]* calc’d for C19H17N20,S™: 337.10107, found: 337.10153.

Compound 1b. Following method C, compound 1b was synthesized using compounds 14b and
15. "H NMR (400 MHz, 298 K, DMSO-ds): 4 10.19 (s, 1H), 7.96 (s, 1H), 7.78 (s, 1H), 7.73 (d, J= 8.0
Hz, 1H), 7.12 (d, J=9.2 Hz, 2H), 6.97 (d, J=9.2 Hz, 2H), 6.90 (d, J= 8.0 Hz, 1H), 5.42 (s, 2H), 2.93
(t, J= 8.0 Hz, 2H), 2.23 (s, 3H), 2.49 (overlapped with DMSO-ds, 2H); ESI-HRMS (m/z): [M+H]*

calc’d for CooH9N2O2S™: 351.11672, found: 351.11648.

Compound 1c. Following method C, compound 1¢ was synthesized using compounds 14c¢ and 15.
"H NMR (400 MHz, 298 K, DMSO-ds, 298 K): § 10.18 (s, 1H), 7.97 (s, 1H), 7.78 (s, 1H), 7.74 (d, J
=8.2 Hz, 1H), 7.15 (d, J= 8.6 Hz, 2H), 6.99 (d, /= 8.6 Hz, 2H), 6.91 (d, J= 8.2 Hz, 1H), 5.43 (s, 2H),
2.94 (t,J=17.8 Hz, 2H), 2.55 (overlapped with DMSO-ds, 2H), 2.47 (overlapped with DMSO-d;s, 2H),
1.15 (t, J = 7.8 Hz, 3H); ESI-HRMS (m/z): [M+H]" calc’d for C2;H21N20,S*: 365.13237, found:

365.13150.

Compound 1d. Following method C, compound 1¢ was synthesized using compounds 14d and
15. "H NMR (400 MHz, 298 K, DMSO-ds, 298 K): 4 10.19 (s, 1H), 7.97 (s, 1H), 7.78 (s, 1H), 7.74 (d,
J=10.0 Hz, 1H), 7.33 (d, J=9.2 Hz, 2H), 7.00 (d, J = 9.2 Hz, 2H), 6.92 (d, J = 10.0 Hz, 1H), 5.44 (s,
2H), 2.95 (t, J= 7.4 Hz, 2H), 2.51 (overlapped with DMSO-ds, 2H), 1.25 (s, 9H); ESI-HRMS (m/z):

[M+H]" calc’d for C23H25N20,S™: 393.16367, found: 393.16271.

Compound le. Following method C, compound 1e was synthesized using compounds 14e and 15.
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"H NMR (400 MHz, 298 K, DMSO-d6): § 10.21 (s, 1H), 7.98 (s, 1H), 7.78 (s, 1H), 7.74 (d, J= 8.4
Hz, 1H), 7.02 (d, J=9.2 Hz, 2H), 6.91 (d, /= 8.4 Hz, 1H), 6.89 (d, /= 9.2 Hz, 2H), 5.40 (s, 2H), 3.70
(s, 3H), 2.94 (t, J = 7.2 Hz, 2H), 2.49 (overlapped with DMSO-ds, 2H); ESI-HRMS (m/z): [M+H]"

calc’d for Co0H19N203S*: 367.11164, found: 367.10997.

Compound 1f. Following method C, compound 1¢ was synthesized using compounds 14f and 15.
"H NMR (400 MHz, 298 K, DMSO-d6, 298 K): & 10.19 (s, 1H), 8.00 (s, 1H), 7.96 (d, /= 9.2 Hz, 2H),
7.79 (s, 1H), 7.75 (d, J="7.8 Hz, 1H), 7.20 (d, J = 9.2 Hz, 2H), 6.91 (d, J= 7.8 Hz, 1H), 5.59 (s, 2H),
2.95 (t,J="7.2 Hz, 2H), 2.53 (overlapped with DMSO-ds, 3H), 2.47 (overlapped with DMSO-ds, 2H)

ESI-HRMS (m/z): [M+H]" calc’d for C21H19N>O3S*: 379.11164, found: 379.11159.

Compound 1g. Compound 1f (1.00 mg 2.64 mmol) was dissolved in chloroform (40
mL)/methanol (5 mL) mixture. Nitrogen was bubbled to the solution for 10 min, and NaBH4 was
added before the container was closed with a glass stopper. The solution was stirred in the dark at
room temperature for 16 h. The solution was washed with 1 M hydrochloric acid (100 mL), and then
with 1 M aqueous NaOH (100 mL). The organic layer was dried over MgSO4 and concentrated in
vacuo to yield compound 1g as a colorless solid (2.38 mmol. 90%). '"H NMR (400 MHz, 298 K,
DMSO-ds, 298 K): 6 10.19 (s, 1H), 7.96 (s, 1H), 7.78 (s, 1H), 7.74 (d, J = 8.2 Hz, 1H), 7.28 (d, J =
8.4 Hz, 2H), 7.02 (d, J = 8.4 Hz, 2H), 6.92 (d, J= 8.2 Hz, 1H), 5.45 (s, 2H), 5.12 (d, /= 5.1 Hz, 1H),
4.67 (qq, J=5.1 Hz, 1H), 2.95 (t, J= 7.4 Hz, 2H), 2.47 (overlapped with DMSO-ds, 2H), 1.30 (d, J =

5.1 Hz, 3H); ESI-HRMS (m/z): [M+H]" calc’d for C21HaN>03S*: 381.12729, found: 381.12846

Compound 1h. Compound 1g (200 mg, 0.526 mmol) was dissolved in DMF containing benzoyl

chloride (1.51 mL, 25 eq.), and the solution was stirred under nitrogen at 100 °C for 18 h. At room
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temperature, CH>Cl, (300 mL) and trimethylamine (2 mL) were added to the solution, and the mixture
was washed with water (200 mLx2) to remove DMF. The organic layer was evaporated to dryness
under reduced pressure. The residue was purified via column chromatography on silica gel
(CH,Cly/ethyl acetate = 80:20 v/v) to yield compound 1h as a colorless solid. '"H NMR (400 MHz, 298
K, DMSO-ds, 298 K): 6 10.19 (s, 1H), 7.98 (s, 1H), 7.79 (s, 1H), 7.74 (d, J = 8.4 Hz, 1H), 7.44 (d, J
= 8.4 Hz, 2H), 7.07 (d, J = 8.4 Hz, 2H), 6.92 (d, J = 8.4 Hz, 1H), 6.70 (dd, /= 11.0, 6.4 Hz, 1H), 5.73
(d, J=9.0 Hz, 1H), 5.49 (s, 2H), 5.15 (d, /= 9.0 Hz, 1H), 2.95 (t, /= 7.4 Hz, 2H), 2.47 (overlapped
with DMSO-ds, 2H); ESI-HRMS (m/z): [M+H]* calc’d for C21HjoN2O,S*: 363.11672, found:

363.11766.

Compound 1i. Following method C, compound 1i was synthesized using compounds 14i and 15.
"H NMR (400 MHz, 298 K, DMSO-d6): 4 10.19 (s, 1H), 7.99 (s, 1H), 7.78 (s, 1H), 7.73 (d, J = 8.6
Hz, 1H), 7.19-7.09 (m, 4H), 6.90 (d, J = 8.6 Hz), 5.46 (s, 2H), 2.49 (overlapped, 2H); ESI-HRMS

(m/z): [M+H]" calc’d for C19H16FN20,S*: 355.09165, found: 355.09089

Compound 1j. Following method C, compound 1j was synthesized using compounds 14j and 15.
"H NMR (400 MHz, 298 K, DMSO-ds, 298 K): 8 10.18 (s, 1H), 7.99 (s, 1H), 7.78 (s, 1H), 7.74 (d, J
=8.2 Hz, 1H), 7.38 (d,J=9.2 Hz, 2H), 7.12 (d, /= 9.2 Hz, 2H), 6.91 (d, /= 8.2 Hz, 1H), 5.48 (s, 2H),
2.94 (t, J = 7.4 Hz, 2H), 2.47 (overlapped with DMSO-ds, 2H); ESI-HRMS (m/z): [M+H]* calc’d for

Ci9H6CIN20,S™: 371.06210, found: 371.06018.

Compound 1k. Following method C, compound 1k was synthesized using compounds 14k and
15. "H NMR (400 MHz, 298 K, DMSO-ds, 298 K): 5 10.18 (s, 1H), 7.99 (s, 1H), 7.78 (s, 1H), 7.74 (d,

J = 8.4 Hz, 1H), 7.50 (d, J = 9.2 Hz, 2H), 7.07 (d, J = 9.2 Hz, 2H), 6.91 (d, J = 8.4 Hz, 1H), 5.48 (s,
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2H), 2.94 (t, J=7.4 Hz, 2H), 2.50 (overlapped with DMSO-ds, 2H); ESI-HRMS (m/z): [M+H]" calc’d

for C19H16BrN»0,S*: 415.01159, found: 415.01163.

Compound 11. Following method C, compound 11 was synthesized using compounds 141 and 15.
"H NMR (400 MHz, 298 K, DMSO-ds, 298 K): 6 10.19 (s, 1H), 8.00 (s, 1H), 7.79 (s, 1H), 7.74 (d, J
=8.2 Hz, 1H), 7.71 (d, J=8.6 Hz, 2H), 7.29 (d, J = 8.6 Hz, 2H), 6.92 (d, /= 8.2 Hz, 1H), 5.58 (s, 2H),
2.95 (t, J=17.8 Hz, 2H), 2.47 (overlapped with DMSO-ds, 2H); ESI-HRMS (m/z): [M+H]" calc’d for

Ca0H16F3N20,S™: 405.08846, found: 405.08307.

Method Dj; 6-nitro-3,4-dihydroquinolin-2(1H)-one (18). 3,4-dihydro-1H-quinolin-2-one (6.49
g, 44.1 mmol) was dissolved in sulfuric acid (135 mL) and cooled to 0 °C. Water (32 mL) was added
dropwise, followed by 35% nitric acid (10.4 mL, 70.6 mmol) dropwise following this, retaining
temperature below 0 °C. The reaction mixture was stirred at 0 °C for 15 min. The reaction mixture
then poured into ice water (500 mL) and extracted ethyl acetate (100 mLx4). The combined organic
layers dried over MgSOs, and concentrated in vacuo to yield compound
5 as a yellow solid (7.77 g, 91%). '"H NMR (400 MHz, 298 K, DMSO-dy): 8 10.67 (s, 1H), 8.10-8.04

(m, 2H), 6.99 (d, /= 8.0 Hz, 1H), 3.00 (t, /= 7.2 Hz, 2H), 2.51 (overlapped with DMSO-ds, 2H)

Method E; 6-amino-3,4-dihydroquinolin-2(1H)-one (19). A round-bottomed flask on ice bath
was charged with compound 18, 10% Pd/C dissolved with DMF/ethanol. The mixture was stirred at
room temperature under H,. After removing 10% Pd/C by filtration, the filtrate was concentrated in
vacuo. The residue was dissolved in et - hyl acetate, and the precipitated solid was removed by filtration.

