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HFEDEEL 2 L T IZRT.

ADAM TN =T Y —L A K (Alkenyldiarylmethane)
AIDS B RVESIE AR IEEERE (Acquired immune deficiency syndrome)
AMBER Assisted model building with energy refinement

AZT 7Y RF I (Azidothymidine)

CDI 1,1'-Carbonyldiimidazole

CRI CCR5 &7 (CCRS inhibitor)

DAST (Diethylamino)sulfur trifluoride

DBU 1,8-Diazabicyclo[5.4.0]-7-undecene

DCC N,N'-Dicyclohexylcarbodiimide

DDC T AT F Y (Dideoxycytidine)

DDI UK ) v (Didanosine)

DEA Diethylamine

DIPEA N,N-Diisopropylethylamine

DLV 77 ELy (Delavirdine)

DMA N,N-Dimethylacetamide

DMAP 4-Dimethylaminopyridine

DME 1,2-Dimethoxyethane

DMF N,N-Dimethylformamide

DMSO Dimethyl sulfoxide

DNA Deoxyribonucleic acid

DPPA Diphenylphosphoryl azide

EDCI 1-(3-Dimethylaminopropyl)-3-ethylcarbodiimide

EDTA Ethylenediaminetetraacetic acid

EFV =77 E L (Efavirenz)

ETR = FZ B Y > (Etravirine)

FMO 777 A My f#uE  (Fragment molecular orbital)
GAMESS General atomic and molecular electronic structure system
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GOLD
HIV
HOMO
INI
MMFF
NHS
NIS
NNRTI
NPA
NRTI
NVP
pdb

Pl
PIEDA
RMSD
RNA
RPV
RT

SI
TBAB
TCA
TCDI
TEA
TFA
THF
TMS
WHO

Genetic optimisation for ligand docking

b MMaEARE Y A LA (Human immunodeficiency virus)
Kk 58E  (Highest occupied molecular orbital)
A7 77 —EFEA| (Integrase inhibitor)

Merck molecular force field

N-Hydroxysuccinimide

N-lodosuccinimide

FERGIE R iR B FEBHE A (Non-nucleoside reverse transcriptase inhibitor)
Natural population analysis

Kl R Wilis G2 P (Nucleoside reverse transcriptase inhibitor)
FEZ ¥ (Nevirapine)

Protein data bank

7'u7 7T —EHEHR (Protease inhibitor)

Pair interaction energy decomposition analysis

Root mean square deviation

Ribonucleic acid

ULe e Y (Rilpivirine)

WiliR B %% (Reverse transcriptase)

Selective index

Tetrabutylammonium bromide

Trichloroacetic acid

1,1'-Tricarbonyldiimidazole

Triethylamine

Trifluoroacetic acid

Tetrahydrofuran

Trimethylsilyl

World health organization
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=D

b MMUEART A VA (HIV) (X, #BRIERENSIEGERE (AIDS) DOFIK L 2 5WEETH Y, £
DIEYLIE 2000 4FLARERGRIZIER L, 2013 =D 7= e B E 4% 210 7 A, R OFEE %% 3500 77
NIZEL 72, WHO (2 X D&Y PRI RIC L 0 H BUR G B BT A H 5 & D0, 2013 40 AIDS
ICEDHCEEIL 150 TAIZHKATHD L HIVIZ—AREHRNAZHTHL hr A LATHY, H
SPRAT DHWIRGRE A T 77 —BIZL 0 VA NV ADBIRERZEFEREARITFHEAL, 1HED
BIEFIZUA NV ADOBGHERPI AENTREE (Fr 7 A R) TAA—T ML B &
KT 2 24 TauAVANLEIRR &4, 885 L7z HIV I3 e e 2 U, B o, IEBREIRIE,
MRS A SO EERRREE~ LT SE S (Figure 1) % 6 IEFEICHET 5 HIV IZEAICH — T
7L, ZHOER T A NADERTH 578, 2000 4FLARTIZAT LI TV B —OHT HIV 3EIZ X 5%
TIHEREN LD HIV 8% <, +0RIERIRITGE LN o7, BUETIE, BRI G REHR
HH (NRTD |, IRV GRERLER] (NNRTD) , a7 7—EBHEAR P) , A7 77—
FELEAI (INI) , CCR5 BHEFHI (CRI) D 52507 Y —|Z4HFH S hu7z 28 T O FEH ) b HOREH 4 1
HMAEZEZHOFIRIEC LV, RYEE RN O HIV #2502 2 0ATe Z LIRS LT 5 T8,

Protease
inhibitor
CCR5inhibitor (PI)
(CRD :
Kz MR
4 o= =
Nucleoside @
reverse transcriptase | PIRE 20
inhibitor =l AN
(NRTI) / CD4-R N .
= (+) RNA translation
Non-nucleoside ’_;\ lreverse transcriptase (RT) genome RNA
reversetranscriptase | -1 / HIV protein
inhibitor S
(NNRTI) integrase .
/transcription
AT 4 ! — === human genome
Integrase inhibitor | __.---— 3 provirus ! ‘:
(INI) || S host T-cell

Figure 1. Biological life cycle of HIV and anti-HIV-1 agents.

L L, SERICHIV ZB5ET 5 £ T, 60 0L EOIRRN/MLETH D L S TH Y %, ZAI0HHHR
EDOREZZZT 5 2 I3RS TR IR O Bk 2 IRFED RO b, AR EIWER 279 2
EHZNIM F T JRREEANCRT LTI E 2 RS LT VA VAR BT 2 2 L b H D B BIETIT,
RIEHRBE 10 AT LADMI B IOIRANTE Y A N 22 RA L TEY, BENMEET DIMEY A L 2D
IR B L 525 Z L b g 18 SFE T, HIV IRYIAFREE O Rl tic

,5,



v, PRRREECIEMIEIR EER RN 2L L TV A BLURICH W, AR R a2 b ofkx 2B Iicxt L
TER LD IRRIE LN L2 T T 7200 819,

WERERES (RT) 13, p51 (A 84: AKf) & p66 (B #H: ) D2 >D¥ 7= 5KV, Finger, Palm,
Thumb, Connection ™ 4 >D R A A > TR SN TV 5. FERIEE R G EEFELEA] (NNRTD (X,
RGN THOND RT DR Y A T —VBENITHITALET D palm R A A > NOBKMERAL T o1 MFHAAE
H%TER L, RNA 2> DNA ~DO G 4 HET 53K TH 5 (Figure 2a, pdb code: 3v81%) . NNRTI
DREAT D RT OBUKMERY v ME, MEEEOT 027 U v 78 TH Y, D ofEE 2/ iz
ELRFT NI LRFHATND 282 Z 1 E THRGR STV D NNRTHH YA XIS DT E
ZEvr (NVP) LxT77bE LY (ERV) , 3 F YA ARKREVWTIELY DLV) , = FFEY
> (ETR) , VvEE VU v (RPV) O S5FHHMHMNH S (Figure 2b) & EFV X HIVIREOFIK L L CRE
RS, SOIEEERBEDENEH SR TOEN, EHROBWERNR S 5 2 & &, XMt % 545
LT NI E 2D, BUELE —EPEK D BTV D 2325 NNRTIHS R 5 it %, NNRTI 2548 A 1E
BORTT 2 BREAOARIZ L V& &R, RTIZHBT 5 KI03N, VI06A, Y181C, Y188L 45 045 fi
X NNRTI &2 TOH HIV IERZART S 2 fERERH 5 (XM 2% 612, ol 7Y —D
PUHIV 3E & Lol LT, NNRTI OBRLEIE X H D 7 X VR 1 S OERTRbhD, $72bby =X
T AN T —ORENRRBE L 72> TW D, FFIZ KI03N OZE 53 NNRTI 2B L 722 R D #) 6 F
Z 9 TH Y, KI03N & Y181C D ~H it ZE BTkt L THZhZe NNRTIZE 722 12.27202008 4R (2
M &7z ETRIE, BEFFO NNRTIICHiHE 2 72> HIV-1 BRICH LT B AR & RSO BLEFRE 2R L.
Z O, NNRTIEAEMNOT 2V BELOERIZH LT, ETRO3 Y 7 4 A— 3 UREEE G
LIREBEIT 5 2 LI kD, HFHEELZ R L T2 Th D L RESIN TS 03 ETR &
RPV [ZIEAIMEER BE A BOF T 272012, HEPEEL L TOMARFIRENTWD2, 5% 21
B OFERIDME ] SR D L BT IR B R A FFOIEANMIE 7 A N ARFFE I N D WREMENR H L. DT
D, AEX it 7R S 72T EL NNRTI OBBFEMKIR L L THEENTI Y, BBl NNRTI 3Rk~ 7075 5
HOBENRBRN UG IEREOREZIRNT 5 L Bbhsd.



A

(a) Thumb p51 subunit-— .. Connection

\>\
Flnger

Polymerase
‘Slte

NNRTI

9
() o=SMe NN
HN
NH //\N
M) WY
. ’ Me
Nevirapine Efavirenz Delawrdme
(NVP) (EFV) (DLV)
Br. CN
Z "N NC Me CN
S ~ B\
o NN N N/)\N
Me Me M H H “HCI
Me
Etravirine Rilpivirine hydrochloride
CN (ETR) (RPV)

Figure 2. (@) NNRTI inhibitory mechanism. (b) Approved NNRTIs.

TN =T V=L A% (ADAM) [ZHL VA NV ATEEEZ G T2 EBHAAET 7Y > Y AR
VEEDFFERTEH D YT L OGS R E 4172 NNRTI Toh D, NRTIIHPEZ 5 HIV 238
ARTZENRESN TV 2 LPIX ADAM N BHELZ B AT 5 Z LI2L 0, HLHIVIEED
M ke 77 —~a747 OB b, B HIVIEEZ R bEY 2 R R S 7z 3% L
L, BEPORAF N AT ARMEF O RAT Z7—BIZ X0 IKGRSNKIET HHEL L TV,
INEWET DD, L EENEWEE D X F L AT VMR AE A X, 2007 ST
EME & BAFRBUHIVIEYEO W 2 0RO 304 N EN 8, ZZFTEICI T R
—ADTFA N & o THI 100 FEOFHEIR DGR S 4T E 7223, NNRTHIFPEZ ST 2 5T HIV &
PEE HF) & U THIJE S 7z ADAM #53ERIT72 0. 2009 4RI 1L, X B S fiTic L v, (kA% 5
I 6 AT 2 WERBEEREERONAEENH SN LR ¥ LS —_X—2ADEEGLRG &
YT LMAREE Ip ol TRbL, MO EWEEZ AT 5 ADAM % VT, RT Ot 2 #1C &K
LILEEEDOR T2 w28 A &2 187 E —_R—2D T 7 —~va 7 3 TIZHESHTRAHTZ LT
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FEETHLEEADNS.

ICs0 110 uM
Cl ECs0 9.2 uM
Aurintricarboxylic acid Cosalane %0 H
Os_SM QMe
Me © Fu_N
MeO (0] (e] OMe
[e) OMe o OMe
MeO OMe AN o= O O
MeO | Me /N Me
> Me Me Mé
RMLEENRE
3
ICs0 1.0 UM ICs0 047 uM  N7™0 ICsp1.0mM 2Ny
ECsg 0.25 uM OMe ECs0.05 1M N=( ECsp 0.25 uM )=N'
ty;, 0.76 min t1;, 864 min Me try2 3641 min |, o
(e] SMe
MeO (e] (@) OMe
o) OMe
MeO OMe o_J\ O O
j /N Me
NC CN Me
XERHE RIBERRAT
ICs0 0.38 uM ICs <0.001 uM
ECs 0.7 uM o}

NZ
ECs0 0.07 uM
OMe 50 W N:<

Figure 3. History of alkenyldiarylmethane.

Ty—~aZx T, EEESTIZED Y T ROG 13RI B SLARE) K OVE TR 7R T
bV P, RO WG Z FF OB D 51 OREE I T2 5150, X SRS a4 3 AL
g2 HIEFIC L O HEE S5 0 4 X B i O A it 3~ 2 3 5EAb 707 5k, )
FAILSN I T IFRER S TEVNFE, BT HFICESW I TIEERER S, PTHLT TS
A2 My FHGE (FMO) 15 28134 4 A3 A RAVNSWETFFFHE L LTHMHILTH 5. FMO 1,
199 FITIH B IC L > TRESNLEFIETHY, RERZ/NSRT I T7A MIHEIL, BTDOTZ
TAVINE) =L T T 7 A MRTOFMEEE G FIEFR T2 LI2ED, 2EOZRLF
—EBELICHENTIELIC T RENZFETH S (Figured) . 2 L¥F—(F, £2F /v —DT X
NEX—=DFERXT UNHE)v—l LI FEZLWEZX VX —DFMAEEEZR LEDELE LD TH
% (Figure 4 (1)) .Figure 4 K(2)ix7 7 7 A v FEOHEFEHZ AL X -2 R L TEBY, ¥V
WIRATIUEY B REFFEDT 2 BEREMOMAEERAORS EZHLNICTHZ ENTE S, &
SICZ O EAEA =3 F— 133V F—3ENC L0, BEMAIEMA (Ees) , sy EUHEMEM (Edisp) |
SSHSCREAR AR (Eex) , BATEEMHAIER (Ectvmix) 72 EWERAIICSY 00 0 o WA VER AR 4Y &


https://ja.wikipedia.org/wiki/%E9%AB%98%E5%88%86%E5%AD%90
https://ja.wikipedia.org/wiki/%E5%88%86%E5%AD%90%E8%AA%8D%E8%AD%98

LT 252 EMafgETH D (Figure 4 F(3)) . Z @ FiLIT Pair Interaction Energy Decomposition
Analysis (PIEDA) & FEEIL TV S “ RT IZ31F % NNRTIFEA AL, BOKET X 3% < 171E
L, SHAREAEROBEGRRENEEZEZOND. R FHTIELY A L3 X PPN SOR, SHUHR
AAEAOBE R A+ Th 5 728, NNRTUE A AL O EAERBHTICIE, 2 FHLERHREYTH 5.
O FHNEGHRIY, RO L CEREU Lo AR A ET 5720, ERRHZ Ry
BOBTALFFRIIIAAE THLHH, FMO IEIEZH A LI A RPN ENWT T T AL ) ~— L&
T O FEEF R AW IUE L CEHET A Z LIk 0, R KB T 2R THARTH D.
% Z°C, AR T, NNRTIPEZE I3 LA %72 ADAM #BE8R DAL Z B8 L, FMO FHREICHES
77 —==a7xTIEERNOHBULEY ORGEE & G, WO EWTEIEORHE 21T > 7-.

I;Fragmentations =>II;Determination of electron density
- [I; Fragment monomers and pairs calculations = IV; Total energy

Fragment

Eow=3"Eat+X " (Eo-E-BE)+... =)

Ri 4y O Ry , O
HZNJ\[rN\éLN/ng\HJ\OH AEu Z(E'u—Ell—E'J)+Tr(APUCV U) #(2)
O R H 0 R,

AE, =AE®+AE®" +AE T +AEST+AE" = (3)

Figure 4. Outline of fragment molecular orbital (FMO) method.



bEW 2 °FOFPMBRIZRAF 25T HIV IEMEZ R L7, #EEHR O A F LT 27 VR ER o= 2
7T —RBIC KV BERANTIK RS dL, HLHIVIEME BT 2B A2 Tz,
D12, FERT Ty VSRR 2 A TF T AT OVEMIRNEA S, BAFR AEITENE & AR
Pz GO A Y 3, 4, 6 BRI SNTZ 308, — 5 FARFHKOLERE M) HEEEHSC A F LT ZT
VAL BRE LTAbE® (B 7-9) 1%, KIERIEHE T2 726 L 30%% XAF Lz ATV EfT 55
AEROHFENEETH DL Z ENHLMNE /-7 (Figure) . £ 2T, (bLEW 2 0 3D A F L=
AT VRl JE M U T- 33 FEFHD ADAM (K 10-42 2GRk L, fL HIV IO & ADAM HEHICH

A

2/

i

#5158 ADAM HIZEIT D A T L= AT VAR D R FEAN

F % AF N AT VAR D —f & Rl L 72,

O OM
Me ©
MeO OMe
wo I
© | Me
o
2
O~ “OMe
1C59 1.00 pM

ECsg HIV-1gg 0.25 pM
CCsp 6.00 pM (CEM-SS)
Rat plasma tq;, 0.76 min

—

M
Me (0] SMe
0
MeO
3
N0
N=(
ICso 0.47 uM Me

ECsq HIV-1g¢ 0.05 uM
CCs0 5.70 uM (CEM-SS)
Rat plasma tq;, 864 min

Oy_OMe

Me

MeO OMe
o I
eO ‘ al
o)

7 N
O¢I\OMe
ICsp >100 uM

ECso HIV-1g¢ 8.40 uM

QMe

F N
Me 7

OMe 0
IO, =< X0
‘ Me N

mé |

N”"o
=N
IC50 0.67 uM M€
ECgo HIV-1gr 0.70 uM
CCsp 2.90 uM (CEM-SS)
Rat plasma t;, 3641 min

N
A
[
N

ICso >100 uM
ECs HIV-1ge >100 uM

OMe

Me

(e}

Oy_SMe

Me
o)

OMe
N I l Me
Me |

N0
N={
ICso <0.001 M Me
ECsgo HIV-1g¢ 0.07 uM
CCsp 3.00 pM (CEM-SS)
Rat plasma ty,; 238 min
CI)Me

Me O+ _NH
o) OMe
o~ LI
/N Me
Me |
9

o N,OMe

ICso >100 uM H
ECso HIV-1gg >100 uM

Figure 5. Structure and anti-HIV-1 activity of previously reported ADAMSs 2-4 and 6-9.

,10,

O E SET

HZE



HLHEH AFNT AT IVEMKZE A L7 ADAM 8D G Rk

L&Y 10-42 X 2 E TRAURIEHZ R LTCH i 8 78 D& Eic kv 791 L, v AR
BEOBEFR EICHLEHIERUCIZS-AFLF AT ATV, N-A FFUA I KA LT NAFTA R, N-A
FEIAIRANTETA RO IFEH, N7 ARBOFEFR Ar (34FH e, Vx> ml,
m-t L<IiEp-_r =M Ao4FEHE 7TAFMVIBERIZIZ2FEOA XY T Y —1, FXHY
RYN-A RFTA I RANT T4 RO 4FEEEZE A LTz (Figure 6) . ADAM FEHA RS 5 2 FA
DFHFFRL=y e THEEOT AT /A= ME, Pd itz W5 7 0 270 v 7)) o 7 1E TR
L7z (Scheme 1) 474, F7=, TAFNMAEHICA ¥ A I FA LT v T4 REEALLFHEE 12, 15,
18, 2L I, N-T v aF A I RANNT A RPN PAd ST » 7 ) o TRISOIE L 72D Z L RwE S
TWNWDT7e 08 SRlORKERCHINT A XTI NEO v MLz k> TERLTE

(Scheme 2) . HFET DMfiEL = hDHT, 43%, 46%, 474, 505 |ZBEMME TH 5 .

