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Ac: acetyl

ATCC : American type culture collection

CCso: 50% cytotoxic concentration

3CLpro: 3C-Like protease

2’-CMC: 2’-C-methylcytidine

CPE: cytopathic effect

CRFK: crandell-reese feline kidney

DMAP: 4-dimethylaminopyridine

DMEM: Dulbecco’s modified Eagle’s medium
DMSO: dimethyl sulfoxide

DPBS: Dulbecco’s phosphate-buffered saline
ECso: 50% effective concentration

EDC-HCI: 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydrochloride
ESIMS: electrospray ionization mass spectrometry
FBS: fetal bovine serum

FCV: feline calicivirus

GABA: y-aminobutyric acid

HEPES: N-(2-hydroxyethyl)piperazine-N"-2-ethanesulfonic acid
hNoV: human norovirus

MEM: minimum essential medium

MeOH: methanol

MNYV: murine norovirus

MOI: multiplicity of infection

ORF: open reading frame

PCR: polymerase chain reaction

PoSaV: porcine sapovirus

PVDF: polyvinylidene difluoride

RdRp: RNA dependent RNA polymerase

RI: radioisotope

SDS-PAGE: sodium dodecy! sulfate-poly acrylamide gel electrophoresis
TCIDso: 50% tissue culture infectious dose

TFA: trifluoroacetic acid

TF1: theaflavin

TF2A: theaflavin-3-O-gallate

TF2B: theaflavin-3'-O-gallate



TF3: theaflavin-3,3"-0,0-digallate
VLP: virus-like particle

VP: viral protein

VPg: viral protein genome

WST-8: water-soluble tetrazolium salt-8
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JavA LA (Figure 1) X, BH7FERS KL OUYYEIC K 28T A Vv AMEE R O FEE 7205
JFURCTH D D, FE, TR, g, ELZEOERIT, @ A ThIVUIE A THEMAET S8,
PR EEE, E AR SEFTETITEENLL, HICELZ LD, BEMEL LOUEEY )
DIXVANARF R REICHEE S (E 1g HI2 10°—108F) . £ b0 b 2 WK Z#E 2
FTZENMOLINTEY, HRATITERK 20 TAOHLSENTEL2oTD 2, JavAfL
AXERIT AR KRR FEERZREO—2 Lo TR Y | MPMEB L ORTEH TIDT0,
WRR O - WEIEOMESLPA ML 70D, / aUA NV ADRIEICERN 2 ke LT,
85—90 °C, 90 FYLL EOMMBVLEL Y L < IXKHEIEFRET MY 7 AOMHANHELR S LTV A28 9,
BT & B IEME . IREEEFERE T b U 7 M XD EAERASCHIE. SROBA%C L v iEM
TEXLOHEDBFIREINTND, 207D, Bl + BETHBOILWEZN 25 « HEIEDRH
BENRRKDHLNTND 4, £, FMHD T A ) 2k TR RIS 5 728, TREECohHER
R, R BERR S T, BRI BN DIHEE N D D, U A LA DOPEIEAN T
ST b 3-7 AT 2 & S, FRITEGEY 27 OEmn A2 BNEE D ROz BW T
I, /B UAVRIRE - PRIERICET 2 =—XbE0,

Figure 1. Morphology of the human pathogenic norovirus examined by transmission electron
microscopy.

Ja AN ADRIGTHEE

B IANA TN =T 2R —AKEH (FRNA &5 Lk L TR O/NED A L
AT, YA /VAF (Caliciviridae) / = v A /L ZJ& (Genus Norovirus) (23 £415 7 A /b
ADKWITH D, VA IVAK ) AIZiE ORFL, ORF2, ORF3 @ 3 >DHi ALV #: (Open reading
frame) 23MF1ET 5, ORFL 1L 7 A VA DIEFEIZ VB e 6-7 FFHOIEMEE X LRV E, T70b
5 RNA &1 RNA KU 25— (RNA dependent RNA polymerase (RdRp): NS7) <> 3C %k
“7'u7 77—t (3C-like protease (3CLpro): NS6) %% =2 — R LT\ 5, ORF2 [LEE 2T A /LA
WiE X X T D VP (viral protein) 1 %, ORF3 [I~A F—7aff&E & v XV ETH D



VP2 % ZiZEia— KL TW5b 27 (Figure 2),

Non-structural proteins Structural proteins

ORF1 <— ORF2 — <« ORF3 >

NS1-2 NS3 NS4 NS5 NS6 NS7 VP1 VP2 | (n)
(N-terminal) | (NTPase) | (p22) (VPg) (3CLpro) | (RdRp)

Figure 2. Human norovirus genome organization.
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Ja AV AORRYLRE . BB TR TRIE O 2> R IR IZRER & 0 | MFZEDN
ATNDEFEVEE, ZORBRERERIE, e M/ rUA L RAZhEAEIHIES
ENTE DS RN SN TRV EIZH D 89, LTER->T, /B A LA T D
A - HEEE, AR - TR S REE R H D 710, BUK, ZONEONETIL, [F
CHVTTANARHIE L, BN A[gER X a2 U 7 A /LA (FCV: feline calicivirus) 1V <0,
<~ A/ B UA /LA (MNV: murine norovirus) 13 ZEDMRIFT A VA% W2 FZEBRZ1T 5 12
BME-oTNDH W,

FCVIZ. BV A NARRL 7 A VA& (Genus Vesivirus) (ZJ& 35 % = D FE 2R YLIE
DIFRR T A NATH 51990 FR00Ee F/ m A VARFETA VAL LTHERHESNTEY,
BAEKH DOFE Y ATCC (American type culture collection) ([C CAFRIRETH D, & bINKA 2 RIE
F-9 #£ (ATCC cat. code; VR-782) <> FCV 2280 # (ATCC cat. code; VR-2057) THH ., £H 5
t, CRFK #fifid (crandell-reese feline kidney; ATCC cat. code; CCL-94) THAFH F[RE T 5 73,
FCV-2280 #kD )73 R dibE SRR I 5 LS MEDME W E WO Rl b 2 9, i35 MNV
Doy BEREEE Y 2003 AFIZRKEI L CLLR ¥ MNV OFIIHNE < 7> TV D13, MNV OFg3E
DT LHREG TIIRNI &0, =& ) — VD FCV L0 bW I THEE O RN
IFE SNV RELH D D, BUETH FCV ZFIHT 5 Z L% 9,

MNV X, E b/ BUAVREFEL/ BRUAVABIZBTH VA VATHY, A THIDT
ITBEERIZEI LT ) v DA NV ATH D B, EEREVWiEK 72 & ORI R T CHEFF ST
T~ ANLRHEEINDHEANELS . ZNE THlE, RS SN TERL 0D TAEMFEN
(ZEARMEDME Y, R OBFSE IR THBERE 2372 STV D, ATCC EDEP/N 7
D ORI N2, DERORE X000 5522 T 5 0ERH D W, MNV OFFEIL, ~
77y —YROMTHS RAW264.7 Hifld (ATCC cat. code; TIB-71) (2B W THIEETH 5,

PLbE, — 72 2 OB A L AZOWTRER Lz, LvL, 2 b &AW & Y
IR KD A NV ARIEMEALRER K X OV OB 2 B 5 7 E EWICEHE L7238k Cid, VR
UANAEE N/ B TUANVZREDRERBULT LML RN ERHD, Lzh>T, FCV
& MNV Ol EHWTHHERBRAZTT) ZENEE LN E IR TND, I HIT FCV (220
TITHBRESZ MO B2 28O E W TEHMIiT 2 Z E AR ST D 19,

BT, YA VAR R T A L AJE (Genus Sapovirus) (BT AT XY AR T A LA
(PoSaV: porcine sapovirus) Ht b/ B U A LARBFET A LA L LTHESI TS, PoSav



OE:FRIX, 7 X BRI RAE LR H Skl TdH S LLC-PK #Hld (ATCC cat. code; CL-101) T
ARETH D 81, FikL723 2Ok b r A VARE T AN AL T D & FCV X pH
B MERNTE DS, T3 — VRIS . PoSaV X BT D M 28 FEER I Y & U D FE
Brd 5 9,
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Figure 3. Norovirus life cycle and potential intervention sites.
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LFEx OHERDH D T2, AR OIEREE X XA TH D 3CLpro FLEMEARHRE ST
% dipeptidyl aldehyde GC376 27, chymostatin 28, RdRp PLE/EH D H 5 2’-C-methylcytidine
(2’-CMC) 230 favipiravir 39, (E)-2-styrylchromone 2 % Th 5, £z, HrRHRIEKE LTEH
SN TV nitazoxanide 73 (I, A 7P T A LR B Al LN C RIRFR T A LA
&Efﬁx&ﬁbw%%ofﬁ4wxﬁf%@ KET/ uayA VAL THIERZ SN
BB RERSRE UCHES N HRBRICEA TS, 72720, /v oA VAR 27
AT = X LTSI STV 720 (Figure 4),

RNA dependent RNA polymerase (NS7) inhibitor Targeting viral entry
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3C-like protease (NS6) inhibitor

]
NH
HN” j[c &

SEoTRIEEE
rji\Nl\Hrr H \j N 5] ©\/O\[|/N; y O3 Na @/‘Lﬁ /&}-Noz

N \ (0] OH
HH il R H A:R=CH,CH(CHs), Y
NH B:R=CH{(CHa),
C:R=CH(CH3)CH,CHa
Chymostatin A/B/C GC376 Nitazoxanide

Figure 4. The known antivirals for norovirus.
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R EENTND, £ T, Hiickhi/ e VANV AMEEMOBRKREZHNE LT, /vy
ANARBTANAZRHNWCAZ V== TREMEL, v MEAY OMEETEEAE BT
BLOEHAA I =X LD 21T o 7o, AR L - TR S 2BEO(LEMIX, /=
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Pr/ v oA NVATE,EH T 26EWE DR ABE T 720, 97, 2080 {LA¥% in-house
TA 77V —nbiEKk LT (Table 1), 0 EBMERRy @ kAL LT, MihHH7 o1
IR EDRIINZONTH m VA NV ZRROBEDN L RSN TNDHZ &, DT A LRI
KT HHEIIZONT ) B U A NV ASDEISIEROBERHDH Z &b, REHOHLY A L
A& ZHUTIEVEE Z FFO b O & HUITEE LTz, 7 vF /U E3EIE. DNA % 7 L% uibd
% Z & CHREAENHII R 2R, [AEROEF T A /LA RNA 27 ¥ kL, UA v
2HEANET D L2 TRLCGEE L, FmEEEAL e oAV ADO LS Ipdfr~n—
THROTANANINZILL N ESNTWER D ZOEEFRIET D7D, &
ARG L EITIX, in-house BRR L 726 ORCHRILEN 7 A 7 7 U — D H ) HIEIERIZ A
MZERICUTRIR L, 72, EEESNTWDA KT v 7 « URTY Y a => 7 OB SN
5. HRRIEZ IR (LS bRk LTz,

Table 1. Classification of screening compounds.

R Z7 A7 Z 1V — 771
PLU A L AFE &S SRR 312
TV NALER LA ERERR IR 29
S TS A 30
BRI LG 784
A PEMHEAL AW 154

2080

B2 R V—=VTROBELIL v U A VLAY DR

i/ v oA N ZICEHORFIZHTZY . ETIMEAEFZIREE T, VAV AERIZL D
CPE (cytopathic effect: aZEMERNR) 2T 2ILEMERK T2 A7V —= 0 7R E S
L7z, F72. EVIEWARY MLE L ALEMERS D122, FFam Cik<7z 3 fioke h /=1
UANVAREET A VA (MNV S-7 Bk, FCV 2280 £k, PoSaV cowden k) % M 7=, HAKA7Z
AR & LTI, ALAWIEIR (KRR 25 uM) & 7 A JL A{E (100 TCIDso (50% tissue culture
infectious dose) /50 uL) #ZERA Liztk, 37°CDOA ¥ 2 _X—X —NTHE L., 30 5.
IRAWEE 96 N7 L — MIIEHE LIRS Lz, (LEWOMIE~DOREZRT 5720, 1
el fz. ML B3EA27 > ML, BEICE SR 7o, HIEE CTICET DRERIT Y A LRI K
WEZRDN, 3 BD 7 HRICUA N AL > CHl &I &5 CPE 2 A CHIZ L,
CPE NA. LN Te T = VDIbEME v MEGH & LT (Figure 5, 6),
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l compounds l
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} i Observation
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l | | virusand compounds j Medium |
! 24h ‘l’ v 1hat37°C ‘l' 3-7 days at 37 °C I
Wash Wash

Figure 5. Protocol for cell-based screening system.

ERLZE7 8w Fa— L TeEwEEBERHE L, BEMERMEEmE LT, VAL RKFR
IZ CPE ZPHIETAH D, 3O U A NALTIZH LTCPE ZHIET A OAHE T 7 4
by MEAE LTHE LIz, EHIZE Y MEGIIZOWT, U A )V RESERF ORI
100—63uM & 7220 K 91T 2 FERMEAFIIZER L, 27 ) —=0 7 L REOEEZ1TS 2
T L o Th/NEZNRE (CPE % BHIE L7-, (bAWDi/NEEE) 2% L= (Table 2), CPE
ODEML, A7V —=7 LRRICERCTHE LTz,



Table 2. Structures and antiviral activity of hit compounds.

- . . a
Compound Minimal effective concentration (M)

MNV FCV PoSaV

1 25 >100 >100
Theaflavin monogallates 50 100 50
(mixture)
Theaflavin digallate 50 25 25
Abamectin
. >100 >100 12.5
(avermectin Bla & B1b)
Avermectin Bla >100 >100 25
HO
R = CH,CHj; (Avermectin B1a)
R = CHj; (Avermectin B1b)
OH
OH
HO o on
\CLJ 0 K0 (-)-Epigallocatechin gallate- hydrate >100 >100 25
OH OJ\@EOH
oH
OH
HO  OH Ho PHo o
S P :}OH
Ho{\ ; o
OH
o o
o] o] OH
(o] o]
HO—D—( b »O’OH
" o o)
S N A © Tannic acid >100 >100 25
HO, d o OH
o :
HO@—Q OH HO OH
OHo OH
HO o OH
o
-
HO  OH

a) Results from two independent experiments and data are expressed as the mean.



BRIES AWM T A 7T U —HED 1 75 MNV $RRIIZ CPE ZFHIE 72, KM T A
TIV—=InBlE, TR TF 2 (T AT Bla BELO Blb DIERAEY) BILOT ~v
A7 F v Bla,(-)-=E AT X0 v— MK, # =D PoSaV FrEA)7: CPE [H
IEERZRLIZ®, SLICRICURM T A 77V —HRkTHLT T 778N 3 o v A
NWATRTCIWIPLTANVAIESEE R LTz, TRATF T, ~o/aY A7 0y 757 FRO
A TH Y . GABA (y-aminobutyricacid) 7 2= k& LTV F 7 ARMIAFET LT
AHED B O GABA DI AT, £ DfEHR. MIAN~D CI A A DY AL Mt L,
MRS 7T NVRAEIND Z & TRIAWER, X =, BHREEL "2 enmohTtn
L3I0 (-l TxX oA — MIREI T X O—FETHY | FuiBILIEH. BtEEH.
PUEEERB LOIT LAX —1ER7R 8L < OAEBIEERRE SN TWD 49, £, Z v
=3k o O FER> Th S 2,

%3 AME

In-house 71 77 U —hbefk L7- 2080 {bEMZXSRIZ, B RN/ oA VAREBET A v
AL LT MNV,FCV,PoSaV D3 FEDO T A N AZANIZAT ) —= T 5475 T2, FDREE,
VA NVREGIZ L D CPE ZPHIE L. 7 #O{LEMEZE v MeamE LCRIE LT, £D D
H. MNV FR2MEEY 1 IZERERNAE S THL L, £z, E M/ v UL X LFRT
J BT AL AJETHE—RFEATREZY MNV ITIEEZ R L2 &b, B b/ B U AL A~DIE
MOFTREMEREWZ EE2BE L, 1 OMEHFEHMEE LTIy A NV AA D = XL OBF 21T 5 Z
Ll L, ZOFMER 2 BT 5, £/, 3 FORBE T A VAT XTITHLY A /L A TEHE
R LT T 77 EHIZOWT, [EEFEH EHLT A VAR T = X AT D mEE1TO 2
Le L, ZoEMAR 3 TR 5,



B2 E BREINEXY I PEREOHEETEMEERE L ER A I =X 2O

AN == 7BV TR ENTILEY 11X, 3 HORBFETIA L ADHEH MNV O A
P AN AIEREZ R LT, R Tl 7@y . / a uvA VARB T A VA EHWTZERT
F, BEORBUANAEZERT2ZENEET LNE SN TS, Ll MNV 28 A TR
BARERNRBVANVADOHETE b/ a A VAR BITGR VA NATHD Z &0, 1 N5
HEEHET2IEMTHL L, BRERICE > TEOLR5EEOm ENMGETEL 2 L
O, WEVEMEFABIIIE EAER A D = X LD i B 2 & & Lc, kA 1 1%, 5-7 =E
FF Tz UBE 670 FA RN FT Y VBN T I NS RS SN TS TEERDY
NVRFY I MEaEMTH S (Figure 7). — 5. 5-7REF A7 = VEBRENV P UVRICE S X
HEEEZAT D la BLW b, 5-70EF AT 2 UBRET I RO AR=ILO/ICY A —
ZHETD lc IREETH T, T2 TEHIL, FA 720 - RV FT7 YV —)b HILRFH
I MEEDTIU A NV RIEEORER L 70D LB X S ICEIEERILEMERIM T 572, 1
OFEREGRIZET Lz,

@* <0y Ro@ﬁmﬁ ‘Q)W

la: R1 R2 Ac le
1b: Ry, R, = -CH,-

Figure 7. Structures of hit compound 1 and inactive analogs 1a, 1b and 1c.