The solvent was removed by evaporation to yield compound 19 as a brown solid (392 mg, 69%). 'H
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NMR (400 MHz, 298 K, DMSO-ds): 5 9.62 (s, 1H), 6.51 (d, J = 8.0 Hz, 1H), 6.35-6.30 (m, 2H), 4.68

(s, 2H), 2.67 (t, J= 7.2 Hz, 2H), 2.31 (t, J = 7.2 Hz, 2H)

Method F; 3-phenoxypropan-1-ol (20a). A mixture of phenol (5.00 g, 53.1 mmol), 3-bromo-1-
propanol (4.77 mL, 53.1 mmol) and potassium carbonate (7.33 g, 53.1 mmol) in acetone (50 mL) was
stirred for 18 h at 60 °C. After completion of reaction, the solvent was removed by evaporation, and
water (100 mL) was added to the resulting mixture. The organic layers were extracted with ethyl
acetate (50 mLx3), washed with brine (50 mL), dried over MgSQs, and concentrated in vacuo. The
residue was purified via silica gel column (hexane/ethyl acetate=3:1) to yield compound 20a as
colorless liquid (7.44 g, 92%). '"H NMR (400 MHz, 298 K, CDCls): & 7.28 (t, J = 8.4 Hz, 2H), 6.96-

6.90 (m, 2H), 4.11 (t, J= 6.0 Hz, 2H), 3.85 (t, J = 6.0 Hz, 2H), 2.04 (q, J = 5.6 Hz, 2H)

Method G; (3-bromopropoxy)benzene (21a). Compound 20a (7.40 g, 48.6 mmol) was dissolved
in dry diethyl ether (50 mL) and cooled to 0 °C, phosphorus tribromide (1.54 mL, 16.0 mmol) was
added. After stirring for 18 h under nitrogen, the reaction mixture was poured into water (200 mL) and
extracted diethyl ether (50 mLx3). The combined organic layers were washed with brine (50 mLx1),
dried over MgS0Os4, and concentrated in vacuo. The residue was purified via silica gel column
(hexane/ethyl acetate=30:1) to yield compound 20a as a colorless liquid (5.06 g, 48%). "H NMR (400
MHz, 298 K, CDCls): 6 7.30-7.24 (m, 2H), 6.97-6.90 (m, 3H), 4.10 (t, /= 5.6 Hz, 2H), 3.60 (t, /= 6.4

Hz), 2.31 (q, J = 5.6 Hz, 2H)

Method H; compound 16a. Compound 19 (400 mg, 2.46 mmol) was dissolved in DMF (20 mL).
potassium carbonate (510 mg, 3.69 mmol) and compound 21a (259 mg, 1.23 mmol) were added. After

the mixture was stirred for 6 h at 60 °C, the mixture was extracted with ethyl acetate (30 mLx3). The
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combined organic layers were washed with brine (30 mLx1), dried over MgSQs, and concentrated in
vacuo. The residue was purified via silica gel column (ethyl acetate/hexane = 2:1 v/v) to yield
compound 5 as a yellow oil (163 mg, 11%). '"H NMR (400 MHz, 298 K, CDCls): § 8.94 (s, 1H), 7.30-
7.25 (m, 2H), 6.97-6.89 (m, 3H), 6.67-6.65 (m, 1H), 6.45-6.44 (m, 2H), 4.07 (t, J= 5.8 Hz, 2H), 3.31

(t,J= 6.4 Hz, 2H), 2.85 (t, J= 7.4 Hz, 2H), 2.57 (t, J = 7.4 Hz, 2H), 2.08 (q, J = 6.4 Hz, 2H)

Method I; Compound 17a. Compound 16a (163 mg, 0.551 mmol) was dissolved in DMF (7 mL).
potassium carbonate (115 mg, 0.827 mmol), KI (91.5 mg, 0.551 mmol) and benzyl chloride (69.7 mg,
0.551 mmol) were added. After the mixture was stirred for 1 h at 60 °C, the mixture was extracted
with ethyl acetate (15 mLx2). The combined organic layers were washed with brine (15 mLx1), dried
over MgSQOs, and concentrated in vacuo. The residue was purified via silica gel column (ethyl
acetate/hexane = 1:1 v/v) to yield compound 4a as a yellow solid (106 mg, 50%). '"H NMR (400 MHz,
298 K, CDCls): 6 7.41 (s, 1H), 7.32-7.20 (m,7H), 6.95 (t, /= 7.2 Hz, 1H), 6.88 (d, J = 8.4 Hz, 2H),
6.57-6.53 (m, 3H), 4.51 (s, 1H), 4.01 (t, J= 6.0 Hz, 2H), 3.60 (t, /= 7.0 Hz, 2H), 2.78 (t, /= 7.8 Hz,
2H), 2.54 (t, J = 7.2 Hz, 2H), 2.09 (q, J = 6.4 Hz, 2H). ESI-HRMS (m/z): [M+H]" calc’d for

C25H27N202+: 387.2073, found: 387.2064

Compound 17b. Following method I, compound 17b was synthesized using 16a and 1-
(bromomethyl)-3-chlorobenzene. "H NMR (400 MHz, 298 K, CDCls): § 7.51 (br s, 1H), 7.31-7.27 (m,
2H), 7.26-7.20 (m, 3H), 7.09-7.08 (m, 1H), 6.96 (t, J= 7.2 Hz, 1H), 6.88 (d, J = 8.4 Hz, 2H), 6.57-
6.55 (m, 2H), 6.51-6.48 (m, 1H), 4.47 (s, 1H), 4.00 (t, J = 5.8 Hz, 2H), 3.06 (t, /= 7.0 Hz, 2H), 2.80
(t,J=7.2Hz, 2H), 2.55 (t,J=7.4 Hz, 2H), 2.09 (q, J = 6.4 Hz, 2H). ESI-HRMS (m/z): [M+H]" calc’d

for CosHa6CIN2O>": 421.1683, found: 421.1688
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Compound 17c. Following method I, compound 17¢ was synthesized using 16a and 1-
(bromomethyl)-3-methoxybenzene. 'H NMR (400 MHz, 298 K, CDCls):  7.41 (brs, 1H), 7.28 (t, J
= 8.0 Hz, 2H), 7.22 (t, J= 7.2 Hz, 2H), 6.95 (t, /= 7.2 Hz, 1H), 6.88 (d, J = 8.2 Hz, 2H), 6.81-6.76
(m, 3H), 6.57-6.51 (m, 3H), 4.48 (s, 1H), 4.01 (t, J = 5.4 Hz, 2H), 3.76 (s, 3H), 3.61 (t, J= 7.0 Hz,
2H), 2.79 (t, J = 7.4 Hz, 2H), 2.54 (t, J = 7.4 Hz, 2H), 2.10 (q, J = 6.4 Hz, 2H). ESI-HRMS (m/z):

[M+H]* calc’d for Co6H2oN203": 417.2178, found: 417.2152

3-(4-methylphenoxy)propan-1-ol (20b). Following method F, compound 20b was synthesized
using 4-methylphenol. 'H NMR (400 MHz, 298 K, CDCls): & 7.08 (d, J = 8.0 Hz, 2H), 6.81 (d, J =
8.0 Hz, 2H), 4.10 (t, J = 5.4 Hz, 2H), 3.86 (q, J = 5.6 Hz, 2H), 2.29 (s, 1H), 2.03 (q, J = 5.6 Hz, 2H),

1.94 (brs, 1H).

3-(4-ethylphenoxy)propan-1-ol (20c). Following method F, compound 20c¢ was synthesized
using 4-ethylphenol. "H NMR (400 MHz, 298 K, CDCls): 6 7.11 (d, J = 8.0 Hz, 2H), 6.83 (d, J = 8.4
Hz, 2H), 4.11 (t, J = 6.0 Hz, 2H), 3.87 (t, J = 6.0 Hz, 2H), 2.59 (q, J = 6.4 Hz, 2H), 2.04 (q, J = 6.0

Hz, 2H), 1.21 (t, J= 8.0 Hz, 3H).

3-(4-methoxyphenoxy)propan-1-ol (20d). Following method F, compound 20d was synthesized
using 4-methoxylphenol. '"H NMR (400 MHz, 298 K, CDCls): & 6.85-6.84 (m, 4H), 4.09 (t, J = 6.0

Hz, 2H), 3.87 (t, J = 6.0 Hz, 2H), 3.77 (s, 3H), 2.03 (q, J = 6.0 Hz, 2H), 1.72 (br, 1H).

3-(4-nitrophenoxy)propan-1-ol (20f). Following method F, compound 20f was synthesized

using 4-nitrophenol. Synthesized in the same procedure as compound 3 with substituting 4-nitro-

phenol (5.00 g, 35.9 mmol) for phenol; yield: 5.51 g (27.9 mmol, 78%). 'H NMR (400 MHz, 298 K,
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CDCls): 5 8.19 (d, J= 9.2 Hz, 2H), 6.95 (d, J= 9.2 Hz, 2H), 4.21 (t, J = 6.0 Hz, 2H), 3.87 (t, J= 6.0

Hz, 2H), 2.08 (q, J = 6.4 Hz, 2H).

ethyl 4-(3-hydroxypropoxy)benzoate (20g). Following method F, compound 20g was
synthesized using ethyl 4-hydroxybenzoate. 'H NMR (400 MHz, 298 K, CDCl5): 6 7.98 (d, /= 8.4
Hz, 2H), 6.91 (d, J= 9.2 Hz, 2H), 4.34 (q, J = 6.8 Hz, 2H), 4.17 (t, J = 6.0 Hz, 2H), 3.87 (t, J=6.0

Hz, 2H), 2.06 (q, J = 6.0 Hz, 2H), 1.37 (t, J= 7.6 Hz, 3H)

3-(4-fluorophenoxy)propan-1-ol (20h). Following method F, compound 20h was synthesized
using 4-fluorophenol. "H NMR (400 MHz, 298 K, CDCls): & 6.96 (t, J = 8.8 Hz, 2H), 6.85-6.82 (m,

2H), 4.08 (t, J= 6.0 Hz, 2H), 3.85 (t, J = 6.0 Hz, 2H), 2.03 (q, J = 6.0 Hz, 2H), 1.86 (s, 1H).

3-(4-chlorophenoxy)propan-1-ol (20i). Following method F, compound 20i was synthesized
using 4-fchlorophenol. "TH NMR (400 MHz, 298 K, CDCls): § 7.23 (d, J = 8.4 Hz, 2H), 6.83 (d, J =

9.2 Hz, 2H), 4.09 (t, J = 6.0 Hz, 2H), 3.86 (t, J = 4.4 Hz, 2H), 2.04 (q, J = 6.0 Hz, 2H), 1.81 (s, 1H).

3-(4-bromophenoxy)propan-1-ol (20j). Following method F, compound 20j was synthesized
using 4-bromophenol. '"H NMR (400 MHz, 298 K, CDCls): 6 7.37 (d, J=9.2 Hz, 2H), 6.78 (d, J= 9.2

Hz, 2H), 4.08 (t, J = 6.0 Hz, 2H), 3.85 (t, J = 6.0 Hz, 2H), 2.03 (q, J = 6.0 Hz, 2H), 1.77 (br, 1H).