. 10: R' = thio, Ar = oxaz, R? = 2-0xa  22:R' = imiF, Ar = oxaz, R® = 3-oxa  33: R" = imiCl, Ar = oxaz, R? = 3-oxa

R 11: R" = thio, Ar = oxaz, R? = oxazol  23: R' = imiF, Ar = oxaz, R2 = oxazol ~ 34: R' = imiCl, Ar = oxaz, R? = 2-oxa
OMe  12: R = thio, Ar = oxaz, R? = imiCl 24: R = imiF, Ar =isox, R> = 3-oxa  35: R =imiCl, Ar = oxaz, R? = oxazol

13: R" = thio, Ar = isox, R? = 2-oxa 25: R = imiF, Ar = isox, R? = 2-oxa  36: R' =imiCl, Ar = isox, R? = 3-oxa

Ar
| Me 14: R" = thio, Ar = isox, R? = oxazol 26: R = imiF, Ar = isox, R? = oxazol 37: R" = imiCl, Ar = isox, R? = 2-oxa
15: R' = thio, Ar = isox, R? = imiCl 27:R" = imiF, Ar=m-CN, R? = 3-oxa  38: R' = imiCl, Ar =m-CN, R? = 3-oxa
16: R' = thio, Ar = m-CN, R? = 2-0xa  28: R' = imiF, Ar =m-CN, R = 2-oxa  39: R" = imiCl, Ar =m-CN, R? = 2-oxa
. 17:R" = thio, Ar = m-CN, R? = oxazol  29: R' = imiF, Ar =m-CN, R? = oxazol 40: R" = imiCl, Ar =p-CN, R? = 3-oxa
R 18: R" = thio, Ar= m-CN, R? = imiCl  30: R = imiF, Ar =p-CN, R = 3-oxa  41: R" = imiCl, Ar =p-CN, R? = 2-oxa
19: R' = thio, Ar = p-CN, R* = 2-0xa  31:R' = imiF, Ar =p-CN, R? = 2-0xa  42: R" = imiCl, Ar =p-CN, R? = oxazol
20: R = thio, Ar = p-CN, R? = oxazol 32: R' = imiF, Ar =p-CN, R2 = oxazol
21: R' = thio, Ar = p-CN, R? = imiCl
1 2 —_ —_— —_ —_
R OMe OMe R N Ju Y >\
e Rt e oI B
- hd he N N o OMe
Me Me .
thioester imidoylfluoride  imidoylchloride 1,3,4-oxadiazole  1,2,4-oxadiazole ~ Oxazolidone  imidoylchloride
(thio) (imiF) (imiCl) (3-oxa) (2-oxa) (oxazol) (imiCl)
Ar Me Me
o] o NC
I JCk/ Q/
NC
Mé MeO
oxazolone isoxazole m-benzonitrile p-benzonitrile
(oxaz) (isox) (m-CN) (p-CN)

Figure 6. ADAMs 10-42.

IALT U —)L 44 L 45 0F, HIVR UEEHER 80 /25 EDCl & A PRI T I U EAWTHINT S
N-A RFTT IR BLAEARL, 7 vHEIK 44137 onm 2 7 g, TEREN 7 v FRETH D
DAST Z W TILER 64% CTHRR LT-. 7 v/ufk 45 1%, 7 b= b U VA, Appel Ss%E AV CE
BEAICE 7~ (Scheme3) 3. 7% 511%, 7B 73 RAFT L L CDI THVR R 82 2 4L L
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72, DBU |2 X A BALSIT L o TULEE 90% T 7= %2 7 LF > 52 1%, 5-~F L -1-F4— /LD L
{LAK 84 1%t 5 2-A4 X%V U R D SN2 IKIGHIZ & - TULHE 85% CA Ak L7z (Scheme 4) 53,

Scheme 1
Ar'l Ar' 2 1
a b n-BugSn_ _Ar' c Ar’_Ar
= 4 R (N2 )2 Ar- )2
= 2
R R R
53: Ar' =43, R = 2-oxa 61: Ar'=43 R =2-0xa
54: Ar' = 43, R = oxazol 62: Ar' = 43, R = oxazol
55: Ar' = 44, R = 3-oxa 63: Ar' = 44, R = 3-oxa
56: Ar' = 44, R = 2-oxa 64: Ar' = 44 R = 2-oxa
57: Ar' = 44, R = oxazol 65: Ar' = 44, R = oxazol
58: Ar' = 45, R = 3-oxa 66: Ar' = 45, R = 3-oxa
59: Ar' = 45 R = 2-oxa 67: Ar' = 45 R = 2-oxa
60: Ar' = 45 R = oxazol 68: Ar' = 45, R = oxazol
Ar'- 1/ Ar?- | Building Blocks
OMe OMe
Oy, ~SMe FuN Cl_N Me Me
OMe OMe OMe o O, CN
= Ly I
N I I CN
[ Me | Me | e ! Me OMe '
43 44 45 46 47 48 49

Alkyne Building Blocks

Il It It
A
B o 52 (0

50 N‘N/ Me 51 N\€
Me
Reagents and conditions: (a) PdCI,(PPhs),, Cul, Et;N, room temperature; (b) BusSnH, Pd(PPh;),, THF, room

temperature; (c) Pd(PPhs)4, Cul, CsF, DMF, 60 °C.
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Scheme 2

e

Oy_-SMe
OMe
A
r Me
c d
—_— —_—
(0]

Ot-Bu

72: Ar = oxaz
73: Ar = isox
74: Ar= m-CN
75: Ar = p-CN

MeS
a

O  OMe
Me
Il
70

COOt-Bu

[¢] SMe
OMe
A
r Me
|
o NH
OMe

76: Ar = oxaz
77: Ar = isox
78: Ar= m-CN
79: Ar = p-CN

Oy_SMe
OMe
b n-BuzSn | Me
71
O~ "Ot-Bu
) SMe
OMe
A
e d Me
— - |
Cl \l?l
OMe
12,15,18, 21

Reagents and conditions; (a) PdCI,(PPhs),, Cul, EtzN, room temperature, 16 h, 91%; (b) BusSnH, Pd(PPh),, THF, room temperature, 16
h, 96%; (c) Pd(PPhs)s, Cul, CsF, DMF, 60 °C; (d) TFA-CH.CI; (1:1), room temperature, 0.5 h, H,NOCH;-HCI, DIPEA, DMAP, EDCI,

room temperature, 16 h; (e) PPhs, CCls, CH3CN, reflux, 3 h.

Scheme 3
Me Me Me
OMe OMe OMe
oHn _2, N b,
| | “OMe | F
s O 81 © 44 Ngye
Me
c OMe
| | cl
45 N

Reagents and conditions; (a) EDCI, H,NOCH3-HCI, DMAP, Et;N, CH,Cl,, room temperature, 18 h, 58%; (b) DAST, CH.Cl,, room

temperature, 1.5 h, 64%; (c) PPh;, CCls;, CH3CN, reflux, 3 h, 99%.

Il
I ]
B ——
O,
| N
82 51 N\<
M

Scheme 4

I It
b c o)
—_— R
83 OH 52 "\‘ieo

Reagents and conditions; (a) CDI, acetamide oxime, DBU, CH3CN, 60 °C, 16 h, 90%; (b) TsCl, EtsN, DMAP, CH,Cl,, room temperature,

N

COOH OTs

e

3 h, 93%; (c) 2-oxazolidone, Bus;N*Br, NaH in oil 60%, THF, room temperature, 18 h, 85%.
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528 AMIEIEO R

ADAM FFEMRDHT HIV IEMEI, SREBRENICH T 5 HIV-1 W85 R TEME D 5006PHEF ik £ (1Cs0) |
HIV-1 Al ZE 2D SR D 50%BHEREE (ECso) , EFHEIZISIT 5 50%MIEZEMERRE (CCso: ADAM (2
X DM EAE £ T) IS X o TR L7z 55 AWintEo | E X ILFEFIEHE TH 5 Purdue K5
Cushman H D7 NV—7 3 MToTEY, FbIPH I TS HIV K (HIV-1ge & HIV-1yg) & ZALICIH
L 7= fufE il & L C CEM-SS M, MT-4 #if 2 4« F 72, KI03N »ZE# % L < X K103N/Y181C O
TEHARIKT 200 HIV IEIE, &2 OBERT I BRIEEEZFFO HIVie Bz AW THIE L7, S
CCso % ECso CERL7METH v, BARMDIEE L L THW. LA 10-42 OHL HIV IGMEE ST fEix
Table LIZR L7z, RYT 472 hr— & LT, BEFD NNRTI(EFV, NVP, DLV) & NRTI(AZT, DDC,
DDI) #Hu 7z,

RY, R2, Ar 4% 2 O EHELRNZ 31 250 HIV IGPEDOES 2 Ll L7z, R CI, ICso i & 2 Fl4H D ECso M
DWTHOFFEIZBN T, imiF & L <X imiCl X Y thio © 578 Bt 7ei&k M 2 R 3L BN Lo 71-.
LoL, PREEED ICs fEZ = L72 imiCl 2 F 3 21bE4 38 & 40 (LR 4f7 ECsofEA R L T 5. R &
LT, 3-oxa & 2-oxa 28 RAF 7R @M T 5 Z & WV ICsofE & ECsofEDOM NS Bk 7o o7z, Fiz,
RUZImIF & L <X imiCl 28 EH# S N7 LAY T, 2-oxa {R D )58 B4t 72 ICso L & 7k L 7=. — 5, oxazol
AT DAL EWITAIRZENERD R U CIEE 2 R S e o 72, R2Z imiCl 267 51baWTiE 4
FE¥E & 6 LAY B 72 ECsofi & 7k L7=. Ar & LTI, oxaz > isox = p-CN > m-CN DJIEF| T B #f72 1Cso
EZ R U, oxaz [T ZEMERN RIS R LT L 0 BAFZRILETEME 2R Uiz, AR TR L 72b64 33 flkA
FWF b A FEED SVERIC D > 7223, LA 1913 CEM-SS M 51T 2 FF4li T SIHE >250, {1k
AW 121X MT-4 IRIZ 3515 5 3l © S 109 &5 BAFAefE R 2 R Lz,

Table 1. RT inhibitory activity, antiviral activity, cytotoxicity, and Sl value of ADAMs 10-422

ECso (UM)* CCso (UM)¢ SI (CCso/ ECso)
compd Iijob HIV-1rr HIV-1us CEM-SS MT-4 CEM-SS MT-4
M (CEM-SS cells) (MT-4 cells) cells cells cells cells
10 0.36 <0.32 0.11 5.63 5.26 >18 48
11 7.50 >100 >0.10 481 5.25 - <53
12 3.40 <0.32 0.54 7.45 58.99 >23 109
13 1.09 1.55 0.83 155 15.2 10 18
14 7.00 >100 >2.64 4.99 2.64
15 36.40 242 3.27 7.2 16.27 3 5
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16 0.09 0.88 0.72 30.5 39.28 35 55

17 29.7 >100 >4.88 8.08 4.88 - -
18 45.30 1.46 2.43 75.5 142.8 52 59
19 9.65 0.4 0.69 >100 53.04 >250 77
20 >100 9.0 >5.13 204 26.3 2 <5
21 12.0 2.29 3.26 56.50 108.7 25 33
22 3.37 0.50 0.35 6.50 26.48 13 76
23 2.37 >100 >7.53 5.04 7.53 - -
24 1.40 1.90 2.86 13.90 15.80 7 6
25 1.85 2.04 4.07 5.39 9.66 3 2
26 46.69 >100 >26.06 17.75 26.06 - -
27 37.10 >100 >1.09 1.80 1.07 - -
28 5.40 >100 >4.04 3.50 4.04 - -
29 >100 >100 >1.66 1.66 1.66 - -
30 44.40 >100 >9.00 6.70 11.37 - <1
31 0.91 2.03 5.55 13.39 20.40 7 4
32 >100 >100 >21.13 6.70 21.13 - -
33 8.20 1.10 0.74 4.70 19.95 4 27
34 4.19 0.51 0.50 2.37 29.37 5 59
35 62.9 >100 >5.19 5.99 5.19 - -
36 33.80 5.20 >7.03 9.70 17.50 2 <2
37 8.03 1.70 4.21 11.37 21.24 7 5
38 33.30 5.80 2.66 13.20 22.30 2 6
39 >100 3.5 2.69 25.50 109.60 7 41
40 32.50 2.60 3.64 18.10 30.23 7 8
41 0.10 2.52 2.75 16.90 97.52 7 35
42 42.10 >100 >6.48 6.48 6.48 - -
EFV NT® NT® 0.0042 NT® >6.34 NT® >1509
NVP NT® NT® 0.22 NT® >17.7 NT® >80
DLV 0.08 NT® 0.453 NT® >3.62 NT® >8
AZT NT® 0.002 0.0081 >0.10 >93.5 >50 >11543
DDC NT® NT® 1.37 NT® >04.7 NT® >69
DDI NT® NT® 8.85 NT® >212 NT® >24

2All data represent mean values of at least two separate experiments. °Inhibitory activity versus HIV-1 reverse transcriptase with
poly(rC):oligo(dG) as the template primer. °ECs, is the 50% effective concentration for inhibition of cytopathicity of HIV-1ge in CEM-SS

cells, or HIV-1;, in MT-4 cells. “CCs is the cytotoxic concentration for the mock-infected CEM-SS cells or MT-4 cells. *Not tested.
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— 75, WHAG R D KL03N 28 8125k 4~ 2 BLETEME (ICso fE % %%, ECso i) ZHET DL, 4 I FA v
NIA RERT LAY 22 & 33 OIEPEITERIZEY 6 506 10 (FREMRT L), FAZ=AT L
EAET LAY 6 TIE 2 HBREDOIEMIK TICE £ o7 (Table 2) . 22 C, WlEEREOT I/ %
KT 10 E6W 6, 22, 33 D4y M AIEH =3 /1¥F —% FMO 5% W THE I L, K103N 2552 &
% ADAM HHDIEMZB OB 2B Lz, {bEW 22 & L <1333 2 A 2 Wi G EEH IR DA
72T ML, LB 6 LR T REE O RAEGE 2 O TER L, 3HRIEE RI-MP2, JEERIS A
6-31G(d) & LT FMO2 #5347 L 7= (Figure7) . 2 DU H Y Kb 4A DT 2 WIEHKICHT 5
FIAAEH = 3L X —% Table 3 (277 L7z,

Table 2. RT inhibitory and antiviral activity of ADAMs 6, 22 and 33 against an NNRT I-resistant HI\/-1 mutation

1Cs0 (LM)? ECso (UM)P CCso

compd
WT K103N  K103N+Y181C WT K103N  K103N+Y181C (uM)®
6 0.47 0.91 7.19 0.20 0.43 >5.36 5.36
22 2.49 14.27 94.45 0.55 4.03 >23.96 23.96
33 3.44 21.14 >228 0.78 7.78 >18.33 18.33
NVP 1.62 269.9 >375 0.11 7.64 >15.0 >15.0
EFV 0.025 0.74 1.12 0.0027 0.19 0.14 >6.30
ETR 0.014 0.018 0.060 0.0032 0.011 0.028 >4.60
DLV NTd NTd NTd 0.022 3.85 >43.8 >43.8

2Inhibitory activity versus the wild-type (WT), K103N mutant, and K103N+Y181C mutant HIV-1 reverse transcriptase with
poly(rA):oligo(dT) as the template primer. "ECs, is the 50% effective concentration for inhibition of the cytopathic effects of
HIV-1,,g bearing wild-type (WT), K103N mutant, and K103N+Y181C mutant HIV-1 in MT-4 cells. °CCsy is the cytotoxic

concentration for the mock-infected MT-4 cells. “Not tested.

3D ADAM /05 AR ITAIET 2T X BRI R LT, ALAW 6,22, 33 1F, 1FIE R OF HAE
A x ¥ —%/R L7223, Lys101, Lys103, Phe227 7 3 / BEFRFEICH L THEWA A L. {LAY
6 1%, Lys101 & -3.9 kcal mol?, Lys103 & -4.4 kcal mol, Phe227 & -10.8 kcal mol't O fH EAEf = R V¥ —%
RULTZDWEx LT, AbE% 22 1% Lys 103 (2% L C-11.0 kcal molt, {44 33 1%-7.3 keal mol™ & 58\ AH
HAEMZ R LIz, ZOREND, 4 X FAANTA Fe AT 2688 22 & 33 DILFEEMAS KI03N
ZERIZEVESH LD, Lys103 &4 I RA AT A ROMEEABKENEDTHLLEZBND.
E7, (LAY 6 DIEMEDMER: L7c DI, Lys103 DRI K DFAAEH DK T2/ S & vy 9 Bl oA
12, Gly190 X° Phe227 72 & D7 X/ BEFRILICKI L C UM AR Z /R LTz, HDW0E, KFE/HEET 787
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B\ GLTFF T AT VDO INRENVBEENERGEOT AT X R LM EER 2 L7
LEOHBNRHERI S D

PLEDFER S, RIIF AT ATV, RIAXY VTV — /U, Ar i34 %4 1 )8 ADAM (281
D RAFREHIETH L ZENWA BN otz i, (LAY 15,20, 38,40 O L S IZEBRIEOMATIC
& o TUE LRICREH L2 AL T RAFRIEMEZ 7T 6 DR, ICso fl & ECso fEDFABIMEA 22U
Db o7z LA 613 KI03N 2815 L CTHFIEME AR L7223, KL103N & Uf Y181C D —Hifif P28
B L CEW TR OB ER G REENEZ R S 72 o 72, ADAM 7538 K1% Lys103 & Tyrl81l & OAHA
TERDBRVMEANC S D, ZHmHEERIZE R e ADAM FEOERIZIL, MHHEERT I VBRSO T 2
J BFR R DA EAE ORI TH D & b s &

LYS-

—

01

Figure 7. (a) The crystal structure of RT bound to ADAM 6 (pdb code: 3irx). (b) Superimposed structures of ADAMs 22

(green) and 33 (pink). The corresponding proteins are displayed in tan and gray, respectively.
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Table 3. Summary of interaction energies between RT and ADAMs 6, 22 and 33 calculated by the FMO

method (kcal mol-1)?

interacting residues® 6 22 33

Pro95 -2.57 -3.13 -3.14
Leul00 -4.49 -4.61 -5.23
Lys101 -3.94 -1.96 -1.89
Lys102 1.22 1.05 0.120
Lys103 -4.42 -10.96 -7.32
Lys104 -2.23 -1.18 -0.907
Val106 -3.16 -2.81 -3.18
Thr107 -3.15 -0.692 -0.670
Val108 -5.03 -5.58 -5.62
Vall79 0.42 -0.477 -0.457
Tyri8l -4.22 -5.00 -4.87
Tyr188 -8.54 -9.03 -8.94
Val189 -1.60 -1.40 -1.88
Gly190 -4.74 -1.22 -0.950
GIn222 -3.70 -5.02 -5.20
Phe227 -10.77 -8.66 -8.73
Leu228 -0.889 -1.18 -1.12
Trp229 -9.35 -9.33 -9.30
Leu234 -2.63 -2.05 -2.07
His235 -0.753 -0.358 -0.521
Pro236 -1.93 -2.46 -2.24
Tyr318 -1.40 -2.80 -3.03

2Interaction energies calculated at the RI-MP2/6-31G(d) theory level. "The residues within 4A from the ligands in the RT.
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9528  ADAM— IR GRERIL A RO 3L 2 ARAT & 53 7523

B 1HET FMO 3HEIC X 548 BAEH o it

RT (24517 % K103N & Y181C O _EitHEA RIZH %7 ADAM B8 % LI 729121, Lys103 &
Tyri8l O EFITH T HKERBAE S L ILMHEERT 2 LSO T I/ BRIk 2 M E/ER O
HR3E 2 Hivd. NNRTI OFEATALITBOKMER S\ ®, FERICEBEEREEZEAL, B#HE O
KEMAEZIFFT D2 LIINETH L. 22T, MMHEERT I VBRSO T I/ B AICx+ 2 A
TERZ I8R5 &\ 2 BEISICEE-S &, NNRTI O 7 7 —~ 27 4 7 ZHfilz L, K103N & Y181C »
Mt PEZE BT kE LTt HIV IETE A MERF L, 22D 28 Xt % [l C & 5 AlRetk 7y 5 ADAM #5388k %2 7
PA T HZ L L LiZ FHLETIE, FMOFHREIC X » THIH S & NNRTI Ol GRS 2R 5
MEERTAVF =0T 7y —~v a7+ 7l L, MAFEREROEN L T 57 I BEEOWRE
BTz, FAEAERMRNTIZ, BEAED NNRTI T 5 EFV (pdb code: 1fk9) 62, DLV (pdb code: 1klm) %, RPV

(pdb code: 2zd1) ® o 3 ffi¥H & ADAM 2 fii¥EH (pdb code: 3is9, 3irx) 3 & e A A E %2 AV TIT W,
Kx DY T RPBWHAERZR LTe T X 7 Bikkk 3L H oM AEH =% /L ¥ —% Figure 8 IZ/~" L
72. Glul38 & Thr139 X RT ® BT H 25T 2 VIR TH Y, TNLSOT I/ BRFERIZ RT O A
$iCTH 5. 5 keal molt LA EOMANEAZFNF—%2HGF 57 I /7 BFERITRE TR LUZ. NVP (pdo
code: 3v81) & ETR (pdb code: 3mec) %1%, FHRNPIUR Ligh o772, HAMER M+ 2 Y
RBERSLT.