%18 SERRINVRIY I VEREDO G L IEEFHE

A ORIT 1 2 HEAOHEL LT .5-70EF 47 2 L BE 6T A4S FT ) —
NVREZVENEEL, b9 —HOBRICONT, BB L OFEHIEZ 2 U CHEIE IR 2
BAZLL LT 2 SOBERBEMOT I FEARKICIE. by T YL FRETHD 1-TF L
B-B-VAFNAT I TR EN)TINVRTA I REREE (EDC-HCI) & 4-PAF LTI/ EY
v (DMAP) % VN, SRIR F ORER /250 FTA% L7- (Scheme 1), FH#ERDHI Y A L 2 1F
PEDFEAMIL, MNV % H 72 CPE reduction 7 v &ALV To7z, FlEIZAZ V—=227¢
FIERIZ, 7 A LA TliE 280 TCIDso/50 pl TRkl L7z, #3540 50% effective concentration
(ECso) & 50% cytotoxic concentration (CCso) % Table 3-5 (ZFCa#k L7z, CCso fEIL. LA &
RO 2 2 5 (1 BRI L O 72 BER) R L7-, BRPESTIRE L Tit. RdRp PHESR
ThD 2-CMC %IV, U LR TH MNV itk R L 2R LT,

o EDC* HCl 0
4+ HZN_<\ ,_,R4 DMAP )LN% ffR4
RS OH CH2C|2 3
4-28h

Scheme 1. Synthesis of heterocyclic carboxamide derivatives. Rs: Tables 3 and 5. R4: Tables 4 and 5.
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1 I 6T NFuRVFT AT u 7 DAR & EEEHE

EP.GTAARRF T LBEPEE L TF AT = L E OB IS 3 L O AS
2 & o TR 2a-w ARk L, EMEALLES L7- (Table3), 4 7 = VB Lo @EHIL 24 &
FRUVVEIREIR 28 113 T A L AEMN L AT, 1 OF 47 = VB Lo 7 nE i
PEMEICRAIRCh D L EZ b, £, FAZ = VEBO 5 ey nalksefits 2b &
5-7 mEfR 1 OFEMEIXFFEE Th o7z (2b, ECs = 30 uM; 1, ECso = 37 pM), S H 12, —iE#
KD ECso fHIZ30 uM LA ETHLDICK L, —EHATH S 35/ nuF 47 - 7)o
/' 2k 13 ECs 7% 6.6 uM & EWEMEZ R L, 350703 K 2 % 459710 K 2m
CBWThH, KEAREREOR LIER DA -7 b0, —EEL D HoRmU R 7
L. Z0OM. 5-F A0k, 5T F ik, 4-F 713 3B 0 S k. 4507 0Bk
BEW 345- MU 7 mfk (2c-, |, n) I[ZITBEERIEERIZA DR oT, SHIT, T4 7=
VU DEET (77 VB 20-q; FT Y =R 2r XUV FAT = U8R 25) RV FAT =
DT I FFEGNEOEE 2R T8 (2t-w), IEMEIEE E LR > 72, 1 BFIZ381F 5 CCs
CONTI, Z LA LOMEYITH LI RERIECHS 100 M CHIRZ A &5 & 7272
7273, 72 BEMITIE, 2m T ECso fH & FIFREE (ECso = 24 uM, CCso = 22 uM), 2j T ECso fE &
0 HAKPLEE (ECso = 24 uM, CCso = 7.9 uM) THIMAFEME R 2 bV Iz, ZHHDREEDD, B E L
TIEFA 70PN ELTEY, SBHICFORBENMNEIL 2 bRy Thbri b, 3 /& 5 14f
T/ ma AT ARG TR L EEME R B LD Z & Nbhots, E1-. —EOlAWIC
WIATHE IR S B T2, 15 & MIREE MR L ETH 5 = L vbho T,
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Table 3. Antiviral activity and cytotoxicity of 6-fluoro-benzothiazole analogs.

2 ey
1, 2a-w
Compound R; Substituent  Position of linkage EC5, (uM)? CCan (WM
1 h 72 h
2'-CMC 56 >100 12
1 Thiophene 5-Br 2 37 >100 >100
2a Thiophene None 2 >100 >100 >100
2b Thiophene 5-Cl 2 30 >100  >100
2c Thiophene 5-F 2 >100 75 1.9
2d Thiophene 5-t-Bu 2 >100 >100  >100
2e Thiophene 4-Cl 2 >100 >100 52
2f Thiophene 4-Br 2 >100 >100  >100
2g Thiophene 3-F 2 >100 >100  >100
2h Thiophene 3-Cl 2 >100 >100 65
2i Thiophene 3-Br 2 >100 >100 77
2j Thiophene 3,5-Br 2 24 >100 7.9
2k Thiophene 3,5-Cl 2 6.6 >100 >100
21 Thiophene 4,5-Br 2 >100 >100  >100
2m Thiophene 4,5-Cl 2 24 >100 22
2n Thiophene 3,4,5-Cl 2 89 >100 >100
20 Furan None 2 >100 >100 >100
2p Furan 5-Cl 2 >100 >100 74
2q Furan 5-Br 2 >100 >100  >100
2r Thiazole None 2 >100 >100 15
2s Benzothiophene None 2 65 >100 >100
2t Thiophene 2-Br 3 >100 >100  >100
2u Thiophene 4-Br 3 >100 >100  >100
2v Thiophene 5-Br 3 >100 >100  >100
2w Thiophene 2,5-Br 3 >100 >100  >100

a) ECso was evaluated by the CPE reduction assay. 280 TCIDso/50 pL of MNV and a dilution series of each compound were
incubated for 30 min. And the mixture was exposed to RAW264.7 cells for 1 h (in duplicate).
b) Cytotoxicity was evaluated by the water-soluble tetrazolium salt (WST)-8 assay. RAW264.7 cells were treated with

dilution series of each compound for 1h (in duplicate) or 72 h (in triplicate).
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%2 H 5T uEFAT =TT 0T ORM LIEFHI

W, 10 5T BETAT 2 P REEE LI EE, <2/ TT VO RRENRE b
P L7z (Table 4), N> F7 V' —/VE BICEBIL A A S WERIK 3a ITITIEEN A B v/
NI LD, 1 D6 T AA RN EORBICEECHL - L Rbholm, 7. 6 [7IT
ryunikzf3% 3b bIRREOIEAZ/R LIZAY (ECso =56 uM), 4 fE7213 5 (LEHKT
HD 3d-i [IXTEERALN2 ) oT, Floo N S UANAD ATV A RFT T RhF,
—hE. NUTZAFEAFL, NUTAFORA FFS . T hEFLHARDN, - F L2 EH
L72 3n—x (ZoWT b, IR TE R ote, KERIOMKE, 46-07 L4k 3j 5
1 6 fFHOHVIEMEZRL (ECo = 56 uM), & BITHIREIEZ RS b0z, Fi, 4
7T aE-6-7 Ak 3l biEEER L, L L, SERA S R TH D 4,6-2 7 maik 3k
R 5,6- 7 A R 3m TIIEESHER SR -T2 &b 4 Lk 6 (7 A ris
AT D2 ENEER EICEETH D &) ZEIIRIR SN,

Table 4. Antiviral activity and cytotoxicity of 5-bromo-thiophene analogs.

(0]
"~ I
3a-x
Compound R, ECsq (uUM)? CCso (uM)° Compound Ry ECsq (uM)? —CCSU ()"
lh 72 h lh 72h
3a None >100 >100 >100 3m 5,6-F >100 >100 25
3b 6-Cl 56 >100 >100 3n 6-Me >100 >100  >100
3¢ 6-Br =100 >100 =100 30 4-Me >100 >100 >100
3d 5-F >100 >100 >100 3p 5,6-Me  >100 >100  >100
3e 5-Cl1 >100 >100 >100 3q 6-OMe =100 >100 >100
3f 5-Br >100 >100 >100 3r 4-OMe >100 >100 >100
3g 4-F >100 >100 5.1 3s 6-OFEt >100 >100  >100
3h 4-Cl >100 =100  >100 3t 6-NO,  >100 >100 17
3i 4-Br >100 >100 >100 3u 6-CF5 >100 >100 11
3j 4,6-F 56 >100 >100 3v 6-OCF; =100 >100 22
3k 4,6-Cl >100 >100 >100 3w 6-CO,Et >100 >100  >100
31 4-Br,6-F 20 >100  >100 3x 6--Bu >100 91 6.0

a) ECso was evaluated by the CPE reduction assay. 280 TCIDso/50 pL of MNV and dilution series of each compound were
incubated for 30 min. The mixture was exposed to RAW?264.7 cells for 1 h (in duplicate).
b) Cytotoxicity was evaluated by the WST-8 assay. RAW264.7 cells were treated with dilution series of each compound for

1h (in duplicate) or 72 h (in triplicate).
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% 3EH NATY v FLaDERR L IEERHE

EHEOM EA2X57-% . Table 3 38 L U Table 4 TREiEMEZ/RL7c5-7 m T4 7 = K 2b,
35-F/21F45-o b T AT 24K 2, kK, m BLW 4,6-U 7N A R TFT S — )L
R 3 #HNT, Z@EHL L IINUBELBEO N 7Y v RMEAEY da-d OFRKE GG Z{T - 72
ZORER, 35-PT 0T AT 2 AT T NA RS FT Y
— UK 4b b EWIEEE R T E L& BT (ECs = 0.53 uM, 1 O 70 %), oA 7V »
R{L&® 4a, ¢, d (B L CH RIERIEMED ) LA ST (ECs = 1.1-2.1 uM), Zh 5 DAk

(Scheme 2 ¥ JT* Table 5),

EWD CCso fEITT X TECs fHLY b <, IEM: & MlamEfRElC L) LT,

Hybrid compounds

Scheme 2. Strategy for designing hybrid compounds.

Table 5. Antiviral activity and cytotoxicity of tetra-halogenated hybrid compounds.

0O

S S

o

R7  Rg F
4a-d
CCsq (uM)°
Compound R R Rg ECs0 (UM)? s0 (M)

lh 72 h

4a Cl H H 2.1 >100  >100

4b Br H Br 0.53 >100  >100

4e Cl H Cl 1.1 >100  >100

4d Cl Cl H 1.4 >100 31

a) ECso was evaluated by the CPE reduction assay. 280 TCIDso/50 pL of MNV and a dilution series of each compound were
incubated for 30 min. The mixture was exposed to RAW264.7 cells for 1 h (in duplicate).

b) Cytotoxicity was evaluated by the WST-8 assay. RAW264.7 cells were treated with dilution series of each compound for

1h (in duplicate) or 72 h (in triplicate).
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% 2 # HREINVRIY I NEREOIER A I =X 5O
£ 1HBLRAZANVF—FHWZTCIDs, 7 vt&A

TERA =X LB D2, BHERERI VRV I RFEERDO T A )L 2k - ~DIEf %
FHl L7z, TR0, 4b L UA NV ARERAG L TERT 1 FREES® 7%, &7 ¢
A —ZHWT 4b ZBRFEL., B L7277 A LV RAHE &2 IR L=, xR & LT RdRp FH
FEICTH D 2'-CMC X 3CL pro FLFEFKD GC376 #fEH L, 7 A /L ANl TCIDsy 7
TANWZEVWEE LT, £z, BB VA VAR ~OEENRIERBfR S & =
b OO e L TR L7z 9, ZOfEER, # v =UBRIZOW T 1.5 (logw TCIDso/mL)
units @O 7 A L ARGl OWD 23 B S8, 4b TIREMIZA Lisoro 7 (2> ha—
JV; 4.8, 4b THLEEL 7= MNV; 4.7) (Figure 8), 2-CMC <X° GC376 % [RIERIZIEYLAlli % ) L 72
MoT-T2, ZOFERND . 4b ITIT T A NV AR ~DEHEOIERN RN & B3R S 7,

45 1 4.8 4.7 4.8 4.8

3.5 +—

3.5

Virus infectivity (log;, TCIDg,/mL)

2.5 T T T T 1
Control 4bh 2'-CMC GC376 Tannic
acid

Figure 8. Antiviral activity of 4b against MNV particle. Results from two independent experiments
and data are expressed as the mean. Final concentration of compounds was 225 pM and
virus-exposure time was 60 min.
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% 2 I Time-of-addition 7 v & A

{b&Y 4b OIER A B =X LgEtD 7%, time-of-addition 7 v &A1 %247 -7z, Simultaneous
treatment Ci%, CPE rediction 7 vt A L[FERIZ 4b & MNV ZJEF1L T 37 °C, 30 43l
B L RICIRGWR A MR L, 1 R, Ml BiE27 o b, Ve L. BRHCE S
X Tz, Post-infection treatment TiL, #ADIZHIIIZ MNV Z#4E L T 37 °C, 1 FFfFFE T 5
ZETUANAERESE, 20%, Mla EE27 02 b, s L THEEWE & A TEE I
EE iz, 3 HRIESE L7 (Figure 9), 2'-CMC <> GC376 L I[AIERIZ, 4b DHLT A /L ATEMEIL
T A VARG DACEILER T H > THRFF STz, ZORRNS ., 4b 1TV A VA SEGE D)
HBMETH 2 U A NV ADIE FAIEA~OE F TR AOBREZFLIE L TR0 2 L AVURE X
NI EHI2.4b 1T EBL L ORI IETH 2-CMC X GC376 £V & WM Z 7R L 72130,
post-infection treatment TIIAL AW DB N IERE SN2 2 LT, S HITEVWIEMEEEZ S
(Table 6).

Simultaneous treatment

Mixture of virus and

l compounds |
U 30minatazec !
Seed cells Medium contained
l [ ] virusand compounds | Medium I
I 24h ‘l"" 1hat37°C ‘l' 3-7 days at 37 °C !
\Wash \Wash
Post-infection treatment
Seed cells Medium contained
I I MNV infection I compounds I
| ,l, \l, |
24h 1hat37°C 72hat37 °C
\Wash Wash

Figure 9. Protocols for time-of-addition assays.

Table 6. Time-of-addition assay results.

. ECso (UM)
Conditions
4b 2’-CMC GC376
Simultaneous treatment? 0.53 56 >100
Post-infection treatment® 0.041 4.6 68

Results from two independent experiments performed in duplicate. Effect of changing the infection order.
a) Compounds and virus were exposed to cells simultaneously for 1 h.

b) After viral infection for 1 h, cells were treated with compounds for 72 h.

16



F 3 H SuTr 7 —BEEEEORS (Invitro transcription/translation 7 > &A1)
A NV AEEGEE~OER 2T 5725, 4b O MNV a7 7 —E~DOfEMA% in vitro
transcription/translation system “ T L 7=, 727 7 —EO{EMEF.LOT X/ BEELS] GDCG
(Vo - TARTGEUEE -V ATAY - T V) ODVATA VEEET 7= ICEBR L
- S BRI KO A VT 4b, 2i (RIEMEEERRIK), 2-CMC 35 KT8 GC376 D7 17 7 —
PIHEFIEMEZ AN L7z, £ DR, GC376 DB W THAK T v 7 7 —BHENHR S
Ty MO EW TIIBAE N R R CTE 2o 72 (Figure 10), 2D Z & 226, 4b DOIEH
AH=ZANE, T T T —EHEFEEEEZN L2 b O TIERW D L3RSz,

ab 2i 2-CMC  Gc37e  DMSO
(control)
) Pro II Pro “ Pro" . Pro II ) Pro I
wild mut wild mut wild mut wild mut wild mut
o . e 1 pesl
kDa r
250 —
so— [ ] = jmE=] =
_N Fr— o —"
100 . w— - s
75 — ==
. - b
b~ B
50 — ST L
e e — —-— —
37 — — D gums e . pE—
25 —
— . —— - P
20 — | — — - -
15 —

Figure 10. Evaluation of inhibitory activity of 4b
transcription/translation assay.
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% 3 HE A

3HEOE ey VARBET A NV AZH W cell-based A7V —=2 72X ->THL/ v
VA NAEREZGE T 2I6EW 2 RE LT-/ER. MNV R R 50 Y A Vv 2 ER 2~ b6
& LT 5-bromo-N-(6-fluorobenzo[d]thiazol-2-yl)thiophene-2-carboxamide (1) %##%537= (ECso = 37
uM), B2 1 OF AT = U5, XV TF T IO W TREETE B 2170, &
D EIEMEAE A ORIHICARE) LT, FlA X, 5-7 m e F 47 = 1K 2b (ECso = 30 uM), 3,5-
U7 BEFTAT =K 2j (ECso = 24 pM), 3,5- BX W 45- 7 v F 47 = K 2k 2m
(ECs0=6.6 uM FBE N 24 uM). 4,6- 7 v A X F 7 — LK 3j (EC5 =5.6 uM) TH 5,
MOETEVEMBIMIZE D 6, CEEARIE—ERA L 0 IR BT 2R H 5 Z L Abho
7= (e.g., 3j, ECso =5.6 UM vs 1, ECso = 37 uM), F 7=, @IETEOFHEIR 2b, 2j, 2k, 2m I LW 3j
HOROWEE A ARG DT DL 2 Lo T, "7 U » MEAEY da-d 2GR LTo, BLEZR
ZEIT, TA T2 ER Y TFT Y = TR BIEEOE o7 2k & 3] OMAETH
% 4c(ECso=11puM) LD . 357 BETAF 7 (2 H12K) & 46-VT71rFuXVF
7Y=L (3 H12k) OMAEFIC L A MER 1 S AR (4b) Db mVEMEEZ R LTz (ECs =
0.53 uM), TEH A =X Lfir D7, mOLX 7 4 V& —%H\\ - TCIDsy 7 v A %2179
LT A DA NAKLAF~DEEOIER ZHREE LT, Z ORISR, 4b TUA VA ZLH L T
BRI LN Z b, 4b OFLT A LA A B = X NT T A L ZRLF-~DEHEDIE
T2 W Z ERRB I NIz, REE L THWEZ > = Ul LR S RGN 2 Kk < ¥ 72 2
EMD, TANARRAMERA LTS Z ERRB I, UANARRA~DIERZI S 720
FIOANAAI=ALLE LTI, UTD 3 ORET N5, (1) 7 A LRG0 91 B
(B, RN, Q) vANLAZ 7 OFRL (RARp B LT 3CL pro) BLW (38) A L AJK
GeDEAEBERE (VA NV ADRH) THsH 2, Time-of-addition 7 v ¥ A OFfER., 4b 135+
BN DD A N AEREET 22 EBMBALTVD 2-CMC B XL GC376 & [AkkD 2%
BERLlc, 202 LG, db ITIETMBANTO U A VAR AREST 20, b L < 13RS
DFABEBEZPLET 2 Z EARBE N, SHIT, 4b 1X 2-CMC <° GC376 LV bR
THRUANAEREZ R LT, £, VANVAE-_OZ =57y hO—D2>ThHL7m7T 7 —E[H
E{EM % in vitro transcription/translation system (2 & ¥ 54l L7228, 7' v 7 7 — B EE MR e
WTERole, TRHDRIRND, 4db OIEHA I =X L%, VA NV ZAO%E EMTIN TOE
fhEfE (2720, e T 7 —EBHEEAZRLS) b LB FEMRAS O TH L 2 &
WRENT, a7 7 —EHEEEOERTIX, 4b © ORFL &EFEMOD KX LR 7 E &N,
control CHLDALAEM TUEE L 7= D L HHEE L CTh 7 < | AN TOIRGELH V37 OFFRH R
FEINTVDAREMEDR & D, db ORI /LAF Y I RS, 5l A 7 = X LT AT
HHHODOH . B U A NVAIKE U CHKRBRH O nitazoxanide 3 EJEPIL TV 5, D78,
4b I UOAR LTEFERIT, HREEILVRITY I RFEROFLY A LA A B =X LfEHO
2DV =L LTHbARTHLLBEZIOND, 5%, EOLROIEMA T =X LOMHTH Y
EHTh D,
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B3 ¥ TT777EVEOE.RME L ERA D =X AOEFYT

TT 7T EVHIIARICEEAEOR) 72 )= THY . EOPIERILERSH A 7 v v
PFOANVZERPI LN ABIEEME TH 5 o9, KIEN DR AL HET 28R T, A
T2 )= NF X H—BOR) Tz )= VAN F XX —BDOERIZL > TOTH U (=
EHFEL, TEATFHFLAL— R, ZEHEAFRL, TEHRHTFELH L— R BEE
fEEEG L TAENRT 5, ETBTZZXTLVOH, #AaMEICL->T 4 BEOT T 77 BN
FETDLZENMOENTEBY, TNENT T 778y (TFL), 7777 E-3-0-FL— |
(TF2A), 7777 -3-0-FL— |k (TF2B), 77 77 &>-33-0,0- /7 L— |k (TF3) LI
X TW5b (Scheme 3) @, 27V —=27iZBFTbHt vy MEAW TH % “Theaflavin
monogallates” |£ TF2A & TF2B DIREY) (BAHITIAB) TH Y . "Theaflavin digallate” 1,
TF3 Th D,

HO (O g
@U‘ 'OR1

OH

Epicatechin; R1 =H TF1 (Theaﬂa\lin)
Epicatechin gallate; Ry = galloyl
O,, polyphenol oxidase
+ “or polyphenol peroxidése"
OH

o
HO O OH
‘OR,

OH

Epigallocatechin; Ry = H
Epigallocatechin gallate; R4 = galloyl

galloyl OH HO
’;}QOH HO OH
on TF2A (Theaflavin-3-O-gallate)  TF3 (Theaflavin-3,3'-0,0-digallate)

Scheme 3. Formation of theaflavins from catechins.