3-(4-iodophenoxy)propan-1-ol (20k). Following method F, compound 20k was synthesized

using 4-iodophenol. '"H NMR (400 MHz, 298 K, CDCl3): 6 7.55 (d, J = 8.8 Hz, 2H), 6.68 (d, J= 9.2

Hz, 2H), 4.09 (t, J = 6.0 Hz, 2H), 3.85 (q, J = 5.6 Hz, 2H), 2.04 (g, J = 6.0 Hz, 2H), 1.65 (br, 1H)
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3-(4-(trifluoromethyl)phenoxy)propan-1-ol (201). Following method F, compound 201 was
synthesized using 4-(trifluoromethyl)phenol. "H NMR (400 MHz, 298 K, CDCls): 6 7.54 (d, J = 9.2
Hz, 2H), 6.97 (d, J = 8.4 Hz, 2H), 4.17 (t, J = 6.0 Hz, 2H), 3.88 (t, J = 6.0 Hz, 2H), 2.06 (q, J = 5.2

Hz, 2H).

3-(3-methylphenoxy)propan-1-ol (20m). Following method F, compound 20m was synthesized
using 3-methylphenol. "H NMR (400 MHz, 298 K, CDCls): & 7.17 (t,J = 8.0 Hz, 1H), 6.77 (d, J= 7.2
Hz, 1H), 6.74-6.73 (m, 1H), 6.71-6.70 (m, 1H), 4.12 (t, /= 6.0 Hz, 2H), 3.87 (t, /= 6.0 Hz, 2H), 2.33

(s, 3H), 2.04 (q, J = 6.0 Hz, 2H), 1.89 (br, 1H).

3-(2-methylphenoxy)propan-1-ol (20n). Following method F, compound 20n was synthesized
using 2-methylphenol. 'H NMR (400 MHz, 298 K, CDCl3): & 7.18-7.14 (m, 2H), 6.89-6.83 (m, 2H),
4.13 (t, J=5.6 Hz, 2H), 3.90 (t, /= 6.0 Hz, 2H), 2.23 (s, 3H), 2.08 (q, J= 5.6 Hz, 2H).

3-(2,4-dimethylphenoxy)propan-1-ol (200). Following method F, compound 200 was
synthesized using 2,4-dimethylphenol. '"H NMR (400 MHz, 298 K, CDCls): § 6.96-6.94 (m, 2H), 6.74
(d, /= 8.0 Hz, 1H), 4.10 (t, J = 6.0 Hz, 2H), 3.89 (t, /= 5.6 Hz, 2H), 2.26 (s, 3H), 2.19 (s, 3H), 2.07

(g, J = 6.0 Hz, 2H), 1.95 (s, 1H).

1-(3-bromopropoxy)-4-methylbenzene (21b). Following method G, compound 21b was
synthesized using compound 20b. 'H NMR (400 MHz, 298 K, CDCls): & 7.08 (d, J = 7.2 Hz, 2H),
6.81 (d, J= 6.4 Hz, 2H), 4.07 (t, J = 5.4 Hz, 2H), 3.06 (t, J = 6.4 Hz, 2H), 2.30 (q, J = 5.6 Hz, 2H)

2.29 (s, 3H).
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1-(3-bromopropoxy)-4-ethylbenzene (21c¢). Following method G, compound 21c¢ was
synthesized using compound 20¢. '"H NMR (400 MHz, 298 K, CDCls): 8 7.11 (d, J = 8.0 Hz, 2H),
6.84 (d, J=9.2 Hz, 2H), 4.09 (t, J = 5.6 Hz, 2H), 3.61 (t, J= 6.4 Hz, 2H), 2.60 (q, J = 7.2 Hz, 2H),

2.31(q, J= 6.4 Hz, 2H), 1.22 (t, J = 8.0 Hz, 3H).

1-(3-bromopropoxy)-4-methoxylbenzene (21d). Following method G, compound 21d was
synthesized using compound 20d. '"H NMR (400 MHz, 298 K, CDCl5): 6 6.86-6.84 (m, 4H), 4.06 (t,

J=6.0 Hz, 2H), 3.77 (s, 3H), 3.60 (t, J = 6.4 Hz, 2H), 2.30 (q, J = 6.4 Hz, 2H).

1-(3-bromopropoxy)-4-nitrobenzene (21f). Following method G, compound 21f was
synthesized using compound 20f. "H NMR (400 MHz, 298 K, CDCls): 4 8.21 (d, J=9.2 Hz, 2H), 6.97

(d, J=9.2 Hz, 2H), 4.20 (t, J = 6.0 Hz, 2H), 3.61 (t, J = 6.4 Hz, 2H), 2.37 (q, J = 6.4 Hz, 2H).

ethyl 4-(3-bromopropoxy)benzoate (21g). Following method G, compound 21g was synthesized
using compound 20g. '"H NMR (400 MHz, 298 K, CDCl3): 8 8.00 (d, /= 9.2 Hz, 2H), 6.92 (d, J = 8.4
Hz, 2H), 4.35 (q, J = 7.2 Hz, 2H), 4.17 (t, J = 6.0 Hz, 2H), 3.61 (t, J = 6.4 Hz, 2H), 2.35 (q, J = 6.0

Hz, 2H), 1.38 (t, /= 7.6 Hz, 3H).

1-(3-bromopropoxy)-4-fluorobenzene (21h). Following method G, compound 21h was

synthesized using compound 20h. '"H NMR (400 MHz, 298 K, CDCls): 6 6.98 (t, J = 8.4 Hz, 2H),

6.87-6.83 (m, 2H), 4.07 (t, J= 6.0 Hz, 2H), 3.60 (t, /= 6.4 Hz, 2H), 2.31 (q, J = 6.4 Hz, 2H).
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1-(3-bromopropoxy)-4-chlorobenzene (21i). Following method G, compound 21i was
synthesized using compound 20i. 'H NMR (400 MHz, 298 K, CDCls): § 7.22 (d, J = 8.0 Hz, 2H), 6.82

(d, J=8.2 Hz, 2H), 4.05 (t, J = 5.6 Hz, 2H), 3.58 (t, J = 6.4 Hz, 2H), 2.29 (q, J = 5.6 Hz, 2H).

1-bromo-4-(3-bromopropoxy)benzene (21j). Following method G, compound 21j was
synthesized using compound 20j. "H NMR (400 MHz, 298 K, CDCls): 6 7.37 (d, J= 9.2 Hz, 2H), 6.79

(d, J=9.2 Hz, 2H), 4.07 (t, J = 5.6 Hz, 2H), 3.59 (t, J = 6.4 Hz, 2H), 2.31 (g, J = 6.0 Hz, 2H).

1-(3-bromopropoxy)-4-iodobenzene (21k). Following method G, compound 21k was
synthesized using compound 20k. 'H NMR (400 MHz, 298 K, CDCls): & 7.55 (d, J = 9.2 Hz, 2H),

6.69 (d, J= 9.2 Hz, 2H), 4.07 (t, J = 5.6 Hz, 2H), 3.59 (t, J = 6.4 Hz, 2H), 2.31 (q, J = 6.4 Hz, 2H).

1-(3-bromopropoxy)-4-(trifluoromethyl)benzene (211). Following method G, compound 211
was synthesized using compound 201 'H NMR (400 MHz, 298 K, CDCls): 6 7.55 (d, J = 8.0 Hz, 2H),
6.97 (d, J=8.0 Hz, 2H), 4.16 (t, J= 6.0 Hz, 2H), 3.61 (t, J= 6.4 Hz, 2H), 2.35 (q, J = 6.0 Hz, 2H).

1-(3-bromopropoxy)-3-methylbenzene (21m). Following method G, compound 21m was
synthesized using compound 20m. '"H NMR (400 MHz, 298 K, CDCl3): 8 7.17 (t, J = 8.0 Hz, 1H),
6.78 (d, J= 7.2 Hz, 1H), 6.73-6.70 (m, 2H), 4.09 (t, J= 6.0 Hz, 2H), 3.61 (t, /= 6.8 Hz, 2H), 2.33 (s,

3H), 2.12 (q, J = 6.4 Hz, 2H).

1-(3-bromopropoxy)-2-methylbenzene (21n). Following method G, compound 21n was

synthesized using compound 20n. '"H NMR (400 MHz, 298 K, CDCls): & 7.18-7.14 (m, 2H), 6.90-

6.83 (m, 2H), 4.11 (t, J = 5.6 Hz, 2H), 3.65 (t, J = 6.0 Hz, 2H), 2.35 (q, J = 5.6 Hz, 2H), 2.23 (s, 3H).
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1-(3-bromopropoxy)-2,4-dimethylbenzene (210). Following method G, compound 210 was
synthesized using compound 200. '"H NMR (400 MHz, 298 K, CDCls): 8 6.97-6.95 (m, 2H), 6.74 (d,
J=17.2Hz, 1H), 4.09 (t, J = 5.6 Hz, 2H), 3.64 (t, J = 6.8 Hz, 2H), 2.34 (q, J = 5.6 Hz, 2H), 2.28 (s,

3H), 2.21 (s, 3H).

Compound 16b. Following method H, compound 16b was synthesized using compound 21b. 'H
NMR (400 MHz, 298 K, CDCl3): 8 7.23 (s, 1H), 7.08 (d, J = 8.4 Hz, 2H), 6.81 (d, J = 9.2 Hz, 2H),
6.55 (d, J = 8.4 Hz, 1H), 6.46-6.43 (m, 2H), 4.60 (t, J= 6.4 Hz, 2H), 3.78 (s, 1H), 3.32 (t, /= 6.4 Hz,

2H), 2.86 (t, J= 8.0 Hz, 2H), 2.57 (t, J = 7.6 Hz, 2H), 2.29 (s, 1H), 2.07 (q, J = 6.4 Hz, 2H).

Compound 16¢. Following method H, compound 16¢ was synthesized using compound 21¢. 'H
NMR (400 MHz, 298 K, CDCl3): 8 7.68 (s, 1H), 7.12 (d, J = 8.4 Hz, 2H), 6.83 (d, J = 9.2 Hz, 2H),
6.58 (d, J=9.2 Hz, 1H), 6.46-6.44 (m, 2H), 4.07 (t, /= 5.6 Hz, 2H), 3.32 (t, /= 6.8 Hz, 2H), 2.86 (t,
J=17.2Hz, 2H), 2.59 (q, J = 7.2 Hz, 2H), 2.07 (q, J = 6.4 Hz, 2H), 1.21 (t, J = 7.2 Hz, 3H).

Compound 16d. Following method H, compound 16d was synthesized using compound 21d. 'H
NMR (400 MHz, 298 K, CDCl3): 6 7.89 (s, 1H), 6.85-6.83 (m, 4H), 6.61-6.56 (m, 1H), 6.46-6.44 (m,
2H), 4.04 (t, J= 5.2 Hz, 2H), 3.77 (s, 3H), 3.12 (t, J= 6.4 Hz, 2H), 2.87 (t, /= 7.6 Hz, 2H), 2.58 (t, J

=7.6 Hz, 2H), 2.07 (q, J = 6.4 Hz, 2H).