BETED NNRTI Td % EFV, DLV, RPV I, Leul00 %> 5 Lys104 3Tl SIS VB E/ER 21 L= DI
% LC, ADAM 23/~ L7 AR EAVER X R C© & - 7=. Figure 9 |21, EFV & ADAM 5 235\ VA ALVE A &
IRULTET R BRI 2 XR LTz, EFV I Lys ZR L AN 9 2 BIKPEREIR & Tyrl81 <° Tyrl88 72 & DB
AKPET 2 BRICHRE N TREICHE S LT\ 5. —J7, ADAM 5% RT OfEEHL =T EFV K VIR -
ERThE L, MEEREZRTT I VMEBEICEVRS D 2 ENH LN E RoT-. AR RS
D7 X R AR D 1T, Lys103 R0 Tyrl81 7 K DA B A Z 37 X BRIRAL, Lys AR AL AN H
ot 9 2 BIAKMERER, KO Tyrl88 LIS 7 I/ ek 4 3R U CHE AAE A 2 3808 < & 5 7 03 28 X1
DRMNLARTH L & Bbhd.
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HN
NH MeO OMe OMe
—
Me MeO.
DLV o
(pdb: 1kIm)

Cr @
(pdb: 1fk9) \/\Q[

va ADAM 5 ADAM 6
(pdb: 2zd1) (pdb: 3is9) (pdb: 3irx)

\ T = ‘. T T T e wal—v—D—v-D—vﬂ—v—‘w
} RIS IR Q? Lé’ K <a° oV ,(»“ B AT I ,;5“’ N o oD

10

/
EFV (FF
(pdb: 1tk9) *1(@02

I v"Q ROROEN \0“ F TS SIS PN PN

DLV
(pdb: Tklm) 10,8

I
ELR L (T T

> 9%
PO R e«*A’D\GQV\Q(\Q‘Q»\‘\z

RPV
(pdb:2zd1) -

ADAM 5
(pdb:3is9) .10

ADAM 6
(pdb:3irx)

20
(kcal mol-1)

Figure 8. Interaction energies (kcal mol) between RT and NNRTIs.

ADAM 5 & 6 TiE, m# 234k L TRV AEEMN 2737 I/ Mefkit & ADAM 5 23 RF (2 FRV VAL
VER 2797 2 7 BRFR R EE L T 5. Lys103, Tyrl88, Phe227, Trp229 I&ifi# i3 2L TH
Y, ¥Z Phe227 & Trp229 i ADAM O RT BRFIGMEICEE 2B THSH L Bbhb. —J7, Lys223,
Tyr318, Glul38 i£ ADAM 5 DFFIZHRVH AAEH 27837 X IRIEFEToh 5. HIV-1re B 2 F O T2 MR 22
PEINHIGEAR T, ADAM 6 1 K103N % L < 1% Y181C D48 Bizxt L THBMEZ /R X720 73, ADAM
5 OHEPURIZE M2 R bEmE L THE SN TV 5 38 F£72, DLV X Glu224 7> 5 Trp229 fHE D7
SRR U TR FEEAER 2R LTS A%, KI03N & L < 13 Y181C DA BT L o TIEMHENMK T
L, —J7, RPV TG A HERFT 2 Z E A SN T D 4 RPY MM E/EA 2R T 7 2 VB E LT
FHA 72 D78 Glul38 TH W, CHRITITI A STV A, FMO FHEIC LV Lys223 L O AIER L
BRISTZ. 2O L2, Lys223 & Glul38 i3 K103N & OF Y181C DiffEZE 1z & %5 NNRTI OB ETE
MR TAERET 57 X/ BELETHLARERRWEEDbILS. 2512, ADAM 5 Ll G IR D
PIEDA (2 XV 7 7 —~a 7+ 7 OEFIFRE L PHEIC L7 R, Lys102, Lys103, Lys223, Lys238,
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Ty318, Glu318 XA A A H358 <, Vall06, Tyr181, Tyr188, Phe227, Trp229 (45 BAR FAE M 2358\ =
EMB BN E 7257 (Figure 10) .

LI EOFERENS, 1> NNRTI &l LT ADAM DBV EERZ /R LT 2 JBEED 5 b,
Phe227 =X° Trp229 (259~ 5 4y Bk HAE M o 58 & L < 1% Lys223 X° Glul38 (254" 2% #iB A AR O
SRDNAE XM PENZ AT B & FF> ADAM & 3%t 9 5 L THETH 5H L& X /2. ADAM 5 X2 EMEDIR
SRR ST W2, ADAM 6 2 U — FMEa & L TH#L ADAM # 8k 2 3G+ 5 2 Lz L
7=.

(a) (b)

—{ Tyr188
Tyr181 C’—\ =~ - .
\_# ‘ f

Phe227
ADAM 5

I N
g{laHOB

Figure 9. Binding site of (a) EFV and (b) ADAM 5.

20

10

-10
>

-20

Interaction energies
(kcal molt)

-30

OEes OEdisp O Ect+mix O Eex

Figure 10. PIEDA between RT and ADAM 5. Ees: electrostatic interaction, Edisp: dispersion interaction, Ect+mix: charge

transfer interaction and higher order term, Eex: exchange-repulsion interaction.
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W2 HH ADAM FRERDO T A

LAY 6 ARG & LT, 4 FEOENT I/ i Lys223, Phe227, Trp229, Glu138 O {fIEH R4y
EOMEAERZHEET 2RO H dfEL=y & T A1 L7z (Figure 11) . 267 X/ fRi%
JEO RT IZB I HALERFR S TR L7Z (Figure 12) . Glul38 (34X V7 V' — LD < ([ZALiE T
D7D, XY TT V= NVDAFNEAREFEEOEFRSGIMEREE LTSN TS MY 74 Rm A
FUIANTEBL, P IAFa XAFVENEET HKHA L Gluld8 DAIIVAR=VERFEIZIIT HHEM
HAEH O#8RZ AR E LTz, Lys223 134 X9 0o DO h VR = ViEFHE L KBRS 2 TRT 5 ATREME DS
b5, DIVR=NVBFEDOKBBEVEHERT D012, BEAERIEB LA IF Y%
T WA L7z (Figure 11la) . EXREMEE DR NWER L A FLVEOBIGMEICL Y, RS (B)
DEENKEL, ABMAETFONTCWDIEERFEL Lys223 OT 2 EPKEREEZERT D EEZTND.
RUNTC, Phe227 & Trp229 & OB EAER Z iR S & 572012, 42 O7 X 7 BEIREN KL T D000
WA AU A2EA LT (Figure 11b) . A A UJR1%, BH RSO d #LEIC K 0 58O BAEH & 5
SHDZERREEINTND B F7 ROXFTYarOAF T FRAIEHI VA=V HE L g U
W28, TIVIR = VD SRR HERF S, Lys223 & OKFBESBLHIRTEHLEEZ WD, T UL
WO EAFEE (Gaussian098 MP2/6-31G(d)) 2LV, 4 I XY B DBEEDEMPRKEINT &,

Fryvarsedxtya ARRERETH L Z L 2R L. (Figure 13) .

(b) Design targeting dispersion interaction

Tyr181

Glu138

i N

4

LN
Leu234 7/

' o] Qum :
Lys104 e e
Lys101 .
Lys102  Lys103 /Op)m _0, _
0 <= Yo
(a) Design targeting electrostatic interaction N\ N\
/ /
/N/l_”‘ /+N>_
O = N—0
\ A \ B
s s
— ) — -
>:O - \>—O
N N
\ \

Figure 11. Design of building blocks with new ADAMSs.
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Connection

Figure 12. HIV-1 RT; targeting amino acid residues (orange), ADAM 6 (white).

Figure 13. NPA charge of model compounds calculated by Gaussian09 (MP2/6-31G(d)). Gley: carbon, red:

oxygen, blue: nitrogen, yellow: sulpher.

,23,



%3 Bl ADAM

Yaraxd Vv

5 1 ED

THNPEZSRIIR L AR AR ORI R0

TEF o584 A L L7-# ADAM #5E(k 85-99 24k L7= (Figure 14)
TRV TN EHTHILEY 8592 1XR |
— I EHETHIEY 93-96 TIZR Z 1 fHE LT, FTI v AREOHEFRE Ar

FEMAEH oOMsE A2 Ay & L7281 ADAM

RO G AL & AW TEIE O R

FER DGR

, Glu138 & L < 1% Lys223 & oA A

2 T OEHILZE AL, 3{L CF3
(%A O 2= >

. IS He

B4
E#A T

15 ﬁl CF3

REEALE A2 XA IF 0y RICFATZATALEZET A6 97-99 T84 Ht 12 3 fE

HOEBRREYEAN LT

Ar R
Me Me
Os_-SMe
o] 0 OMe Y
O:< N N —
/N / / Me thioester
Me MeO (thio)
oxazolone isoxazole
(oxaz) (isox) OMe
|
F N
Ht f
o - . 85: R = imiF, Ht = 3-oxa-CF3, Ar = oxaz
Ht imidoylfluoride |  86: R = imiF, Ht = 3-oxa-CF3, Ar = isox
m-benzonitrile p-benzonitrile (imiF) 87: R = imiF, Ht = 3-oxa-CFj, Ar = m-CN
(m-CN) (0-CN) / o 88: R = imiF, Ht = 3-oxa-CF3, Ar = p-CN
/YO T N 89: R = thio, Ht = 3-oxa-CFs, Ar = oxaz
Al )—Me ~ 90: R = thio, Ht = 3-oxa-CF3, Ar = isox
o:< =N 91: R = thio, Ht = 3-oxa-CF3, Ar = m-CN
1,3,4-oxadiazole  1,2,4-oxadiazole 92: R = thio, Ht = 3-oxa-CF3, Ar = p-CN
- 2-oxa
@ 0)1(3) ( xa) 93: R = thio, Ht = 2-oxa-CF3, Ar = oxaz
'm'?i?:%')"”e l2o YO ) 94: R = thio, Ht = 2-0xa-CF, Ar = isox
| />—CF3 N 95: R = thio, Ht = 2-oxa-CF3, Ar = m-CN
N-\s N\<3 96: R = thio, Ht = 2-0xa-CF, Ar = p-CN
1,3,4-oxadiazole-CF5 1,2,4-oxadiazole-CF 27: R = thio, Ht = 3-oxa, Ar = imid
(3-0xa-CF) (2-0xa-CFs) 98: R = thio, Ht = 2-oxa, Ar = imid
3 99: R = thio, Ht = 3-oxa-CF3, Ar = imid

Figure 14. ADAMs 85-99.

C2FHDOT F 109, 14 AL, TRETERKICT R —xR
e/ 2 MEOFER2=y b 1 BEOTAIAMEH2=y & 3 FFHO Pd G
(Sonogashira coupling, Hydrostannation, Stille coupling) % F\ N CTEZE RS L7~ (Scheme 5) . #rif i
& 97-99 1%, F7zica b7 V— 119 25 L, BEFO AR X6 3 F%E)~ 5 Stille Coupling
LRV B L, £F, 5-~F = U Anb M= F AT I UOERIEAET, 7T M)
L RAWTZBAEAIESIC E VxS T 257 F 7Y —U{K 108 & LTc. ZD%, MK MY 74 nm

HHLFEEIR 85-96 1%, izl
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FEREC 2 fLOEFE MY I Au T v F b L, BEREFRSTOBBECE S PARKIGIZ XY, T
¥ 109 ZARULE 61% Tz . T U 141X, RIGHEDEW 5-~F = R UL OREET V¥ v
ZTMSIETHREL T, 7 I FR U A NLICEB L7=1% ™, HoK b 704 o FEiE CBRILA TV 2,507
R U Tt AFOVFNELR LT 124407 — K12 2 A LT IRWT, VA Y7 aE
NWNEZFNANT IUAFHETR, B RaXx o7 I U OBBIEZ W TAXH 27 Y — VB OB B - R X
W KB BMALZATV T, IS, AEEEER T TMS 2L 4 BifR7# L7= ™ (Scheme 6) . —F, 3 {7V —
V119 1%, e —EHALAR 115 2 M WE & U CRIRMIC 4 (a2 3 7R kL 5, 8 & milesk 2 v
T=bhueREBRT L 0%, CDI OB VR =) VRFICH L CHEA 117 D2 2O 7 2 7 KK
BATIBBEZ ATV, A I XY n U BRERR LTz, BBIC2 ODEHRE AT NALL S, RILE54% TH
U7z, & TRIZBAFZ2IE Th o 7203, BALKG THUE O @O A EICS D 2 LN T3 F4k
DRI D oTlod, V7 ==L VTV R (DPPA) Z JHWTZBRILIGSZ Gt L7z . Z D Hik
TS AT I TR O @RI 118 25 Z &N TE 72z, K< N-A FIALBGAS EE
THEEATL, MR Q2% T 119 25T 22 LA TE 7 (Scheme7) .

Scheme 5

n-BuzSn @
a Ht b | Cc
&) o
| —

— Aryl iodide
46-49

Ht

100: Ar = 44, Ht = 3-oxa-CF3
101: Ar = 43, Ht = 3-oxa-CF3
100: Ar = 43, Ht = 2-oxa-CF3

103: Ar = 44, Ht = 3-oxa-CF3
104: Ar = 43, Ht = 3-oxa-CF3
105: Ar = 43, Ht = 2-oxa-CF3

(0] SMe o SMe
oM Me  Me
© N OMe
n-BusSn O:< O O
| Me ¢ N Me
_— Mé |
Aryl iodide
119
Ht Ht
106: Ht = 3-oxa
61: Ht = 2-oxa 97-99

104: Ht = 3-oxa-CF3
Reagents and conditions; (a) PdCl,(PPhs),, Cul, Et;N, room temperature; (b) BusSnH, Pd(PPh),, THF, room temperature; (c) Pd(PPhs),

Cul, CsF, DMF, room temperature or 60 °C.
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Scheme 6

W\ W\ W\
a H b
N, O
iN \ /!\l \ W/CF:"
107 108 109 N-N

N-N

0 ™S ™S ™S
\\\\ : \\\ d \\ e \\
= NH2 N
107 N 110 =\ 111 \ 112 \ \7/0%
N-oH N-O
™S
) \
., _9,
N__CF, 2 5~CF3
13 g,,(?/ 114 O,E/

Reagents and conditions: (a) NaNs, Et;N-HCI, toluene, reflux, 10 h, 71%; (b) (CF;CO),0, CH,Cl,, room temperature, 1 h, 86%; (c) n-BuLi,
TMSCI, THF, -78 °C to room temperature 24 h, 57%; (d) H,NOH, EtOH, reflux, 4 h, 89%; (e) (CF;CO),0, toluene, reflux, 4 h, 59%; (f)

NH,OH-HCI, DIPEA, DMF, room temperature, 28 h, 60%; (g) AgNOs, H,O, acetone, 0 °C to room temperature, 24 h, 89%.

Scheme 7
Me Me Me Me
H )
b NHy ¢ N d N
—_— — > . >:0 —_— >:o
NO, NH, I H I N
Me
115 17 118 119
Me
NH, e
—»
OH
120 O 121 O

Reagents and conditions: (a) NIS, AcOH, 50 °C, 4 h; (b) Fe, FeSO, + 7H,0, EtOH-H,0, 100 °C, 3 h, 89%; (c) CDI, DMF, 150 °C, 20 h,

80%; (d) CHsl, TBAB, benzene-50% NaOH aq., 60 °C, 4 h, 94%; (e) DPPA, TEA, THF, 70 °C, 24 h, 97%.
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528 AMIEIEO R

{b& 85-99 (ZF51) 5 1Cso, ECso, CCso i % Table 4 127k L7=. {LA#) 85-96 1%, R & Ht 23[A] LA
DA4S>DILEME L OOy e LTIFEEOE Yy MG L. &4 Dty MT, Arid, oxaz, isox,
m-CN, p-CN DJIEIZIF~ T 5. K103N & Y181C @ " E 2 FERR (HIVResoss) (2% % ECso 13, MT-4
MR CREE L, AT 7 ar ha— & LT, NVP, ETR, DLV Z 7z, SI 1L, BAKICHT 2
ECsofE A FHWWTHM L7z, {b&# 87 & 88 Z PR < FFEARD ICsofH, ECsofEHIE, Wb uM b L T
TuM THDH Z ENHELNE 257273, KI03N & Y181C & " HEMMMHZE R L Tk, WFholkd
Mb AL RS IR0 T,

RICImMiF ZH 3 2{b&% 85-88 Tl, RT FHEVEMEREAMN & HHEZE M FEAf o [ 5 T Ar 13 oxaz > isox
>m-CN = p-CN DR TIEEME T L7 (> R 1) .RIZthio 27 2{LEH 89-96 Tid, oxaz 2 A4
HiLEY) 89 & 93 D ICs EIT AR Th - 7203, CHy IR TIHMEZ R LW EHRIL TH > 7= m-CN 2 FH
T2 CFsdkfk 91 & 95 TIXRAF72 ICso iz R L=, LAY 89 & 93 D ECs 1L B AF7afli &7~k L CTW
L. =77, HUIZ 1,344 %927 —)LiK 89-92 D58 1,24-4F 47 V' —/L{K 93-96 L 0 Eif/e
ECofiZ/RL (v k2 & 3), RiZimF XV thio DAL/ ICo i, ECofizm L7z (v k1
k2.

X 51T, CRa (A & CHy AR DR Lhls 3~ 2 729012, {LEW 85-96 DA FH 2T ' — /LD CF3 )3
CH3 £ TH LA W D ICs0, ECso, SIE & PFE TR L7- (Table5) . {bAW 91, 92 \ZkHiEd % CHa ik
13454122, 123 & L7-. CRs (R & CH JARDM D ICs fE % ik 95 &, CR FED TN ERHFTH D &
VO BIFRMEIX AL S e o 2. CEM-SS MRz 31T B MR ZZ MR I W T b, R BAMRIE
TR S e oo, MT-4 flilalZ 35 1) 5 ECso fEIT, isox & A T 2L AW EBRWT, 1,344 FH 27T/
—IEETHIEYDOE Y 1 E 2T, CRIERDITNEEREEEZ R L, 1244V 2TV — L%
A3 2EMDE v 3 TIE, CH RO T AT RAF 7RG 2os Uiz, —75, Mild@stidize A Lo
CF3 LR CRIFIC ek E Lz, MlamEEn s MEICH > 72 imiF 268356 (By b 1) THLEME
negE SN, SIEL M EL7. ZhE T ADAM FERISMAaEMER TR & BB L 2> THY,
HERMANGONZ b DL EZ TS, FHERIIC, (LAY 8913, ECsfli7As 0.038 uM, CCsofE7AS 128
uM, SIS 3368 & 9 fiRD CRAFRFFERTH D Z EBF LN L e oTz.