%1 TT 75 EOIERTME L VER A B = X LR
#1H BLRXT A NVE—%HW TCIDsy 7 vEA

A7V —=2ZTty Lz 2 2OEMTHONT, & 2 = 2 Hi% 1 HE R
TCIDsy 7 v A %179 2 & TUA NARL - ~DVER Z 53 L 7= (Figure 11), FHiEx L LT
Wiz o= Fgid, Bl FCV IEEEHT5 2 EAMEIN TV AILEmTHD 90, UA L
AE, A7 V==V T OB LIRS FCVF-9 Bk (ATCCVR-782) MW=, BixHik%H
W5 Z LT, KRR ARY MEATHIEMTH D Z L ZRGET 5728 Téd %, TCIDs
T oA DORER. TT 7T E 2 LAWY A NV REGN A 2.3 (logio TCIDso/mL) units J
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D ULl, ZOZENDL, ZRHDLEWIET A VAR ICEBAERT 5 2 & THt FCV IEME
ERLTWAZEWRBEIND EEHIZ, A7V —=VT7ICHWe 3 EORBE VA VAT
T/ < (FCVF-9 BRIZHIEMEZ RT Z ERNHA LT, S HICZOEMIF. X =i 1
10 fEmEiEETH o T,

7
26
em 5 6.2
B I
24 4.7 - T
g 1 1
> 3.9 3.9
g3
8
€ 2
3
S 1
O T T T 1
Control Tannic acid Theaflavin Theaflavin
monogallates digallate
(mixture)

Figure 11. Antiviral activity of theaflavins against FCV particle. FCV F-9 strain was used. Results
from three independent experiments and values represent mean +S.D. Final concentration of
compounds was 225 UM and virus-exposure time was 60 min.

F2H RY 7 —/VEOEMEFM

WY T = ) = VEIIPAEDEEZET 52 ERMLNTND 29, Fim Tl X719 . #fi
¥, 7 RO TBIORYA COH a0 A VATEERHE SN TEY . ZOMEM%ETY
HEMPICEENARY 72 ) — LD BDEINTND 98, F7 7S5 EHE, 7R
V72 /) —NO—FETHHI L, IHIIHRY 7=/ —/VEILEYMOFIZIL, RdRp FHENE
PERHE 4TS (E)-2-styrylchromone 32 L HEIERIZIEVWS DR HH Z &b DR Y 7
= ) —DOHL v T A )VATERIZBIR SR on D, £ 2 CRY 7 = — VLA 40 FEIC
DWT, TCIDsy 7 v EA 2L > T FCV F-9 Bk~DiFtEzsiti L7z, LirL, 77778
8 &R EOTEEZ R I b E T n ol LR Y 7= 7 —ubE & . (bEmial
B O U A )V AEYA % Table 7 (Z/R L7z,

20



Table 7. Anti-FCV activity of polyphenols.

Virus infectivity Virus infectivity

Polyphenols Structure (Iog15TCIDso/mL) Polyphenols Structure (Iog45TCIDsy/mL)
Control 6.0 Equol 6.2
o] OH
Ellagic acid S Yl 57 Flavonone 55
. . 0 O .
Chlorogenic acid H“O‘ho 6.0 Ipriflavone 59
GH o O
Baicalein :z ) % 5.9 Puerarin 5.9
OH O
O OoH
Apigenin o 6.2 Butein 5.9
OH O
oH O O Os
Biochanin A ) 59 Chalcone 6.2
HO [e)
HO OH OH
LA~
Phloridzin oA OO O 55 Bisdemethoxycurcumin 55
H:L)"OH
OH
Genistein " $ ] 6.6 Daidzin 5.9
OH O O oH
Phloretin HOOH 5.2 Amentoflavone 59
OH O
OH
Resveratrol o @ \ &y 5.9 Isorhapontigenin 0 0 X oH 5.9
OH Ho
o] O \
-4 o—( o}
[e]
Triacetylresveratrol @ \ O 55 Pterostilbene Ho— ) 7 O 6.2
oH O D=<) o D’H
. .y . O | . HO. > O
Isoliquiritigenin o O 6.6 Piceatannol O 5.5
IOH o DSHD O OH
. . o7 ° . . HO%’E/ O
Nobiletin -0 O % 0 5.2 Piceid HO & 5.9
~0 o o o OH O
HO. N\ o O ) i Q O ol O
Kaempferol L, 5.9 Baicalin ”Of‘}a ) 5.9
OH O ' HO* 1§ 'O(H |
o~ O o on o O (o]
Tangeritin :Z °] 6.2 Ononin ”Oﬁo-\o QL] 6.6
HO OH
0.0
oL HO.
P o I
Formononetin o ® o 5.9 Gnetol S 5.9
OH
HO OH OH O
HO 0, O
Morin O ! 59 3'4',5,7-Tetrahydroxyflavone g o OH 55
oH Yy Y 0
OH O "OH
OH
HO OH
H HO. ~ O
Oxyresveratrol ° O = O 6.6 Rhapontigenin OOH 59
1
OH
- OH
OH O o |O; O >
Chrysin Ho L] 5.9 Cyaninechloride HY o 59

W,

FCV F-9 strain was used. Result from single experiment. Final concentration of compounds was 225 pM and virus-exposure

time was 60 min.
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% 3 7777 UVEOEMLTEM

TT 77 O A OIEEEFHMIT 5728, Table 8 I[ZFLi#kDT 7 7 7 € TV A
#£ 1. Bk TCIDsy 7 vt A #4T- 7= (Figure 12), ¥ > 7 /L No.1,2,3,5 37777
MR, Nod 13t v MEAMERIU 2fEDE /) HL— FOFIEBRMEESYM TH 5, No.6
IAT X UHEHERENS AR LB TT T 778 HE 40 BB 5 T5H 0,
No.7 1ZN0ob6 ZHH LI 7 =4 VBIODTIF U E2RELTCT T 77V HOEEA 90—-95
BE&E% EFTEDELDOTHS (Nodb, 6,7 TOTT7 75 HORALIZARH), BEMTH
% No.6 BL No.7 DL, TT7 7T F ) HL— FOAST8E 7166 v, flodH
YT NVERIUKIRETHD 225 uM (2725 K 9 FR L7z (0.16 mg/mL (ZFH), TCIDsy 7
TAORR, 7T 7TV T ITNTIE VANV ARAICEZEER TS 2 LR S
oo Tl B THD "TT T TEY 0% EAM EELTRTOTT 7T
JVISIRIRREE OB FCV {EMEE R L7= (1.9—2.3 (logio TCIDso/mL) units), F 7=, 2 FHIZ&E T
PR AT VERSRWT T 778y (TFL) & TF2A, TF2B, TF3 L [ERRICIEIEZ 9 2 &
5, BRI AT AVEITEEICHES L W RWNWIZ ERNRB I, EBRICAZ ) —=v7
[t L7z 2080 {LAMDOHFICER FEANE EN TN, KT A NV A~OIEEITHER TE 7
NoT-,

Table 8. Samples of theaflavins.

#27 )LNo. B
1 TF1 (Theaflavin)
2 TF2A (Theaflavin-3-O-gallate)
3 TF2B (Theaflavin-3'-O-gallate)
4 TF2A&2B (mixture)
5 TF3 (Theaflavin-3,3"-0, O-digallate)
6 Theaflavin 40% &4 & (FAFE8Y)
7 Theaflavin # & (h7za1> . ATFBRE)
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Virus infectivity (log,o TCIDg/mL)
0 2 4 6 8

Control

Tannic acid

TF1 (Theaflavin)

TF2A (Theaflavin 3-O-gallate)
TF2B (Theaflavin 3-O-gallate)
TF2A&2B (mixture) 5

TF3 (Theaflavin-3,3'-0,0-digallate) —
Theaflavin 40%% 17 5t CHLIS H#i4%)

Theaflavin (85 (W7 =A . BTFUBHE) —

Figure 12. Anti-FCV activity of various theaflavins. FCV F-9 strain was used. Results from three
independent experiments and values represent mean £S.D. Final concentration of compounds was 225
KM and virus-exposure time was 60 min.

TT 77T ANARFICEBERT 2 Z LRI N0, [ HER R &0t
URIZIBHT 2 2 L2 E L, BOFMAIT o7, BANLICB W TKEDT 7 77 B U
DB LRDAREEDRENWZ ENbRE IR NEEBE L, 77 778V 4 FHOREM TH
% No.6 HL<IiX No.7 2T D ENBLLNTN, 77 77 B EHOHLOER %7
T57-0, No.7 OFT T 77Uk (W7 =42, BTFUBE) 2R L, DO
WZEEA LT,
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B 4H 7T 77 VEOBRER X UORIERR ORE
TT 77 E AT, BEAE =X ) —VESINC L 51 E el L7z (Figure

13), T OFEFR, BERFICIEMEA B E L, 1.6 mg/mL Tl 3.0 (logio TCIDso/mL) units ks
3w Lic, =& 2 — )V OWRINTIHBIE~DOISHZEE L TIT> 7223, FCV (2= /) —)b
MRS O RERAT ORI TIL 40% D% — LERINT 3.0 (logio TCIDso/mL) units g% %x
DO NI ST T=D, TWINEEAR 25% ICRE Lz, =4 J —/L% 25% WRINL7ZHE T
X, = =N ZOLDODHT A NVAIEEREFTALNTZ OO, S HITIEENRH EL, 1.6
mg/mL ClE 4.1 (logw TCIDso/mL) units JE&YAl 238 U7z, T&MENm ELZZER E LTE, =
B ) =LK TRIGIRFIZR T DT 77 7 EVEHOBRMIENE LT Z E BB 265,

-3

t [op)
1 ]
|

W
[l
|

=& J— VIR

6.2
5.5
4.5
I I 3.2 m25%T 4 J — LN

Control  25% EtOH 0.016 0.16 mg/mL 1.6 mg/mL
mg/mlL

w
]
|

(]
]
|

Virus infectivity (log;o TCIDg,/mL)

—
|

o

Figure 13. Effect of ethanol addition on the concentration-dependent anti-FCV activity of theaflavins.
FCV F-9 strain was used. Results from two independent experiments and values represent mean.
Virus-exposure time was 60 min.
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IZ. Figure 13 TR bEWIEMEZ /R L2 1.6 mg/mL, 25% T % J —VIRINOSMET, &AE
FEMIZ X BP0 FCV EMEDZEA L 2 il L7= (Figure 14A), ™7 A L A DG 1 ZIRAERF A o 54 0
W& b7 TR T MmN H 503, 5 FHIOMETE 2.3 (logio TCIDso/mL) units G 23
B LTz, SHICH0 MNV IEHEIZ DWW TE FCV & RERICRE IR AR SIS 23 F) L7223,
1 M DEAET 1.7 (logio TCIDso/mL) units 84 2 b L7z, 7236, MNV (X 50% =% / —
L~ 15 BRI OBAEIZ K - TG A 5 (logio TCIDso/mL) units LA B2 2 & R
NTWDNM 25 % =X ) —~D 60 ZEDRAETIE MNV OREGURIZ BT b7
7o 72 (Figure 14B),

(A) (B)

7 7
-
£
6 36 -
- a 6
E O
&5 o5 -
) S
g* 24
_; >
€3 N
‘8‘ =
E9 29
3 >
> 1 1 -
0 T T T T O n T T T T
Control 25% 5min 30 min 60 min Control 25% 1min 5 min 60 min
(60 min) EtOH (60 min) EtOH
(60 min) (60 min)
Ethanol - + + + + Ethanol - + + + +
Compound - - + + + Compound - - + + +

Figure 14. Effect of virus-exposure time on the anti-FCV or the anti-MNV activity of theaflavins.
Final concentration of compounds was 1.6 mg/mL and 25% EtOH was added. (A) FCV F-9 strain was
used. Results from two independent experiments and values represent mean. (B) MNV S-7 strain was
used. Results from three independent experiments and values represent mean £S.D.
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% 5 H pH OZAKIC L BTEHE~DEE
WIZ, FLoA NV AERNZKIET pH O BZFH0 L7, FHEOMRICHERT 256288
L.pH %6, 7L 8 \—nﬂ%bf;i“‘ﬂﬁ%ﬁﬁb\f7‘777E/*js;ﬂ?fwjuu 1.6 mg/mL AR %
FNFENHELL . AL R 60 45 FIBHE S B 7-BRO Kl DO 2 b2 38 L 7=, FCV, MNV
EBITHMERHED pH T :tj:% PRIEVE~D BT SN2 o723, pHBE B LT 8 Ti, pH
(ZEEAIEPE DTS 3 DA SRR S A7z (Figure 15), 77 7 7 B U FEAERE - MR OH
édJE%j\c‘: LTHEHT 256, HEdRE L UIFROHFEDIZ), HWBMNE LR L
HEEZ LD, HEHOLIIZHNDHEEZZE LT, LVBHEMO pH 2oV THiR

AT OREDR DD,
(A) (B)
7 7
=6 56
E E
3 3
ab ab
O O
Y Y
é'H’ 4 g,' 4
2 2
= 3 = 3
>
8 2 B R
9 E9
3 3
> > 1
0 0
Control pH Control pH 6 pH HS

Figure 15. Effect of medium pH on the anti-FCV or the anti-MNV activity of theaflavins. Results
from two independent experiments and values represent mean. Final concentration of compounds was
1.6 mg/mL and virus-exposure time was 60 min. (A) FCV F-9 (B) MNV S-7
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% 6 H E£FX T OFEE~DEE

ER U720 ZE - HEKORRE LT, HEHOLER L E 2 b5, gy
WZIE/ a U A VAN RS R RS EE END T, X XV EIFFTHLHY
ANVAIEWEZRFFT 5 2 EDEE LU, FBS (7 R EIMIE: fetal bovine serum) % #cifE & > /8
7EOMRMAE LT, FBS fFE FTOHL FCV BL W MNV EMEEZFHE L=, 9725, FBS
% 0%, 5%, 10% [ZFFFE L8z W7 7 7 7 B L 1.6 mg/mL k% T
ZHABL, U AL RIT 60 43 RIEIE S BT BRORRYAM O 2L 2 FF4f L 7=, Figure 16 |Z7~" L
D, EBEDTANNAHT HIEMES . FBS OIRMEEL L HIZEF LZ, Z0Z &
b, TT 77O a uA NVAIREIIIE Y VR ORBEEZITRTE NS TR
AT 2 &L bic, ZOERBFIIIERRN X X RETH D Z EPNRB Iz, FBS
10% FINFFIZBW T 1.4—1.6 (logio TCIDso/mL) units OFEMEIMEEE S L7228, FRH « IR
~NOAT 256, HREE OV IR WERE T TOMAEAHRET 2220, U=y T o
va, N R =T EFRAOFRANRTLERD L R ET I RN ETHD L

EZHND,
(A) (B)

8 7
~ 7 56
= 1S
> 6 2
a Q'5
2 s .
g, g’
s Zs
K= 9 E 2
2 3
S S

0 0

Control 0% 5% 10% Control 0% 5% 10%
FBS WIn&: FBS RN

Figure 16. Effect of FBS on the anti-FCV or the anti-MNV activity of theaflavins. Results from two
independent experiments and values represent mean. Final concentration of compounds was 1.6
mg/mL and virus-exposure time was 60 min. (A) FCV F-9 (B) MNV S-7
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®TH VYTNVHEALL PCRIZEDBUANAR RNA BOFH

P CHR 7230, b b/ a v A L 2%l TRhERITHIH S & 2 B3R 2B S
TRV, SIASCHER 20 B L0 21 Tl M TRE L2 b/ 0 U A )L ZAHRICFRAFT
57 A/NA RNA &%, U7 /L¥ A 2 polymerase chain reaction (PCR) CTHIEST 5 Z & T, #L
A NVAEREZFE L TWD, £ 2T, #REEEAERFUIETICEWTRE SN T
WhHE b UANABEEBEREEZ G, 7777 A RO TIE T L, Bk
XS LTI o Eln E B2 ond ¥ = iaEf A L, BEIX TCIDs 7 vtk
A TOBRNKNBEEERBEDOTNVEETHD 25 mM L L, 7777 RS (7 oA
V. BTRURE) XT T 7T VE ) H L — Oy R 7166 FHAWCH U VAL
7= (1.8 mg/mL), ZDFEFR., ¥ = R TIETY A /LA RNA BEOWDBHLNTN, 7T 77
v UFE TR Lo 7= (Figure 17A), Figure 17B [Z/k L7-1@ Y | cell-based DRFAfR CIf
PEZ R LT MNV TH RNA BB R ONRNoT2Z 206, 7T 778 HIT VAL
ZRLFICEBER T2, A /LA RNA ICIEEEL KITI W LR Ee, 202k
IZE o T, TIROIERF R 72 52 LR WAEDPER A D = AL TH D RN EE o7z,

(A) (B)
140 120
_ I
g %0 g 100 109.3
S - o
o\g 30 100.0 1179 g
:{ < 60 —
Z 60 z
o n'd
g0 S 39.4
20 20 — —
3.6
0 = 0
\)\ NS & & @yo %é}b
& & & & X
& & & &
s‘&b Q‘b Q‘b S
i &
¢ ¢

Figure 17. Anti-human norovirus or anti-MNV activity of theaflavins as quantified by measuring viral
RNA levels by means of gRT-PCR. Results from three independent experiments and values represent
mean +S.D. Final concentration of compounds was 2.5 mM and virus-exposure time was 60 min. (A)
Human norovirus Gll.4 (B) MNV S-7
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% 8EH TERFMLIZEDBTT 7T U EDILEES

TT 7T EVHIIADBER S TH Y . TOMRITEESCO R FROERT D0, ZEH - M
BIICEAT D56, TOAILL > THBENR THLIMKECHRENECT 28N RDH L, £
ZTHREFEMIC X DM ERA T, TbbL, 7T 7 T e R G E AW T UG
ERAEROIENFMMZ 1T o 72, 77 7 7 B U EHOHEETICAFET 2B EOKEEFEIL, HKEE
BEBLOE Y DL TERZIZT EF b, AR LT B F /HRITIEEBOHMETH
~7- (Figure 18), LC/IMS ICL~» T, T 777 F/ AL — bDO 1L HOKEEED H B 9 {#
DT v FfbasniAbeWas EAsmE LT LTz, LrL, TEF{EE FCVF9 i
LN MNV TRl L7=& 2 A, MR CEehotc, O Enh, LFEMIC X D
BIXFRETH DD, 1/ B VA NV AEEDHIT L2 Z DR LNERY . TT 77 B HD
IKEEIEDNEMEOFRBUZEE TH H 2 L ARB I,

Re® RS
; Ac,0, pyridine ;

.