Compound 16f. Following method H, compound 16f was synthesized using compound 21f. 'H
NMR (400 MHz, 298 K, DMSO-ds): 8 9.67 (s, 1H), 8.20 (d, /= 9.2 Hz, 2H), 7.15 (d, /= 9.2 Hz, 2H),
6.60 (d, J= 8.0 Hz, 1H), 6.40-6.36 (m, 2H), 4.21 (t, /= 5.6 Hz, 2H), 3.13 (q, /= 6.4 Hz, 2H), 2.72 (t,

J=17.2Hz, 2H), 2.33 (t, J= 7.2 Hz, 2H), 1.99 (q, J = 6.4 Hz, 2H).
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Compound 16g. Following method H, compound 16g was synthesized using compound 21g. 'H
NMR (400 MHz, 298 K, CDCl3): & 7.97 (d, J = 8.4 Hz, 1H), 7.66 (s, 1H), 7.07-7.04 (m, 2H), 6.85 (d,
J=8.4Hz, 2H), 6.76 (d, J= 8.0 Hz, 1H), 4.34 (q, J=7.2 Hz, 2H), 4.08 (t, /= 6.0 Hz, 2H), 3.92 (t, J
=17.2 Hz, 2H), 2.96 (t, J = 7.6 Hz, 2H), 2.65 (t, J = 7.6 Hz, 2H), 2.15 (q, /= 6.8 Hz, 2H), 1.38 (t, J =

6.8 Hz, 2H).

Compound 16h. Following method H, compound 16h was synthesized using compound 21h. 'H
NMR (400 MHz, 298 K, CDCls): 8 7.86 (s, 1H), 6.99-6.95 (m, 2H), 6.85-6.82 (m, 2H), 6.61-6.59 (m,
1H), 6.46-6.44 (m, 2H), 4.04 (t, /= 6.0 Hz, 2H), 3.32 (t,J= 6.8 Hz, 2H), 2.87 (t, /= 7.2 Hz, 2H), 2.58

(t,J = 7.6 Hz, 2H), 2.07 (q, J = 6.4 Hz, 2H).

Compound 16i. Following method H, compound 16i was synthesized using compound 21i. 'H
NMR (400 MHz, 298 K, CDCls): 3 8.65 (s, 1H), 7.24-7.22 (m, 2H), 6.84-6.82 (m, 2H), 6.65 (d, J =
9.2 Hz, 1H), 6.46- 6.44 (m, 2H), 4.05 (t, /= 5.6 Hz, 2H), 3.74 (br s, 1H), 3.31 (t, /= 6.8 Hz, 2H), 2.86

(t,J= 7.2 Hz, 2H), 2.58 (1, J = 8.0 Hz, 2H), 2.07 (q, J = 6.0 Hz, 2H).

Compound 16j. Following method H, compound 16j was synthesized using compound 21j. 'H
NMR (400 MHz, 298 K, CDCl3): 8 8.15 (s, 1H), 7.36 (d, J= 9.2 Hz, 2H), 6.78 (d, J = 8.0 Hz, 2H),
6.63-6.60 (m, 1H), 6.45-6.43 (m, 2H), 4.04 (t, /= 5.6 Hz, 2H), 3.73 (br, 1H), 3.31 (t, J="7.2 Hz, 2H),

2.86 (t, J = 8.4 Hz, 2H), 2.57 (t, J = 8.0 Hz, 2H), 2.07 (q, J = 5.6 Hz, 2H).

Compound 16k. Following method H, compound 16k was synthesized using compound 21k. 'H

NMR (400 MHz, 298 K, CDCL3): § 7.92 (s, 1H), 7.57-7.54 (m, 2H), ,6.69-6.67 (m, 2H), 6.58-6.56 (m,
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1H), 6.45-6.44 (m, 2H), 4.05 (t, J = 5.6 Hz, 2H), 3.31 (t, J="7.2 Hz, 2H), 2.86 (t, J = 7.2 Hz, 2H), 2.58

(t,J = 8.0 Hz, 2H), 2.08 (q, J = 6.4 Hz, 2H).

Compound 16l. Following method H, compound 161 was synthesized using compound 211. 'H
NMR (400 MHz, 298 K, CDCls): 8 7.83 (s, 1H), 7.54 (d, J = 9.2 Hz, 2H), 6.96 (d, J = 8.0 Hz, 2H),
6.60 (d, J=8.4 Hz, 1H), 6.46-6.45 (m, 2H), 4.13 (t, J = 6.0 Hz, 2H), 3.71 (br, 1H), 3.33 (t, /= 6.4 Hz,

2H), 2.86 (t, J= 8.0 Hz, 2H), 2.58 (t, J= 7.2 Hz, 2H), 2.11 (q, J = 6.4 Hz, 2H).

Compound 16m. Following method H, compound 16m was synthesized using compound 21m.
"H NMR (400 MHz, 298 K, CDCl5): 8 8.84 (s, 1H), 7.17 (t, J = 8.0 Hz, 1H), 6.78 (d, J= 7.2 Hz, 1H),
6.74-6.71 (m, 2H), 6.68-6.66 (m, 1H), 6.46-6.45 (m, 2H), 4.07 (t, /= 6.0 Hz, 2H), 3.32 (t, /= 6.4 Hz,

2H), 2.86 (t, J= 7.6 Hz, 2H), 2.58 (t, J = 8.0 Hz, 2H), 2.33 (s, 3H), 2.08 (q, J = 6.4 Hz, 2H).

Compound 16n. Following method H, compound 16n was synthesized using compound 21n. 'H
NMR (400 MHz, 298 K, CDCls): & 8.71 (s, 1H), 7.15 (t, J = 6.0 Hz, 2H), 6.87 (t, J = 6.8 Hz, 1H),
6.82-6.80 (m, 1H), 6.70-6.66 (m, 1H), 6.54-6.52 (m, 2H), 4.09 (t, J= 5.6 Hz, 2H), 3.36 (t, /= 6.4 Hz,

2H), 2.87 (t, J = 7.6 Hz, 2H), 2.58 (t, J = 7.6 Hz, 2H), 2.26 (s, 3H), 2.15 (q, J = 6.4 Hz, 2H).

Compound 160. Following method H, compound 16p was synthesized using compound 210. 'H
NMR (400 MHz, 298 K, CDCl;): 6 8.65 (s, 1H), 6.97-6.93 (m, 2H), 6.71-6.66 (m, 2H), 6.51-6.49 (m,
2H), 4.06 (t, J=5.6 Hz, 2H), 3.35 (t, J= 5.8 Hz, 2H), 2.87 (t, J= 8.0 Hz, 2H), 2.58 (t, /= 8.0 Hz, 2H),

2.26 (s, 3H), 2.23 (s, 3H), 2.12 (q, J = 6.4 Hz, 2H).
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(2-bromoethyl)cyclohexane. Cyclohexaneethanol (10.0 g, 78.0 mmol) was dissolved in dry
diethyl ether (50 mL) and cooled to 0 °C, phosphorus tribromide (2.59 mL, 27.3 mmol) was added.
After stirring for 18 h under nitrogen, the reaction mixture was poured into water (150 mL) and
extracted diethyl ether (50 mLx3). The combined organic layers were washed with brine (50 mLx1),
dried over MgSQOs, and concentrated in vacuo. The residue was purified via silica gel column (hexane)
to yield (2-bromoethyl)cyclohexane as colorless liquid (6.64 g, 45%). 'H NMR (400 MHz, 298 K,
CDCl3): 6 3.44 (t, J = 6.8 Hz, 2H), 1,76 (q, J = 7.2 Hz, 2H), 1.72-1.69 (m, 5H), 1.51-1.41 (m, 1H),

1.30-1.09 (m, 3H), 0.95-0.86 (m, 2H).

Method J; compound 22a. Compound 16a (121 mg, 409 pmol) was dissolved in DMF (10 mL),
and (2-bromoethyl)cyclohexane (118 mg, 614 pmol), potassium carbonate (113 mg, 818 umol) and
KI (67.9 mg, 409 umol) were added. After the mixture was stirred for 60 h at 60 °C, the mixture was
extracted with ethyl acetate (10 mLx2). The combined organic layers were washed with brine (10 mL),
dried over MgSQOs, and concentrated in vacuo. The residue was purified via silica gel column (ethyl
acetate/hexane = 3/1 v/v) to yield compound 22a as a yellow solid (29.1 mg, 18%). '"H NMR (400
MHz, 298 K, CDCl3): 6 7.47 (s, 1H), 7.31-7.27 (m, 2H), 6.95 (t, /= 7.8 Hz, 1H), 6.90 (d, J= 8.0 Hz,
2H), 6.59 (d, J = 7.6 Hz, 1H), 6.51-6.49 (m, 2H), 4.00 (t, J = 5.4 Hz, 2H), 3.45 (t, J = 6.4 Hz, 2H),
3.25 (t, J=7.8 Hz, 2H), 2.83 (t, J = 7.8 Hz, 2H), 2.56 (t, J = 7.8 Hz, 2H), 2.02 (q, J = 6.4 Hz, 2H),
1.72-1.64 (m, 5H), 1.47-1.41 (m, 2H), 1.28-1.13 (m, 4H), 0.98-0.89 (m, 2H). ESI-HRMS (m/z):

[M+H]* calc’d for C26H3sN202": 407.2699, found: 407.2712.

Compound 22b. Following method J, compound 22b was synthesized using compound 16b. 'H
NMR (400 MHz, 298 K, CDCl3): 6 7.54 (br s, 1H), 7.08 (d, J = 8.4 Hz, 2H), 6.80 (d, /= 8.4 HZ,

2H), 6.59 (d, J = 9.2 Hz, 1H), 6.50-6.48 (m, 2H), 3.97 (t, J = 6.4 Hz, 2H), 3.44 (t, J = 6.8 Hz, 2H),
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3.25 (t, J = 8.0 Hz, 2H), 2.82 (t, J = 7.6 Hz, 2H), 2.56 (t, J = 7.6 Hz, 2H), 2.29 (s, 3H), 2.00 (q, J =
6.4 Hz, 2H), 1.72-1.64 (m, 5H), 1.46-1.40 (m, 2H), 1.27-1.13 (m, 4H), 0.98-0.88 (m, 2H); ESI-

HRMS (m/z): [M+H]" calc’d for C27H37N20,": 421.2855, found: 421.2851.

Compound 22c¢. Following method J, compound 22¢ was synthesized using compound 16¢. 'H
NMR (400 MHz, 298 K, CDCl3): 6 8.47 (s, 1H), 7.11 (d, J = 8.4 Hz, 2H), 6.83 (d, J = 8.0 Hz, 2H),
6.67 (d, J=9.2 Hz, 1H), 6.51-6.50 (m, 2H), 3.98 (t, J= 5.2 Hz, 2H), 3,45 (t, /= 6.8 Hz, 2H), 3.25 (t,
J=6.8 Hz, 2H), 2.82 (t, /= 6.8 Hz, 2H), 2.62-2.55 (m, 4H), 2.01 (q, /= 5.2 Hz, 2H), 1.72-1.64 (m,
5H), 1.45-1.43 (m, 2H), 1.28-1.17 (m, 4H), 1.21 (t, J = 8.0 Hz, 3H), 0.98-0.90 (m, 2H); ESI-HRMS

(m/z): [M+H]" calc’d for CasH3oN,0,": 435.3012, found: 435.3013.