CFa FEi%, Mo & BUKVEER 2y D )7 OVEE Z2 fRE O ERER TH W, Arg =0 Ser (24 4 Mt AH A 1E
& Leu X0 Phe (2% 2 BUKMER AAE A2V RE ST g 88 ADAM F53E(RD CRa RIX LD & 5 72
MWHEEZRTONE, SREERH BN > TV HIEEY 6 &£ D CRs ik 89 # T, RT IZx4
DHBEAEM =R VF =0 BE LTc. 0 FIFRIC RIS g sE L S 7o ba% 6 £ 89 DRTIC
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T HEAERIEEILIEE AL HER> TWHIZH b BT (RMSD 0.013A) | CR A A3 2{bA4 89
%, fEE® 6 XV Lys103 & OFHAAEH A 4.31 keal mol?, Lys101 & OAHA{EM 23 1.71 keal mol?, Tyr181
& OEAERA 1.63 keal molt H1 L, Glu138 & IIAHAMEMZ R & 2o 7= (Figure 15) . k&%) 89
& Lys103 O EAEMIZEFEM BE/EA OFEN KR E < (7.77 keal mol?t) |, CRs &7 » FEO A &
Lysl03 OF7 »E=U LN F AN K DFFEMAFEHEZIZR L TWDH EEX bd, £z, CRs DB
ARMEZ LD Tyrl8l & O AER b3 07N o8 L7z, L&Y 85-96 1X, Glul38 & DO FFEF A
ER A BHE LCRREH LTk B2, ADAMICE £ D 1,34-F4 %427 —/Ld CRs A, Glul3s
(2T D AHAEAEM TiE72 <, Lys103 (29~ 2 §FeEMH AMEM & Tyrl81IZxI 9~ 2 iU A/EM 2 54 %
BEHLETHL Z LRSIz, i, CR 24 5bEW7 KI03N & Y181C O HIH 5
KU TIEMEEZ R E R o FRICL > THL I ENLIBRTH DL L BDbNLD.
(@) (b)

6 89

residues chain Etotal Etotal Ees Edisp

Try181 Pro95 A  -4.04 289 -1.55 -2.50

Q Leul00 A  -3.45 330 -0.12 -4.19

/ Lysi01 A -5.74 745 724 -0.17

Lysil03 A -554 985 -7.77 -4.56

Lys104 A -1.23 281 -2.32 -0.43

Glu138 Vall08 A -3.39 -3.05 -0.86 -2.43
le180 A -4.63 -3.81 -2.36 -1.01

Tyri81 A  -5.04 -6.73 -0.85 -8.83

L\; /%w Tyrig8 A 9.69  -10.44 -3.97 -7.34
Lysm‘ Lys103 Aspl86 A  -4.19 5.68 -5.48 -0.20
- Phe227 A -10.90 -10.56 -2.96 -12.24

/ Trp229 A -9.91 -10.65 -4.65 -8.55

./ Lys104 Glu138 B  3.19 0.63 0.63 0.00

Figure 15. (a) Superimposed structures of ADAMs 6 (yellow) and 89 (blue). (b) Interaction energies between RT and
ligands.

—F, AIFZVu BEATHIEAY 97-99 D MT-4 #IIC3 1T 5 ECsfiilE, 45 %48 nM, 62 nM, 26
MMTHY, ZNETOFEERDOT THD TRRIEREZFFSZ LR LN LR, E6IT, LE
¥y 97 & 98 1%, K103N & Y181C O " fitEZ B4 F-D HIV-1 USRI & L C b HERE OPL HIV &
PR L7z (% % ECs = 1.14 uM, 0.911 pM) . " HEFPEZSEIZ3 L THZ) 7 ADAM FE(LN ZivE T
RSN TWaRnZ &t {bEY 97 & B ITALRERO—2>Th L EELND. —J, (LAY
99 I3dx b BAF72 ECso fli A7k L7273, fihod CRaEfA & [FIERIC, “EEMIMEZ ST X o TRIEISIEMEME T
L7z, Y Zadm XFNEOE AN LY MEEO KIEZRS#EIT 726 Liznd, ZHmMPEICH LT
BB HIETII RN EEZTWD.
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Table 4. RT inhibitory activity, antiviral activity, cytotoxicity, and SI of ADAMs 85-99

ECso (uM)? + SEM¢ CCso (UM)® + SEM¢ SI (CCso/ECso)
1Cs0 (UM)?
set  compd HIV-1rr HIV-1us HIV-1Rresoss
+ SEM¢ CEM-SS cells MT-4 cells CEM-SScells ~ MT-4 cells
(CEM-SS cells) (MT-4 cells) (MT-4 cells)
1 85 331+£1.01 141 0.17 £0.018 >120.1 72.8 120.1 £ 15.97 52 706
1 86 7.02+0.41 2.14 3.39+0.21 >21.55 86.2 2155 +£0.61 40 6
1 87 38.57 £ 27.76 5.32 >4.51 >4.51 68.9 451 +0.27 13 -
1 88 >100 3.95 4,98 £0.36 >232.8 >100 >232.8 >25 >47
2 89 0.99 +2.66 <0.32 0.038 + 0.0061 3.17 £0.82 13.0 128.0 £13.04 >41 3368
2 90 3.7+26.8 <0.32 0.49£0.19 >15.46 10.2 15.46 £3.18 >32 32
2 91 0.095 = 0.0048 <0.32 0.15 £ 0.028 >194.7 >100 194.7 £19.83 >312 1298
2 92 0.87 £1.65 <0.32 0.21 £0.047 >173.3 >100 173.3+£2291 >312 825
3 93 3.01+£0.14 0.2 0.19 £ 0.038 >82.55 16.3 82.55+134 82 434
3 94 0.092 £0.24 0.36 1.51+0.42 >16.27 7.57 16.27 £2.31 21 11
3 95 05%0.25 0.52 0.84 £0.12 >247.7 >100 >247.7 >192 >295
3 96 0.75£0.17 1.28 1.17 £ 0.065 >136.8 >100 >136.8 >78 >117
97 0.40 £0.13¢ 0.2 0.048 +0.0032 1.14+0.13 6.11 9.43+2.22 31 196
98 0.21 £0.077¢ 0.2 0.062 +0.0020 0.91+0.03 17.9 6.39+0.72 90 103
99 0.38 £0.1¢ 0.2 0.026 = 0.0024 >2.35 6.28 23505 31 90
NVP 0.94 + 0.26° NTf 0.31 +0.0028 >7.59 NTf >15.0 NTF >48
DLV 05+23 NTf 0.54 £0.26 >36.19 NTf >36.2 NTf >67
ETR NTf NTf 0.0041 + 0.00015 0.025 £ 0.0021 NTf >4.59 NTf >1120

2Inhibitory activity versus the HIV-1 RT with poly(rC):oligo(dG) as the template primer. °ECs, is the 50% effective concentration for inhibition of the cytopathic effects of HIV-1ge in CEM-SS cells, HIV-1 g

in MT-4 cells, or HIV-1resoss bearing K103N+Y181C mutant HIV-1 in MT-4 cells. °CCs, is the cytotoxic concentration for the mock-infected CEM-SS cells or MT-4 cells. “SEM of at least two separate

experiments. ¢Inhibitory activity versus the HIV-1 RT with poly(rA):oligo(dT) as the template primer. Not tested.
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Table 5. Rank order comparisons of Ht with Ar® and Ar? constant

ECso (uM)® Sl (CCso / ECs0)
set  compd R Ar Ht o CEM-SS MT-4
(LM)? HIV-1re  HIV-111s
cells cells
1 85 imF  oxaz 3-oxa-CFs 331 1.41 0.17 52 706
1 22 imiF  oxaz 3-oxa 3.37 0.5 0.35 13 76
1 86 imiF  isox  3-oxa-CF3 7.02 2.14 3.39 40 6
1 24 imiF  isox 3-oxa 1.44 1.90 2.86 7 6
1 87 imiF  m-CN  3-oxa-CF3 38.57 5.32 >4.51 13 -
1 27 imiF  m-CN 3-oxa 37.15 >100 >1.09 - -
1 88 imiF  p-CN  3-oxa-CF3 >100 3.95 4.98 >25 >47
1 30 imiF  p-CN 3-oxa 44.41 >100 >9.00 - <1
2 89 thio oxaz 3-oxa-CFs 0.99 <0.32 0.038 >41 3368
2 6° thio  oxaz 3-oxa <0.001 0.07 0.18 4 22
2 90 thio  isox  3-oxa-CFs 3.70 <0.32 0.49 >32 32
2 3 thio  isox 3-oxa 0.47 0.05 0.14 114 50
2 91 thio m-CN 3-oxa-CFs 0.095 <0.32 0.15 >312 1298
2 122¢  thio m-CN 3-oxa 0.52 0.5 0.83 24 43
2 92 thio p-CN 3-oxa-CFs 0.87 <0.32 0.21 >312 825
2 123¢  thio p-CN 3-oxa 3.2 0.6 0.36 15 100
3 93 thio oxaz 2-oxa-CFs 3.01 0.2 0.19 82 434
3 10 thio  oxaz 2-0xa 0.36 <0.32 0.11 >18 48
3 94 thio isox  2-oxa-CF3 0.092 0.36 151 21 11
3 13 thio iSox 2-0xa 1.09 1.55 0.83 10 18
3 95 thio m-CN 2-oxa-CFs 0.50 0.52 0.84 >192 >295
3 16 thio m-CN 2-0xa 0.09 0.88 0.72 35 55
3 96 thio p-CN 2-oxa-CFs 0.75 1.28 117 >78 >117
3 19 thio p-CN 2-0xa 9.65 0.4 0.69 >250 77

2Inhibitory activity versus the wild-type HIV-1 reverse transcriptase with poly(rC):oligo(dG) as the template primer. °ECsy is the
50% effective concentration for inhibition of cytopathicity of HIV-1gr in CEM-SS cells, or HIV-15 in MT-4 cells. Literature

values.
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% 3HT BUHAEMER O¥IEA AR & L72HEl ADAM 8RO &K

CEMMEZE EI R U TR RO R E BT 72 D1, Phe227 & L < 1 Trp229 & O 43 U AAE
FAOMIRE B & LB ADAM 55 (K 124-146 %7 %1 > L7z (Figure 16) . #iiakE(k 124-132
I, Phe227 #HEH) & LRy XF T ur b LETF 7Y v Fbkam T aibamcdbsd. 77
2 UK, XURXTFT Y a oA ROBRIZAER L2 FEE (thia-OEt, thia-OMe) T& v, g Ht 12
IS HEER 3 A Ao, FdlifE(k 133-146 1%, Trp229 Z#EM) & L CHIBHICA A VT2 A L
LA TH D, ZDIX, THEO G FER Ar & 2 FHEOAIBEERIR Ht O ST THAR I TV S,

O._SMe
O._SMe
OMe
OMe
A
' Me Ar
| | Me
S
Ht
124: Ar = thiaz, Ht = 3-oxa Ht
125: Ar = thiaz, Ht = 2-oxa 133: Ar = oxaz, Ht = 3-oxa 140: Ar = oxaz, Ht = 2-oxa
126: Ar = thiaz, Ht = 3-oxa-CF, 134: Ar = imid, Ht = 3-oxa 141: Ar = imid, Ht = 2-oxa
127: Ar = thia-OEt, Ht = 3-oxa 135: Ar = m-CN, Ht = 3-oxa 142: Ar = m-CN, Ht = 2-oxa
128: Ar = thia-OEt, Ht = 2-oxa 136: Ar = p-CN, Ht = 3-oxa 143: Ar = p-CN, Ht = 2-oxa
129: Ar = thia-OEt, Ht = 3-oxa-CF; 137: Ar = thiaz, Ht = 3-oxa 144: Ar = thiaz, Ht = 2-oxa
130: Ar = thia-OMe, Ht = 3-oxa 138: Ar = thia-OEt, Ht = 3-oxa  145: Ar = thia-OEt, Ht = 2-oxa
131: Ar = thia-OMe, Ht = 2-oxa 139: Ar = thia-OMe, Ht = 3-oxa 146: Ar = thia-OMe, Ht = 2-oxa
132: Ar = thia-OMe, Ht = 3-oxa-CF3
Ar: Me Me Me Me Me  Me
’ \ NC
S S S o] N
o= Eto— MeO—( o= o=
N N N NC
N / N / / / /
Me Me Me
thiazolone thiazole-OEt thiazole-OMe oxazolone imidazolone m-benzonitrile  p-benzonitrile
(thiaz) (thia-OEt) (thia-OMe) (oxaz) (imid) (m-CN) (p-CN)
Ht; /
! O,
/YO \T N /\ro
| )—Me N~ | )—CFs
N< N<
N Me N
1,3,4-oxadiazole  1,2,4-oxadiazole 1,3,4-oxadiazole-CF3
(3-oxa) (2-oxa) (3-oxa-CF3)

Figure 16. ADAMs 124-146.

[F7 v u BgEHT %5 ADAM FHEMK 124-132 DA K

HHL ADAM FHER 124-182 13, TR E TOFBERLFERRICH » 7V & T ROS & W To B R ORESE
ICEVERRT DL L, HC 13"V F Ty nra=y b 164 A L. ST ) —L
154 DA TIE, J7HHE C-S i L RO MNISDETH Y, K C-S fiiH O— KR GIETSH
% B RIEEHSE 2 A T- BRI IR & Biit L 72 8 8 (Scheme 8) . H&EIRIEBEHEISTIL, &
FREMEDEN= bR 2O0ETH Y, I T U —/L 154 IZE=HET 572 DITIEE < OREEL
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EATDRTER L2, F7 Y 1 K 150 £ TIEHFREOICE (I 33%) THMKTHZ &R T
X, T2 EOTT Yy TV oIk DI VR TIHMENER L 220 8 HEMEHL Z LIET
Ehaholo. £ 2T, RO Curtius 0L — BRALER & -V T, i 2G84 K 2 B R o
HifE &> 72 (Scheme9) . £, 0- AV 7 ML EFEREZ T Curtius SUSD FiFEREAIT>72. 7
VAT =T B EALAR AR UV E AT SOS T 30%EL FOIRIR & 72 o723 8, 7 KR DE
ADT=DIZIH S TWD DPPA N e L 245 8, IR 710% TERILIKA G D Z LN TE 7z, £ T,
DPPA | BALPOR 2 $ESOG & LT, ARt (A) 28 L7z, &K C-S e DB D=0, 3
IO DT A a i I T2 D3 888 R 73 15 < Sy BiENRE 7R B AE R 23 AR L 72, PO c-iil DRI AR A 2
ZIZ, WFROOTRTIVHELZEATSH I L L LT, HEErTfEZ A 158 2 #&H L72 AR

(B) ZRatLiz L 24, HfEA 158 1T 43% CH5H 2 L N TE 7203, RO TIXA MY %
HEES 5 Z L3 TE Aol

Scheme 8
S._COOH o
/Eo — >=O
150 COMe 151 COMe
Me Me Me
e S S
- /Eo e =0 > =0
"Ny | ” | N
COM M
COMe 52 © 153 154 °

Reagents and conditions: (a) POCls, pyridine, reflux, 1.5 h, 78%; (b) HSCH,COONa, EtOH, reflux, 3 h, 79%,; (c) NaOAc - H,0, Ac.0,
room temperature, 1 h, 53%; (d) H,, Pd(OH).-C, EtOAc, room temperature, 3 h, 94%; (e) 1) t-BuONO, 10% H,SO,, CH;CN, room

temperature, 1 h; 2) KI, urea, room temperature, 22 h, 17%.
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Scheme 9

sulbe {@cmj -

COOH
155

(A) Me
NH; C-i, i, iii
""""" >=o - >=o
COOH COOH COOH
120 154 Me
(B) Me Me Me Me
NH, d SO~ s
ST s R o O
COOH COOH COOH N
120 158 Me

Reagents and conditions: (a-i) NHs"N3", POCl;, DMF, 0 °C — room temperature, 8 h, < 30%; (a-ii) DPPA, TEA, THF, 70 °C, 24 h,
70%; (b) NIS, AcOH, 80 °C, 100%; (c-i) 1) c.HCI, Na,S;, NaNO,, H,0, 0 °C, 30 min — room temperature, 2 h, 2) c.HCI; (c-ii) 1)
NaNO,, ¢.HCl, 0 °C, 30 min, 2) AcONa, CH;CH,0CS;K, H0, 80 °C, 30 min, 3) c. HCI; (c-iii) 1) Na,S;05 * 5H,0, 4-methoxybenzyl
chloride, CuSO, - 5H,0, 2,2"-bipyridyl, MeOH, H,0, 80 °C, 2 h, 2) t-BuONO, room temperature, 10 min — 80 °C, 5 h; (d) BFs *

OEt,, t-BUONO, THF, -15 °C, 30 min — 5 °C, 1 h, 2) CH;CH,0CS;K, DMA, 0 °C, 1 h, 43%.

FA—NVEITERRCEZZTOT<EROMES o727z, FHERED C-SHEH & BROER 4 [FIRF
(24T 5 SRR PABR SO 2 855 (Scheme 10 (6) & L CHEMFT L= 8. £9°, ZfiZr = &L 115 %
HEWE L LT, 7 EOBEFMGMHEE = b e EOEFRKIMEIC IBIREIC 4 AR U R L
7o BLRWT, V7Y =0 A ERRH LTRGBS KV 3 URITEHR LTk, 8 & ik a
ANWT=hadEzBL Ll B9 N T, FAIAR=ADA I F = DHIVR=VRFITH LT
TfA 160 D7 X FEAREASIBBEZ ATV, BEBUSDIFEL L 2D FAA Y 72— MK 16126
R L7z, SEROUSTIE 5 A0S 3 U RMNEHE L TWD03, 9% & IR TT 7Y —/Uk 162 #1525 2 &
DTETZ, TAVUTSABRCAIAINZ U7 R RE DS A A D F OB RIZ K 0 ZEb T 2720, 44
U R DIELNL S AR B LD F T BTk U TSR OB EAHMAE Z &3, BRI 220 3 7 HEIC
FOSHEIT L= b D & &2 TS (Figure 17) % FAZ ISR R 92 & N-A F Al © 2470, £ 7 T
P2, MUK 42% T U7 U —/L 154 5T 5 2 &R TE 72 (Scheme 10) . Z DA AIEIEEETH
D,10 g BREOAr—LTHNERLBLZENTED. £, MEE Lo TVDIA A UREDRS
HEGET 2 2 E N TE . RiIcHEE = > & 154,162, 163 38 A L7 9 OL A 124-132 %
BEfFOAHEA XA 106, 61, 104 725 Stille 7V 72k v A% L7= (Scheme 11) .
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Scheme 10
Me Me Me Me Me
NHy NH, | . I g |
NO, | NO, I NO, | NH, I NCS
115 116 159 160 161
l h
Me

Me Me Me
S s s S
e f
e L (%0t X% o
I N [ N [ N [ N
162 153

154 Me 163
Reagents and conditions: (a) NIS, AcOH, 50 °C, 2 h, 100%; (b) NaNO,, Kl, H,SO4, H,O, AcOH, room temperature, 1 h, 91%,; (c) Fe,
FeSO, + 7TH,0, EtOH-H,0 (3:1), 100 °C, 3 h, 91%; (d) TCDI, CH,Cl,, room temperature, 30 h, 71%, (e) Cul, phenanthroline, K,COs,
EtOH, room temperature, 10 h, 99%; (f) 2.5 M H,SO,, 100 °C, 48 h, 85%; (g) CHsl, K,COs;, DMSO, room temperature, 8 h, 85%; (h)

Cul, phenanthroline, K,CO3;, MeOH, room temperature, 1 h, 85%.

Cul

L
K,CO
\ Oxidative s /\
Reductive

addition

T HY
elimination LCull "0
s | s I /
I o ~ Qi X
N N OEt N=C=S
L | L

| w/

| H

N4 N
cu 2 Cu'ﬂ’\,

5
N ot s

N
4 OEt L= 74 A\

—N N=
Phenanthroline
KoCO4
H — Kl + KHCO;

Figure 17. Copper(l)-catalyzed cascade synthesis of 2-substituted 1,3-benzothiazoles: Direct access to

benzothiazolones.