HO RO

(R =Ac or H)

Theaflavins Theaflavins-OAc
Figure 18. The apparent change in the color induced by acetylation of theaflavins. The LC/MS
analysis displayed that the main product had nine of O-acetylated group.

¥ 9IH T7 77T EUEOMNEEIE

b MEFEME~OFmEEZ I 5720, B MERMBROMKEEM TH 5 WI-38 I8 L
MRC-5 ~ i HEFE P & 305k L 7= (Figure 19), #FE(X 25, 100, 250 uM @ 3 L CRiAfi L.
TTT7TEY A% EAN (HEMY) BXOT T 77 Ui (W7 =A >, ITF B
B BFTT7IESE A L— NS TE 7166 ZHAWTYH U v AR L 7= (0.018, 0.072,
0.18 mg/mL (ZFH2), 25 uM (T 7 7T B> 40% GAHMBLOT 77 7 o ksilihiE 0.018
mg/mL) TIEWTFHObEW b WML & & IR E 2R SR> 7223, 100uM (77 7 7 &
VA% EAHEMBLOT T 77 EUREENIT 0.072 mg/mL) Tk WI-38 HIfRIZ BV T—EBD
{EEMHBHEELEERZ R L. 250 UM (77 7 7 B 40% SA B LT 7 7 7 B g
I% 0.18 mg/mL) TIXMHAEL L HIZT X TOEY THIRUAEFENDRE KT L7, ALAE L
THHTOEDOT T 77 ©HOREIFAEDOMFEIC LIV R 503, — K9IBS TW
LA BT 015mg/mL THDHZ &S FE-HEEKE LT —RIcEfT 254,
NEANRKE 70 8% RITT ARtk e B 2 bt b,
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(A)

Cell viability (%)
50 100

150

TF1 (Theaflavin)

TF2A (Theaflavin 3-O-gallate)
TF2B (Theaflavin 3-O-gallate)
TF2A&2B (mixture)

TF3 (Theaflavin-3,3'-0,0-digallate)
Theaflavin 40% % A i (LR 5477)

Theaflavin $85 (W7 oA > BT HFRE)

25 uM
=100 uM
m 250 uM

150

(B)
Cell viability (%)
0 50 100
f f f
l_'
TF1 (Theaflavin)
H
TF2A (Theaflavin 3-O-gallate)
|_|
TF2B (Theaflavin 3-O-gallate)
—_
TF2A&2B (mixture)
H
TF3 (Theaflavin-3,3'-0,0-digallate)
, —
Theaflavin 40% %5 A & CHLES 54)
—

Theaflavin ¥555% (A7 =4 >, BT X UBE)

Figure 19. Cytotoxicity of various theaflavins against nomal human fibroblast cell lines. Cytotoxicity
was evaluated by the WST-8 assay. Cells were treated with dilution series of each compound for 72 h

(in triplicate). (A) WI-38 cell (B) MRC-5 cell
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w2 AME

TT 77 VHIITEBE TR AT VO ANMEDOENT 4 fEHH L Z LAMbN
TWb, A7V —=2 7 L1385 FCV F9 Bz HAWT, Zib 4 MBLOZEORAYE
L7 & 2 A, T XTREREDOHL FCV IEE /R LTz, 77 77 LV HIBEME W
R, ROGFEM ORMGETIX, EORRBREES L ORIGKR OB E b7e>Th B35 2
EDREI, EBHIT MNV ~bEWVEEREZ AT 5 2 &R SN, Flo, 2 b OFHmX
LT 4V F—Z2 Wz TCIDsy 7 v BEAIZ L VITo7e 2 Enn . EOERITY A L AKL
TAICEHEREZRTT I EICEoTELTWD Z DRI N, & - HEEOBE Y
ELTCOFERZMBEL, pH X HEX X7 ORBERBR LIZE 2 A, AT D pH Tl
TEMEIIRESE LW & WFEX R T ORBELZZ TR T W ERbrole, B b/ R
TANABEREL IO MNV ZHW=Y 7% A 5 PCR TOFETIXZ, VA LVAD
RNA &(TITEEL 52T BEOH ) 0 7 A L2 {bEWTh Dt & 1 E~T- A =X
ATUANAERNFLLTNDZ ERNRENT, o, 77 77 BV HITMA B RO ATERK
NTHDHZ LMD, FHE - HEHRE LTOFMITITHBERNROEAPMEIC RS LEX, 7
T F I L DR AT, AR LT T BT VRITIRECAOR R TH Y . {LEMB KO M©
T 2o b DD, HL FCV BELTY MNV {HHEIZHEEA L TWe, 2L ORGEENDL, 77
TZIEVEOIERAN=ALE LT, FERRARZ ORI FEETHD Z & KBIENIEHED
FHEUZFGE L TWDL ZEWNRBE I, £70, HEEKSE LTEAT 20, FEZ 3
7 ISRV IR VR T CHER T 5 2 & FHAPMEE 25700 K5 2R H G IECIRE T
EEEZRTZENTED LI RG22 BET HREOPENAL N EloTz, LrL, A7
V—=27%%&% 3 fEfE 4 ¥k (FCV 2280 strain, FCV F-9 strain, MNV, PoSaV) @™t ./ 1w
ANARBETANAZRNE L LIZZ EINDIRIBAXRY NMVERTHIEMTH L EEZX DR
528, H<DPOEHAINTEIALKHROILAEM TH 572 DI Z T AN TN T
EMD, KA v AN ZKRBEOAN I E LTHERICAHTHL EEXBND,

31



LGS

JauANAZ, BPEL L OEGEIC L 28T A VAMBIBROFEERFFIRTH D |
LS ECE I, REARERFESETIIEE(LL, ICELIZ L LHIBALVWTALVATH
Lo LU, 1/ v U A NVAIEDOMIEREANAT O TV DIZE 00 6T, 15 - TR3E
LT EmENn, ERBEGTHEHINATWD OIERZICRY, £7o, FHREICLMHEH TR
TRFRE c HEEE L TREAETHEICRDOLNTVDILOLRERL, ATATHICT 2
I EVME—DTHEL 7o TND, DD, J a A )VADIRNE - TEIIE, Bz 72/ -
HHEEOHFENBR HEN TN D,

B ANVADIENEN TV D R RERBEHIZ, B b/ oA L AERE S BIHE
BHIENTELMEER AV SN TV W ERFETFHND, £ T, —EIICH
10 ANVAIEDFTEZRD 7 A VA E N TITOITWD, AFETIE, B/ roAL
ARFET AL AL LT FCV, MNV, PoSaV @ 3 FED T A L AEZHWTH /) 0 7o L2 LA
MOBREREIT T,

%1 ETE, ol v v A VAL EMICBET 5 R A SBIZ, inhouse T A 7T U —
MK 2000 fbEaWEERE L, 3 BmORBFEUVANAZHONCTHRZTOARAZ Y —= 7 %1T
ol A7 U#“‘/ﬁ‘ WZHT0, 1BE - THEEEZI3RE - B E LToEEE2HFT 510
EMERET DO, ERBFZREST, UAVABERIZL D CPE % #iil3 2 k-l %
%ﬁ“koXﬁ)ﬂ:/ﬁ@ﬁ%\7@@Mé%%t7FMé%kbfﬁﬁbko

B2 ECIEX, A7V —=271CBIToey MWD 56, MNV FRIZH Y A LA
1% % 7~ L 72 5-bromo-N-(6-fluorobenzo[d]thiazol-2-yl)thiophene-2-carboxamide (1) (22T,
SRR A T X D HEETEEF B St K OMER A 1 = X A O/KFE1To 72, T7ebbH, 1 @
FAT 2 - X FT =TV RFY I REREEEKE L, TAT7 VB, NV F
T VB EOBEMEL DM A TUOITK 50 [HOBZRAR L AR L, ENENDOIEEL MNV
Z M 7z CPE reduction 7 v & A 1Z X » T Mzt d RAW264.7 Hifuz 72 WST-8 7
AL S TRl L7z, ZOfE%E., —HolbaicifamEngEssnien, 747z
B, RV FTY VB E I BN S AR EE A S A HAN D D 2 LA R
L7z, SHOICIEMEZBERSE 5720, @IEEEZR LTZBEIR 2D, 2j, 2k, 2m BE Y 3j %k
DOIEEEAEDEDL ZEIZE 2T, "M T Uy REEW da-d AR LIZEZ A, 35V
TREFA Ty 2 HK) L 46-CTNFuRN Y FT Y —)0 BjHK) AAG YT
WigH o 7 AR 4b  (Figure 20) 725 1 OF) 70 %DM %7~ L7= (4b, ECso = 0.53 uM vs
1, ECs0 =37 uM), 4b DIEH A W= X LFA D728 3L 7 4 V& —Z = TCIDsy 7
v A BiToTmE A, EEITHEA LZ, ZoZEnD, 4b DIERA =X LT T A VA
KL ~DEHEOEHTIZ/RWZ EXRBE I N, S 5IT time-of-addition 7 v &1 OFEEH
5. TANVAEGEO P BME T H 518 FHIfE~DOEE B L OMBEBAOBRRICHER Lanz &
DRIz, S6I2, VA NVAT aT 7 —BHEEEOFMNL TG L R E R hoTc 2 &
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nhH, OGO —5 Y MIFEMENTO VA LV AOERRRE (-72L, a7 7 —
PZ2ER<) b LB EMENS DO A NV ADBEBRETH D Z LRIz, fEHAD
SAKIELTES ORIMFEET 508, 4b IBEFOI VA NV A THD 2'-CMC X
GC376 LV HLIKBECTH YA NATEEEZ R LI 0D, X—F v MEROY —1 L LT,
SO/ a A VAR - PO Y — & L TOTFHBHIREI NS,

¥ 3 ETIE, A7V —=712B8WC 3 EOUANVATXCWEREZRLET T 778
VI OTEMIHE EAER A B = X A OBF EITolc, 7T 7T EVEITAA R RO RRY TH
D, BEFMBTATILVOKLEEEMEBEOENT 4 FAEETDLIZEN MO TWD (TF,
TF2A, TF2B £ L O TF3; Figure 20), 77 7 7 B8 4 fiEB L OVEEMICHOWTELR T
4V E =% Wz TCIDsy 7 v A 1TV, TR TIZEBREDOHT FCV &N H 5 2 & 2R
INdEEBIT, VANARFICEBEENT 2MEMTH D Z VR STz, SFRE O
FER AERAA D =X L L UCIHIER RN 2 R 7 fERIC L D aTREE N w2 & g
BRI AT N EET Z EIIMNATIERW, KBENEE CTHDLZ ENbholz, B b
ANV ABREREKE A NZY T LZ A L PCR ICKDFMETIE. VA /L2 RNA &IZZE
b 527N b, Hi// oA 2bEmE L TIRE STV AR & 130E 5 7EH
AHNZA L LD ENRBEINT, HERE LTHEHRT 7201013, HFEX 37 B
V7R NRE T CHERAT 22 &, HAPMBEE 2R 0K I KRE CIEMEZ R Z & 23 A6E
TR BT D7 EORENH SN E o723, 3 T 4 Bk (FCV 2 £k, MNV, PoSaV) @
E R u A NARBIANAZRIEL L2 00, RIEARY M EAT 5% - HE
OB E L COFEANGEESN D,

Q F ) 0]
Br \S/ H_<\S© © O OH
N HO galloyl OH
b oH HO ﬁ}a<:>~OH
0]

TF1 (Theaflavin); R; = R, = H OH

TF2A (Theaflavin-3-O-gallate); R, = galloyl, R, = H

TF2B (Theaflavin-3'-O-gallate); Ry = H, R, = galloyl

TF3 (Theaflavin-3,3'-0,0-digallate); R4y = R, = galloyl
Figure 20. Structures of 4b and theaflavins.
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B i

AMFFEZAT D IZ DTV | FARHIZRIE 72 2T E L HHEEZ B . ZRRDMR D272
& F LIofR ESL R R B AR A AR IR R & o 7 — 2% AR R4 O K0 &
DEZRLET L EHIT, EWHILHE L RITET,

K SLOVERIC & 72 0 il B 36 L O, EHiREA 15 0 £ U 7o FR] IR R KRBy
WHERE AR EIR RRRSEA., LT EZIR B A Aa B b EE It
B p)IEMLECLI VEE - LET,

WRFEIEI R, 2 < OFFEE, HBECIENWVEIE L2 E £ L 7§ RS2 K7 KPS
WFEBCRIRER R & o 2 —Rihl /MBI SEE. B B rEn el (B W R ESE
PR FREEB ). DFEMBIE ARk IS e LR

AWFRDOZATIZH TV . HI5E, #HfiFE2 B0 . BERMEE 2 W& F Lo E R
JERFIERT 7 A L A EEATEE M RREAE, N AT T o BEEMEE &K
SLFESE4E. The Ohio State University, Department of \eterinary Preventive Medicine, College of
Veterinary Medicine, Ohio Agricultural Research and Development Center, Prof. Linda J. Saif, Assist.
Prof. Qiuhong Wang, &l B8R e AE R AP SR S A SERER R ANEFIERR, BA
FEsERR., UEMR  IIBRSOERR. 1A M SRR, A SRR (ST L
EJ RS

F7o. MNV Zf L T E S W E L B AR FAEYGIRBLF R ER E R B E A Y 700
JEEPIR EREMEAITEHRH L ET,
¥, AWFFEICES LTl 3 K OB S 2 8l £ U 72§ i IS RSP R PR A A R
BRI R ® o 2 —FE IR Wi R BR A AR R AP 2T O BRI D K VLA L BT £,

PRI, W5 & PR A TN T DI H720 . a RENAH LM AT ESNE L
AR O BAR. WEL. IR, B, B L OKANTLIDEE#HN T LET,
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KEBROH

B IEE 27 hv (*H B3 X O B8C NMR) (%, JEOL AL-400 spectrometer (400 = 7-(%
100 MHz) (2T, dimethyl sulfoxide (DMSO)-ds H'. WEBIEMEME L LTT T A F LT T
(0.00 ppm) ZHWTHIE L7, L% 7 MBI ppm T, By 7V r7arxZ o~ J fEl
Hz THERL7Z, £72. NMR (21T HME51%, s (singlet), d (doublet), dd (doublet of doublets), t
(triplet), dt (doublet of triplets), ddd (doublet of doublet of doublets), ddt (doublet of doublet of
triplets), g (quartet), m (multiplet) Z H\ 7z, k&7 v~ 77 A-H &5 (LCIMS) 1%, Waters
2767 sample manager, 2996 photodiode array detector, 600 controller, ZQ2000 % i\ 7=, Z3#TH &
7 AZiE, COSMOSIL Packed Column Cholester (size 2.0 1.D.x50 mm, F+ 7% 7 A 7 A 7 #1:8) %
H V>, Mobile phase: A; 0.05% TFA H,O : CHsCN = 20 : 80, B; 0.05% TFA H,O : CH3CN =70 : 30,
Gradient: B (v/v) =0, 0.5 min, B (v/v) =0 to 100, 5 min, B (v/v) = 100, 3.5 min, B (v/v) =100to0 0, 3
min then B (v/v) = 0, 8 min, 1.0 mL/min D&M THMT LT, BT L7 v~ N7 77 4 —IZiF,
U v 60 (BRIR) (P (7 A4 7 A 7 #8) F8 LTV Chromatorex NH DM1020 (& 13
U v T AR AW, g2 o~ b 7T 7 ¢ —I214, silica gel 60 Fs, glass plate (0.5 mm,
AT I VRTHRY), pEAEE Y v~ ~ 7 F 7 ¢ —I213 PLC silica gel 60 Fzss, 2 mm glass
plate (A /L7 2 URTHED) Z W=, 2-CMC (¥ 7 ~-T )V U v Fifl), Zo = @ (F
NITATAIHBY), 77778y (TF), 77 77E2-3-0-HL—F (TRA), 7777t
»3-0-HL— b (TF2B) (RERY A = 24 H) 77778 -33-0,0-UH L—F (TF3) (+
A7y =24 FTT T T 40% EAEM (HERY), 77 7T e RRS (BT oA
V. BT FRUBRE) (BEEUKE T TEAR) B L OERICHWZ IR, RERO F 06
B L ORIk L7z, GC376 1ZBER DR 2 22 FZ 1AM Lz, FHliICf Lz bamit,
HH7ED 1 mM, 10 mM E£721% 100 mM @ DMSO (74 74 7 A 7 48) ik & LT
-20°C THRELIZLOEHWE,

% 1 BT OER
AR R

CRFK i@ (ATCC cat. code; CCL-94) &, minimum essential medium (MEM) (Eagle 53 O
L-Z v & I UN) 1T, 1% FEXET I JBEiE, 1 mM Ere g U oA SLAERE
(100U/MmL X=>U > 100 pug/mL A L7 h~A B 025 ugmL 7 LKRT Y B
“ ). 10 mM N-2-hydroxyethylpiperazine-N-2-ethane sulfonic acid (HEPES) (714 77 7 / 1 ¥ —
ZEEL) . FEM@ L L7z 5% FBS (/N At ZHH#) 2N L7z v, 37 °C, 5% CO, A
VX aX—F—NTHRESE LT, A7 U —=2 7%, $FEAR T 5.0 x 10° cells/well @
FET 96 VL7 L— MR L, 24 FFRILL B35 Lo b O &2 W HERF ARSI IE, FBS
FERMOEE 2 LT,

RAW?264.7 #fifid (ATCC cat. code; TIB-71) (%, Dulbecco’s modified Eagle’s medium (DMEM)
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(15 mg/L 7= /—/LL v K, 4500 mg/lL Z/ba—A 4 mM L-Z L% BLO 25 mM
HEPES #shn) (2. HiAEWE (100 UmL 2=V >, 100 pg/mL A hL 7 h<=A 0 BIO
025 pg/mL 7 AHKT U2 B &H). 1mM EAE VBT NI DL (SA4AT7FT 27/ ad—X
), FEM@L L7z 10% FBS (A A& T #8d) 230 L7cis 4 v, 37 °C, 5% CO, 1 >
X o _R—F — N LT, 27 U —= 27213, #EG T 5.0 x 103 cells/well |
BT 96 Uo7 L— MR L, 24 FEELL EERR Lz b oz v, HERFHE HIZIX, FBS
Z 10% RN L7-Eqh 2 L7,