Compound 22d. Following method J, compound 22d was synthesized using compound 16d. 'H
NMR (400 MHz, 298 K, CDCl3): 6 8.96 (s, 1H), 6.85-6.83 (m, 4H), 6.72-6.69 (m, 1H), 6.52-6.51
(m, 2H), 3.95 (t, J = 5.2 Hz, 2H), 3.77 (s, 3H), 3.44 (t, J = 6.8 Hz, 2H), 3.25 (t, /= 8.0 Hz, 2H), 2.84
(t, J=17.2 Hz, 2H), 2.57 (t, J= 8.0 Hz, 2H), 2.00 (q, J = 6.4 Hz, 2H), 1.73-1.65 (m, 5H), 1.47-1.41
(m, 2H), 1.28-1.15 (m, 4H), 0.99-0.91 (m, 2H); ESI-HRMS (m/z): [M+H]" calc’d for C,7H37N205":

437.2804, found: 437.2815.

Compound 22e. Compound 22d (20.0 mg, 0.0458 mmol) was dissolved in CH>Cl, (2 mL), and
BBr3 (17.6 mg, 0.0687 mmol) was added on ice bath. After the mixture was stirred at 0 °C for 40 min.,
methanol (2 mL) was added to quench the reaction. The resulting mixture was poured into H,O (20
mL), and organic layers were extracted with AcOEt (20 mLx2). The combined organic layers were
washed with brine (20 mL), dried over Na»SO4, and concentrated in vacuo to yield compound 22e as

a light green solid (12.8 mg, 66%). 'H NMR (400 MHz, 298 K, CDCls):  7.68 (br, 1H), 6.77 (s, 4H),
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6.58 (s, 1H), 6.50 (s, 2H), 5.31 (br, 1H), 3.93 (t, J= 5.0 Hz, 2H), 3.44 (t, J = 6.9 Hz, 2H), 3.24 (t, J =
7.8 Hz, 2H), 2.83 (t, J= 6.9 Hz, 2H), 2.57 (t, J= 7.3 Hz, 2H), 1.98 (t, J= 5.5 Hz, 2H), 1.65 (overlapped
with H20, 4H)1.43 (d, J = 7.3 Hz, 2H), 1.26-1.19 (m, 5H), 0.95 (t, J = 11.0 Hz, 2H); ESI-LRMS

(m/z): [M+H]* calc’d for Ca¢H3sN2Os™: 423.2648, found: 423.2426.

O O

/@/\/\/N /@/\/\/N
O,N \%t' HoN NH
1-1 22f

Compound 22f. Intermediate 1 (I-1) was synthesized following method J from compound 16f.
Intermediate 1 was dissolved in DMF (3.0 mL), saturated aqueous NH4Cl (0.50 mL) was added,
followed by addition of iron powder (62.2 mg). The mixture was stirred at 100 °C for 6 h. After cooled
to room temperature, the mixture was filtered, and the filtrate was extracted CHCI3 (25 mLx3). The
combined organic layers were washed with brine (25 mLx1), dried over MgSQs, filtered, and
concentrated in vacuo. The residue was purified via silica gel column (ethyl acetate/Hexane=2/1 v/v)
to yield compound 22f as a brown oil (1.24 g, 37%). '"H NMR (400 MHz, 298 K, DMSO-ds): 8 9.68
(s, 1H), 6.67-6.63 (m, 3H), 6.51-6.45 (m, 4H), 4.59 (s, 2H), 3.84 (t, J = 6.0 Hz, 2H), 3.20 (t, J = 8.0
Hz, 2H), 2.74 (t, J = 7.6 Hz, 2H), 2.34 (t,J = 7.2 Hz, 2H), 1.83 (q, J= 6.4 Hz, 2H), 1.70-1.59 (m, 5H),
1.37-1.32 (m, 2H), 1.26-1.07 (m, 4H), 0.94-0.85 (m, 2H). ESI-HRMS (m/z): [M+H]" calc’d for

Ca6H36N30,": 422.2808, found: 422.2798.
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Compound 22g. Intermediate 2 (I-2) was synthesized following method J from compound 16g.
Intermediate 2 (47.5 mg, 99.2 pmol) was dissolved in ethanol (3.0 mL), and NaOH (93.7 mg, 2.34
mmol) in H>O (1.0 mL) was added. The mixture was stirred at 80 °C for 1 h. After the reaction, the
mixture was neutralized with 1 N HCI, and extracted with ethyl acetate (15 mLx3). The combined
organic layers were washed with brine (15 mLx1), dried over MgSQOs, filtered, and concentrated in
vacuo to yield compound 22g as yellow oil (43.6 mg, 98%). '"H NMR (400 MHz, 298 K, DMSO-ds):
09.69 (s, 1H), 7.88 (d, /= 9.2 Hz, 2H), 7.01 (d, J = 8.0 Hz, 2H), 6.66 (d, J = 9.2 Hz, 1H), 6.50-6.46
(m, 2H), 4.07 (t, J = 6.0 Hz, 2H), 3.20 (t, J= 8.0 Hz, 2H), 2.72 (t, J = 7.6 Hz,2H), 2.33 (t, /= 7.6 Hz,
2H), 1.92 (q, /= 6.4 Hz, 2H), 1.68-1.61 (m, 5H), 1.37-1.31 (m, 2H), 1.23-1.09 (m, 4H), 0.92-0.87 (m,

2H). ESI-HRMS (m/z): [M+H]* calc’d for C27H3sN,O4™: 451.2597, found: 451.2556.

Compound 22h. Following method J, compound 22h was synthesized using compound 16h. 'H
NMR (400 MHz, 298 K, CDClz): 8 9.57 (s, 1H), 6.97 (t, J = 8.8 Hz, 2H), 8.86-8.82 (m, 2H), 6.78-
6.76 (d, J=17.6 Hz, 1H), 6.54-6.52 (m, 2H), 3.96 (t, /= 5.6 Hz, 2H), 3.45 (t, /= 7.2 Hz, 2H), 3.26 (t,
J=28.0 Hz, 2H), 2.85 (t, J=7.2 Hz, 2H), 2.59 (t, J= 7.6 Hz, 2H), 2.02 (q, /= 6.4 Hz, 2H), 1.73-1.66
(m, 5H), 1.48-1.42 (m, 2H), 1.28-1.15 (m, 4H), 0.99-0.89 (m, 2H); ESI-HRMS (m/z): [M+H]" calc’d

for C26H34FN202+2 425.2604, found: 425.2583.

Compound 22i. Following method J, compound 22i was synthesized using compound 16i. 'H
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NMR (400 MHz, 298 K, CDCls): & 7.58 (br s, 1H), 7.23 (d, J = 8.4 Hz, 2H), 6.83 (d, J = 8.0 Hz, 2H),
6.61- 6.59 (m, 1H), 6.50-6.49 (m, 2H), 3.97 (t, J = 6.0 Hz, 2H), 3.43 (t, J = 7.2 Hz, 2H), 3.24 (t, J =
8.0 Hz, 2H), 2.84 (t, J = 7.6 Hz, 2H), 2.57 (t, J = 8.0 Hz, 2H), 2.01 (q, J = 6.4 Hz, 2H), 1.71-1.64 (m,
5H), 1.45- 1.40 (m, 2H), 1.27-1.10 (m, 4H), 0.97-0.88 (m, 2H); ESI-HRMS (m/z): [M+H]" calc’d for

C26H34CIN202": 441.2309, found: 441.2334.

Compound 22j. Following method J, compound 22j was synthesized using compound 16j. 'H
NMR (400 MHz, 298 K, CDCls): 8 9.37 (s, 1H), 7.36 (d, J = 8.4 Hz, 2H), 6.78 (d, J = 8.4 Hz, 2H),
6.74 (d, J = 8,4 Hz, 1H), 6.52-6.50 (m, 2H), 3.96 (t, J = 6.0 Hz, 2H), 3.43 (t, /= 6.8 Hz, 2H), 3.24 (4,
J=8.4Hz, 2H), 2.84 (t, J=7.6 Hz, 2H), 2.58 (t, J= 7.6 Hz, 2H), 2,01 (q, J = 5.6 Hz, 2H), 1.72-1.65
(m, 5H), 1.46-1.41 (m, 2H), 1.28-1.15 (m, 4H), 0.98-0.88 (m, 2H); ESI-HRMS (m/z): [M+H]" calc’d

for Co6H34BrN,O,*: 487.1787, found: 487.1847.

Compound 22k. Following method J, compound 22k was synthesized using compound 16k. 'H
NMR (400 MHz, 298 K, CDCls): 8 9.23 (s, 1H), 7.54 (d, J = 8.4 Hz, 2H), 6.73 (d, J = 8.4 Hz, 1H),
6.67 (d, J=9.2 Hz, 2H), 6.52-6.49 (m, 2H), 3.95 (t, /= 5.6 Hz, 2H), 3.43 (t, /= 6.4 Hz, 2H), 3.23 (4,
J=28.0 Hz, 2H), 2.83 (t, J = 7.6 Hz, 2H), 2.58 (t, J= 7.6 Hz, 2H), 2.01 (q, /= 6.4 Hz, 2H), 1.72-1.64
(m, 5H), 1.46-1.40 (m, 2H), 1.28-1.14 (m, 4H), 0.98-0.90 (m, 2H); ESI-HRMS (m/z): [M+H]" calc’d

for CosH34IN20,": 533.1665, found: 532.1662.

Compound 22l. Following method J, compound 221 was synthesized using compound 161. 'H
NMR (400 MHz, 298 K, CDCl3): 8 8.95 (s, 1H), 7.55 (d, J = 9.2 Hz, 2H), 6.96 (d, J = 8.0 Hz, 2H),
6.71 (d, J = 8.4 Hz, 1H), 6.53-6.51 (m, 2H), 4.04 (t, J = 6.0 Hz, 2H), 3.45 (t, /= 6.4 Hz, 2H), 3.25 (t,

J=8.0 Hz, 2H), 2.83 (t, J = 7.2 Hz, 2H), 2.57 (t, J = 7.2 Hz, 2H), 2.05 (q, J = 6.4 Hz, 2H), 1.71-1.68
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(m, 5H), 1.46-1.41 (m, 2H), 1.28-1.14 (m, 4H), 0.97-0.89 (m, 2H); ESI-HRMS (m/z): [M+H]" calc’d

for Co7H34F3N20,": 475.2572, found: 475.2580.

Compound 22m. Following method J, compound 22m was synthesized using compound 16m. 'H
NMR (400 MHz, 298 K, CDCl): 6 7.89 (s, 1H), 7.16 (t, J = 8.0 Hz, 1H), 6.77 (d, J = 7.2 Hz, 1H),
6.72-6.69 (m, 2H), 6.65-6.61 (m, 1H), 6.54-6.47 (m, 2H), 3.98 (t, /= 6.0 Hz, 2H), 3.45 (t, /= 6.8 Hz,
2H), 3.25 (t, J= 6.4 Hz, 2H), 2.84 (t, J= 7.6 Hz, 2H), 2.57 (t, J = 8.0 Hz, 2H), 2.32 (s, 3H), 2.01 (q, J
= 6.4 Hz, 2H), 1.70-1.63 (m, 5H), 1.43-1.41 (m, 2H), 1.26-1.14 (m, 4H), 0.98-0.90 (m, 2H); ESI-

HRMS (m/z): [M+H]" calc’d for C27H37N20,": 420.2855, found: 420.2852.