Scheme 11
O._-SMe O. _SMe
OMe OMe
-BusS
frEussn | Me Ar | Me

—_—
Aryl iodide

154,162, 163

Ht Ht
106: Ht = 3-oxa
61: Ht = 2-oxa 124-132

104: Ht = 3-oxa-CF3

Reagents and conditions: Pd(PPhs),, Cul, CsF, DMSO, room temperature.
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MAIEHIZ A A 7 JF1- 238 A L7- ADAM #5381k 133-146 DAk

Bl ADAM &R 133-146 DAL, THE TOFEREFERRICH v 7Y v I RIGEAND Z &
L, MBHICA A VA ZEAN LRI~ = > & 164 Z WV TEARBHRZHE LS9 Lol
Hydrostannation (235 C 24V E Tl & A ERER S A2 Do To AL SRR 25%F2 A pk L, BINAYIC
{b&¥) 166a & B+ 25 = L3 T& 2o 7= (Scheme12) . ZHUIA A VEFICE D EBLEZ LN
D720, BREZREL T LMHAEMT 2 G RKAFm Lz, M7 v AREDOHFEFERN m-~
=hUH LLIEp-_r Y= MU THD ADAM (R 136 & 137 13, 97%LL EOMIE THKT S 2
ENTEEN, XYY n 26T 558K 133 1%, Appel 7 2 LT (E-Z2) BYEARMNFIE 1 xF
1 DEIGTHEK L, ER 177a DA ZHEEd 2 Z L3 TX 25 - 7= (Scheme 13) . Appel fU&Tl, A&
HR=U AHRICR LT REA A2 D SN2 KISDETT 205, {bEW 176 OGEIX, IR I F 4
CHRER A XY Y m OB LY R EL S, N T == AR AT ¢ A A RSB L
RISV, INVRIF A HEUEZ BT 5 Sl JUSHARNICET L2 b o LB b s, (Law
171 & 176 DA VAR T F 74 A D HOMO # Hi 42 &, FERA) TG EER LIZ HOMO 2343
B9, DAVRA T A OIBRELDOFHRIZLND, (LEW(B) TILFHFEER LI HOMO A KkE <4
L, DIVRAF A4 OIBLZEDEGRNPED, £2, PREA)DJEFEITZ W HE b 5T
BETTILX—MMEL, FRIBA)NZETH D701, Sv USHAEFNHEST L, FEEB)IE IV
NI TF A HREUENARLE T H 721, SN2 RUSHAEFNCHEIT LT & 2 T\ 5b (Figure 18) .

Scheme 12
0_SMe
\\\ n-BusSn
OMe s
Me n-BuzSn
| Me
43 164
Me N/ (0] 3:1
/) \ .
>/ N=( N—(
165 166a Me 166b Me

\ \ W\ \
\\\Br °, \SL(O o, \Sk/(o L\Sk(o f \SL(OYMe

l
167 168 OH 169 OMe 170 NHNH, 164 N-N

Reagents and conditions: (a) PdCl,(PPhs),, Cul, TEA, THF, room temperature, 15 h, 86%; (b) BusSnH, Pd(PPhs),, THF, room
temperature, 3 h; (¢) HSCH,CO,HNy,, toluene, 0 °C, 1 h, 90%; (d) p-TsOH, MeOH, reflux, 12 h, 68%; (e) H.NNH, + H,O, MeOH, room

temperature, 14 h, 88%; (f) CH3C(OC,Hs)s, AcOH, reflux, 14 h, 96%.
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Scheme 13
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OMe OMe OMe
aryl iodide 0 O O O O
43 _ﬂ/
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178
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Reagents and conditions: (a) 1) PdCl,(PPhs),, Cul, DEA, benzene, room temperature; 2) BusSnH, Pd(PPhs),, THF, room temperature;

3) aryl iodide, Pd(PPhs)s, Cul, CsF, DMF, 60 °C; (b) PPhs, CBr4, CH,Cl,, room temperature; (c) KOH, EtOH, room temperature.

Total Energy

Total Energy -1597.107 a.u.

-1369.271a.u.

(A) (B)

Figure 18. HOMOs of carbocation intermediates (A) and (B) calculated by Gaussian09 (HF/6-31G(d)).

Z T, ANRATF AR E L0 ZEle LE & B 2 XML& 180 2Rk LT, I
HAERIT DG RARIEICEE LIz L 25, 97%LL EOME T 14 B O ERE GlT 5 Z LIk LTz

(Scheme 14) %9 fAISHITE AT 5 F AT 2T /L 1751%, T FAF A HLR U 185 & BiBEHED
W AT LR 186 ~ZEH L 7= %, t-butylcarbazate O KEZAHINBEEEIC X » A 187 &R L7-. &
WT, N 74 el UL bRz RIUUIRIZ, NV ZFAANL T T — b EESHE
T % R 63% TRz, —F, FAT AT 182 1E, TE T I RAFVLADOT Va— LT
NCE BRI E VBREZBR LIZB 10, FAT AT 02 RGERSE72 100 2 OE TIEEEHT
HERTHHLOD, < ORIABD AR L, 19%FEE DI TH > 7= (Scheme 15) .
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Scheme 14

O  OMe [¢] SMe (e] SMe
O._SMe Me
MeS OMe OMe
OMe |\ a b c
> —» n-BusSn Me —  n-BusSn Me
| Me OH Il | |
43 178 oH OH Br
179 180 181
o) SMe (e] SMe
Oy_-SMe
OMe OMe
OMe
d n-BuzSn n-BugSn M
M e Al
\ © | e r Me
- |
2 ;i or
S
Me s/\WO%Me Me)LS/\WO‘N Sl l s
N-N N-
or Me z N7 0 Ht
175 182 NN %o ):r\i
Me Mé 133,134, 137-146
183 184

Reagents and conditions: (a) PdCl,(PPhs),, Cul, DEA, benzene, room temperature, 3 h, 99%; (b) BusSnH, Pd(PPhs),, THF, room
temperature, 2 h, 78%; (c) PPhs, CBrs, CH3sCN, room temperature, 0.5 h, 75%; (d) KOH, EtOH, room temperature; (e) aryl iodide,

Pd(PPhs)s, Cul, CsF, DMSO, room temperature, 1-10 h.

Scheme 15
o} o o o e )< o
b Cc
Me)j\s/\”/OH e, Me)ks/\[(ob - Me)J\s/\[(N‘HJ\o — Me)J\S/\WO»/Me
o} o o) N=p
185 186 ° 187 175

o)
d o]

o /)N\Hz o CI/\W /\N Me)ks/\WO\N

N7 Me N N\/<

M
188 © 182 Me

Reagents and conditions: (a) NHS, DCC, CH,Cl,, 0 °C, 2 h, 115%; (b) t-butylcarbazate, EtOAc, room temperature, 18 h — 60 °C, 10 h,
80%; (c) 1) TFA, CH,Cl,, room temperature, 10 min, 2) triethylorthoacetate, AcOH, 115 °C, 25 h, 66%; (d) 1) chloroacetyl chloride, TEA,

CH,Cl,, room temperature, 1.5 h, 2) Nal, AcSK, DME, room temperature, 20 h, 19%.
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5 AR AWIEIEO R

{t54) 124-146 0 ECso, CCoso, S, K OMUIBHIZ A A U148 A L7oAbE& 4 133-146 12 %f )7 2 Ml
FUZ AT L U DNEASNTALEW D ECso, CCso, SI fEAZ 7~ L7z (Table 6,7) . (L&) 125 IXEfEMEDMK
<, AERRZEMEMSIRHNZ £ 92 Z E N TEehoie. 7V a VLR EZ AT 558K 124-1321F,
WITNSHT A ORI LAy o ARE VIRVEMTE 57223, 2O HTlE thiaz 235 b B4
72iE M % 7R L, thia-OMe, thia-OEt ONETIEMEAMK T Lz, MIHICA A VR 287 2{b&4 137-139,
144-146 TH FEEOMMITH D, AriZ thia-OEt # H T 2L &ML, 128 ISNEMEZ R S 2o 7o, ZHuE
T b FEDONAR R LV EET A NN THAEEHZHERF CERDPSTZONFERTH D LA
bins.

Table 6. Antiviral activity and cytotoxicity of ADAM analogues 124-132

Ar: Me Me Me
O SMe ’ s s S
o=< Et0— MeO—
OMe N / N / N /
Ar. Methiazolone thiazole-OEt thiazole-OMe
| Me (thiaz) (thia-OEt) (thia-OMe)
Ht; /-
/o \(0‘ /o
I )>—Me N \I/ )—CFs
N ~N \gﬂ N ~N
e
Ht 1,3,4-oxadiazole  1,2,4-oxadiazole 1,3,4-oxadiazole-CF3
(3-oxa) (2-oxa) (3-oxa-CF3)
compd Ar Ht ECso (uM)? CCso (uM)P Sl
124 thiaz 3-oxa 0.3 >14.8 >49
125 thiaz 2-oxa NT NT NT
126 thiaz 3-oxa-CFs <0.32 >50 >156
127 thia-OEt 3-oxa >100 4.52
128 thia-OEt 2-0xa 2.56 18.7 7
129 thia-OEt 3-oxa-CFs >100 1.64
130 thia-OMe 3-0xa 0.99 5.59 6
131 thia-OMe 2-0xa 1.9 25.3 13
132 thia-OMe 3-oxa-CF3 0.49 21.9 45

3ECs is the 50% effective concentration for inhibition of cytopathicity of HIV-1gr in CEM-SS cells. °CCs is

the cytotoxic concentration for the mock-infected CEM-SS cells.
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MG A A VT2 A LIZiFER 133-146 DOIEVEL, LAY 141 ZBRV T, IS A A VT %
AL THWARVMEAH L VG Lz, £72, HtIC 2-0xa 24T 2{LA% 140-146 TIHMBHITA A 7R
FEEALTHWRUVMEE LD WS MREEN RN ERH LN E R 572 HEIZ 3-oxaZ A7 5
b4 133-139 & 2-oxa # AT HILEW 140-146 Oz & b, Ar X imid > oxaz > thiaz > m, p-CN >
thia-OMe, OEt DJIE TIEMEDME T L7z, £72, 2-oxa AT HILEMD IS 3-oxa 2 AT HILEME YV R
4F72 ECsofli 7R L, Ar (T imid, Ht (2 2-oxa Z A 2154 141 13088l ADAM FFE(R DT Tl b RAT
2%~ L7 (ECs0<0.16 pM) .

Table 7. Antiviral activity and cytotoxicity of ADAMs

Os_SMe Oy_SMe
OMe OMe
Ar | Me Ar | Me
™
Ht Ht
ECso CCso ECso CCso
Ar Ht compd Sl compd Sl
(uM)? (uMm)P (uM)® (uMm)°
oxaz 3-oxa 133 0.71 4.93 7 6° 0.07 3.0 4
imid 3-oxa 134 0.3 6.97 23 97 0.2 6.11 31
m-CN 3-oxa 135 1.94 114 6 122¢ 0.5 12.0 24
p-CN 3-0xa 136 >100 10.9 - 123¢ 0.6 9.0 15
thiaz 3-0xa 137 1.17 4.39 4 124 0.3 >14.8 >49
thia-OEt 3-0xa 138 >100 5.43 - 127 >100 4.52 -
thia-OMe 3-0xa 139 >100 11.2 - 130 0.99 5.59 6
oxaz 2-oxa 140 0.58 4.65 8 10 <0.32 5.63 >18
imid 2-oxa 141 <0.16 6.96 >44 98 0.2 17.9 90
m-CN 2-oxa 142 1.97 17.6 9 16 0.88 305 35
p-CN 2-oxa 143 15 8.97 6 19 0.4 >100 >250
thiaz 2-0xa 144 0.54 5.37 10 125 NT NT NT
thia-OEt 2-oxa 145 >100 5.35 - 128 2.56 18.7 7
thia-OMe 2-oxa 146 8.13 15.9 2 131 19 25.3 13

3ECsy is the 50% effective concentration for inhibition of cytopathicity of HIV-1ge in CEM-SS cells. °CCs is the cytotoxic

concentration for the mock-infected CEM-SS cells. “Literature values.
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%47 NNRTI _EMEE RIS 2 IEVER B O AT

AIF Y BEAETHAY 97 & 98 1%, K103N & Y181C o —HiHEA R IZ Kkt L CHEREDHT
HIV-LIEPEZ RS 2 E N E o Tc, — 05, MBS CREZ AT HMEW 913( I 4V nrka
ALTWHIZE b o, TEBMEERICLY 90 FUEOFEHETE2 L7206 L. £, LAY
97-99 DA I XY mUNAFY Y r U ThHILEY 6,10, 89 b THIMMEARICL Y, KIFIZIEMEIME
TLTW2 (Table8) . ZiLbDHEFEE FMO FHEZ AW 2+ AR OfTIc L v B LT

Table 8. Antiviral activity of ADAMs 97-99, 6, 10, and 892

compd 97 98 99 6 10 89
ECso HIV-1i8 (uLM) 0.048 0.062 0.026 0.20 0.11 0.038
ECso HIV-1reross (M) 1.14 0.1 >235  >536  >525 3.17
HIV-1resoss / HIV-1iie 24 15 >90 >26 >48 83

2ECy is the 50% effective concentration for inhibition of the cytopathic effects of HIV-1,,5 or HIV-1gesese

bearing K103N+Y181C mutant HIV-1 in MT-4 cells.

£, EE OWERERESE (RT-wild) &, K103N J2 OV Y181C 0 —Elifh 4 4 ¢ >Wfifn GRS (RT-mut)
Xk o ka6, 97-99 O EAEH =L F—% FMO FHRIC K D B L7z, EEMMEE, MEE
NE L, FEE AL O ilis G SE — ADAM 5 0 45 S (pdb code: 3is9) % V7=, RT-wild (2 %F
LCiE, (bEW 5 kT 2EREDEIZCEDET Y 7 L, leaprc.ffl4SB /1354 AW CTHEAKR 2K E
B b L7=. RT-mut (2 L i, RT-wild @ Lys103 & Tyr181 Z A R% 07 2/ FRMISH Asn & Cys IT4
#at%, {AIEH % B> L 72 A3 5 Docking Simulation 247V, #x H Docking A = 7B 0 @& W SEARECLEE 2 -V C
RT-wild & [l U4 TR ik 217 > 7=. Docking Simulation % W\ 7= {RABM2ET LV THDH -0
B2TOMAEERANEETH D LITRORVN, 4 IXY v U PIAFEMEICEEZ 52 2K F42 R
EFETFAELTUL, +0ThdEEDND.

L&Y 6 1%, RT-wild @ Lys223 125t L C-14 kcal molt OFFAAEH 275 L7228, {b&W 97-99 1£-35
kcal mol* {ijf% D58\ MEAAEM Z 7~ L7z (Figure 19) . (LA # 97-99 23 BAFZR1EMEZ /R L= DI, Lys223
EOMEERANRRKEWEZDTHSD EEbNS. £72, -35 kecal molt B OV E/EHDIEE A LN
HEMEERICHELTEY (&% 97, Ees: -35.31 keal mol™, Edisp: -7.03 kcal mol™) |, Lys223 O 7
JIEEOKBEAIZ Y B DANKENVEBEREDPRFEREZR L TWD ZERTHIEND. VT,
b5 97-99 O RT-wild (2% 3 2 M0 AAEH =3 /L ¥ — & RT-mut (2% 3 2 F8 AAEH = 1L X — % g
L 7- (Table 9, Figure 20). EEMIPEZEEIZ LV, L&Y 97 & 9813 Lys223 |2 % L T 8 kcal mol* (RT-wild
— RT-mut) A2 O EEH=RLF—DIERTICEE 7208, LAY 99 X 30 keal molt HAKT L7z
103 H & 181 & H DI EITK T 2 EAMEH =L X — bbE4 99 13 6 keal mol* B2 IR F LT 5.
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Figure 19. Interaction energies (kcal mol) between RT-wild and ligands.

EBIC, XY urEAT5E 6,10,89 O RT-mut (243 % A VEHfi#T 247 - 7= (Table 10,
Figure 21). {L&% 6 & 1013\, LA 97 & 98 1ZHE_T Lys223 & OFH A ERA A H9 <, Asn103
W L TCHETOMABEERAOK TR S —F, (LAY 99 & 891, Asnl03 & Cys181iZxf7 5
FHAAERAAFIEER L, Lys223 12k L THIEAW 97098 Ll L T/haw., 7=, L&Y 97, 98, 6,
10 M EAER A2 773 Glul38 Ioxf L CTHEMER Z RS e N2 E R b E 75T,

Y EDORERNS, (LA 97-99 O BAF/IEMEICIE, Lys223 IZxfT 54 I 4 v DAV R=ViEHR
WL DKREREENFEGE LTI EBIBND. Eo, (LAWY 97T L B OA IXY B U, AF TR
L OFEAERRTI Lys223 L KFES LT T 272, ZHHEERNZEZ > Th{baY 97 &£ 98
DORAFEENHERF L7 EBEL TV D. 61T, (kAW 99 1%, Tyrl8l 73 Cys ICZEHE L7 Z & T, CFs
ENEFBOT 2 BN ORE (f] : GInl82 L DA Glul3s & OIS %5, @H
KO PNINE CHEET DEENAR] & 720, Lys223 L O EMERAMEFLIZE Bbh 5.
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Table 9. Interaction energies between RT and ADAMSs 97-99 calculated by the FMO method (kcal mol-)2

intracting 97 98 99

residues wild  mutant diff wild mutant diff wild  mutant diff
Pro95 -3.83  -401 -0.18 -2.46 -3.91 -1.45 -286  -365  -0.79
Leul00 -5.36 -4.46 0.90 5.1 -4.32 0.79 -5.16 -4.11 1.05
Lys101 0.67 1.13 0.47 -0.58 0.17 0.75 -3.26 -1.31 1.95
Lys103 -2.38  -256  -0.18 -3.39 -2.39 1.00 -5.98 0.44 6.42
Lys104 -045  -0.12 0.34 -0.72 -0.09 0.64 -3.73  -1.10 2.63
Val106 -3.97  -3.86 0.10 -3.88 -3.45 0.43 -3.74  -3.65 0.10
Val108 -286 -311  -0.26 -2.53 -2.78 -0.25 -2.64  -2.39 0.25
11e180 -3.12 0.63 3.75 -2.50 -2.39 0.11 -160  -2.81 -1.21
Tyr181 -4.03 -4.41 -0.38 -4.95 -3.03 1.82 -7.28 -1.15 6.13
GIn182 -0.93 0.26 1.19 -0.34 -1.09 -0.75 -024  -309 -2.85
Tyr183 0.22 -3.57  -3.79 -0.16 -3.81 -3.66 -0.23  -3.42 -3.19
Asp186 -0.75 2.78 3.53 -1.00 0.22 121 -3.01 -1.51 1.50
Tyr188 -8.78  -1094 -2.16 -959  -1058  -0.99 -9.24 1148  -2.24
Val189 -4.68 -1.63 3.05 -3.20 -4.91 -1.71 -1.03 -4.40 -3.37
Lys223 -35.15 -27.23 7.91 -37.03  -28.54 8.49 -34.87 -4.14 30.74
Pro225 -0.81 0.77 1.58 -0.76 0.45 1.22 -0.73 -4.26 -3.54
Phe227 -9.18 -7.14 1.04 -9.35 -7.35 2.00 -9.56 -10.26 -0.70
Trp229 -11.27  -1250 -1.24 -11.25  -10.59 0.66 -12.02  -12.38 -0.36
Leu234 -2.90 -2.21 0.69 -2.97 -2.16 0.81 -3.12 -2.18 0.95
Tyr318 -2.10 -3.89 -1.80 -1.86 -1.43 0.43 -0.47 -2.32 -1.85
Glu138 -7.21  -11.89 -4.68 -6.23 -5.77 0.46 -0.91 -0.59 0.33
Thr139 -1.19 -3.19 -2.00 -0.78 -2.67 -1.89 0.01 1.12 1.12