LLC-PK #Hfi@ (ATCC cat. code; CL-101) X, MEM (Eagle it LY L-Z /v % X U iiAN) (12,
1% FEMZET 2/ BRIRIR. PUAEME (100 U/mL ~<=3J > 100 pg/mL A L7 h~A
BEW 025 pg/ml 7 ART U B GA). 10 mM HEPES (71 77 27 / v ¥— X4Ed)|
FE@L L7= 5% FBS (3 A A& 7 1) %%bn L7585 Z VT, 37 °C, 5% CO, A >3 2
— B —N TSR LT, A7 ) — = 723 BERE R HE T 5.0 x 108 cellsiwell OEIA T 96
U L— MR L, 24 H%Fawiia% Lizb Oz, MERFAE Iz IZ, FBS FEUSIN
DRz L7z,

U4 VAR

FCV 2280 #k (ATCC cat. code; VR-2057) 1, 7 7 A N2> — MIRIZES#E L7= CRFK il
(Z multiplicity of infection (MOI: fifid 1 {H&H7=0 DT ANV A&E) =001 L7225 L HOHEML,
37 °C, 5% CO; A »F a~—X—NT2-3 AfE#E L7k, CPE #8152 L7z, TCIDs fHIZ%
Behrens-Karber X %) (2 X > CLATFOMY R Lz, fMlaT 7V 2rET 25720, g LiGE
10,000 x g, 1 Wit L, i BB & MHIFE T -80°C TR L7z, 22V —=1 2121
100 TCIDso/50 pL (AR L7= 6 D% V=,

TCIDso = (1 #1 B O A RS F) x (A7 BRAE )20

T BAREPSICBIT D (BN 50% LD T = v [ (BiEER) ofFn

MNV S-7 # (HARZFAEWE R EREFREEB A TR SR EREWEIR LV 5
HY 1, 7 7 AaWNizy— MRICEE#E L7 RAW264.7 fifdic MOI=0.01 L7225 K HHEREL |
37°C, 5% CO, £ > FaX—X—NT2—-3 HljE:# L%, CPE #8522 L7-, TCIDs fHIL
Behrens-Karber iz k- TR L7z, #ilaT 7 U ZkrET 570, K3 B4 10,000 x g, 1 I
il L, 30 B 4 AR £ T —80 °C TR L7z, A2 U —=1 2%, 100 TCIDso/50 pL
ICHR L 72 b D% Wiz,

PoSaV cowden £ (A A AL KE: Linda J. Saif 2% H12 L 0 RS 7=8K) 12, 75 A
ST — MRICEERE L2 LLC-PK #iEIZ MOl = 001 725 X 54EfE L. 37 °C, 5% CO,
A Fa_X—H—NT2—-3 HEHHE L7=1%.CPE 2852 L 7=, TCIDso fH 3 Behrens-Karber =
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ko THEH L, MilaT 7V ZBrET D720, 5% EiE% 10,000 x g, 1 FEfEE L L, 2l
G EMHEFE T -80°C THRE Liz, A7 U —="7Z1%, 500 TCIDso/50 pL (ZAR L7= %
D& AT,

CPE-based A7 Y —=r7

50 uM fLEERE (120 pb) 35 X TF 100 TCIDso/50 b D w7 A /LA (120 pL) % 96 /X7 L
— hHTIRAL, 37°C,5% CO; A »F 2~_"—X—NT 30 srfElEkE L, (L&KL, 10
MM DMSO &R & HEFFRE L CAVIR U CIl# U 7=, ROSIE 100 pb % 96 /X7 L — Moo — MR
(ZHEEE LTI ~8EFE L, 37 °C, 5% CO; A v F =_X—% —NT 1 K& L7 (inoculation
step), Alifc_EiE 2 BrZ L. 100 uliwell OHEREGHIZ AN L T 3—7 HIMEG#E L7 (growth step),
7272 L. PoSaV % H\W\\7=7 & A Ti&,500 TCIDso/50 uL. ® 7 1 /L Ak % FH >, inoculation step
% OMEFFRG I~ OEHLIX, PoSaV OJEYL, HERIIC M ToH SN (glycochenodeoxycholic
acid : GCDCA) (50 uM, > 7 ~-T /v R U » F48d) 2800 U 72 #EFrE % 150 pl/well £ H
L7 5, \LAEWIENED 7 A N A ZEFE L T2 D = /LT CPE BB INTBEETaY = V%
B2 L, CPE Z[HIL L7fbEMa ey MegE L7z, by MEGHITOWTIX, A LA
JEAERFOIIREED 6.3—100 pM & 725 L5 2 FEBEARIIZ/ER L, RROBIEEZTTH 2
SR> TR/MEDIREZFH L LTz,

% 2 BT OER
5-Bromo-N-(6-fluorobenzo[d]thiazol-2-yl)thiophene-2-carboxamide (1)
5-Bromothiophene-2-carboxylic acid (203 mg, 0.98 mmol). 6-fluorobenzo[d]thiazol-2-amine (188
mg, 1.12 mmol), DMAP (133 mg, 1.09 mmol) ¥ JZT' EDC-HCI (208 mg, 1.08 mmol) % CH:Cl (2
mL) (ZEfE LRI T 4 RREEEE Lo, DOSIR Z2080E TifE L, 784 MeOH THIEIVEA L
7o FONZEAEZ MeOH THASE L. 1 Z2REOOHKE LTHEZ (67 mg, 19%), H
NMR & 8.09 (1H, d, J = 3.6), 7.93 (1H, dd, J = 8.8, 2.4), 7.77 (1H, dd, J = 8.8, 4.8), 7.43 (1H, d, J =
4.8), 7.32 (1H, dt, J = 8.8, 2.4). ®°C NMR § 159.8, 158.8, 158.7 (d, J = 240.6), 144.5, 138.9, 132.5 (d,
J=9.9),132.3,132.2,121.1, 120.1, 114.4 (d, J = 24.8), 108.3 (d, J = 27.3). ESIMS m/z 357 [M+H]*

N-(6-Fluorobenzo[d]thiazol-2-yl)thiophene-2-carboxamide (2a)

Thiophene-2-carboxylic acid (143 mg, 1.12 mmol), 6-fluorobenzo[d]thiazol-2-amine (207 mg, 1.23
mmol), DMAP (155 mg, 1.27 mmol) 35 X T} EDC-HCI (230 mg, 1.20 mmol) % CH.Cl, (2 mL) (Z
iR L, IR CT—WHEE L7Z, MISKRIZ 2N HClag. #01%x, CH.Cl, THith L7, AHfE%
K. BRI EIEK DN T Wil ~ 7 27 LTl U CRUE T ilfE L7z, 7% CHCls B X
" MeOH THrEIVEH L, 2a & @A L L&A (126 mg, 40%), 'HNMR § 8.32 (1H, d, J =
3.2), 8.03 (1H, d, J = 4.8), 7.94 (1H, dd, J = 8.8, 2.4), 7.79 (1H, dd, J = 8.8, 4.8), 7.35-7.28 (2H, m).
13C NMR 6 160.6, 158.7 (d, J = 240.6), 158.5, 145.1, 136.9, 134.2, 132.7 (d, J = 8.2), 131.5, 128.7,
121.4,114.3 (d, J = 24.0), 108.2 (d, J = 28.1). ESIMS m/z 279 [M+H]*
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5-Chloro-N-(6-fluorobenzo[d]thiazol-2-yl)thiophene-2-carboxamide (2b)

5-Chlorothiophene-2-carboxylic acid (163 mg, 1.00 mmol). 6-fluorobenzo[d]thiazol-2-amine (185
mg, 1.10 mmol), DMAP (183 mg, 1.50 mmol) ¥ X% EDC-HCI (287 mg, 1.50 mmol) % CH.ClI,
(2mL) (2L, IR T—BrEH L=, OSRIZ 2N HClag. #/lx, CHCl, Thitf L7z,
AHEIE 2K, B B K DNEIC TRV VIR~ 7 % 20 A CHz M L CRIE TR L7z, 7512 NH
VURGTN T A a~ 7T 7 4 — (eluent: CHCl, / MeOH =10:1) IZX VR L=DH,
B EE%EZ CHCl; 38X MeOH THRIVEH L., 2b Z AEHmAKE L THE7Z (136 mg,
43%), HNMR & 8.15 (1H, s), 7.93 (1H, dd, J = 8.8, 2.4), 7.77 (1H, dd, J = 8.8, 4.8), 7.35-7.30 (2H,
m). $3C NMR § 159.6, 159.0, 158.7 (d, J = 240.5), 145.1, 136.0, 132.6, 131.8, 131.5, 128.8, 121.3 (d, J
=24.8), 114.4 (d, J = 24.8), 108.3 (d, J = 27.3). ESIMS m/z 313 [M+H]*

5-Fluoro-N-(6-fluorobenzo[d]thiazol-2-yl)thiophene-2-carboxamide (2c)

5-Fluorothiophene-2-carboxylic acid (146 mg, 1.00 mmol) & 6-fluorobenzo[d]thiazol-2-amine
(185 mg, 1.10 mmol) 7»5., 2a OEMEFRROBIEZITS 2 &Ik - T, 2c #ABGKEKE L
TH7- (76 mg, 26%), 'HNMR & 8.07 (1H, s), 7.92 (1H, dd, J = 8.8, 2.4), 7.77 (1H, dd, J = 8.8, 4.8),
7.32 (1H, dt, J = 8.8, 2.4), 6.97 (1H, dd, J = 4.8, 1.6). 3C NMR 6 169.1 (d, J = 293.5), 160.3, 158.7 (d,
J = 240.6), 158.6, 144.9, 132.6 (d, J = 8.3), 129.8 (d, J = 4.1), 126.5, 121.1 (d, J =9.1), 114.3 (d,J =
24.0), 110.9 (d, J = 11.5), 108.3 (d, J = 27.3). ESIMS m/z 297 [M+H]*

5-(tert-Butyl)-N-(6-fluorobenzo[d]thiazol-2-yl)thiophene-2-carboxamide (2d)

5-(tert-Butyl)thiophene-2-carboxylic acid (184 mg, 1.00 mmol), 6-fluorobenzo[d]thiazol-2-amine
(186 mg, 1.10 mmol), DMAP (183 mg, 1.50 mmol) ¥ L T" EDC-HCI (287 mg, 1.50 mmol) %
CHCl, (2 mL) TiafE L, IR C—MBEHE Lo, ROSHRIZ 2N HClag. 38 KT CHLCl, #inx
THEUTWED 2 W5 A L, CHLCl, 38X MeOH THRITES LT 2d Z HEHM AL LT
1572 (195 mg, 58%), H NMR & 8.14 (1H, d, J = 3.6), 7.92 (1H, dd, J = 8.8, 2.4), 7.77 (1H, dd, J =
8.8, 4.8), 7.31 (1H, dt, J = 8.8, 2.4), 7.09 (1H, dd, J = 3.6, 0.8), 1.39 (9H, s). *C NMR 5 165.4, 160.5,
158.7 (d, J = 239.7), 158.7, 145.3, 133.3, 132.8 (d, J = 9.1), 131.6, 123.8, 121.3 (d, J = 9.1), 114.2 (d,
J=24.0),108.2 (d, J = 27.2), 34.8, 31.8. ESIMS m/z 335 [M+H]*

4-Chloro-N-(6-fluorobenzo[d]thiazol-2-yl)thiophene-2-carboxamide (2e)

4-Chlorothiophene-2-carboxylic acid (163 mg, 1.00 mmol)¥3 X T 6-fluorobenzo[d]thiazol-2-amine
(185 mg, 1.10 mmol) 725, 2d OERKE FEROBIEZITO Z LIk - T, 2e ZHAKKE L
T1%7= (182 mg, 58%), 'H NMR & 8.26 (1H, s), 8.06 (1H, s), 7.94 (1H, dd, J = 8.8, 2.4), 7.79 (1H, dd,
J=8.8,4.8),7.33 (1H, dt, J = 8.8, 2.4). *C NMR & 160.6, 158.8 (d, J = 240.6), 158.5, 144.9, 137.5 (d,
J =9.1), 132.7, 130.7, 129.1, 124.4, 121.4 (d, J = 10.7), 1145 (d, J = 24.8), 108.3 (d, J = 26.4).
ESIMS m/z 313 [M+H]*
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4-Bromo-N-(6-fluorobenzo[d]thiazol-2-yl)thiophene-2-carboxamide (2f)

4-Bromothiophene-2-carboxylic acid (207 mg, 1.00 mmol), 6-fluorobenzo[d]thiazol-2-amine (185
mg, 1.10 mmol), DMAP (184 mg, 1.51 mmol) ¥ X' EDC-HCI (290 mg, 1.51 mmol) % CH.ClI,
(2mL) (2L, FEIRT—BIEH L2, BOSRIZ 2N HClag. 3L CHLClL, MMz TALT
TR & %5 Ais L. CHCls 38 X T8 MeOH THRIVES LT 2f ZHGHM KL L THT
(150 mg, 42%), 'H NMR & 8.30 (1H, s), 8.15 (1H, s), 7.94 (1H, dd, J = 8.8, 2.4), 7.79 (1H, dd, J = 8.8,
4.8), 7.33 (1H, dt, J = 8.8, 2.4). 3C NMR § 159.4, 158.8 (d, J = 239.8), 158.5, 145.0, 138.2 (d, J = 5.8),
133.1, 132.6 (d, J = 9.0), 131.6, 121.4 (d, J = 11.5), 114.4 (d, J = 24.0), 109.6, 108.3 (d, J = 27.2).
ESIMS m/z 357 [M+H]*

3-Fluoro-N-(6-fluorobenzo[d]thiazol-2-yl)thiophene-2-carboxamide (29g)

3-Fluorothiophene-2-carboxylic acid (147 mg, 1.00 mmol) ¥ X T 6-fluorobenzo[d]thiazol-2-amine
(185 mg, 1.10 mmol) 75, 2b OARL L FEEDEMEEZITH) Z LIck» T, 29 ZAGK KL L
TH7- (120 mg, 40%), HNMR §7.96 (1H,s), 7.91 (1H, dd, J = 8.8, 2.4), 7.70 (1H, s), 7.33 (1H, t,
J=8.8,24),7.19 (1H,d, J =4.8). ®C NMR & 160.8, 158.8 (d, J = 241.4), 157.9 (d, J = 271.1), 156.6,
141.7, 131.8, 131.7, 119.9, 118.7 (d, J = 25.6), 116.1, 114.5 (d, J = 24.8), 108.6 (d, J = 26.5). ESIMS
m/z 297 [M+H]*

3-Chloro-N-(6-fluorobenzo[d]thiazol-2-yl)thiophene-2-carboxamide (2h)

3-Chlorothiophene-2-carboxylic acid (163 mg, 1.00 mmol)#3 J T 6-fluorobenzo[d]thiazol-2-amine
(185 mg, 1.10 mmol) 75, 2a OARKE REO#BIEEITH) Z LIk > T, 2h ZAGBK KL L
TH%7= (131 mg, 42%), 'H NMR § 7.97 (1H, d, J = 4.8), 7.91 (1H, dd, J = 8.8, 2.4), 7.66 (1H, s),
7.33 (1H, dt, J = 8.8, 2.4), 7.25 (1H, d, J = 4.8). 3C NMR & 161.4, 158.7 (d, J = 239.7), 140.4, 131.3,
131.0, 130.0, 129.8, 128.0, 127.7, 118.9 (d, J = 9.0), 114.6 (d, J = 24.8), 108.8 (d, J = 27.3). ESIMS
m/z 313 [M+H]*

3-Bromo-N-(6-fluorobenzo[d]thiazol-2-yl)thiophene-2-carboxamide (2i)
3-Bromothiophene-2-carboxylic acid (207 mg, 1.00 mmol)#3 J UF 6-fluorobenzo[d]thiazol-2-amine
(185 mg, 1.10 mmol) 72°5, 2a DAL FEOEIEEZITH Z LI2X - T, 2i ZAMGKHEE L
TH7= (41 mg, 11%), *'HNMR & 7.95 (1H, d, J=5.2), 7.91 (1H, dd, J = 8.8, 2.4), 7.66 (1H, s), 7.35
(1H, dt, J = 8.8, 2.4), 7.29 (1H, d, J = 5.2). *C NMR & 163.0, 158.7 (d, J = 239.7), 141.7, 132.8, 132.5,
132.0, 131.5, 130.9, 119.2, 114.6 (d, J = 24.8), 113.9, 108.9 (d, J = 26.4). ESIMS m/z 357 [M+H]*

3,5-Dibromo-N-(6-fluorobenzo[d]thiazol-2-yl)thiophene-2-carboxamide (2j)
3,5-Dibromothiophene-2-carboxylic acid (286 mg, 1.00 mmol) ¥ & O* 6-fluorobenzo[d]thiazol-2-
amine (185 mg, 1.10 mmol) 7>5., 2a OHERLE FRROEIELITO Z LIZX - T, 2] ZRHEAD
Bk L LTH7- (266 mg, 61%), H NMR & 7.88 (1H, dd, J = 8.8, 2.4), 7.56 (1H, s), 7.49 (1H, s),
7.34 (1H, dt, J = 8.8, 2.4). 3C NMR § 164.6, 164.0, 158.7 (d, J = 248.0), 135.7, 135.4, 134.6 (d, J =
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11.6), 129.6 (d, J = 4.1), 118.2, 116.6 (d, J = 11.5), 114.8 (d, J = 29.4), 113.6, 109.2 (d, J = 28.9).
ESIMS m/z 435 [M+H]*

3,5-Dichloro-N-(6-fluorobenzo[d]thiazol-2-yl)thiophene-2-carboxamide (2k)

3,5-Dichlorothiophene-2-carboxylic acid (197 mg, 1.00 mmol)33 X O¢ 6-fluorobenzo[d]thiazol-2-
amine (185 mg, 1.10 mmol) 2>5 . 2d DE L & [FEROBAEEIT 5 Z L IZ Lo T, 2k ZHEEAD
MR L LT (192 mg, 55%), HNMR § 8.17 (1H, s), 7.85 (1H, dd, J = 8.8, 2.4), 7.73 (1H, dd, J
= 8.8, 4.8), 7.29 (1H, dt, J = 8.8, 2.4). 3C NMR § 159.9, 158.8 (d, J = 240.6), 142.3, 135.1 (d, J = 4.9),
134.6, 132.3 (d, J = 6.6), 130.7, 130.3, 124.1, 120.7 (dd, J = 15.6, 4.1), 114.5 (dd, J = 24.8, 8.0), 108.4
(dd, J = 27.2, 8.0). ESIMS m/z 347 [M+H]"*

4,5-Dibromo-N-(6-fluorobenzo[d]thiazol-2-yl)thiophene-2-carboxamide (2I)