Compound 22n. Following method J, compound 22n was synthesized using compound 16n. 'H
NMR (400 MHz, 298 K, CDCl3): 8 7.76 (s, 1H), 7.16-7.12 (m, 2H), 6.86 (t, J= 7.2 Hz, 1H), 6.78 (d,
J = 8.4 Hz, 1H), 6.63-6.52 (m, 3H), 4.01 (t, /= 5.6 Hz, 2H), 3.49 (t, J = 6.4 Hz, 2H), 3.26 (t, J= 6.8
Hz, 2H), 2.83 (t, /= 7.2 Hz, 2H), 2.57 (t, J = 7.2 Hz, 2H), 2.29 (s, 3H), 2.05 (q, J= 6.4 Hz, 2H), 1.70-
1.64 (m, 5H), 1.46-1.44 (m, 2H), 1.28-1.14 (m, 4H), 0.98-0.87 (m, 2H); ESI-HRMS (m/z): [M+H]*

calc’d for Co7H37N20,": 421.2855, found: 421.2860

Compound 220. Following method J, compound 220 was synthesized using compound 160. 'H
NMR (400 MHz, 298 K, CDCl3): 8 7.46 (brs, 1H), 6.96-6.88 (m, 2H), 6.67-6.63 (m, 2H), 6.56-6.49
(m, 2H), 3.95 (t, J= 5.6 Hz, 2H), 3.46 (t, J= 5.8 Hz, 2H), 3.24 (t, /= 6.8 Hz, 2H), 2.81 (t, /= 8.0 Hz,
2H), 2.55 (t, J = 8.0 Hz, 2H), 2.24 (s, 3H), 2.23 (s, 3H), 2.15 (q, J = 6.4 Hz, 2H), 1.68-1.62 (m, 2H),
1.45-1.41 (m, 2H), 1.24-1.13 (m, 4H), 0.96-0.83 (m, 2H); ESI-HRMS (m/z): [M+H]* calc’d for

C2sH390N20,": 435.3012, found: 435.3067.
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tert-butyl 4-(2-hydroxyethyl)piperidine-1-carboxylate (27). 4-piperidine ethanol (500 mg, 3.87
mmol) was dissolved in CH>Cl» (20 mL). A solution of di-fert-butyl-dicarbonate (929 mg, 4.26 mmol)
and triethylamine (1.61 mL, 11.6 mmol) in CH>Cl, (80 mL) was added dropwise at 0 °C. The mixture
was stirred at 0 °C for 1 h and subsequently stirred at room temperature for 16 h. A saturated aqueous
NaHCOs3 (50 mL) was added, the organic layer was collected, and the aqueous layer was extracted
with CH>Cl, (40 mLx2). The combined organic layers were dried over MgSQs, filtered, and
concentrated in vacuo to yield compound 27 as a colorless oil (861 mg, 97%). 'H NMR (400 MHz,
298 K, CDCls): 6 4.09-4.06 (m, 2H), 3.71 (t, J = 6.8 Hz, 2H), 2.73-2.65 (m, 2H), 1.68- 1.49 (m, 5H),

1.45 (s, 9H), 1.17-1.07 (m, 2H).

tert-butyl 4-(2-chloroethyl)piperidine-1-carboxylate (28). Compound 27 (861 mg, 3.75 mmol)
was dissolved in CH,Cl, (7 mL), and carbontetrachloride (363 pL, 3.75 mmol) was added. A solution
of triphenylphosphine (984 mg, 3.75 mmol) in CH>Cl, (7 mL) was added dropwise, and the mixture
was stirred at room temperature for 3 h. A further carbontetrachloride (182 pL, 1.88 mmol) was added,
and the mixture was stirred at room temperature for 20 h. After the reaction, the mixture was washed
with saturated aqueous NaHCO3 (40 mLx2) and brine (40 mLx1). The organic layer was dried over
MgSQOs, filtered and concentrated in vacuo. The residue was purified via silica gel column
(Hexane/AcOEt = 7/1 v/v) to yield compound 28 as a colorless oil (586 mg, 63%). 'H NMR (400
MHz, 298 K, CDCl3): 6 4.11-4.07 (m, 2H), 3.58 (t, J = 6.8 Hz, 2H), 2.73-2.66 (m, 2H), 1.74-1.61 (m,

5H), 1.45 (s, 9H), 1.15-1.05 (m, 2H).

Compound 23. Following method J, compound 29 was synthesized using compounds 16b and 28.
Then, compound 29 (94.1 mg, 0.180 mmol) was dissolved in AcOEt (8.0 mL), and 4 N HCI (2 mL)

was added. The mixture was stirred at room temperature for 24 h. The mixture was neutralized with
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saturated aqueous NaHCO3 and extracted with CHCl3 (20 mLx3). The combined organic layers were
washed with brine (20 mLx1), dried over MgSQOs, filtered, and concentrated in vacuo to yield
compound 23 as a yellow oil (54.0 mg, 71 %). Compound 29: 'H NMR (400 MHz, 298 K, DMSO-
d6): 6 9.69 (s, 1H), 7.07 (d, J = 8.4 Hz, 2H), 6.82 (d, J= 8.0 Hz, 2H), 6.66 (d, J = 8.4 Hz, 1H), 6.51-
6.47 (m, 2H), 4.34 (t, J= 6.4 Hz, 2H), 3.95 (t, /= 6.0 Hz, 2H), 3.91-3.88 (m, 4H), 3.20 (t, /= 7.2 Hz,
2H), 2.73 (t, J = 8.0 Hz, 2H), 2.34 (t, /= 7.2 Hz, 2H) 2.22 (s, 3H), 1.89-1.85 (m, 2H), 1.62-1.59 (m,
4H), 1.38 (s, 9H), 1.00-0.90 (m, 1H); Compound 23: 'H NMR (400 MHz, 298 K, DMSO-ds): 6 9.70
(s, 1H), 7.08 (d, /= 8.0 Hz, 2H), 6.82 (d, J= 8.0 Hz, 2H), 6.66 (t, J=9.2 Hz, 1H), 6.51-6.47 (m, 2H),
3.95 (t,J= 6.0 Hz, 2H), 3.21 (t, J = 7.6 Hz, 2H), 3.09-3.06 (m, 2H), 2.73 (t, J = 7.6 Hz, 2H), 2.67-
2.62 (m, 2H), 2.34 (t, /= 7.6 Hz, 2H), 2.23 (s, 3H), 1.88 (q, /= 6.0 Hz, 2H), 1.72-1.69 (m, 2H), 1.41-
1.38 (m, 4H), 1.23-1.12 (m, 3H); ESI-HRMS (m/z): [M+H]* calc’d for C26H3sN30,": 422.2808, found:

422.2820

1-(2-chloroethyl)piperidine (30). A solution of 4-piperidineethanol (500 mg, 3.87 mmol) in
toluene (5.0 mL) was cooled to 0 °C under nitrogen, and SOCl> (337 pL, 4.64 mmol) was added. The
reaction mixture was allowed to warm to 60 °C and stirred for 3 h. The solvent was removed in vacuo.
CH»Cl; and water were added, and the mixture was neutralized with a 1 M NaOH aqueous solution.
The mixture was extracted with CH2Cl, (15 mLx3). The combined organic layers were dried over
MgSOs, filtered, and concentrated in vacuo to yield compound 30 as a yellow liquid (129 mg, 23%).
"H NMR (400 MHz, 298 K, CDCl3): & 3.56 (t, J= 7.6 Hz, 2H), 2.67 (t, J= 7.6 Hz, 2H), 2.43-2.42 (m,

4H), 1.59- 1.53 (m, 4H), 1.42-1.38 (m, 2H)

Compound 24. Following method J, compound 24 was synthesized using compounds 16b and 30.

'H NMR (400 MHz, 298 K, DMSO-d6): § 9.71 (s, 1H), 7.08 (d, J = 8.0 Hz, 2H), 6.82 (d, J= 8.4 Hz,

107 / 141



2H), 6.66 (d, J = 9.2 Hz, 1H), 6.56-6.51 (m, 2H), 3.95 (t, J = 5.6 Hz, 2H), 3.39 (t, J = 7.6 Hz, 2H),
3.27 (t, J=8.0 Hz, 2H), 2.73 (t, J = 7.6 Hz, 2H), 2.60-2.45 (m, 6H), 2.32 (t, J = 7.6 Hz, 2H), 2.23 (t,
3H), 1.91 (q,J = 6.0 Hz, 2H), 1.57-1.51 (m, 4H), 1.43-1.38 (m, 2H); ESI-HRMS (m/z): [M+H]" calc’d

for C26H36N302+2 422.2808, found: 422.2791

3-methylbut-2-enoyl chloride (31). A mixture of 3-methylbut-2-enoic acid (3.00 g, 30.0 mmol)
in dry CH»Cl, (100 mL) at 0 °C under nitrogen was added SOCI; (3.3 mL, 45.0 mmol) followed by a
catalytic amount of DMF (3 drops). The reaction mixture was allowed to warm to 50 °C and stirred
for 1 h. The solvent was removed in vacuo to yield compound 31 as a colorless liquid. The whole

amount of compound 92 was directly used for the next reaction.

3-methyl-N-phenylbut-2-enamide (32). Compound 31 was dissolved in dry CH>Cl, (70 mL), and
aniline (2.79 g, 30.0 mmol) was added. The mixture was stirred at room temperature under nitrogen
and added dropwise of diisopropylethylamine (7.74 g, 60.0 mmol). After the mixture was stirred for
2.5 h, the solvent was removed in vacuo. The residue was added saturated aqueous NaHCOs3 and
extracted with AcOEt (100 mLx3). The combined organic layers were washed with 1 N aqueous HCI
(100 mLx1) and brine (100 mLx1), dried over MgSOs, filtered, and concentrated in vacuo. The residue
was purified via silica gel column (CH2Cly/hexane = 3/1 v/v) to yield compound 32 as a colorless solid
(3.75 g, 70%). 'H NMR (400 MHz, 298 K, CDCls): § 7.54-7.52 (m, 2H), 7.32 (t, J = 8.0 Hz, 2H),

7.10-7.08 (m, 2H), 5.71 (s, 1H), 2.23 (s, 3H), 1.90 (s, 3H).

4,4-dimethyl-3,4-dihydroquinolin-2(1H)-one (33). Compound 32 (2.22 g, 12.6 mmol) was

dissolved in dry CH>Cl (30 mL), and aluminium chloride (3.39 g, 25.2 mmol) was added. The mixture

was stirred at 50 °C for 1 h under nitrogen. After the reaction was completed, the solvent was removed
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in vacuo. The residue was added 1 N HCI (90 mLx1) and extracted with AcOEt (90 mLx3). The
combined organic layers were washed with brine (90 mLx1), dried over MgSQOs, filtered, and
concentrated in vacuo. The residue was purified via silica gel column (CH>Cl/AcOEt = 10/1 v/v) to
yield compound 33 as a colorless solid (1.45 g, 65%). 'H NMR (400 MHz, 298 K, CDCls): & 9.05 (s,
1H), 7.29 (d, J = 7.2 Hz, 1H), 7.18 (t, J = 8.0 Hz, 1H), 7.05 (t, J = 8.0 Hz, 1H), 6.85 (d, /= 8.4 Hz,

1H), 2.50 (s, 2H), 1.34 (s, 6H).