2Interaction energies calculated at the RI-MP2/6-31G(d) theory level.
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Figure 20. Binding models of ligands against RT-wild or RT-mut.
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Table 10. Interaction energies between RT and ADAMs calculated by the FMO method (kcal mol-2)2

residues 97 6 diff 98 10 diff 99 89 diff
Pro95 -4.01 -3.91 0.11 -3.91 -396 -0.06 -3.65 -3.61 0.04
Leu100 -4.46 -4.08 0.39 432 -390 052 -4.11 -4.56 -0.45
Lys101 1.13 0.60 -0.53 0.17 0.17 -0.01 -1.31 -0.80 0.51
Lys103 -2.56 0.32 2.89 -239 028 267 0.44 0.34 -0.10
Lys104 -0.12 0.15 0.26 -0.09 -0.05 0.03 -1.10 -0.59 0.51
Val106 -3.86 -3.86 0.01 -3.45 -3.85 -0.40 -3.65 -3.95 -0.31
Val108 -3.11 -3.94 -0.83 -2.78 -3.87 -1.10 -2.39 -3.86 -1.47
11e180 0.63 -1.84 -2.48 -239 -239 -0.01 -2.81 -3.09 -0.29
Tyrl81 -4.41 -4.42 -0.02 -3.03 -332 -0.28 -1.15 -2.66 -1.52
GIn182 0.26 0.59 0.33 -1.09 -0.87 0.23 -3.09 -2.95 0.14
Tyr183 -3.57 -2.26 1.31 -3.81  -3.83 -0.02 -3.42 -3.57 -0.15
Aspl86 2.78 0.72 -2.06 022 -048 -0.70 -1.51 -0.91 0.60
Tyr188 -10.94  -9.28 1.66 -10.58 -10.27 0.30 -11.48 -10.89  0.59
Val189 -1.63 -5.48 -3.85 -491 -492 -0.01 -4.40 -4.16 0.24
Lys223 -27.23  -9.29 17.94 -28.54 -8.07 20.46 -4.14 -8.21 -4.08
Pro225 0.77 -1.12 -1.89 0.45 -1.19  -1.64 -4.26 -1.32 2.94
Phe227 -7.14 -9.42 -1.28 -7.35  -946 211 -10.26  -9.56 0.70
Trp229 -1250 -14.56 -2.05 -10.59 -13.26 -2.67 -12.38  -11.58 0.81
Leu234 -2.21 -2.39 -0.18 -2.16  -231 -0.15 -2.18 -2.48 -0.30
Tyr318 -3.89 -1.85 2.04 -1.43 -1.82 -0.39 -2.32 -2.27 0.05
Glu138 -11.89 -7.85 4.01 577 -456 120 -0.59 -0.64 -0.06
Thrl39 -3.19 -3.15 0.04 -267  -126 141 112 0.87 -0.26

2Interaction energies calculated at the RI-MP2/6-31G(d) theory level.
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Figure 21. Binding models of ligands against RT-mut.
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ADAM #FHEAKIZE T D A F L= AT VEMKO ZHAFHIE &, FMO 35812 X 5 NNRTI— iz 5
FHEA RO MM EIEROMRITIZ L > T, ADAM ORI L 7 7 —~ a7 + TIEREPREICT 2 2
LR TET.

NNRTI fESTLO 7 77—~ 2 7  TIEHRICIESN T, Gluldd =° Lys223 & O AEM S L <X
Phe227 <> Trp229 & D4yt HAEH Ooi 4 H i & U7 sl ih Bk 38 FiH A Ak L, HEEISYEMRI
oMo Tz,

N TZAFa RAFORBRA YT Y — VBN LT ERE, SEMEE RIS L TR TR
o 1oy, MIRREMEO KIEZRB®REE 726 Uiz, MEERMITICEY, U 74 a 2 F i
Glul38 L D EAER TId/e <, BRT I VB Th 5 Lysl03 & OFEMAIEH, Tyrl8l & o4y #iH B AF
AP INTZ RSN, A IF Y u B2 55F8KE, ZENMERLZ AT 50RE
BERIT6F L CHHFEEM AR L, EWIENE S AEAERMT OFE RS, A4 I 4V 1 T Lys223 &K
FREGETE L TVD Z & RHER S 41, Lys223 N MPEZERIZI 1T HDIEMEIR T 2 FECE 27 X/ gk
EThdzammpaniz, 777 urFHERs LAXMBEHICA A VR E2EALHEERDOIFZE A
ENE, RME7iEMEm AR T 5 Z LN TE R0, KL THER LTEFHEEROF T, kb B4
72 ECso fE (CEM-SS i) Z r~d{bG&Mas il S iz,

FMO 1EiX, 7R ATV v 7 EAL O IC W T b A e EAEIE R Z 5 2 7203, IR 0%
{BEMHTCE D TENIFIEE ORI L ST, 7TaxT U v 7R E2BE LIEEO @SN ERS G
LbndboLEbis.

PLE, FMO BHRICE S W 7 7 —~ a7 4 TN O 0 Tkt 2179 2T LI K o C, HmMEZA R
AR EWE T Z ST LT,
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EiLTE

AWFFENCEE L, WD 8 L THREZ B D £ U2 R R B3 FE R = 3 A A o e
Bz ok ) BAECODIVEEHNZLET. RIS T, Bl < ZHREneiEnic
L REKBELTLKESVELLZ L 2EYD, HAxOWIERET TREEM L 0 s
LTLKES o EBEDNERVIE, FAO AEETT.

KIFFROFITICH- Y, KIEER IS 2V F LIl KPR P A R A 5%
JE B A2 R/ OSEA, SEEERRRE AdR Mk 2B Jod, WONCRERRIEBEGEE Bk
KR BUZ SAECESHOBEEZRLE T

FmSCVERR, LR LRI H T2V, TR & TR Z B0 £ LI RFER B EITER AL
FERPE BR i PERS Jelk, AMEILIEEERE BRIl JF F SR, B LSRR BuR
ThE 72h R SAECEHOBRERLET.

AWFFROZATICH T2, Y RFREF AR E RN AIEE B8 #Eil 5 a4, hF X%
EM ek, EERLCFMEEOEHICIE, Z<OTME EHERGRERO W hE Wil E L.
RSIEHNTZ LET. £, MS A7 bb, TR OMEZAT > T IS W FE L7 i gep
U —OERITEHR L BT ET

AEFIEDAIEIEDRIE 2 L T 720 72 Purdue KBRS - 73 T-HBLVAAF R R 2% Mark
S. Cushman Z4:4:, Rega Institute for Medical Research Christophe Phannecouque 1# 4=, ImQuest
BioSciences Robert W. Buckheit, Jr. f#i+- & Tracy L. Hartman | OBEE2ER LET. £72, @
SHERIZH T2 Z< DT FE 2 W EE L LICERTHEILA L B £,

AR OBGRI AL ETT2ICH20, BEERIYF EEPVBEELNT T EEWE LIS
KRB AR BRI - 0 FRGIIES Bk Wik R Jo/k L WFJEE OB ER, Sl KB
AL FRHEMAB PR sEE B SRRl e B4, RERFER L et o2 — bl ik
e, e 7 RS RELAN I ZEES P 3R B, 3OS PE BT S AT SR AT REA B =
Va7 —va b Aus g it % — Dmitri G. Fedorov {ELICE AL L B E9. AWF%E

HERFHE O —EIE, BAREUEERE SRR L — DRI K 0 IT o7 b DT
BRHILESEMEEICLIVZEELWLEESE L. MRZEDDIZHTY, TXEBEVWETEERNE L,
ZICBAHIERT BRI o1 E < OF 2L X VR L BT ET

B, BERBRAOEF 2K L, BB <G8 L TS & LBz is o K VIEEH L T E T

MFEzE L TE< OmAV G2 ICHEY, 0, BEARRE SETWZEELE
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EBROER

T vkrA

HIV-1 BB BEEERT v A ([2P]GTP) 2%, Wil G RERTEMEDLE X, 25 mM Tris-HCI, 75 mM KCl, 8
mM MgCl,, 2 mM DTT, 10 uM dGTP, 0.01 rC:dG template, 10 pMCi [¥?P]-a-dGTP (800 Ci/mmol), # &1k
AW ETe 100 b SOSIRAW (microititer 7L — k) T7 vk A L. @FHAE I NI k10
DNA & 10% TCA Ml z, 37 °C T 30 7y MWfHs G R R UG 2 AT S W, WG RER TR & 7
B&2HW, 0.4 505 0.9 pg/mL OFPHOIE CHEH L. BEERISOK TH#, DNA & 7 7 A7 1 v
Z—THEL, MA L7 10% TCA T2 [BIEH L, Ky o FL—3 a9 UEHEBECTHIE LT,

HIV-1 #EEEER T v A (PicoGreen) 5%, %) 350 ¥5 K%t poly(yA)7 > 7’ L — k & oligo(dT)16 7
TA~—%1:12DF/NHLTHEIRTF 605087 =—/L L7 20 uL OEAE /Yy 7 7 (60 mM Tris-HCI, 60
mM KCI, 8 mM MgCl,, 13 mM DTT, 100 uM dTTP, pH 8.1) A A->TW5 96 7 = /L7 L— hZ, FHRIL
72 RNA/DNA 52 ng /M z, & 612, BERBOCHFEE K (50 mM Tris-HCI, 20% 7'V Er—/1, 2 mM
DTT, pH 7.6) T8I 22 EE I AR S 4172 RT BERIAHK 5 UL Z N 7. 25 °C C 40 47 [H5#% L, EDTA 15
MM CTEE % (D72, ~7 1 ZARSIE PicoGreen ZIRMT 25 Z LIk » THRH L7z, s eat

(Safire2, Tecan) % FV>"C, 490 nm Dl & & 523 nm DU S & 7 N EFEARIAATS. Wiln B
FITxHT 2B AW OIEMEZRERT 5 72012, WIRGEERER A2 N % 5 H1C DMSO IZi) L7e#
BB 1uM ZiBhnL 7=,

MBEHHL HIV-1 7 & A %5 CEM-SS MlfRiZ 351 5 ¥ A /L AFHEHfaZMERN R OBl & HIV B95E T
OMISAEFRITXTT 7 b7 20 LY Ko THIE L 72. CEM-SS #ifid (2.5 x 10° cells / well) (%, 10%
FBS, 2 mM I-glutamine, 100 U/mL <=2/ >/, 100 ug/mL A h L7 b= A > > ZEIN L 7= RPMI £t

(96 7 = /L U-bottomed tissue culture 7'L— k) (ZHEFE L7, AR L72RBLEW & HIV-1ge 2 7 L —
Mz, 37 °C, 5% CO f#7E N 6 A filh5#8 L, XTT YL & o CREfR AR 2 E L7, Mfuksd > L
— N OWSEEE L, Softmax Pro 4.6 software % F\ T 450 nm 7> 5 650 nm Oy JEHIEIC K- THRE L7z,
[AIERIZ, HIV-1ig & HIV-1gesoss 1% MT-4 i 2 T MTT 7 v A2 K W iThbiv.

L& E Rk

AR ORI TR 2 R8T 2 Z &2 <AL, FRICREER LRV IR Y, HEE L (L& OINEE
ML T LT NI T 7 4 —IC L DR, SBEECIE U 50 (mesh 40-50 um) % H 2 tH
NMRZ 2 kL3270 MHz% L < 13400 MHz, ¥C NMRA X2 kL3168 MHz % L < (%100 MHz,'°F
NMRAZ hLix376 MHZ CHIE L7, B v 0 RV AEBEOSGAEITIT NI AF LT o, AL
—IVEIEDGEIT A Z ) — )b, Y ATFNVANVKF Y RIFEEDOGEIEY A TF VALK F T RENEHE
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YL L THIEL, ppmHEAL CRE L7 EEAXY ML, K7 o~ b7 7 7 E BT E
(4000QTRAP) # VT, El, FAB, & L <IFCITHIE L7z, JeRoHT L, AMILammsEiEtT s 27
2 (CHN=—%—MT-6) Z Vv, @3 Eaa et E 2 CCTHiE L, 7oA 2% Lo e
TORBRILEWIE, HPLC (254 nmDUV) (1T X > T6%LL DML TH 5 Z & sl L7z
Sonogashira % ~ 7"V > 7 O JFECTH % S-methyl 5-iodo-2-methoxy-3-methylthiobenzoate (43)% &
2-methyl-5-pent-4-ynyl-1,3,4-oxadiazole (50)% |%, SCHRELEN D HiEIZHE~> TERM LTz, Stille 771~ 7Y v 7
DJFEELE 72 5 5-iodo-3,7-dimethyl-1,3-benzoxazol-2(3H)-one (46)* & 5-iodo-3-methoxy-7-methyl-1,2-benz-
oxazole (47)* 1%, STHREEXEN D HIEIZHE > TH kL, 3-iodobenzonitrile (31), 4-iodobenzonitrile (32) (LT
DFAFE % v 7. 5-lodo-2-methoxy-3-methylbenzoic acid (80)%¢, S-methyl 2-methoxy-3-methyl-5-[(1E)-5-(5-
methyl-1,3,4-oxadiazol-2-yl)-1-(tributylstannanyl)pent-1-en-1-yl]benzenecarbothioate (106)%, 5-pent-4-ynyl-
1H-tetrazole (108)3, 6-(trimethylsilyl)hex-5-ynenitrile (110)7 i%, SCHEAEEZND FIEICHE > CTARK LT-.

W1

5-lodo-N,2-dimethoxy-3-methylbenzamide (81). 3-Methylsalicylic acid (80) (1.84 g, 6.30 mmol), HCI -
H,NOMe (74 mg, 8.90 mmol), DMAP (180 mg, 1.47 mmol), EtsN (1.65 mL, 11.9 mmol) @ CH,Cl, ¥ (38
mL) {Z EDCI (1.70 g, 8.87 mmol) %1z, =& C 18 BEFH#E L7=. ¥k C, EtOAc (75 mL) THiH L,
AR % 5% HCI (100 mL x 2), sat. ag NaHCO; (100 mL x 2), fafnfif/k (100 mL x 2) CTHEL,
Na;SO, THzME L7c. W2 ER £%, EZ VAT NV AT L ua~x 7T 74— (EtOAC
hexane = 3:1) THRIL, {bA% 81 (1.18 g, 58%) %157, ML, mp 126-128 °C (EtOAc-hexane).
IH NMR (270 MHz, CDCls) 6 10.18 (s, 1H), 8.11 (s, 1H), 7.63 (s, 1H), 3.88 (s, 3H), 3.78 (s, 3H), 2.27 (s, 3H);
13C NMR (68 MHz, CDCls) ¢ 162.1, 155.5, 142.6, 136.8, 133.7, 126.2, 87.7, 63.9, 61.2, 15.4; EIMS m/z (rel
intensity) 321 (6.1, M*), 275 (100), 260 (7.3), 148 (5.7), 77 (5.0); Anal. Calcd for C10H12INOs: C, 37.40; H,
3.77; N, 4.36; found: C, 37.43; H, 3.74; N, 4.37.

5-lodo-N,2-dimethoxy-3-methylbenzenecarboximidoyl Fluoride (44). N-A F %< 7 I F 81 (1.00 g, 3.11
mmol) @ CH.CL¥&E#E (27 mL) (Z, bis(diethylamino)sulfur trifluoride (0.82 mL, 6.20 mmol) % 7 /L= F,
0 °C T F L, LIpfHEHE L7z, TR T 1.5 REfHH: L 727, sat. ag. NaHCO3 (15 mL) Z /%,
EtOAc (50 mL) THhHI L, Na;SOs THEME L7, WA WIER E1%, IKAEEZ VDTN AT L7~ b
77 7 4— (EtOAc : hexane=3 : 50) THiH L, (L5 44 (641 mg, 64%) %157, FHEAMKY. H
NMR (400 MHz, CDCls) ¢ 7.71 (d, J = 2.0 Hz, 1H), 7.61 (d, J = 2.0 Hz, 1H), 3.97 (s, 3H), 3.79 (s, 3H), 2.27 (s,
3H); 3C NMR (100 MHz, CDCls) ¢ 157.0, 148.2 (d, Jcr = 324.7 Hz), 142.6, 135.9 (d, Jeccr = 4.6 Hz), 135.1,
122.2 (d, Jeccr = 27.1 Hz), 86.8, 63.2 (d, Jconcr = 1.6 Hz), 60.9 (d, Jcoccce = 1.6 Hz), 15.3; EIMS m/z (rel
intensity) 323 (M*, 45), 277 (100), 150 (93); HRMS (EI) for CioH11FINO; calcd 322.9819 (M), found
322.9805.

5-lodo-N,2-dimethoxy-3-methylbenzenecarboximidoyl Chloride (45). N-A F %<7 I [ 81 (880 mg,
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2.74 mmol) @ CHsCN ¥&i% (20 mL) (Z, carbon tetrachloride (3.18 mL, 32.9 mmol) & PPh; (2.16 g, 8.22
mmol) Z Nz, iR T 30 /o fi#k#E, 3 RFRINAERIE L7z, WA IER £ Licik, EEx v U v
BT L7 ua~< 7T 74— (EtOAC: hexane=1:9) THR L, {LEY 45 (923 mg, 99%) % 157=. M
4. TH NMR (270 MHz, CDClg) 6 7.50 (s, LH), 7.48 (s, 1H), 3.99 (d, J = 9.5 Hz, 3H), 3.68 (d, J = 9.5 Hz,
3H), 2.16 (s, 3H); *C NMR (68 MHz, CDCl3) ¢ 156.5, 141.8, 136.8, 134.6, 132.9, 129.0, 86.7, 63.2, 61.3,
16.0; EIMS m/z (rel intensity) 339 (M*, 43), 341(M* + 2, 14), 304 (98), 273 (100), 258 (26); HRMS (EI) for
C1oH11CIINO; calcd 338.9766 (M), found 338.9496.

3-Methyl-5-(pent-4-yn-1-yl)-1,2,4-oxadiazole (51). CDI (723 mg, 4.46 mmol) & 5-hexynoic acid (82) (50
mg, 4.50 mmol) @ CH3CN IEA A (7 mL) (Z acetamide oxime (330 mg, 4.46 mmol) % ==i& T 30 4y [ />
\FCHE R L, 5.5 BEfEEHE L7=. &\ T, DBU (0.73 mL, 4.91 mmol) % /i % C, 60 °C “C 16 FEfIfE#: L 7-.
BOGTAH % CHoCla (20 mL x 2) T %, k8 2 H,0 (40 mL), 1 M HCI (30 mL), sat. ag NaHCOs (20
mL), BafnEHEK (40 mL) TUEH L, NaSOs THzME L7z, WA LR £ Lo, KEEx YV W7
FLh7nu~< 7T 74— (CHCly: pentane=3:20) THHI L, {LE&Y 51 (600 mg, 90%) %157, HEf
RS, 'H NMR (400 MHz, CDCl3) & 2.93 (t, J = 7.3 Hz, 2H), 2.48 (s, 3H), 2.32 (dt, J = 7.3, 5.6 Hz, 2H),
1.99 (quint, J = 7.3 Hz, 2H), 2.03 (t, J = 5.6 Hz, 1H); 3C NMR (100 MHz, CDCls) 6 178.8, 167.0, 82.4, 69.7,
25.1, 25.0, 17.7, 11.5; EIMS m/z (rel intensity) 150 (M*, 0.5), 149 (1.7), 121 (14), 98 (100), 94 (28), 67 (25).