4,5-Dibromothiophene-2-carboxylic acid (287 mg, 1.00 mmol) 5 X ¢ 6-fluorobenzo[d]thiazol-2-
amine (185 mg, 1.10 mmol) 725, 2d OERLE FROEEZTT S Z L I2 k- T, 2l ZAEKK
L LTH7= (321 mg, 74%), *H NMR & 8.16 (1H, s), 7.86 (1H, dd, J = 8.8, 2.4), 7.74 (1H, dd, J = 8.8,
4.8), 7.29 (1H, dt, J = 8.8, 2.4). 3C NMR & 159.1, 158.8 (d, J = 236.4), 145.7, 138.5, 133.2, 132.3,
129.8, 121.4, 119.3, 114.7, 114.5 (d, J = 24.8), 108.4 (d, J = 27.3). ESIMS m/z 435 [M+H]*

4,5-Dichloro-N-(6-fluorobenzo[d]thiazol-2-yl)thiophene-2-carboxamide (2m)

4,5-Dichlorothiophene-2-carboxylic acid (197 mg, 1.00 mmol) 35 X" 6-fluorobenzo[d]thiazol-2-
amine (185 mg, 1.10 mmol) 726, 2d OGE FEOEAEZITS Z LIk > T, 2m &K
K& LTHT= (207 mg, 60%), HNMR & 8.18 (1H, s), 7.86 (1H, dd, J = 8.8, 2.4), 7.73 (1H, dd, J =
8.8,4.8), 7.30 (1H, dt, J = 8.8, 2.4). 3C NMR § 159.7, 159.5, 158.6 (d, J = 240.6), 142.8, 134.7 (d, J =
3.3), 131.9 (d, J = 8.3), 130.3, 130.1, 123.8, 120.2 (d, J = 7.4), 114.1 (d, J = 24.8), 108.0 (d, J = 27.2).
ESIMS m/z 347 [M+H]*

3,4,5-Trichloro-N-(6-fluorobenzo[d]thiazol-2-yl)thiophene-2-carboxamide (2n)

3,4,5-Trichlorothiophene-2-carboxylic acid (232 mg, 1.00 mmol) ¥ X ¢ 6-fluorobenzo[d]thiazol-
2-amine (185 mg, 1.10 mmol) 725, 2d OAERK & FEROEIEEZIT S Z L I2L 5T, 2n ZHEH
K& LTHT= (305mg, 80%), *H NMR & 7.82 (1H, dd, J = 8.8, 2.4), 7.55 (1H, dd, J = 8.8, 4.8), 7.31
(1H, dt, J = 8.8, 2.4). 3C NMR & 158.6 (d, J = 230.6), 156.4, 143.9, 130.7, 129.1 (d, J = 9.0), 128.1,
125.0, 124.1, 116.0, 115.9 (d, J = 9.1), 114.6 (d, J = 24.7), 109.0 (d, J = 27.2). ESIMS m/z 381
[M+H]"

N-(6-Fluorobenzo[d]thiazol-2-yl)furan-2-carboxamide (20)

Furan-2-carboxylic acid (112 mg, 1.00 mmol) ¥ X T* 6-fluorobenzo[d]thiazol-2-amine (186 mg,
1.11 mmol) 726, 2a OERE FROEIEEZITH ZLICk > T, 20 ZHGBHKRE L TH
(167 mg, 64%), *H NMR & 8.07 (1H, d, J = 1.6), 7.93 (1H, dd, J = 8.8, 2.4), 7.78 (1H, dd, J = 8.8, 4.8),
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7.75 (1H, d, J = 3.6), 7.32 (1H, dt, J = 8.8, 2.4), 6.78 (1H, dd, J = 3.6, 1.6). *C NMR & 158.8 (d, J =
249.7), 158.2, 156.4, 147.7, 145.4, 145.1 (d, J = 5.0), 132.7 (d, J = 13.3), 121.4 (d, J = 8.2), 117.2,
114.3 (d, J = 24.0), 112.4, 108.2 (d, J = 27.2). ESIMS m/z 263 [M+H]"*

5-Chloro-N-(6-fluorobenzo[d]thiazol-2-yl)furan-2-carboxamide (2p)

5-Chlorofuran-2-carboxylic acid (147 mg, 1.00 mmol) ¥ XU 6-fluorobenzo[d]thiazol-2-amine
(185 mg, 1.10 mmol) 75, 2a DA E REOBIEEITH) Z LIk > T, 2p ZAGK KL L
TH72 (97 mg, 33%), HNMR 8 7.93 (1H, dt, J = 8.8, 2.4), 7.79—7.76 (2H, m), 7.32 (1H, ddt, J =
8.8, 1.6), 6.84—6.82 (1H, m). 3C NMR 6 158.7 (d, J = 239.8), 158.3, 155.6, 145.1, 140.0, 132.7,
132.6, 121.3 (d, J = 9.5), 119.3, 114.3 (d, J = 24.8), 109.9, 108.2 (d, J = 27.3). ESIMS m/z 297
[M+H]"

5-Bromo-N-(6-fluorobenzo[d]thiazol-2-yl)furan-2-carboxamide (2q)

5-Bromofuran-2-carboxylic acid (191 mg, 1.00 mmol) ¥ XU 6-fluorobenzo[d]thiazol-2-amine
(185 mg, 1.10 mmol) 725, 2a DA L FROERIEEZIT D Z L2k > T, 29 ZEREDOHRK
L LTB7= (78 mg, 23%). *H NMR & 7.93 (1H, dd, J = 8.8, 2.4), 7.79—7.75 (2H, m), 7.32 (1H, dt, J
= 8.8, 2.4), 6.92 (1H, d, J = 4.0). 3C NMR 5 158.7 (d, J = 239.8), 158.2, 155.5, 147.3, 145.4, 132.7 (d,
J=8.3),127.8,121.4 (d, J = 8.3), 119.4, 114.6, 114.4 (d, J = 24.8), 108.2 (d, J = 27.3). ESIMS m/z
341 [M+H]*

N-(6-Fluorobenzo[d]thiazol-2-yl)thiazole-2-carboxamide (2r)

Thiazole-2-carboxylic acid (129 mg, 1.00 mmol) ¥ J ¢ 6-fluorobenzo[d]thiazol-2-amine (186
mg, 1.11 mmol) 725, 2a DERRE FEROEEZITH Z &Ik > T, 2r ZHEAEKKRLE LTH
7= (46 mg, 17%), *H NMR & 8.25 (1H, d, J = 2.8), 8.19 (1H, d, J = 2.8), 7.96 (1H, dd, J = 8.8, 2.4),
7.82 (1H, dd, J = 8.8, 4.8), 7.34 (1H, dt, J = 8.8, 2.4). 3C NMR & 160.9, 159.3, 158.9 (d, J = 240.5),
157.9, 144.7, 132.9, 132.7 (d, J = 8.3), 127.8, 121.6, 114.5 (d, J = 24.8), 108.3 (d, J = 27.3). ESIMS
m/z 280 [M+H]*

N-(6-Fluorobenzo[d]thiazol-2-yl)benzo[b]thiophene-2-carboxamide (2s)

Benzo[b]thiophene-2-carboxylic acid (179 mg, 1.00 mmol)33 & T* 6-fluorobenzo[d]thiazol-2-amine
(186 mg, 1.11 mmol) 7226, 2a OERKE FEEOBAEEZITH Z LTk > T, 2s ZAMKEKE L
TH%7= (139 mg, 42%), *H NMR § 8.64 (1H, s), 8.10 (1H, d, J = 8.8), 8.03 (1H, d, J =7.2), 7.95 (1H,
dd, J = 8.8, 2.4), 7.81 (1H, dd, J = 8.8, 4.8), 7.57—7.48 (2H, m), 7.34 (1H, dt, J = 8.8, 2.4). 3C NMR
5 161.6, 158.8, 158.7 (d, J = 239.8), 144.9, 141.1, 139.0, 137.1 (d, J = 4.9), 132.6 (d, J = 9.1), 128.5,
127.2,126.0, 125.3, 122.9, 121.3 (d, J = 10.7), 114.4 (d, J = 24.8), 108.3 (d, J = 26.4). ESIMS m/z 329
[M+H]"
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2-Bromo-N-(6-fluorobenzo[d]thiazol-2-yl)thiophene-3-carboxamide (2t)

2-Bromothiophene-3-carboxylic acid (207 mg, 1.10 mmol), 6-fluorobenzo[d]thiazol-2-amine (186
mg, 1.11 mmol), DMAP (183 mg, 1.50 mmol) 3 L O EDC-HCI (288 mg, 1.50 mmol) % CH-CI,
(2mL) (2L, IR T—BrEH L=, OSRIZ 2N HClag. #/lx, CHCl, Thit L7,
BHEE 2K, SR EEAK DN WIREE~ 7% > 7 LT U CRE MRMWE Lo, ks
CHCl, 38 LT MeOH THEIWEE L, 2t Z HEKmAKRE L THR (72 mg, 20%), *H NMR & 7.94
(1H, dd, J=8.8, 2.4), 7.80 (1H, dd, J = 8.8, 4.8), 7.75 (1H, dd, J = 6.0, 1.2), 7.61 (1H, dd, J = 6.0, 1.2),
7.33 (1H, ddt, J = 8.8, 2.4, 0.8). 3C NMR 6 161.3, 158.8 (d, J = 239.8), 158.2, 145.1 (d, J = 10.7),
133.0, 132.7 (d, J = 10.7), 128.1, 128.0, 121.6, 117.5, 114.4 (d, J = 24.8), 108.2 (d, J = 27.2). ESIMS
m/z 357 [M+H]*

4-Bromo-N-(6-fluorobenzo[d]thiazol-2-yl)thiophene-3-carboxamide (2u)

4-Bromothiophene-3-carboxylic acid (207 mg, 1.00 mmol)¥3 X T* 6-fluorobenzo[d]thiazol-2-amine
(185 mg, 1.10 mmol) 725, 2t OEME FAROERIEZIT) Z L2k > T, 2u ZzABKHKRE L
T/~ (134 mg, 37%). 'H NMR & 8.48 (1H, dd, J = 3.6, 1.2), 7.94 (1H, dd, J = 8.8, 2.4), 7.86 (1H,
dd, J=3.6,1.2), 7.80 (1H, dd, J = 8.8, 4.8), 7.33 (1H, dt, J = 8.8, 2.4). *C NMR 5 161.2, 158.7 (d, J =
239.7), 158.2, 145.1, 132.9, 132.8, 132.7 (d, J = 10.7), 126.5, 121.6 (d, J = 9.1), 114.3 (d, J = 24.8),
109.0, 108.2 (d, J = 26.4). ESIMS m/z 357 [M+H]*

5-Bromo-N-(6-fluorobenzo[d]thiazol-2-yl)thiophene-3-carboxamide (2v)

5-Bromothiophene-3-carboxylic acid (207 mg, 1.00 mmol)#5 J UF 6-fluorobenzo[d]thiazol-2-amine
(186 mg, 1.11 mmol) 7225, 2d OELE FEOBIEEZITS Z 212k - T, 2v ZAGKKRE L
TH7= (278 mg, 78%), 'H NMR 6 8.64 (1H, d, J = 1.6), 7.93 (1H, dd, J = 8.8, 2.4), 7.87 (1h, d, J =
1.6), 7.79 (1H, dd, J = 8.8, 4.8), 7.32 (1H, dt, J = 8.8, 2.4). 3C NMR & 159.9, 158.7 (d, J = 239.8),
158.4, 145.2, 135.1, 134.6, 132.8 (d, J = 11.5), 129.8, 121.5 (d, J = 9.1), 114.3 (d, J = 24.8), 112.8,
108.2 (d, J = 27.2). ESIMS m/z 357 [M+H]"*

2,5-Dibromo-N-(6-fluorobenzo[d]thiazol-2-yl)thiophene-3-carboxamide (2w)

2,5-Dibromothiophene-3-carboxylic acid (286 mg, 1.00 mmol) ¥ Z U 6-fluorobenzo[d]thiazol-2-
amine (185 mg, 1.10 mmol) 726, 2d DGR E FRROBIEZITH Z &Itk -> T, 2w ZHEAH
K& LTH= (313 mg, 72%), HNMR § 7.94 (1H, dd, J = 8.8, 2.4), 7.82—7.78 (2H, m), 7.33 (1H,
dt, J = 8.8, 2.4). 3C NMR § 160.2, 158.8 (d, J = 239.7), 158.1, 144.7, 134.2, 132.7 (d, J = 11.5), 131.1,
121.6 (d, J=9.8), 117.0, 114.4 (d, J = 24.8), 111.3, 108.2 (d, J = 27.2). ESIMS m/z 435 [M+H]*

N-(Benzo[d]thiazol-2-yl)-5-bromothiophene-2-carboxamide (3a)

5-Bromothiophene-2-carboxylic acid (207 mg, 1.00 mmol), benzo[d]thiazol-2-amine (166 mg, 1.10
mmol), DMAP (183 mg, 1.50 mmol) ¥ Z " EDC-HCI (288 mg, 1.50 mmol) % CH.Cl, (2 mL) (Z
WL, S|IETBRIEFR L=, BUSIRIC 2 N HCl ag. 38 XY CH.Cl, ZiNz CTHA Uz itBew
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ZWer| A L, CHLCl, 38X TN MeOH THIEIEE Lz, fFoMNcEERE NH-S U 75 vi 5
Lrv~ h7Z7 4— (eluent: CH,Cl,/ MeOH =4 :1t010:3) (X W FERL, 3a ZHEOKEK
L LT/57= (106 mg, 31%). 'H NMR & 8.06 (1H, s), 8.00 (1H, d, J = 8.0), 7.74 (1H, d, J = 8.0), 7.47
(1H, dt, J = 8.4, 1.6), 7.43 (1H, d, J = 3.6), 7.34 (1H, dt, J = 8.4, 1.6). 3C NMR & 160.7, 160.3, 152.3,
139.5,132.2,132.1, 131.2, 130.8, 126.4, 123.7, 121.9, 119.9. ESIMS m/z 339 [M+H]*

5-Bromo-N-(6-chlorobenzo[d]thiazol-2-yl)thiophene-2-carboxamide (3b)

5-Bromothiophene-2-carboxylic acid (205 mg, 0.99 mmol) 33 J OF 6-chlorobenzo[d]thiazol-2-amine
(202 mg, 1.10 mmol) 7256, 1 OERKE FEROEEZITH Z &1L - T, 3b ZHEEADKH KR E
L T4 7= (143 mg, 38%), *H NMR & 8.15 (1H, d, J = 1.6), 8.09 (1H, d, J = 3.6), 7.74 (1H, d, J = 8.4),
7.48 (1H, dd, J = 8.4, 1.6), 7.43 (1H, d, J = 3.6). *3C NMR § 159.9, 158.4, 150.4, 138.9, 132.9, 132.4,
132.3,127.8, 126.6, 121.5, 121.1, 120.3. ESIMS m/z 373 [M+H]*

5-Bromo -N-(6-bromobenzo[d]thiazol-2-yl)thiophene-2-carboxamide (3c)

5-Bromothiophene-2-carboxylic acid (209 mg, 1.01 mmol) 33 & TF 6-bromobenzo[d]thiazol-2-amine
(256 mg, 1.10 mmol) 725, 2a OEMK L FROERIEZIT) Z L2k > T, 3c zABKKRE L
T#%7- (40 mg, 10%), *H NMR & 8.28 (1H, d, J = 1.6), 8.09 (1H, s), 7.69 (1H, d, J = 8.0), 7.60 (1H,
dd, J = 8.4, 1.6), 7.43 (1H, d, J = 3.6). ®*C NMR & 159.8, 147.8, 138.9, 133.4, 132.3, 129.6, 129.3,
124.3,121.8, 121.6, 120.3, 115.7. ESIMS m/z 417 [M+H]*

5-Bromo -N-(5-fluorobenzo[d]thiazol-2-yl)thiophene-2-carboxamide (3d)

5-Bromothiophene-2-carboxylic acid (206 mg, 1.00 mmol)#3 J UF 5-fluorobenzo[d]thiazol-2-amine
(191 mg, 1.10 mmol) 75, 2a DA E REOHBIEEITH) Z ik > T, 3d ZAGAK KL L
TH57- (30 mg, 8%), *H NMR § 8.11 (1H, s), 8.04 (1H, dd, J = 8.8, 5.6), 7.59 (1H, d, J = 9.6), 7.44
(1H, d, J = 3.6), 7.23 (1H, dt, J = 8.8, 2.4). *C NMR & 161.4 (d, J = 239.7), 161.0, 159.4, 148.7, 138.9
(d, J = 6.6), 132.6, 132.3, 127.1 (d, J = 4.1), 123.2 (d, J = 9.9), 120.3, 111.8 (d, J = 24.0), 106.3.
ESIMS m/z 357 [M+H]*

5-Bromo -N-(5-chlorobenzo[d]thiazol-2-yl)thiophene-2-carboxamide (3e)

5-Bromothiophene-2-carboxylic acid (207 mg, 1.00 mmol)3s J OF 5-chlorobenzo[d]thiazol-2-amine
(203 mg, 1.10 mmol) 725, 2d OEMK & FRROERIEEZIT) Z L2k > T, 3e ZAGBKKRE L
TH#57- (214 mg, 57%). H NMR & 8.10 (1H, s), 8.04 (1H, d, J = 8.8), 7.81 (1H, s), 7.43 (1H, d, J =
3.6), 7.37 (1H, dd, J = 8.8, 1.6). 3C NMR § 160.8, 159.8, 149.0, 138.8, 132.3, 132.2, 130.9, 130.1,
123.7,123.4, 120.3, 119.5. ESIMS m/z 373 [M+H]*

5-Bromo -N-(5-bromobenzo[d]thiazol-2-yl)thiophene-2-carboxamide (3f)
5-Bromothiophene-2-carboxylic acid (207 mg, 1.00 mmol)33 & TF 5-bromobenzo[d]thiazol-2-amine
(252 mg, 1.10 mmol) 725, 2f DA E REROBIEEZITO Z LIk - T 3f ZHfAKKRE LT
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587- (220 mg, 53%), H NMR § 8.10 (1H, d, J = 3.6), 7.98 (1H, d, J = 8.4), 7.95 (1H, s), 7.49 (1H,
ddd, J = 8.4, 1.6, 0.8), 7.43 (1H, d, J = 3.6). 3C NMR & 160.3, 159.9, 149.4, 138.8, 132.4, 132.3,
130.5, 126.4, 123.7, 122.4, 120.4, 119.0. ESIMS m/z 417 [M+H]*

5-Bromo -N-(4-fluorobenzo[d]thiazol-2-yl)thiophene-2-carboxamide (3g)

5-Bromothiophene-2-carboxylic acid (212 mg, 1.02 mmol)#5 J T 4-fluorobenzo[d]thiazol-2-amine
(186 mg, 1.11 mmol) 725, 2a OERKE FEEOBEELZITH Z LITL > T, 3g #HEAMmEKE L
T&7= (52.4 mg, 15%), '"H NMR & 10.42 (1H, s), 7.88 (1H, d, J = 3.6), 7.78 (1H, t, J = 8.4), 7.73 (1H,
dd, J = 8.4, 1.6), 7.53 (1H, m), 7.39 (1H, d, J = 3.6). 3C NMR & 158.9, 155.1 (d, J = 252.1), 140.3,
131.9, 130.8, 128.0, 126.9 (d, J = 4.2), 126.6 (d, J = 12.4), 122.2 (d, J = 8.3), 118.5 (d, J = 2.5), 118.3,
111.3. ESIMS m/z 357 [M+H]*