4,4-dimethyl-6-nitro-3,4-dihydroquinolin-2(1H)-one (34). Following method D, compound 34
was synthesized using compound 33. "H NMR (400 MHz, 298 K, CDCls): § 9.01 (s, 1H), 8.21 (s, 1H),

8.11 (d, /= 8.0 Hz, 1H), 6.92 (d, /= 9.2 Hz, 1H), 2.57 (s, 2H), 1.41 (s, 6H).

6-amino-4,4-dimethyl-3,4-dihydroquinolin-2(1H)-one (35). Following method E, compound 35
was synthesized using compound 34. '"H NMR (400 MHz, 298 K, DMSO-d6): § 9.67 (s, 1H), 6.50-

6.48 (m, 2H), 6.29 (d, J = 8.0 Hz, 1H), 4.70 (s, 2H), 2.62 (s, 2H), 1.09 (s, 6H).

Compound 36. Following method H, compound 36 was synthesized using compounds 21b and
35. 'H NMR (400 MHz, 298 K, CDCl;): & 8.40 (br s, 1H), 7.08 (d, J = 8.0 Hz, 3H), 6.80 (d, /= 8.0
Hz, 2H), 6.68- 6.65 (m, 2H), 4.07 (t, J = 6.0 Hz, 2H), 3.35 (t, J = 6.8 Hz, 2H), 2.43 (s, 2H), 2.28 (s,

3H), 2.12 (q, J = 6.4 Hz, 2H), 1.29 (s, 6H).

Compound 25. Following method J, compound 25 was synthesized using compound 36. 'H NMR
(400 MHz, 298 K, CDCls): 8 7.66 (br s, 1H), 7.08 (d, 8.4 Hz, 2H), 6.80 (d, J= 8.4 Hz, 2H), 6.66-6.65
(m, 1H), 6.62-6.59 (m, 1H), 6.52-6.49 (m, 1H), 3.98 (t, /= 6.0 Hz, 2H), 3,46 (t, J= 6.8 Hz, 2H), 3.27

(t, J = 8.0 Hz, 2H), 2.43 (s, 2H), 2,29 (s, 3H), 2.02 (q, J = 6.8 Hz, 2H), 1.72-1.60 (m, 5H), 1.47-1.42
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(m, 2H), 1.30-1.14 (m, 4H), 1.28 (s, 6H), 0.98-0.93 (m, 2H); ESI-HRMS (m/z): [M+H]" calc’d for

C29H41N202+2 449.3168, found: 449.3247.

3-(2-bromophenyl)-2,2-dimethylpropanenitrile (37). A solution of isobutyronitrile (0.716 g,
10.4 mmol) in dry THF (6 mL) was added LiHMDS (16 mmol) at 0 °C under nitrogen, stirred for 20
min, and added 1-bromo-2-(bromomethyl)benzene (2.00 g, 8.00 mmol) in dry THF (14 mL). After
stirring for 15 h at rt, the reaction mixture was quenched with saturated aqueous NH4Cl, extracted with
AcOEt (50 mIx3). The combined organic layers were washed with brine (50 mlx1), dried over MgSOa,
filtered, and concentrared in vacuo. The residue was purified via silica gel column (Hexane/AcOEt =
30/1 v/v) to yield compound 37 as yellow liquid (1.83 g, 96%). "H NMR (400 MHz, 298 K, CDCl5):
6 7.59 (d, J=8.0 Hz, 1H), 7.51 (d, J=9.2 Hz, 1H), 7.32 (t, /= 7.6 Hz, 1H), 7.15 (t, /= 8.8 Hz, 1H),

3.08 (s, 2H), 1.43 (s, 6H).

3,3-dimethyl-3,4-dihydroquinolin-2(1H)-one (38). A mixture of compound 37 (2.00 g, 8.40
mmol), Cul (48.0 mg, 3.0 mol%), KI (13.9 mg, 1.0 mol%), N-acetylglycine (59.0 mg, 6.0 mol%),
NaOH (1.01 g, 25.2 mmol) in zer-BuOH (10 mL) was added to screw-capped bial. The mixture was
stirred at 100 °C for 48 h and diluted with CH>CL. The crude reaction mixture was filtered through
celite pad and concentrated in vacuo. The residue was extracted with CH>Cl, (60 mLx3). The
combined organic layers were washed with brine (60 mLx1), dried over MgSQs, and concentrated in
vacuo. The residue was purified via silica gel column (Hexane/AcOEt = 3/1 v/v) to yield compound
38 as a colorless solid (0.446 g, 30%). '"H NMR (400 MHz, 298 K, CDCls): § 8.06 (s, 1H), 7.19-7.13

(m, 2H), 6.98 (t, J= 7.2 Hz, 1H), 6.75 (d, 1H), 2.81 (s, 2H), 1.21 (s, 6H).

3,3-dimethyl-6-nitro-3,4-dihydroquinolin-2(1H)-one (39). Following method D, compound 39
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was synthesized using compound 38. "H NMR (400 MHz, 298 K, CDCls): 6 9.01 (s, 1H), 8.21 (s, 1H),

8.11 (d, /= 8.0 Hz, 1H), 6.92 (d, /= 9.2 Hz, 1H), 2.57 (s, 2H), 1.41 (s, 6H).

6-amino-3,3-dimethyl-3,4-dihydroquinolin-2(1H)-one (40). Following method E, compound 40
was synthesized using compound 39. '"H NMR (400 MHz, 298 K, DMSO-dy): 8 9.67 (s, 1H), 6.50-

6.48 (m, 2H), 6.29 (d, J = 8.0 Hz, 1H), 4.70 (s, 2H), 2.62 (s, 2H), 1.09 (s, 6H).

Compound 41. Following method H, compound 41 was synthesized using compounds 21b and
40. '"H NMR (400 MHz, 298 K, CDCl;): 6 8.40 (br s, 1H), 7.08 (d, J = 8.0 Hz, 3H), 6.80 (d, J= 8.0
Hz, 2H), 6.68-6.65 (m, 2H), 4.07 (t, J = 6.0 Hz, 2H), 3.35 (t, J = 6.8 Hz, 2H), 2.43 (s, 2H), 2.28 (s,

3H), 2.12 (q, J = 6.4 Hz, 2H), 1.29 (s, 6H).

Compound 26. Following method J, compound 26 was synthesized using compound 41. 'H NMR
(400 MHz, 298 K, CDCls): 8 7.66 (br s, 1H), 7.08 (d, 8.4 Hz, 2H), 6.80 (d, J = 8.4 Hz, 2H), 6.66-6.65
(m, 1H), 6.62-6.59 (m, 1H), 6.52-6.49 (m, 1H), 3.98 (t, /= 6.0 Hz, 2H), 3,46 (t, J= 6.8 Hz, 2H), 3.27
(t, J= 8.0 Hz, 2H), 2.43 (s, 2H), 2,29 (s, 3H), 2.02 (q, J = 6.8 Hz, 2H), 1.72-1.60 (m, 5H), 1.47-1.42
(m, 2H), 1.30-1.14 (m, 4H), 1.28 (s, 6H), 0.98-0.93 (m, 2H); ESI-HRMS (m/z): [M+H]" calc’d for

C29H41N202+: 449.3168, found: 449.3247.

Compound 46. Compound 1c¢ (50.0 mg, 0.137 mmol) was dissolved in DMF, and Mel (2.0 eq.)
and NaH (1.0 eq.) were added on ice bath. After stirring at rt for 21 h, the resulting mixture was diluted
with CH>Cl, (20 mL). The organic layer was washed with H,O (20mL), brine (20 mL), dried over
with MgSOs, and concentrated in vacuo to yield compound 46 as a beige solid (46.0 mg, 89%). 'H

NMR (400 MHz, 298 K, CDCls): § 7.81-7.77 (m, 2H), 7.45 (s, 1H), 7.15 (d, J = 8.3 Hz, 2H), 7.05 (d,
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J=9.2 Hz, 1H), 6.96 (d, J = 9.2 Hz, 2H), 5.48 (s, 2H), 3.39 (s, 3H), 2.9 (t, J = 7.3 Hz, 2H), 2.69 (t,

J=17.3Hz, 2H), 2.61 (q, J= 7.6 Hz, 2H), 1.22 (t, J= 7.3 Hz, 3H).

2-(phenylthio)acetonitrile (49). Following method A, compound 49 was synthesized using
benzenethiol. 'H NMR (400 MHz, 298 K, CDCls): 8 7.56 (d, J = 7.0 Hz, 2H), 7.39 (d, J= 7.0 Hz, 2H),

7.38 (s, 1H), 3.57 (s, 2H).

2-(phenylthio)ethanethioamide (50). Following method B, compound 50 was synthesized using
compound 49. "H NMR (400 MHz, 298 K, CDCls): 6 8.17 (br, 1H), 7.56 (br, 1H), 7.24-7.14 (m, 5H),

4.11 (s, 2H).

Compound 47. Following method C, compound 47 was synthesized using compound 15 and 50. 'H
NMR (400 MHz, 298 K, DMSO-dy): 8 10.16 (s, 1H), 7.81 (s, 1H), 7.71 (s, 1H), 7.67 (d, J = 8.3 Hz,
1H), 7.42 (d, J = 8.3 Hz, 2H), 7.32 (t, J = 7.8 Hz, 2H), 7.21 (t, J = 7.3 Hz, 1H), 6.88 (d, /= 8.3 Hz,
1H), 4.65 (s, 2H), 2.92 (t, J = 7.8 Hz, 2H), 2.47 (overlapped with DMSO-ds, 2H); ESI-HRMS (m/z):

[M+H]* calc’d for C19H17N208S,": 353.07823, found: 353.07852.

Compound 48. The mixture of compound 47 (50.0 mg, 0.142 mmol) and mCPBA (4.0 eq.) was
dissolved with CH>Cl, and stirred at 0 °C for 14.5 h. The resulting mixture was poured into sat.
NaHCO3 aqueous to quench the reaction. Organic layer was extracted with AcOEt, washed with H,O,
brine, and dried over MgSOj4. The residue was concentrated in vacuo to yield compound 48 as a yellow
solid (22.9 mg, 42%). '"H NMR (400 MHz, 298 K, DMSO-ds): 5 10.16 (s, 1H), 7.95 (s, 1H), 7.82-7.74
(m, 3H), 7.63 (t, J=7.8 Hz, 2H), 7.53 (d, J=10.1 Hz, 2H), 6.85 (d, /= 8.3 Hz, 1H), 5.27 (s, 2H), 2.89

(t, J=17.3 Hz, 2H) , 2.50 (overlapped with DMSO-ds, 2H); ESI-HRMS (m/z): [M+H]" calc’d for
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C19H17N20382+i 385.06806, found: 385.07010.

V.2.MBL & v~ 7’8 O FHR R

Expression. The DNA sequence encoding NDM-1 or IMP-1 was introduced into pET48b(+)
plasmid vector (Novagen). NDM-1 or IMP-1 was expressed as a 6xHis-fused Trx-tag-conjugated form.
The Escherichia coli competent cell, Rosetta (DE3) pLysS, was transformed with the vector. The
transformed cells were picked up from the colony grown on the agar medium containing Kanamycin
at the concentration of 35 pg/mL. After a pre-incubation with 10 mL LB medium at 30 °C, the cell
culture was scaled up to 2 L medium. The protein was expressed at 30 °C overnight after the induction
with 0.2 mM IPTG at an ODsgo value of 0.8. The cultured cells were pelleted down by a 15 minute
centrifuge at 5000xG.