Pent-4-yn-1-yl 4-Methylbenzenesulfonate (84). 4-Pentyn-1-ol (83) (1.00 g, 11.9 mmol) @ CH,CL &% (50
mL) (Z, p-toluenesulfonyl chloride (4.08 g, 21.4 mmol), EtsN (3.79 mL, 27.4 mmol), DMAP (130 mg, 1.19
mmol) Z NNz T, =R T 3 MR L7z, BUSH T 28 L, 5% aq HCI (50 mL) Z/1x, CH:Cl; (25
mL x 2) THiI, AHE 2 faf Ak CHaf#, NaxSO, CHEME L7z, I AZ LR £ L7tk REEd v
UBFNITHra~ 7T 74— (EtOAC : hexane=3 : 20) THHELL, (L&YW 84 (2.64 g, 93%) %
572, EARY. TH NMR (400 MHz, CDCl3) 6 7.79 (d, J = 8.2 Hz, 2H), 7.36 (d, J = 8.2 Hz, 2H), 4.14 (t, J
= 6.5 Hz, 2H), 2.45 (s, 3H), 2.25 (dt, J = 6.5, 2.8 Hz, 2H), 1.90 (t, J = 2.8 Hz, 1H), 1.85 (quint, J = 6.5 Hz, 2H);
13C NMR (100 MHz, CDCls) § 144.7, 132.7, 129.7, 127.7, 82.0, 69.3, 68.6, 27.5, 21.5, 14.5; EIMS m/z (rel
intensity) 238 (M*, 0.9), 174 (21), 155 (46), 91 (100), 66 (50), 65 (30); HRMS (EI) for C1,H1405S calcd
238.0664 (M*), found 238.0667.

3-(Pent-4-yn-1-yl)-1,3-oxazolidin-2-one (52). NaH (60 wt% dispersion in mineral oil, 200 mg, 15.2 mmol),
tetra-n-butylammonium bromide (80 mg, 0.760 mmol), 1,3-oxazolidin-2-one (220 mg, 2.53 mmol) % & ¥¢
THF IEATAIRZ (15 mL) (2, p-toluenesulfonate (84) (200 mg, 0.840 mmol) % 0 °C T304/ ) T F L,
PN TERIR T 18 Re IR L7z, BUSHE T, CHoCly (25 mL x 2) Tl L, A1 % fafn K Coeid
%, NaSOs THLIE L7, Wik ZER B LR, REEZ VDTN DT LI n~ NI T T 4 —
(EtOAC : hexane=1:1, K\ T MeOH : EtOAc=1:9) THHL L, {b&% 52 (110 mg, 85%) A f57=.
R4, TH NMR (270 MHz, CDCl3) 6 4.34 (t, J = 8.0 Hz, 2H), 3.60 (t, J = 8.0 Hz, 2H), 3.38 (t, J = 7.2 Hz,
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2H), 2.27 (dt, J = 7.2, 2.8 Hz, 2H), 2.00 (t, J = 2.8 Hz, 1H), 1.81 (quint, J = 7.2 Hz, 2H); 3C NMR (68 MHz,
CDCls) 0 82.8, 69.0, 61.6, 44.7, 43.2, 26.1, 15.8, 14.1; FABMS m/z 154 (MH*); HRMS (FAB) for CsH12NO,
calcd 154.0868 (MH?*), found 154.0865.

Sonogashira Coupling (—##/ERE).

TXr 12%8), 377V —/ (1.0 %8), E6N (2.0 48) 24T THF RAEIK (5~15 mL) %
0°C C104MI7 /v I i TR L7z, VT, Cul (0.10 ¥ ) & PdCIy(PPh3)2(0.10 M &) % KGR
Wz, 7T/ TERTHE L, BUSE T#, WA ER % L, EtOAc TR L 72 RUSIRIKR %
U BTN Uz, FREE, WIAWIERE L, KEEZ VAN AT LI a~ NI T 7 4 — TR
L7-.

S-Methyl  2-Methoxy-3-methyl-5-[5-(3-methyl-1,2,4-oxadiazol-5-yl)pent-1-yn-1-yl]benzenecarbothioate
(53). 7 /L% 51 (303 mg, 2.02 mmol), = V{7 U —/L 43 (500 mg, 1.55 mmol), EtsN (0.29 mL, 2.79
mmol), Cul (59 mg, 0.310 mmol), PdCl,(PPhs), (32 mg, 0.047 mmol), THF (5 mL) % H\>, Sonogashira
Coupling O —MxEFIEIZHE S T2, 6 RERIRFRLI21R, YU BTN BT L u~ 87T 7 ¢ — (EtOAC :
hexane = 1 : 2) THBLL, {b&% 53 (433 mg, 81%) % 7157-. EHEHIRY. IR (neat) 2917, 2851, 1676,
1585, 1467, 1246 cm™; 'H NMR ¢ 7.58 (d, J = 2.0 Hz, 1H), 7.35 (d, J = 2.0 Hz, 1H), 2.81 (s, 3H), 3.05 (t, J =
7.2 Hz, 2H), 2.56 (t, J = 7.2 Hz, 2H), 2.45 (s, 3H), 2.38 (s, 3H), 2.29 (s, 3H), 2.11 (quint, J = 7.2 Hz, 2H); 1*C
NMR ¢ 191.6, 178.8, 166.9, 155.9, 137.7, 132.6, 131.6, 130.1, 118.9, 88.1, 80.5, 61.7, 25.3, 25.2, 18.7, 15.8,
12.4, 11.4; EIMS m/z (rel intensity) 344 (M*, 5.3), 297 (100), 262 (3.7), 240 (3.5), 128 (4.8); HRMS (EI) for
C1gH20N203S calcd 344.1195 (M), found 347.1198.

S-Methyl 2-Methoxy-3-methyl-5-[5-(2-0x0-1,3-0xazolidin-3-yl)pent-1-yn-1-yl]benzenecarbothioate (54).
T V¥ 52 (143 mg, 0.931 mmol), = V{7 U — L 43 (250 mg, 0.776 mmol), EtsN (0.2 mL, 3.51 mmol),
Cul (177 mg, 0.931 mmol), PdCI(PPhs); (54 mg, 0.078 mmol), THF (5 mL) % H >, Sonogashira Coupling &
— BB o T2 BRI EE L7, v U WS N T A7 a~ 87T 7 ¢+ — (EtOAC : hexane =5 :
1) THEL, {bEW 54 (172 mg, 64%) %7157, Y. IR (neat) 1748, 1674, 1643, 1476, 1422,
1248 cm:; 'H NMR (400 MHz, CDCls) & 7.55 (s, 1H), 7.34 (s, 1H), 4.30 (t, J = 8.0 Hz, 2H), 3.77 (s, 3H), 3.60
(t, 3 = 8.0 Hz, 2H), 3.39 (t, J = 7.0 Hz, 2H), 2.45 (t, J = 7.0 Hz, 2H), 2.42 (s, 3H), 2.26 (s, 3H), 1.84 (quint, J =
7.0 Hz, 2H); *C NMR (100 MHz, CDCls3) 6 191.7, 158.5, 155.9, 137.7, 132.7, 131.7, 130.0, 119.1, 88.7, 79.9,
61.7, 61.7, 44.8, 43.5, 26.3, 16.8, 15.8, 12.4; EIMS m/z (rel intensity) 347 (M*, 1.1), 300 (100), 299 (29), 277
(6.1), 199 (6.6); HRMS (EI) for C1H21NO,4S calcd 347.1191 (M*), found 347.1200.

N,2-Dimethoxy-3-methyl-5-[5-(5-methyl-1,3,4-oxadiazol-2-yl)pent-1-yn-1-yl]benzenecarboximidoyl Fluo-
ride (55). 7 /V% > 50 (320 mg, 2.10 mmol), = {7 U —/L 44 (560 mg, 1.75 mmol), EtsN (0.50 mL,
3.50 mmol), Cul (40 mg, 0.180 mmol), PdCI(PPhs), (120 mg, 0.175 mmol), THF (15 mL) % H >,
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Sonogashira Coupling @ —fiX#AEIEICHE 5 72, 20 RfEIIRER L7k, U WSV T L~ N7 T 7 4

— (EtOAc : hexane = 1 : 1) THEHR L, (LAY 55 (468 mg, 78%) Z157=. #AmkY. H NMR (270
MHz, CDCls) 6 7.45 (s, 1H), 7.32 (s, 1H), 3.97 (s, 3H), 3.80 (s, 3H), 3.00 (t, J = 7.2 Hz, 2H), 2.55 (t, J = 7.2 Hz,
2H), 2.50 (s, 3H), 2.28 (s, 3H), 2.08 (quint, J = 7.2 Hz, 2H); 3C NMR (68 MHz, CDCls) ¢ 166.1, 163.5, 156.5,
148.8 (d, Jcr = 324.5 Hz), 136.7, 132.6, 130.5 (d, Jocer = 4.5 Hz), 120.1 (d, Jecr = 27.9 Hz), 119.1, 88.3, 80.2,
63.1 (d, Jcoccer = 2.2 Hz), 60.9 (d, Jconcr = 2.2 Hz), 25.2, 24.3, 18.7, 15.8, 10.9; EIMS m/z (rel intensity) 345
(M*, 38), 248 (34), 197 (21), 98 (100); HRMS (EI) for C15H20FN3O; calcd 345.1488 (M*), found 345.1493.

N,2-Dimethoxy-3-methyl-5-[5-(3-methyl-1,2,4-oxadiazol-5-yl)pent-1-yn-1-yl]Jbenzenecarboximidoyl Fluo-
ride (56). 7 /L% > 51 (459 mg, 3.06 mmol), = V{7 U —/L 44 (823 mg, 2.55 mmol), EtsN (0.71 mL,
5.10 mmol), Cul (49 mg, 0.260 mmol), PdCIx(PPhs), (179 mg, 0.255 mmol), THF (12 mL) % H\,
Sonogashira Coupling ® —fix#/FIEICE > 7=, 20 FfRIEHE LTc%, VATV T Lo a~ 7T 7 4
— (EtOAc : hexane = 1 : 6) THHLL, (L& 56 (760 mg, 86%) Z157-. MY, 'H NMR (400
MHz, CDCls) 6 7.45 (d, J = 1.8 Hz, 1H), 7.32 (d, J = 1.8 Hz, 1H), 3.97 (s, 3H), 3.80 (s, 3H), 3.04 (t, J = 7.2 Hz,
2H), 2.55 (t, J = 7.2 Hz, 2H), 2.38 (s, 3H), 2.28 (s, 3H), 2.11 (quint, J = 7.2 Hz, 2H); 3C NMR (100 MHz,
CDCls) § 178.9, 167.1, 156.7, 149.1 (d, Jcr = 323.0 Hz), 137.0, 132.8, 130.8 (d, Jcccr = 4.4 Hz), 120.4 (d, Jecr
= 29.0), 111.2, 88.1, 80.5, 63.2, 61.0, 25.4, 25.3, 18.7, 15.9, 11.5; EIMS m/z (rel intensity) 345 (M*, 60), 248
(83), 197 (81), 153 (36), 98 (100); HRMS (EI) for C1gH20FN30s calcd 345.1489 (M*), found 345.1474.

N,2-Dimethoxy-3-methyl-5-[5-(2-0x0-1,3-0xazolidin-3-yl)pent-1-yn-1-yl]benzenecarboximidoyl Fluoride
(57). 7L 52 (149 mg, 0.972 mmol), = v{k7 U —/ 44 (262 mg, 0.810 mmol), EtsN (0.22 mL, 1.60
mmol), Cul (15 mg, 0.081 mmol), PdCIlx(PPhs) (57 mg, 0.081 mmol), THF (6 mL) % f\>, Sonogashira
Coupling D —fHRFIEIZHE > 7. 20 RefIR¥E L7, SV ATV T Lo a~ 7T 7 ¢+ — (EtOAC :
hexane = 1: 1) THHELL, (LA 57 (760 mg, 86%) % f57=. EH K. H NMR (270 MHz, CDCls) 6
7.45 (d, J = 2.2 Hz, 1H), 7.34 (d, J = 2.2 Hz, 1H), 4.35 (t, J = 8.0 Hz, 2H), 3.97 (s, 3H), 3.80 (s, 3H), 3.61 (t, J
= 8.0 Hz, 2H), 3.42 (t, J = 7.1 Hz, 2H), 2.45 (t, J = 7.1 Hz, 2H), 2.28 (s, 3H), 1.87 (quint, J = 7.1 Hz, 2H); 1*C
NMR (68 MHz, CDCl3) 6 158.3, 156.4, 148.8 (d, Jcr = 324.8 Hz), 136.8, 132.7, 130.5 (d, Jecce= 4.5 Hz), 120.2
(d, Jccr = 28.0 Hz), 119.2, 88.6, 79.8, 63.1 (d, Jconcr = 2.0 Hz), 61.7, 60.9 (d, Jcoccer = 2.0 Hz), 44.8, 43.5,
26.4, 16.9, 15.9; EIMS m/z (rel intensity) 348 (M*, 37), 297 (36), 28.5 (29), 230 (34), 230 (34), 210 (89), 100
(80), 56 (100); HRMS (EI) for C1gH2:FN2O4 calcd 348.1485 (M*), found 348.1486.

N,2-Dimethoxy-3-methyl-5-[5-(5-methyl-1,3,4-oxadiazol-2-yl)pent-1-yn-1-yl]benzenecarboximidoyl Chlo-
ride (58). 7 /L% > 50 (160 mg, 1.07 mmol), = V{1t 7 U —/L 45 (303 mg, 0.892 mmol), EtzN (0.23 mL,
1.80 mmol), Cul (20 mg, 0.089 mmol), PdCl(PPhs), (60 mg, 0.089 mmol), THF (7 mL) % H V>, Sonogashira
Coupling D —HRFIEIZHE > 7o, 20 RefEIR¥E L7k, U WSV T Lo ua~ 7T 7 ¢+ — (EtOAc :
hexane = 1: 1) THHE L, (LA 58 (320 mg, 99%) % f57=. EE K. H NMR (270 MHz, CDCls) 6
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7.32(d, J = 2.0 Hz, 1H), 7.28 (d, J = 2.0 Hz, 1H), 4.09 (s, 3H), 3.79 (s, 3H), 3.00 (t, J = 7.2 Hz, 2H), 2.54 (t, J
= 7.2 Hz, 2H), 2.50 (s, 3H), 2.28 (s, 3H), 2.07 (quint, J = 7.2 Hz, 2H); *C NMR (68 MHz, CDCls) J 166.1,
163.5, 156.0, 136.1, 133.6, 132.1, 131.5, 127.1, 118.9, 88.1, 80.4, 63.0, 61.3, 25.3, 24.3, 18.8, 16.1, 11.0; EIMS
m/z (rel intensity) 361 (M*, 42), 363 (M* + 2, 15), 294 (26), 266 (12), 264 (29), 197 (37), 98 (100); HRMS (EI)
for CisH205CINsO; caled 361.1193 (M*), found 361.1198, CisHz0°"CINsO; caled 363.1164 (M* + 2), found
361.1176.

N,2-Dimethoxy-3-methyl-5-[5-(3-methyl-1,2,4-oxadiazol-5-yl)pent-1-yn-1-yl]Jbenzenecarboximidoyl Chlo-
ride (59). 77/L-% > 51 (360 mg, 2.40 mmol), = {7 Y —/L 45 (679 mg, 2.00 mmol), EtsN (0.56 mL,
6.00 mmol), Cul (38 mg, 0.200 mmol), PdCI,(PPhs); (140 mg, 0.200 mmol), THF (12 mL) % V>,
Sonogashira Coupling ® —fix#/FIEICE > 7=, 20 FfRIEHE LTc%, VATV T Lo a~ 7T 7 4
— (EtOAc : hexane = 1 : 6) THHR L, {bA&¥ 59 (720 mg, 100%) Z157-. MEAHMRY). TH NMR (400
MHz, CDCls) 6 7.32 (d, J = 2.0 Hz, 1H), 7.29 (d, J = 2.0 Hz, 1H), 4.09 (s, 3H), 3.79 (5, 3H), 3.04 (t, J = 7.2 Hz,
2H), 2.55 (t, J = 7.2 Hz, 2H), 2.38 (s, 3H), 2.28 (s, 3H), 2.10 (quint, J = 7.2 Hz, 2H); 3C NMR (100 MHz,
CDCls) 6 178.9, 167.0, 156.2, 136.3, 133.8, 132.3, 131.7, 127.2, 119.0, 88.0, 80.6, 63.1, 61.3, 25.4, 25.3, 18.7,
16.0, 11.5; EIMS m/z (rel intensity) 361 (M*, 29), 363 (M* + 2, 10), 294 (34), 264 (37), 197 (85), 184 (43), 98
(100); HRMS (EI) for C1sH20**CIN3O3 caled 361.1193 (M*), found 361.1170, C1sH20°"CIN3O3 caled 363.1164
(M* + 2), found 363.1136.

N,2-Dimethoxy-3-methyl-5-[5-(2-0x0-1,3-0xazolidin-3-yl)pent-1-yn-1-yl]benzenecarboximidoyl Chloride
(60). 7 /L% 52 (150 mg, 0.980 mmol), = {7 U — L 45 (227 mg, 0.817 mmol), Et;N (0.22 mL, 1.60
mmol), Cul (15 mg, 0.082 mmol), PdCIlx(PPhs), (45 mg, 0.082 mmol), THF (6 mL) % f\>, Sonogashira
Coupling D —fHRFIEIZHE > 7. 20 RefIR¥E L7, SV ATV T Lo a~ 7T 7 ¢+ — (EtOAC :
hexane = 1:1) THHR L, (LA 60 (211 mg, 72%) % 457-. EAjhkY. '"H NMR (400 MHz, CDCls) 6
7.32(d, J = 2.0 Hz, 1H), 7.30 (d, J = 2.0 Hz, 1H), 4.32 (t, J = 8.1 Hz, 2H), 4.09 (s, 3H), 3.78 (s, 3H), 3.61 (t, J
=8.1 Hz, 2H), 3.41 (t, J = 7.0 Hz, 2H), 2.47 (t, J = 7.0 Hz, 2H), 2.28 (s, 3H), 1.86 (quint, J = 7.0 Hz, 2H); 13C
NMR (100 MHz, CDCl3) ¢ 158.2, 155.9, 136.0, 133.5, 132.1, 131.3, 127.0, 118.8, 88.3, 79.7, 62.8, 61.4, 61.0,
445, 43.3, 26.1, 16.6, 15.8; EIMS m/z (rel intensity) 364 (M*, 20), 366 (M*+ 2, 6.7), 297 (32), 279 (12), 277
(36), 210 (100), 197 (21), 184 (17), 100 (43); HRMS (EI) for C1sH2:%5CIN,O4 calcd 364.1190 (M*), found
364.1176, C1sH21*"CIN,O4 calcd 366.1160 (M* + 2), found 366.1156.

tert-Butyl 6-{4-Methoxy-3-methyl-5-[(methylsulfanyl)carbonyl]phenyl}thex-5-ynoate (70). 7 /L% > 69
(2.00 g, 11.9 mmol), = 747 U —/L 43 (3.20 g, 11.9 mmol), EtsN (2.77 mL, 19.9 mmol), Cul (227 mg,
1.19 mmol), PdCI,(PPhs), (697 mg, 0.993 mmol), THF (65 mL) % Jf\>, Sonogashira Coupling > —f&f#{Ek
W7o, L6 IR LTetk, v U SV T L7 a~ 7T 7 ¢ — (EtOAC: hexane = 1:19) Tl
L, {b&% 70 (3.28 g, 91%) % 157=. MEAHIRY). '"H NMR (400 MHz, CDCl3) 6 7.58 (d, J = 2.2 Hz, 1H),
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7.36 (d, J = 2.2 Hz, 1H), 3.80 (s, 3H), 2.49-2.37 (m, 7H), 2.28 (s, 3H), 1.87 (quint, J = 7.0 Hz, 2H), 1.46 (s,
9H); C NMR (100 MHz, CDCls) 6 191.3, 172.0, 155.5, 137.4, 132.3, 131.4, 129.8, 119.1, 89.1, 80.0, 79.7,
61.6, 34.2, 27.9, 23.9, 18.7, 15.8, 12.3; EIMS m/z (rel intensity) 362 (M*, 2.2), 315 (21), 306 (18), 259 (100),
128 (10); HRMS (EI) for CaoH2504S calcd 362.1551 (M*), found 362.1563.

Hydrostannation (—xE/ELE).