5-Bromo -N-(4-chlorobenzo[d]thiazol-2-yl)thiophene-2-carboxamide (3h)

5-Bromothiophene-2-carboxylic acid (207 mg, 1.00 mmol)3s & O 4-chlorobenzo[d]thiazol-2-amine
(204 mg, 1.10 mmol) 725, 2d OEME FROERIEEZTT S Z L2k > T, 3h ZAGKKRLE L
TH37- (132 mg, 35%), H NMR § 8.21 (1H, d, J = 4.0), 8.00 (1H, d, J = 8.0), 7.55 (1H, d, J = 8.0),
7.44 (1H, dd, J = 4.0, 0.4), 7.33 (1H, dt, J = 8.4, 0.4). ¥C NMR & 159.4, 159.3, 145.4, 138.4, 133.3,
132.6, 132.4, 129.3, 124.6, 124.4, 120.8, 120.6. ESIMS m/z 373 [M+H]*

5-Bromo -N-(4-bromobenzo[d]thiazol-2-yl)thiophene-2-carboxamide (3i)

5-Bromothiophene-2-carboxylic acid (207 mg, 1.00 mmol) 33 & TF 4-bromobenzo[d]thiazol-2-amine
(253 mg, 1.10 mmol) 725, 2t OEKE FEROBAEZITS Z &1L - T, 3 ZzHAKKE LT
B7= (257 mg, 61%), *H NMR 6 8.22 (1H, d, J = 4.0), 8.03 (1H, d, J = 8.0), 7.70 (1H, d, J = 8.0),
7.44 (1H,d, J=4.0), 7.26 (1H, t, J = 8.4). 13C NMR § 159.5, 159.1, 146.7, 138.4, 132.7, 132.6, 132.4,
129.4, 125.0, 121.3, 120.6, 113.6. ESIMS m/z 417 [M+H]*

5-Bromo -N-(4,6-difluorobenzo[d]thiazol-2-yl)thiophene-2-carboxamide (3j)

5-Bromothiophene-2-carboxylic acid (212 mg, 1.02 mmol)3 X T* 4,6-difluorobenzo[d]thiazol-2-
amine (205 mg, 1.11 mmol) 7°5, 2a DGR E FEROEIEELIT 5 Z & I2 k> T, 3 ZHEHRK
L LTH7= (95 mg, 25%), *H NMR & 8.11 (1H, d, J = 4.0), 7.76 (1H, dd, J = 8.4, 1.6), 7.40 (1H, d, J
= 4.0), 7.31 (1H, dt, J = 10.4, 2.4). 3C NMR & 158.5, 158.4, 157.9 (dd, J = 243.2, 10.7), 153.1 (dd, J =
254.2,12.8), 138.1 (d, J = 9.9), 134.7 (dd, J = 11.9, 6.6), 133.6 (d, J = 8.2), 132.2, 131.9, 120.0 (d, J =
5.8), 104.0 (dd, J = 26.5, 4.2), 101.6 (dd, J = 28.9, 22.4). ESIMS m/z 375 [M+H]*

5-Bromo-N-(4,6-dichlorobenzo[d]thiazol-2-yl)thiophene-2-carboxamide (3k)
5-Bromothiophene-2-carboxylic acid (207 mg, 1.00 mmol) 35 X T* 4,6-dichlorobenzo[d]thiazol-2-

amine (241 mg, 1.10 mmol) 7225, 2d OHREE REOEIEEZITO Z L2 - T, 3k Z¥HEA

DAL LTHT (276 mg, 68%), HNMR 5 8.19 (1H, d, J = 4.0), 8.16 (1H, d, J = 1.6), 7.67 (1H,
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d, J = 1.6), 7.44 (1H, d, J = 4.0). 3C NMR § 160.2, 159.6, 144.6, 138.3, 134.3, 132.7, 132.4, 127.7,
126.1, 125.0, 120.8, 120.6. ESIMS m/z 409 [M+H] *

5-Bromo-N-(4-bromo-6-fluorobenzo[d]thiazol-2-yl)thiophene-2-carboxamide (3I)

5-Bromothiophene-2-carboxylic acid (207 mg, 1.00 mmol) ¥ X Y 4-bromo-6-fluoro-
benzo[d]thiazol-2-amine (272 mg, 1.10 mmol) 75, 3a DA & FREEOEEEZITH Z Lk > T,
3 ZEEAOKH KL LT (303 mg, 69%)., 'HNMR § 8.32 (1H, s), 8.20 (1H, d, J = 4.0), 8.00
(1H, dd, J = 8.8, 2.4), 7.69 (1H, dd, J = 8.8, 2.4), 7.44 (1H, d, J = 4.0). 3C NMR 5 159.5, 159.0, 158.0
(d, J =243.9), 143.8, 138.3, 133.2 (d, J = 11.5), 132.6, 132.3, 120.6, 117.7 (d, J = 28.1), 113.5 (d, J =
10.7), 107.9 (d, J = 26.4). ESIMS m/z 435 [M+H]*

5-Bromo-N-(5,6-difluorobenzo[d]thiazol-2-yl)thiophene-2-carboxamide (3m)

5-Bromothiophene-2-carboxylic acid (207 mg, 1.02 mmol) 3 L ' 5,6-difluorobenzo[d]thiazol-2-
amine (205 mg, 1.11 mmol) 726, 2d OEE FEOEAEZITS Z LIk > T, 3m ZB&H
K& LTHT= (210 mg, 56%), H NMR 5 8.16 (1H, t, J = 8.0), 8.11 (1H, d, J = 4.0), 7.84 (1H, dd, J
= 11.2, 7.2), 7.43 (1H, dd, J = 4.0, 1.6). ®C NMR & 160.3, 159.4, 149.2 (dd, J = 242.7, 14.5), 147.0
(dd, J = 242.7, 14.5), 138.5, 132.4, 132.3, 132.2, 127.2 (d, J = 6.6), 120.5, 110.0 (dd, J = 23.0, 5.8),
108.3 (d, J = 13.3). ESIMS m/z 375 [M+H]*

5-Bromo -N-(6-methylbenzo[d]thiazol-2-yl)thiophene-2-carboxamide (3n)

5-Bromothiophene-2-carboxylic acid(207 mg, 1.00 mmol)3 & O 6-methylbenzo[d]thiazol-2-amine
(180 mg, 1.10 mmol) 75, 3a DAL EFREOBRIEEZITH) Z LIk > T, 3n ZAGKRKE L
TH7= (92 mg, 26%), *H NMR & 8.04 (1H, s), 7.78 (1H, s), 7.62 (1H, d, J = 8.0), 7.41 (1H, d, J =
4.0), 7.28 (1H, d, J = 8.0), 2.42 (3H, s). **C NMR & 162.6, 159.4, 139.7, 139.6, 133.2, 132.2, 131.9,
131.1,127.6,121.5, 119.7, 119.3, 21.0. ESIMS m/z 353 [M+H]*

5-Bromo-N-(4-methylbenzo[d]thiazol-2-yl)thiophene-2-carboxamide (30)

5-Bromothiophene-2-carboxylic acid(207 mg, 1.00 mmol)3 & O 4-methylbenzo[d]thiazol-2-amine
(181 mg, 1.10 mmol) 726, 2a DEE FEROEAIELTTS 2 LIT& > T, 30 ZHEADH R
& LTH7= (159 mg, 45%), H NMR & 8.17 (1H, s), 7.81 (1H, d, J = 8.0), 7.43 (1H, d, J = 4.0), 7.29
—7.21 (2H, m), 2.62 (3H, s). ®*C NMR & 159.2, 157.3, 147.7, 138.8, 132.3, 132.1, 131.3, 129.9, 126.8,
123.7,120.2, 119.1, 18.1. ESIMS m/z 353 [M+H]*

5-Bromo-N-(5,6-dimethylbenzo[d]thiazol-2-yl)thiophene-2-carboxamide (3p)
5-Bromothiophene-2-carboxylic acid (207 mg, 1.00 mmol) ¥ X T* 5,6-dimethylbenzo[d]thiazol-2-
amine (196 mg, 1.10 mmol) 75, 3a OHHLE REOEIEEZITO Z L2k - T, 3p KA
DOEIARE L THE7Z (121 mg, 33%), 'HNMR & 8.02 (1H, s), 7.72 (1H, s), 7.52 (1H, s), 7.41 (1H, d, J
= 4.0), 2.33 (3H, s), 2.32 (3H, s). *C NMR § 160.2, 159.5, 139.7, 139.2, 135.1, 132.6, 132.2, 131.8,
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128.2,128.0, 121.7, 119.6, 19.7, 19.5. ESIMS m/z 367 [M+H]*

5-Bromo -N-(6-methoxybenzo[d]thiazol-2-yl)thiophene-2-carboxamide (3q)
5-Bromothiophene-2-carboxylic acid (208 mg, 1.01 mmol) 35 X T 6-methoxylbenzo[d]thiazol-2-
amine (205 mg, 1.14 mmol) 726, 1 OERKE FEEOEAEZ1T S Z &1L > T, 39 ZKHEAD
K & LT (143 mg, 39%), *H NMR § 8.06 (1H, s), 7.64 (1H, d, J = 8.8), 7.60 (1H, d, J = 2.4),
7.42 (1H, d, J = 4.0), 7.06 (1H, dd, J = 8.8, 2.4), 3.82 (3H, s). 3C NMR § 160.9, 156.7, 156.3, 139.4,
132.4,132.2,131.9, 120.7, 120.4, 119.8, 115.1, 104.9, 55.6. ESIMS m/z 369 [M+H]*

5-Bromo -N-(4-methoxybenzo[d]thiazol-2-yl)thiophene-2-carboxamide (3r)

5-Bromothiophene-2-carboxylic acid (207 mg, 1.00 mmol) 35 X T 4-methoxylbenzo[d]thiazol-2-
amine (198 mg, 1.10 mmol) 75, 3a DAL & FROEEZIT S Z L I2 k> T, 3r ZAE[HRRK
L LT (170 mg, 46%), H NMR & 8.12 (1H, s), 7.55 (1H, d, J = 8.0), 7.43 (1H, d, J = 4.0), 7.29
(1H, t,J = 8.0), 7.02 (1H, d, J = 8.0), 3.93 (3H, 5). 3C NMR 5 159.1, 156.6, 151.9, 138.8, 138.4, 132.9,
132.3,132.0, 124.8, 120.1, 113.4, 107.6, 55.7. ESIMS m/z 369 [M+H]*

5-Bromo -N-(6-ethoxybenzo[d]thiazol-2-yl)thiophene-2-carboxamide (3s)

5-Bromothiophene-2-carboxylic acid(207 mg, 1.00 mmol)33 & U* 6-ethoxylbenzo[d]thiazol-2-amine
(214 mg, 1.10 mmol) 725, 2b DG E FEDEIEEZITS Z 212K - T, 3s ZHGHEKE L
TH7- (163 mg, 43%), 'H NMR & 8.06 (1H, s), 7.63 (1H, d, J = 8.4), 7.58 (1H, d, J = 2.4), 7.42 (1H,
d, J=4.0), 7.05 (1H, ddd, J = 8.4, 2.4, 0.8), 4.08 (2H, q, J = 2.8), 1.36 (3H, t, J = 2.8). 3C NMR §
159.5, 156.7, 155.5, 142.4, 139.4, 132.5, 132.2, 131.9, 120.6, 119.8, 115.5, 105.5, 63.6, 14.7. ESIMS
m/z 383 [M+H]*

5-Bromo -N-(6-nitrobenzo[d]thiazol-2-yl)thiophene-2-carboxamide (3t)

5-Bromothiophene-2-carboxylic acid (207 mg, 1.00 mmol) 33 & OF 6-nitrobenzo[d]thiazol-2-amine
(215 mg, 1.10 mmol) 75, 2d DAL E FEDOEEEZTTH Z LIC K-> T, 3t ZHEADH KL
LT 7= (339 mg, 88%), H NMR & 8.99 (1H, d, J = 2.4), 8.28 (1H, dd, J = 8.8, 2.4), 8.09 (1H, d, J
= 4.0, 7.88 (1H, d, J = 8.8), 7.40 (1H, d, J = 4.0). 3C NMR 5 164.0, 160.1, 152.1, 143.0, 138.3, 132.5,
131.9,131.7,121.5, 120.2, 119.6, 118.6. ESIMS m/z 382 [M-H]

5-Bromo-N-(6-(trifluoromethyl)benzo[d]thiazol-2-yl)thiophene-2-carboxamide (3u)
5-Bromothiophene-2-carboxylic acid (208 mg, 1.00 mmol), 6-(trifluoromethyl)benzo[d]thiazol-2-
amine (241 mg, 1.10 mmol), DMAP (184 mg, 1.50 mmol) ¥ L TF EDC-HCI (288 mg, 1.50 mmol)
% CH.Cl, 2 mL) 2R L, =EC—BuiE# L=, UGHRIC 2 N HClag. 38X O CH.Cl, %
Mz TACTZILEY 2 W5 A1 L, CHLCl, 38X T MeOH THEIWEE L7z, 5oz Eik%
DEUHEE 7 v~ ~7'F 7 ¢ — (eluent: CHCl; / MeOH =30: 1) ICL W ERIL, 3u 28
HKE LTH (184 mg, 70%), *HNMR & 8.51 (1H, s), 8.12 (1H, s), 7.92 (1H, d, J = 8.0), 7.77 (1H,
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dd, J = 8.0, 1.6), 7.44 (1H, d, J = 4.0). ®C NMR § 165.2, 138.7, 132.7, 132.5, 132.4, 131.9, 128.6,
125.9, 123.9 (q, J = 32.2), 123.2 (d, J = 4.1), 120.6, 120.4, 120.3 (d, J = 4.1). ESIMS m/z 407 [M+H]"*

5-Bromo-N-(6-(trifluoromethoxy)benzo[d]thiazol-2-yl)thiophene-2-carboxamide (3v)
5-Bromothiophene-2-carboxylic acid (207 mg, 1.00 mmol) 35 X O 6-(trifluoromethoxyl)benzo[d]-
thiazol-2-amine (258 mg, 1.10 mmol) 7>5., 2a DAL E FBEOEEEZITH> Z LIk > T, 3v %
AR L LTHE (22 mg, 5%), HNMR §8.15 (1H, d, J = 2.4), 8.11 (1H, d, J = 3.2), 7.84 (1H,
dt, J = 8.8), 7.47—7.43 (2H, m). 3C NMR & 160.3, 160.0, 144.9, 144.2, 138.8 (d, J = 6.6), 132.5 (d, J
=5.7),132.4, 132.3,121.1, 120.3, 120.2 (q, J = 256.2), 120.0, 115.1. ESIMS m/z 423 [M+H]*

Ethyl 2-(5-bromothiophene-2-carboxamido)benzo[d]thiazole-6-carboxylate (3w)

5-Bromothiophene-2-carboxylic acid (207 mg, 1.00 mmol) 35 X O ethyl 2-aminobenzo[d]thiazole-
6-carboxylate (244 mg, 1.10 mmol) 7>5, 2a OERLE FREDEEEZTTH> Z L1tk - T, 3w %
Bk & L TH7- (184 mg, 45%), ‘H NMR § 8.65 (1H, s), 8.10 (1H, s), 8.03 (1H, dd, J = 8.0,
1.6), 7.82 (1H, d, J = 8.0), 7.43 (1H, d, J = 4.0), 4.35 (2H, g, J = 3.2), 1.36 (3H, t, J = 3.2). 3C NMR &
165.4, 159.8, 138.8, 138.7, 132.4, 132.3, 131.3, 127.2, 125.0, 123.9, 120.5, 120.4, 119.7, 60.7, 14.2.
ESIMS m/z 411 [M+H]*

5-Bromo-N-(6-(tert-butyl)benzo[d]thiazol-2-yl)thiophene-2-carboxamide (3x)

5-Bromothiophene-2-carboxylic acid (207 mg, 1.00 mmol) I3 J T 6-(tert-butyl)benzo[d]thiazol-2-
amine (227 mg, 1.10 mmol), DMAP (184 mg, 1.50 mmol) ¥ & TF EDC-HCI (289 mg, 1.51 mmol)
% CH.Cl, 2 mL) 2R L, =IEC—BaiE#R L=, UGIRIC 2 N HClag. 38X O CH.Cl, %
M THACTILED Z %51 A1 L, CHLCl, 33X MeOH THEIed L7, &b ER%
DEUHEE 7 v~ ~7F 7 ¢ — (eluent : CHCl; / MeOH =40 : 1) ([ZX W FHRI L, 3x ZiREM®
DR L LT (225 mg, 57%), *H NMR & 8.05 (1H, s), 8.00 (1H, s), 7.64 (1H, s), 7.52 (1H, d, J
= 8.8), 7.42 (1H, d, J = 3.6), 1.35 (9H, s). *C NMR & 160.4, 159.7, 147.0, 146.7, 139.5, 132.2, 131.9,
131.0,124.1, 119.8, 119.1, 118.0, 34.7, 31.4. ESIMS m/z 395 [M+H]*

5-Chloro-N-(4,6-difluorobenzo[d]thiazol-2-yl)thiophene-2-carboxamide (4a)

5-Chlorothiophene-2-carboxylic acid (163 mg, 1.00 mmol) 3 L' 4,6-difluorobenzo[d]thiazol-2-
amine (205 mg, 1.10 mmol) 75, 2f OAFRKE FEROEIEEZITH Z LIC Lo T, 4a ZHAKH K
L LT (192 mg, 58%), 'H NMR & 8.21 (1H, d, J = 4.0), 7.83 (1H, dd, J = 8.4, 2.4), 7.40 (1H, dt,
J=10.2, 2.4), 7.35 (1H, d, J = 4.0). 3C NMR § 158.6, 158.2 (dd, J = 242.2, 9.8), 153.3 (d, J = 250.4,
15.4), 136.5, 135.5, 134.9 (dd, J = 13.3, 4.1), 133.9 (dd, J = 13.3, 4.1), 133.8, 131.8, 129.0, 104.5 (dd,
J=26.4,4.1),102.4 (dd, J = 28.9, 22.3). ESIMS m/z 331 [M+H]*

3,5-Dibromo-N-(4,6-difluorobenzo[d]thiazol-2-yl)thiophene-2-carboxamide (4b)
3,5-Dibromothiophene-2-carboxylic acid (286 mg, 1.00 mmol)¥3 & T* 4,6-difluorobenzo[d]-thiazol-
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2-amine (204 mg, 1.10 mmol) 75, 2f DAL FEROEAIEEZIT S Z L2k - T, 4b ZHEK
K& LT (270 mg, 60%). H NMR 5 7.83 (1H, dd, J = 8.4, 2.0), 7.56 (1H, s), 7.43 (1H, dt, J =
10.2, 2.0). 3C NMR & 159.7, 159.0, 158.3 (dd, J = 242.2, 10.7), 152.7 (dd, J = 241.2, 20.7), 135.2,
134.9, 134.3 (d, J = 10.7), 131.4 (d, J = 7.4), 118.4, 114.3, 104.7 (dd, J = 26.4, 3.3), 102.2 (dd, J =
28.0, 23.1). ESIMS m/z 453 [M+H]*