The cell pellet was re-suspended with 40 mL of buffer solution (50 mM Tris-HCI pH 8.0, 150 mM
NaCl, 10 mM imidazole, 1 mM phenylmethylsulfonyl fluoride: PMSF). The cells in the re-suspended
solution were disrupted by the ultrasonic homogenizer (SONIFIER 250, BRANSON). The lysate was
centrifuged at 14000xG for 30 minutes, and the remaining debris was removed from the supernatant

by passing through the 0.45 pm micro-filter.

Purification. The Trx-conjugated protein was first purified by HisTrap HP 5 mL column (GE
Healthcare), using a solution consisting of 50 mM Tris-HCI pH 8.0, 150 mM NacCl, 10 mM imidazole
as a starting buffer and a solution consisting of 50 mM Tris-HCI pH 8.0, 150 mM NacCl, 500 mM
imidazole as an elution buffer. The concentration of imidazole was gradually increased up to 500 mM
in elution.

The collection tubes containing the target protein were chosen by the SDS-PAGE, and the collected

fraction was dialyzed against 1 L of buffer solution (50 mM Tris-HCl pH 8.0, 150 mM NaCl) overnight
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at 4 °C to remove imidazole. The 6xHis-fused Trx-tag was cleaved by HRV-3C protease. The protease
at the concentration of 1 mg/mL was added to the sample after dialysis by 10 uL per 1 mg target
protein. The mixture of the sample and HRV-3C protease was incubated at 4 °C for 24 hours.

The concentration of protein was measured by the adsorption of ultra-violet at 280 nm. The
extinction coefficient was 1.28 AU-(mg/mL)"!' for IMP-1 and 0.98 AU-(mg/mL)"' for NDM-1. After
cleavage of Trx-tag, the coefficient was changed to 1.72 AU:(mg/mL)! for IMP-1 and 1.09
AU-(mg/mL)"! for NDM-1.

The cleaved Trx-tag, HRV-3C protease, and uncleaved conjugated protein were removed by Ni-
NTA resin. The cleaved target protein was further purified by TALON® metal affinity resin column
(Clontech) using a solution consisting of 50 mM Tris-HCI pH 8.0, 150 mM NaCl, 10 mM imidazole
as a starting buffer and a solution consisting of 50 mM Tris-HCI pH 8.0, 150 mM NaCl, 500 mM
imidazole as an elution buffer. The target protein was collected from the flow-through fractions.

Since the iso-electric point of IMP-1 is 8.73 and that of NDM-1 is 5.88, IMP-1 was further purified
by cation exchange chromatography, and NDM-1 was by anion exchange chromatography. The
starting buffer for IMP-1 was 50 mM MES pH 6.5, and the elution buffer was 50 mM MES pH 6.5,
1000 mM NaCl. The starting buffer for NDM-1 was 50 mM Tris-HCI pH 8.0, and the elution buffer
was 50 mM Tris-HCI pH 8.0, 1000 mM NacCl. The concentration of NaCl was elevated in the gradient
manner.

The protein was finally purified by gel filtration using HiLoad 16/60 Superdex 75 pg (GE
Healthcare) with a running buffer of 20 mM HEPES at pH 7.5, 200 mM NacCl, and 2 mM mercapto-

ethanol.

Evaluation of purity. The purity of the sample protein was evaluated by SDS-PAGE. A small

aliquot of the sample (15 pL) was taken, and 5 pL of 4xSDS buffer 2ME(+) was added to the sample
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solution, and then, incubated at 95 °C for 5 minutes. The reaction product was applied to a 10 % acryl-
amide gel by 10 pL for electrophoresis. The molecular weight marker, Precision plus protein™ Dual-
color standard, was also applied for reference. The protein was stained by Coomassie Brilliant Blue

(CBB) or Oriole fluorescent agent.

Concentration. Finally, the protein was concentrated to 0.52 mg/mL for IMP-1 and 0.54 mg/mL
for NDM-1. The concentrated protein was mixed with glycerol in a ratio of 1:1 for the compound
screening. The protein was further concentrated to 43.2 mg/mL for IMP-1 and 76.6 mg/mL for NDM-

1 for the protein crystallization for X-ray structure analysis.

V.3.MBL FHEFEEORIE (in vitro)

Measurement of enzymatic reaction rate

An antibiotic, Cephalosporin C, is one of the substrates of metallo-f-lactamases; IMP-1 and NDM-
1. The reaction rate of the hydrolysis of Cephalosporin C by IMP-1 or NMD-1 was monitored by the
UV-vis absorption (Shimadzu UV-1800) at 260 nm. The B-lactam ring of Cephalosporin C shows a
specific peak at 260 nm in UV absorption, and the peak height is diminished due to the hydrolysis of

the ring. If an inhibitory compound is present in the solution, the hydrolysis reaction becomes slow.

Experimental procedure

1. Preparation of stock solution: Buffer A (50 mM HEPES, 10 uM Zn Acetate, pH 7.0), buffer B
(50 mM Tris HCI, 150 mM NaCl, pH 7.0), and an aqueous solution of 100 mM Cephalosporin C
were prepared.

2. Baseline measurement: The UV absorption was measured for 1 mL of buffer A with a quartz cell.
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3. Background measurement: The UV absorption was measured for 10 minutes at 25 °C for a
mixture of 953 pL of buffer A, 45 uL of buffer B, and 2 pL of Cephalosporin C solution.

4. Measurement of control: The UV absorption was measured for 10 minutes for a mixture of 953
uL of buffer A, 43 pL of buffer B plus 2 pL of IMP-1 or NDM-1 solution, and 2 pL of
Cephalosporin C solution.

5. Preparation of sample: A 45 pL sample solution was prepared by mixing 33 pL of buffer B, 10
uL of a compound solution, and 2 pL of IMP-1 or NDM-1 solution.

6. Measurement of sample: UV absorption was measured for 10 minutes at 25 °C for a mixture of

953 uL of buffer A, 45 pL of the solution prepared in 5, and 2 pL of Cephalosporin C solution.

So— S
Inhibition rate (%) = 100 x (1_ 0 300)

Co — C300

Figure D1. Calculation of inhibitory activity. So is the absorbance of the sample at the initial time
point (0 s), S3oo is the absorbance of the sample at the final time point (300 s), Cois the absorbance of
the control at the initial time point (0 s), Csgo is the absorbance of the control at the final time point

(300 s).

V.4. X B S E AR

Crystal Growth

The single crystal of the complex of IMP-1 and compound 1 was grown by the sitting drop vapor
diffusion method at 18 °C. First, 0.8 puL of 43.2 mg/mL protein solution was mixed with 0.2 pL of a
solution containing 4 mM ZnCl; and 2 mM compound 1, followed by incubation at room temperature
for 10 min. Then, 1.0 pL of the mixed solution was combined with 1.0 pL of the well solution
consisting of 100 mM sodium citrate, 200 mM sodium acetate, and 28% polyethylene glycol (PEG)

8000 at pH 6.2. The combined solution was placed on the plate for setting up a droplet for
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crystallization. The crystals grown were cryo-protected by brief immersion in a solution containing
25% (v/v) glycerol, followed by freezing in liquid nitrogen.

The single crystal of the complex of NDM-1 and ampicillin was also grown by the sitting drop
method at 18°C. First, 0.5 uL of 76.6 mg/mL protein solution was mixed with 0.5 pL of a solution of
100 mg/mL ampicillin containing 0.5 mM ZnCl,, followed by incubation at room temperature. Then,
1.0 pL of the mixed solution was combined with 1.0 pL of the well solution consisting of 100 mM
Bis-Tris, 25% PEG3350, and 250 mM ammonium sulfate at pH 7.2 for crystallization. The crystals
were cryo-protected by brief immersion in a solution containing 25% (v/v) glycerol before freezing in

liquid nitrogen.

Structure Determination

X-ray diffraction data were collected at 100 K on AR-NE3A or AR-NW12A beamlines of Photon-
Factory (PF, Tsukuba, Japan). The diffraction data were indexed, scaled, and merged with HKL1.2000
134 Intensities were converted into structure factors, and 5% of the reflections were flagged for Riee
calculations. The complex structure of IMP-1 and compound 1a was determined by the molecular
replacement method '3 using a crystal structure of PDB code: 2DOO 3¢ as a search model, and that
of NDM-1 and ampicillin was determined using a structure of 5ZGE '37. Molecular replacement,

structure refinement, and model building were carried out using PHENIX 3% and COOT .

V.5. sHELRS T

Model building
Two binding structures obtained in the X-ray crystal analysis of IMP-1 were used as templates for
building the models for MD simulation. The IMP-1 — compound 1 complex of the template structure

140

was placed in a rectangular periodic boundary box filled with TIP3P waters '“°, and counter ions were
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added to neutralize the model system using the leap module in AmberTools16 . The closest distance
from the protein to the boundary edge was set to 12.0 A. The final model size was ca. 73 Ax 70 Ax
64 A and the total number of atoms was about 33,000. Two model systems were built for simulations
to compare the stability of the respective binding structures. Furthermore, the predicted binding
structure of compound 1 in the catalytic site of NDM-1 was built from the crystal structure of the

NDM-1 — ampicillin complex. The calculation model was set up in the same manner above.

Molecular Dynamics (MD) Simulation

Minimization, heating, and pre-equilibration were carried out using the sander module of
AMBER16 ¥. Production run of MD simulation was carried out using the pmemd module that was
compiled as a graphics processing unit (GPU) executable code. Energy minimization was achieved in
two steps. The first step was for the relaxation of the protein structure only. The second step was for
the relaxation of the whole system. In each step, energy minimization was done for 10,000 cycles. The
minimization method was switched from the steepest descent method to the conjugate gradient method
after 3,000 cycles. The model system was heated to 300 K for 0.1 ns under the NVT-ensemble
condition, and subsequent 0.4 ns pre-equilibrating calculation was executed under the NPT-ensemble
condition. Then the production run of MD simulation was carried out for 200 ns at 300 K. The cutoff
distance for the electrostatic and van der Waals energy terms was set to 12.0 A. The periodic boundary
condition was applied, and the integration time step was 2 fs.

The ff14SB force field '*! was applied to the protein molecules, the general AMBER force field

143 was to counter ions.

(GAFF2)'*? was to the compound, TIP3P '4° was to waters, and ionsjc_tip3p
The partial atom charges of the compound were determined by performing a quantum chemical

calculation using the Gaussian16 program 44, The stable structure of the compound was determined

through geometry optimization at the B3LYP/6-31G(d,p) level, and the electrostatic potential was
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subsequently calculated at the HF/cc-pVTZ level under the ether-phase condition.

Analysis of Molecular Dynamics Simulation

The ptraj module of AmberTools16 was utilized to obtain the representative structures of the last
40 ns simulations. The atom coordinates were stored every 0.1 ns in every MD simulation. First, the
average structure was obtained from the 400 snapshot structures for the last 40 ns. Next, the root mean
square deviation (RMSD) values between the average structure and the respective snapshots were
calculated. Then, the snapshot that had the least RMSD value among the 400 was selected as the

representative structure. The representative structure was depicted by PyMOL 4.
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