3,5-Dichloro-N-(4,6-difluorobenzo[d]thiazol-2-yl)thiophene-2-carboxamide (4c)

3,5-Dichlorothiophene-2-carboxylic acid(197 mg, 1.00 mmol). 4,6-difluorobenzo[d]thiazol-2-amine
(205 mg, 1.10 mmol), DMAP (184 mg, 1.51 mmol) ¥ L T" EDC-HCI (289 mg, 1.51 mmol) %
CHCl, (2 mL) TiafE L, IR C—MBHRE Lo, ROSHRIZ 2N HClag. 38 XY CHCl, #inx
THEUTRED Z W51 A L, CHCl, 38X TN MeOH CTHEIRIESF L7z, b 7-EEK%Z NH-
VURGTNT T A a~ 7T 7 4— (eluent : CHCl; /MeOH=20:1to4:1) 2L D ERIL
4c & AR L LCTHE7= (165 mg, 45%), 'H NMR § 8.26 (1H, s), 7.75 (1H, ddd, J = 8.8, 2.4, 1.2),
7.29 (1H, dt, J = 10.2, 2.4). 3C NMR & 158.6, 158.3, 158.0 (dd, J = 243.0, 10.7), 153.0 (dd, J = 254.6,
14.1), 134.7 (dd, J = 12.4, 4.2), 133.7, 133.5 (dd, J = 12.4, 4.2), 130.8, 130.4, 123.8, 103.9 (dd, J =
26.4,4.9), 101.5 (dd, J = 28.1, 21.5). ESIMS m/z 365 [M+H]*

4,5-Dichloro-N-(4,6-difluorobenzo[d]thiazol-2-yl)thiophene-2-carboxamide (4d)

4,5-Dichlorothiophene-2-carboxylic acid (198 mg, 1.00 mmol) ¥ J U*4,6-difluorobenzo[d]thiazol-
2-amine (205 mg, 1.10 mmol) 725, 2d DGR & FEROBIEEZITH Z L2k o T, 4d & By
K& LTH= (268 mg, 73%), H NMR & 8.26 (1H, s), 7.75 (1H, d, J = 8.0), 7.29 (1H, t, J = 10.2).
13C NMR § 158.6, 158.3, 158.0 (dd, J = 243.0, 10.7), 153.1 (dd, J = 253.7, 13.3), 134.7 (dd, J = 13.3,
4.9), 133.6, 133.4 (dd, J = 13.3, 4.9), 130.9, 130.4, 123.8, 104.0 (dd, J = 26.5, 4.9), 101.6 (dd, J = 28.9,
22.3). ESIMS m/z 365 [M+H]*

MR X T A LA
RAW264.7 #lifints L8 MNV OR:FEEX, 8 1 =2 2 EZBRICEEHE L= FiEICE- 7=,

BRBINVEXY I FEREOHT MNV {EHEOFHE

FBS A& DMEM #5iHia v, (LA DEREA RSN 2 /F8 L7 (0.012—200 uM), A5
DALEWIERE (60 pL) 3 XL Y 280 TCIDs/50 ul @ MNV % (60 puL) % 96 /X7 L — b CiR
filL. 37°C,5% CO; A > F 2_—%—NT 30 /WEE L7, KR 100 pb % 96 X7 L
— M — MRICEEZE L7 RAW264.7 Aifld~#fE L, 37 °C,5% CO; 1 »F 2 \—H& —NT
1 FFREE L7, MR B35 2 BRZ: L. Dulbecco’s phosphate-buffered saline (DPBS, H /K #L%Et]:
By ¢ 1 [mPEE L=, FBS % 2% ¥RINL7-H:#1A 100 ul/well FRINLC 3 AL L7,
{LEWFERIRD 7 A NV 2B FEFE L T2 7 = /UIC CPE WU Z & 2R Liztk, 5# biks
L., 7=/ —/L Ly R4 DMEM B 70 pliwell Z00z. R UE#IT 3 fHICHRL
7- water-soluble tetrazolium salt (WST)-8 ([F{=fbF+t8) % 30 ul/well #ANL 7z, 37 °C, 5%
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CO, A v FaX—F—NT 1 KHEEELZE 7L— b ) —F— (P—FV AT 174
v 7 4E8Y) 12T 450 nm IR AWNE A RIE LT, 2 [BlifED IR L TRER L7727 — X Ik LT,
BRI DA BT D AR EZ LT ORIC L > THEH L, ECso fH (ZEMF% % 50%
VAX 2 —3 HLEMIRE) 2R,

Cell viability (%) = [(ODtreated)mnv — ODvc]/[ODcc—ODvc] x 100

ODcc: U A /v AFEREG,, (LB WIFLBLO S TR Lo MIIC 31 2Ot
ODvc: VA VARG, ALEWIFBL O S THEE LIl 1 2 WOt
(ODtreated)MNV: ]7 /l, JV A Fm‘@%\ ﬂié\%%fi@%@“(i%% Lflff‘&]ﬂ@@:% U’ E) &%};ﬂj

Time-of-addition 7 >t TiL, 140 TCIDso/50 pL D~ 7 A/ & 7 A JL A& (100 pL) % 96
N7 L— MZ— MRICE 3 L7 RAW264.7 Mg ~FEfE L, 37 °C, 5% CO; A > F 2—#
—WNT 1 FFRERE L%, VA VR ZEFRE L, DPBS T 1 [HI%E# L7z, FBS <% DMEM
B2 D TERL L 726 &8 (4b, 2'-CMC, GC376 B LU v =) D EPEF IR (0.0061
—100 uM) % 100 pL/well FDMMIZIRANL . 37 °C, 5% CO, A > F 2~X—% —NT 3 HHH
W# L7z, ECso fEOBE ML, EilD FiEIIH/E- T,

HiH e S SR L 5 A R

FRLZERIZBWT, WAL REZERNT D2 &7 REEITV. (LAY O HE 5% %
I L 72 (CCso (L)), E72. 3-100 pM (ZFHHL L 72 (L BB FER BN SV T, Mz 72 Iy
ALEE U 72 B oD Al fl s e PH. % A 514l L 7= (CCso (72 h)), WST-8 % HV T CPE reduction 7 >
A L RO FETRILEZRE L, MIaEFEEEZ L TORICL > TR LT CCs fE (4
HIRRELDS 50% & 72 HALEMIRED) 2R,

Ce“ Vlablllty (%) = ODtreated/ODCC X 100

ODcc: {bEWFEFR D S5 THEE U 7= [l C B 1 5 W B
ODyreated: {LAWALELD S THEHE L 7= Ml B8 1 AW

BORT 4 VF—% Wiz TCIDs 7 v A

225 UM DALAMVEIE (4b, 2'-CMC, GC376 B L O¥ > =) B LY MNV i (3150
TCIDso) DIREHRZ LT 4 NV H —Fff & F = —7 (Amicon Ultra-0.5 (100 K), A7 I UAKRT
i) NTIRG L, IR TEHE L7, 1 R, FBS 175 DMEM }3#ft 450 ul %/ . 20,000
xg,1 yfEL L, FHFOFBS A5 DMEM HiHh 450 b &0z, 20,000 x g, 1 4> 0 Lz,
VA NREITF 2—T D~ =2 7 JVICEEHOFEIZTESWTEIL L, FBS 4~ DMEM HiHhiC
T 5 fFEMEARY 2R LU=, 50 k%E 96 7o/ L— MR L 7= RAW264.7 il
\CHERE 72, 3 Hf.. CPE Z #1221 . Behrens-Karber 2L - T TCIDs fEZFH L7-, &
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BRid 2 [l R L TITo 72,

In vitro transcription/translation 7 &4 (v 7 7 —EB{EHEEE ORE)
#57% DNA e

MNV S7 ¥k (Genbank accession number; AB435515) /%7 /) A2 K cDNA %27 u—=27L
77T AIR (BERGL LT T 7T —BoEEEZHLSE D202 GDCG EAF o
AT A U E T T = CEB LA R v ORFL B8543 2RS4 % PCR M & T T
N&7=, 7725, 10 uM %77 A ~—. 10 x Buffer for KOD-Plus- DNA polymerase (10 pL), 2
mM dNTPs (10 pL), 25 mM MgSOs (4 pL), KOD-Plus- DNA polymerase (1.0 U/uL) (2 pL) (REEfh
FHEY) 2GS 99 ub 12, 100 ng/ul DEFAERIE L IFERA ST A I N (L) &0z
o=~V AT T— (T7T74 RNRAF T RT LAY 2 L. 94°C, 10 43,37 °C,
30 MEJALEET% . 94 °C, 30 P[HE]. 58 °C, 30 #fH]. 68°C,7 4rfil%& 35 %1 7 /W17, 68 °C, 15

oy Mo # oL o=, 7 7 4 ~ — X . MNV3 TNT ORFIS
(5’-GGATCCTAATACGACTCACTATAGGGAACAGCCACCATGAGGATGGCAACGCCATCTTC
TGCG-3’) B X [0} MNV3 TNT ORF1-A
(5’-I ITTTTTTTTTTITTTTTITITTTTITITTTTTITITI IACTCATCCTCATTCACAAAGACTGCTG-3’)
A L7,

In vitro transcription/translation i

TNT T7 Quick for PCR DNA system ("= A F7t84) 2 FH V>, in vitro transcription/translation %
Tolc, bbb, FIROEARE L ITAERR ORFL R a7 A U2 RBLSE L7200
$7 DNA %#&Tr PCR &SR (5puL) %. TNT T7 PCR Quick Master Mix (7" @ £ 47 #E) (40
ulL), Easy Tag™ L-[*S]-Methionine (2 pL) (/$—F > =/L~—418) LRA%R. 10 mM (LAY
VR (4b, 2i (RIEMERERAEK), 2-CMC, GC376) (3 uL) ZEAN L. 30°C, 90 s s w7, 4
BSR4 b ZE:EL L. sodium dodecyl sulfate-poly acrylamide gel electrophoresis (SDS-PAGE)
sample buffer (62.5 mM Tris-HCI (pH 6.8), 5% (w/v) sucrose, 2% (w/v) SDS, 0.002% (w/v)
bromophenol blue, 5% (v/v) 2-mercaptoethanol &) (20 uL) &7EFIL 95°C, 5 4yRinE L 7=,
Z DIRAWE 10 ub & AV, 5% —20% Tris-Gly polyacrylamide gel (7 4 —« 7 —/L« > —4t#l) <
SDS-PAGE %17-7-, Z/VHOKENZ 7 v RIAXTrvT 4 7HE (7 b—%
) ¢ PVDF i (Immobilon-P, A /v 7 I U R7#:HY) (28554, radioisotope (RI) 27 F /v
% Typhoon FLA 7000 (GE ~/V AT 7 NA FH A = A4E#) TR ¥ v > L, BT — & 21
Bl

MNV e 77 —8iZ, ORF1 R 7ue7rAfrO—#fLLTa—FsnTnd, BAEM
ORFl1 RV a7 A VIFREFFIC T A N AT 0T T —BIZ L > THEEFT ORI =
% (DMSO MLEEDFERZ), (LEMN T AN AT v T 7 —E 2552l llE LIZGE1E 2 oY)
Wr2siEd 2 59, EOMICIHE LIS XU nA~ER2 L 700 . ORFL R 7'a7 A » OY)lr
PEW/NE — AR E D B2 oD, T rT 7T —BIEEEA S A RS ORFL R
U7 u7 A3 ORFL R 7 a7 A LV EREMORE 2R L L HIZ, DMSO R&(LE

50



WIDERE D LD EHEL TV RN LA R0 ay ha—/ T 572Dl S
7=,

% 3 EICEHTER
bR S

CRFK #Hifidis LT RAW264.7 fifld OfiikiL, 5 1 FICBT 2 FEBRICFIHE L= HFikITE
-7,

WI-38 #fifid (ATCC cat. code; CCL-75) 35 L U8 MRC-5 #fifld (ATCC cat. code; CCL-171) &
DMEM (Foeslisistdd. 15mg/lL 7=/ —/L L R, 4500 mg/L 7/ /vaa—A 4mM L-Z /L%
U 2L PUAEME GOUML =3V, 50ugimL ANV h=A T TATT
Ja— R HHEE L= 10% FBS (= v A A 3o 9 A = A4 23RN L -5 A
T, 37°C,5% CO; A o F 2 ~"—& —N TR L7z, Ml ORMEICIX, 2.5 x 103
cellsiwell DENAT 96 7=/ 7 L— NMIERRE L, 24 FFEEE L7202 W,

YA LR

MNV OF:FIEIT, 5 1 BT 5 FEZERICEHE L 72 FiEICHE -~ 7,

FCV F-9 %k (ATCC cat. code; VR-782) X, 7 7 A a NIz — MIRICE:FE L7= CRFK iRl
MOI =001 &7 X H#fE L, 37 °C, 5% CO; A > F 2_X—H —NT2—3H K Li=1%,
CPE %Z#l%2 L 7-, TCIDs, fEi% Behrens-Karber Rz k> THEE L=, MlT 7V 2#BETS
728, K Bi5410,000 x g, 1 FEEEO L, =m0 EiEAM AR E T -80 °C THRE L7z,

b/ AV RL, R RERERAEREIERTICEB W T 20 CTIRE SN TS E R/
a0 vA VA (GILE) BIsFBEMEIEERA S DPBS T 10% $LAIZ{EARk L. 10,000xg, 4 °C,
Sy Le BiEE T A VAR E LTHWE,

BORT 4 VF—% Wiz TCIDs 7 v A

{LEWERIE (550 UDIERLL 7= DMSO &% FBS AEHHICHIEREIZHN L2
D) BELRYU A VAU (630-63000 TCIDsg)) DR AR Z LT 4 VW H — (& Fa—7
(Amicon Ultra-0.5 (100 K), A /L7 X UR7#:8) NTIREG L, =il FHE L7z, PrE DR
ST, FBS A&k 450 b %02 T 20,000 x g, 1 43 DL, O FBS A ks
450 ub ANz, 20,000 x g, 1 ZrfliEL Lz, VANV ARIETF 2 —7 DO~ =2 7 VTGO FiE
IZHESWTEIR L, FBS RERMICT 5 FEMEARIIZER LTz, &&WiKk%E 96 7 =L
T L— NOHEFE L7l Lo, 3 A%, CPE %1% L. Behrens-Karber Rz k- T
TCIDso fEEZ B H L7z, #BRIL 2 BILLEEY KL CTIT-72, FBS MO ERTIX, (LAWIE
TRTHRIRF IR E D FBS ZGieti iz i Uiz, pH 2L L BIEME~DOR O FER Tl
10% EREET-1E 4% KEB{bT b U U LKERZTRINT 5 2 & TER L4 pH ORFHiA 4l
ML T, (bR AR LT,
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Y7NEA 5 PCRIZEDE b/ By A LA RNA BEOFHI

{b&REAE

U A VAR (1.2 x 10° copies/mL) L AbEMEERE (3.6 mg/imL) % 10 uL FOEML, =R T
1 B BOG S 7-%, 180 uL @ DPBS TaMR L7-,

RNA % ' DNase XL

B ERAETRRS BAEYR (O A ARRSFEAERS) ¥ I LT, KIS 140 pb 726
QlAamp Viral RNA Mini Kit (3 7 7 408 2 WV EERIHIR 60 L #157=, 7=, [FfEEHC
Y U BRI 12 b % 5 x First Strand Buffer (f > & b= #:8) 1.5 uL, DNase |1 1 U
(¥ 5 Z 48 %A Ede DNase LERIR 3L 1A%, 37 °C, 30 S, 75 °C, 5 4y fEALEE L
BESE & TG SH T2,

cDNA &5k

WA G I, DNase ZLBE# RNA 10 uL % PrimeScript™ RT Reagent Kit (Perfect Real
Time) (¥ 7 748 @ RT &G 10 ub (2A0x 37 °C, 15 /M. 85°C, 5 FALEE L
(3= e Sy il

Y7NV¥ AL PCR IZLDEER

%5417 ¢cDNA5 uL % TaKaRa gPCR Norovirus (GI/GII) Typing kit (¥ 5 7 #8) @ )ik
20 pL (2hn %, 95°C, 30 FPEMLEEf%, 95°C, 5 FURH]. 56 °C, 34 Mfil% 40 Y1 7 W iT-o 7,
HITERE#S1E. 7500 Real-Time PCR system (7777 A KA F T A7 L AMHH) ZfEH L, —H#
ORERE 3 [\ IRL TIT> 7,

YT7/VFA LA PCR IZLD MNVRNA EDFH

{LEWIRIE. RNA & Y DNase 4L#, cDNA &)

UTNHEAL PCRICEDE b/ yA /LA RNA EOFHMICRE L HiEIciE-7=, v
A L AWRIE, 31600 TCIDso/mL D & D % Fu N7,

YT7NVEA L PCRIZEKDER

Premix ExTaq (Perfect Real Time) (# 7 7 #t84) Z M\, 156472 cDNA25 uL &5 ieamE
25l OFRTHEf L=, $72 5, Premix ExTaq (2x) 12.5uL, %774 ~— (MNV-S B LW
MNV-AS) 200nM, 7'=—=7" (MNV-TP) 150 nM, ROX Refernce Dye 11 0.5 uL. % & TeSUGHE 22.5
uL {2 cDNA25uL Nz 7z, 774 ~v—BLX N7 m—71%, &6 OWED ([2iE-72, H
TEREER L, 7500 Real-Time PCR system (7 77 A K34 A2 A7 A XHHL) Z#H L, 95 °C, 30
OB, 95°C, 5 FP[, 60 °C, 34 FRi% 40 WA 7 VEE Liz, —#HOERIT 3 [BlED
R ULAT -T2,

TERFMUZE BT T 7T B OfbZEk

T7 77 UK (10 mg) A HOKEERRICEME L, BRICTE Y PU AR LTz, 3 FEH
%, WEsa~ NI 7 0 —ICTRBIOERZME L, A X — V&N CRE O MBEKEEER
EOMR LT, WE TSR ERGE L, SonEikz s Vv h o bra~v NI T77 4—
(eluent : EtOAc/ Hexane=1:1) ICTHBIL, 7 F LT 77 T2 (12mg) ZEEABH K
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EL B BoNET YT LT T 75 BB OERYOIREYM TH Y | EERMIT.
TT 7T HL— D 11 HOXKBED Y H 9 HRT vF b EIN={bEadWmTH -

7=, ESIMS m/z 1118 [M+H+Na]**

I e S P B
52 HICPHT D EBRICEEHEH D FIEICHE-S T, 25 pM £721% 100 pM I L 72 L AR

T A2 72 WERRALER U 7 BRO ML E 2 38 L7z, sURIT 3 (A0 B LT~ 7z,
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