TFL (104 ) L Pd(PPhs)s (0.10 24 &) DMK THF IAIEIC, BusSnH (1.5 % #) % 7 /L2 F 0°C
T R L, IR THIE L2, BUSKE T, WA HIERE L, EtOAc (50 mL) TA R L 72 SUGAIK & >
UBTMH UTe. BE, WEZEEREL, REZVWITND T L7 u~ VT T 7 4 —THREL
7-.

S-Methyl 2-Methoxy-3-methyl-5-[(1E)-5-(3-methyl-1,2,4-oxadiazol-5-yl)-1-(tributylstannanyl)pent-1-en-
1-yl]benzenecarbothioate (61). 7" /L= > 53 (412 mg, 1.20 mmol), Pd(PPhs)4 (41 mg, 0.036 mmol), BusSnH
(0.48 mL, 1.79 mmol), THF (6 mL) % f\>, Hydrostannation O —f&E/EIEICHE - 72, 2 BRI #R L7244,
YIUNTNAT AT a~ N7 T 7 ¢— (EtOAC : hexane = 1 :7) THEIL, {LA&Y 61 (576 mg, 76%)
T, FHEAmRY. IR (neat) 2920, 2850, 1679, 1583, 1465 cm™; 'H NMR 6 7.12 (s, 1H), 6.87 (s, 1H), 5.76
(t, 3 = 7.0 Hz, 1H), 3.82 (s, 3H), 2.79 (t, J = 7.4 Hz, 2H), 2.44 (s, 3H), 2.34 (s, 3H), 2.30 (s, 3H), 2.20-2.15 (m,
2H), 1.89 (quint, J = 7.4 Hz, 2H), 1.49-1.41 (m, 6H), 1.32-1.23 (m, 6H), 0.911-0.841 (m, 15H); *C NMR &
192.0, 179.1, 166.7, 153.6, 145.8, 140.3, 140.0, 133.2, 131.9, 131.1, 125.0, 61.5, 29.0, 28.8, 27.1, 26.1, 25.6,
15.9, 135, 12.2, 11.3, 9.78; FABMS m/z 636 (MH™).

S-Methyl 2-Methoxy-3-methyl-5-[(1E)-5-(2-0x0-1,3-0xazolidin-3-yl)-1-(tributylstannanyl)pent-1-en-1-yl]-
benzenecarbothioate (62). 7" /L=~ 54 (170 mg, 0.489 mmol), Pd(PPhs)s (56 mg, 0.049 mmol), BusSnH
(0.19 mL, 0.734 mmol), THF (5 mL) % f\>, Hydrostannation & —f%#/EIEICE - 72, 5 BRI R L 721,
SUBTNTT T a~ s 57 4 — (EtOAC : hexane = 1 :2) THHLL, {b&% 62 (212 mg, 68%)
AT, EHEAIRY. IR (neat) 1759, 1678, 1645, 1242 cm'’; 'H NMR (400 MHz, CDCl3) 6 7.09 (d, J = 1.8
Hz, 1H), 6.87 (d, J = 1.8 Hz, 1H), 5.75 (t, J =7.2 Hz, 1H), 4.21 (t, J = 7.9 Hz), 3.80 (s, 3H), 3.42 (t, J = 7.9 Hz,
2H), 3.18 (t, J = 7.2 Hz, 2H), 2.43 (s, 3H), 2.29 (s, 3H), 2.04 (g, J = 7.2 Hz, 2H), 1.59 (quint, J = 7.2 Hz, 2H),
1.46-1.38 (m, 6H), 1.29-1.20 (m, 6H), 0.88-0.82 (m, 15H); 3C NMR (100 MHz, CDCls) 6 192.4, 158.4, 153.8,
145.3, 140.8, 140.3, 133.5, 132.2, 131.2, 125.1, 61.7, 61.6, 44.4, 43.8, 28.9, 27.5, 27.2, 27.1, 16.1, 13.7, 12.4,
9.93; FABMS m/z 640 (MH*).

N,2-Dimethoxy-3-methyl-5-[(1E)-5-(5-methyl-1,3,4-oxadiazol-2-yl)-1-(tributylstannanyl)pent-1-en-1-yl]-

benzenecarboximidoyl Fluoride (63). 7" /L= > 55 (470 mg, 1.35 mmol), Pd(PPhs), (160 mg, 0.135 mmol),
BusSnH (0.54 mL, 2.00 mmol), THF (15 mL) % f\>, Hydrostannation O — & ELE IS HE - 72, 23 REREF#R
Li=tk, YUV BTN T AT a~ 7T 74— (EtOAc: hexane=1:2) THR L, {L&¥ 63 (692 mg,
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81%) #437=. EHEA Y. 'H NMR (270 MHz, CDCls) 6 6.94 (s, 1H), 6.82 (s, 1H), 5.74 (t, J = 7.3 Hz, 1H),
3.97 (s, 3H), 3.80 (s, 3H), 2.74 (t, J = 7.3 Hz, 2H), 2.47 (s, 3H), 2.28 (s, 3H), 2.19-2.10 (m, 2H), 1.83 (quint, J
= 7.3 Hz, 2H), 1.52-1.37 (m, 6H), 1.33-1.19 (m, 6H), 0.89-0.83 (m, 15H); 3C NMR (68 MHz, CDCls) 6 166.7,
163.3, 154.3, 149.6 (d, Jcr = 324.0 Hz), 145.6, 140.5, 140.2, 132.4, 132.1, 125.4 (d, Jeccr = 4.5 Hz), 119.6 (d,
Jecr = 20.6 Hz), 63.1 (d, Jeoncr = 2.2 Hz), 60.9 (d, Jcoccer = 2.2 Hz), 29.3, 29.0, 27.3, 26.4, 24.8, 16.2, 13.7,
10.9, 10.0; EIMS m/z (rel intensity) 637 (M*, 0.03), 580 (100), 578 (76), 98 (45).

N,2-Dimethoxy-3-methyl-5-[(1E)-5-(3-methyl-1,2,4-oxadiazol-5-yl)-1-(tributylstannanyl)pent-1-en-1-yl]-
benzenecarboximidoyl Fluoride (64). 7 /L3> 56 (744 mg, 2.15 mmol), Pd(PPhs)s (249 mg, 0.215 mmol),
BusSnH (0.86 mL, 3.20 mmol), THF (12 mL) % Fi\>, Hydrostannation O — /BB HE - 72 20 RERITE#E
Liztk, YU BTNV T Lo a~ 7T 7 4— (EtOAc : hexane = 1:9) TR L, {t&% 64 (1.05 g,
77%) Z457=. HEAJRY. TH NMR (270 MHz, CDCls) 0 6.94 (d, J = 2.1 Hz, 1H), 6.81 (d, J = 2.1 Hz, 1H),
5.72 (t, J = 7.3 Hz, 1H), 4.00 (s, 3H), 3.80 (s, 3H), 2.78 (t, J = 7.3 Hz, 2H), 2.35 (s, 3H), 2.28 (s, 3H), 1.92-1.84
(m, 2H), 1.87 (quint, J = 7.3 Hz, 2H), 1.48-1.37 (m, 6H), 1.35-1.19 (m, 6H), 0.95-0.83 (m, 15H); 3C NMR (68
MHz, CDCls) § 179.1, 166.7, 154.3, 149.6 (d, Jcr = 323.7 Hz), 145.8, 140.3, 140.2, 132.3, 132.0, 125.4 (d,
Jecer = 4.5 Hz), 119.7 (d, Jecr = 27.4 Hz), 63.2 (d, Jconer = 1.7 Hz), 60.9 (d, Jeoceer = 1.7 Hz), 29.2, 29.0,
27.3,26.4,25.9,16.2, 13.7,11.5.

N,2-Dimethoxy-3-methyl-5-[(1E)-5-(2-0x0-1,3-0xazolidin-3-yl)-1-(tributylstannanyl)pent-1-en-1-yl]ben-
zenecarboximidoyl Fluoride (65). 7 /L% >~ 57 (200 mg, 0.556 mmol), Pd(PPhs)s (66 mg, 0.057 mmol),
BusSnH (0.24 mL, 0.830 mmol), THF (5 mL) % i\, Hydrostannation ® — % /E1EIZHE - 7= 20 B #
L=tk YUBTFNIT A a~ 7T 7 4— (EtOAC: hexane=2:1) THRE L, L& 65 (247 mg,
68%) Z157=. kY. TH NMR (270 MHz, CDCls) 6 6.93 (d, J = 1.8 Hz, 1H), 6.83 (d, J = 1.8 Hz, 1H),
5.75 (t, J = 7.3 Hz, 1H), 4.23 (t, J = 8.0 Hz, 2H), 3.96 (s, 3H), 3.80 (s, 3H), 3.44 (t, J = 8.0 Hz, 2H), 3.19 (t, J =
7.3 Hz, 2H), 2.29 (s, 3H), 2.09-2.01 (m, 2H), 1.61 (quint, J = 7.3 Hz, 2H), 1.48-1.37 (m, 6H), 1.33-1.19 (m,
6H), 0.89-0.83 (m, 15H); *C NMR (68 MHz, CDCls) 6 158.1, 154.2, 149.5 (d, Jcr = 324.5 Hz), 145.0, 140.6,
140.2, 132.4, 132.0, 125.3 (d, Jecer = 4.5 Hz), 119.5 (d, Jecr = 27.4 Hz), 62.9 (d, Jconcr = 1.8 Hz), 61.5, 60.8
(d, Jcoccer = 1.8 Hz), 44.3,43.7, 28.7, 27.4, 27.2, 16.0, 13.6, 9.9; FABMS m/z 641 (MH").

N,2-Dimethoxy-3-methyl-5-[(1E)-5-(5-methyl-1,3,4-oxadiazol-2-yl)-1-(tributylstannanyl)pent-1-en-1-yl]-

benzenecarboximidoyl Chloride (66). 7" /L= 58 (370 mg, 1.01 mmol), Pd(PPh3)s (120 mg, 0.101 mmol),
BusSnH (0.40 mL, 1.40 mmol), THF (6 mL) % f\, Hydrostannation @ — % #Ea/ERIZHE - 7. 18 HFREIF#R
L=, YUBTFNIT L~ 7T 74— (EtOAc: hexane=1:1) THRE L, L& 66 (530 mg,
80%) & 4537=. kY. 'TH NMR (270 MHz, CDCls) 6 6.83 (d, J = 2.2 Hz, 1H), 6.78 (d, J = 2.2 Hz, 1H),
5.73 (t, J = 7.6 Hz, 1H), 4.09 (s, 3H), 3.78 (s, 3H), 2.74 (t, J = 7.6 Hz, 2H), 2.45 (s, 3H), 2.29 (s, 3H), 2.20-2.12
(m, 2H), 1.84 (quint, J = 7.6 Hz, 2H), 1.48-1.37 (m, 6H), 1.32-1.19 (m, 6H), 0.89-0.82 (m, 15H); 3C NMR (68
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MHz, CDCl3) ¢ 166.5, 163.1, 153.5, 145.5, 140.3, 139.9, 134.0, 131.4, 131.3, 126.5, 126.4, 62.7, 61.1, 29.2,
28.9,27.2,26.3,24.6, 16.2, 13.6, 10.8, 9.9; FABMS m/z 654 (MH*).

N,2-Dimethoxy-3-methyl-5-[(1E)-5-(3-methyl-1,2,4-oxadiazol-5-yl)-1-(tributylstannanyl)pent-1-en-1-yl]-
benzenecarboximidoyl Chloride (67). 7" /L= 59 (737 mg, 2.04 mmol), Pd(PPhs)4 (235 mg, 0.204 mmol),
BusSnH (0.81 mL, 3.10 mmol), THF (10 mL) % F\>, Hydrostannation O — /BB HE - 72 20 RERITE#E
Liztk, YU BTNV T Lo a~ 7T 74— (EtOAC: hexane=1:9) THELL, L&Y 67 (934 mg,
70%) %457, HEAJRY. TH NMR (400 MHz, CDCls) 6 6.82 (d, J = 2.2 Hz, 1H), 6.77 (d, J = 2.2 Hz, 1H),
5.73 (t, J = 6.8 Hz, 1H), 4.09 (s, 3H), 3.78 (s, 3H), 2.78 (t, J = 7.6 Hz, 2H), 2.35 (s, 3H), 2.29 (s, 3H), 2.17-2.14
(m, 2H), 1.87 (quint, J = 7.6 Hz, 2H), 1.68-1.37 (m, 6H), 1.35-1.19 (m, 6H), 0.99-0.74 (m, 15H); 3C NMR
(100 MHz, CDCl3) 6 179.4, 166.9, 153.8, 146.0, 140.4, 140.1, 134.4, 131.7, 126.8, 126.7, 63.0, 61.3, 29.2, 29.0,
27.3,26.4,25.9, 16.3, 13.7, 11.5, 9.9; FABMS m/z 654 (MH").

N,2-Dimethoxy-3-methyl-5-[(1E)-5-(2-0x0-1,3-0xazolidin-3-yl)-1-(tributylstannanyl)pent-1-en-1-yl]ben-
zenecarboximidoyl Chloride (68). 7 /L% > 60 (414 mg, 1.14 mmol), Pd(PPhs)s (131 mg, 0.114 mmol),
BusSnH (0.45 mL, 1.70 mmol), THF (8 mL) % Ff\>, Hydrostannation o> —fi¥#{EILIZHE - 7=, 22 BRI #8
L7z, YU BFANTThra~ 27T 74— (EtOAc: hexane=2:1) THHE L, 1A% 68 (503 mg,
67%) Z157=. FAkY. TH NMR (400 MHz, CDCls) 6 6.82 (d, J = 2.2 Hz, 1H), 6.80 (d, J = 2.2 Hz, 1H),
5.75 (t, J = 7.1 Hz, 1H), 4.23 (t, J = 8.0 Hz, 2H), 4.09 (s, 3H), 3.78 (s, 3H), 3.41 (t, J = 8.0 Hz, 2H), 3.19 (t, J =
7.1 Hz, 2H), 2.29 (s, 3H), 2.09-2.04 (m, 2H), 1.60 (quint, J = 7.1 Hz, 2H), 1.49-1.37 (m, 6H), 1.33-1.19 (m,
6H), 0.89-0.83 (m, 15H); 3C NMR (100 MHz, CDCls) § 158.4, 153.8, 145.4, 140.7, 140.2, 134.3, 131.8, 131.7,
126.7, 126.6, 63.0, 61.6, 61.3, 44.4, 43.8, 28.9, 27.5, 27.3, 27.1, 16.3, 13.7, 9.9; FABMS m/z 657 (MH").

tert-Butyl (5E)-6-{4-Methoxy-3-methyl-5-[(methylsulfanyl)carbonyl]phenyl}-6-(tributylstannanyl)hex-5-
enoate (71). 7 /L% > 70 (3.17 g, 8.75 mmol), Pd(PPhs), (1.01 g, 0.874 mmol), BusSnH (3.48 mL, 13.1
mmol), THF (110 mL) % A\, Hydrostannation > —ffR{EIRICHE - 72, 16 FEREER L72%, v U o7
BT hra< 757 4 — (EtOAC: hexane =1:19) THELL, {LE&W 71 (5.47 g, 96%) Z157-. MM
4. 'H NMR (270 MHz, CDCls) 6 7.11 (d, J = 2.0 Hz, 1H), 6.87 (d, J = 2.0 Hz, 1H), 5.73 (t, J = 6.9 Hz,
1H), 3.81 (s, 3H), 2.44 (s, 3H), 2.29 (s, 3H), 2.16 (t, J = 7.4 Hz, 2H), 2.10-2.02 (m, 2H), 1.64 (t, J = 7.4 Hz,
2H), 1.49-1.37 (m, 6H), 1.39 (s, 9H), 1.33-1.19 (m, 6H), 0.89-0.81 (m, 15H); 3C NMR (68 MHz, CDCls) &
191.9, 172.6, 153.4, 144.4, 141.4, 140.2, 133.4, 131.8, 131.0, 125.1, 61.6, 34.9, 29.1, 28.8, 27.9, 27.2, 25.1,
16.0, 13.7, 12.3, 9.9.

Stille Coupling (— R 1EEE).
T V=L (1.04E), AAX T (1.04%5F), CsF (3.0 4E) 25T DMFIEAIAIKREZ 0°C T
10 M7 v = R0 T L 72, RN T, PA(PPhs)s (0.10 ) & Cul (1.2 &) % BUSERIZINZ,
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T KT 60 °C b L UTEIR THFR L7o. RS T4, CHoCl & HoO Z A THEFR L, USRI
Z EtOAc T T A kAl L7k, AkIEEZ o HEL 7. AFE 2 fafn &K TU, NaSO, THIMEEE,
WIEAWIERBEL, BEEA VYV ATN DT L~ N7 T 7 4 —TRE L.

S-Methyl 5-[(1E)-1-(3,7-Dimethyl-2-ox0-2,3-dihydro-1,3-benzoxazol-5-yl)-5-(3-methyl-1,2,4-oxadiazol-5-
yl)-pent-1-en-1-yl]-2-methoxy-3-methylbenzenecarbothioate (10). = {7 U —/L 46 (53 mg, 0.239
mmol), AR ¥ > F > 61 (150 mg, 0.239 mmol), CsF (6 mg, 0.048 mmol), Pd(PPhs)s (22 mg, 0.024
mmol), Cul (44 mg, 0.287 mmol), DMF (6 mL) % F\>, Stille Coupling @ — % Ea/EIEICHE - 7=, RIE T 22
WEFRPR L7k, v U WSV h T A a~ 7T 7 4 — (EtOAC : hexane = 2 : 1) THELL, L&
10 (81 mg, 67%) % 1%7-. EEAHIRY). IR (neat) 2932, 1776, 1472, 1209, 1146 cm; '"H NMR ¢ 7.35 (d, J =
2.0 Hz, 1H), 7.08 (d, J = 2.0 Hz, 1H), 6.75 (d, J = 1.4 Hz, 1H), 6.57 (d, J = 1.4 Hz, 1H), 5.95 (t, J = 7.6 Hz, 1H),
3.88 (s, 3H), 3.35 (s, 3H), 2.86 (t, J = 7.6 Hz, 2H), 2.46 (s, 3H), 2.35 (s, 3H), 2.33 (s, 3H), 2.33 (s, 3H),
2.28-2.23 (m, 2H), 1.98 (quint, J = 7.6 Hz, 2H); °C NMR ¢ 192.3, 179.2, 167.0, 155.7, 155.0, 141.5, 140.6,
138.5, 136.2, 135.1, 132.7, 131.4, 131.3, 128.8, 128.2, 123.6, 120.0, 104.6, 61.7, 29.0, 28.2, 26.6, 25.9, 16.2,
14.5, 12.5, 11.5; EIMS m/z (rel intensity) 507 (M*, 11.3), 460 (100), 402 (18.4), 321 (14.1); HRMS (EI) for
Ca7H29N305S caled 507.1878 (M), found 507.1801.

S-Methyl 5-[(1E)-1-(3,7-Dimethyl-2-ox0-2,3-dihydro-1,3-benzoxazol-5-yl)-5-(2-ox0-1,3-0xazolidin-3-yl)-
pent-1-en-1-yl]-2-methoxy-3-methylbenzenecarbothioate (11). = {7 U —/L 46 (36 mg, 0.125 mmol),
HHEA X ) 62 (80 mg, 0.125 mmol), CsF (57 mg, 0.375 mmol), Pd(PPha)s (15 mg, 0.013 mmol), Cul
(29 mg, 0.150 mmol), DMF (6 mL) % >, Stille Coupling & — ¥ BR{EIEIZHE ~ 72, 60 °C T 7 FERIHEE L
7otk YIUNTFNDT A~ T T 7 ¢— (EtOAC : hexane = 2 : 1) TH®L, {t&® 11 (57 mg,
89%) A 157, MY, 'H NMR (400 MHz, CDCls3) 6 7.37 (d, J = 1.8 Hz, 1H), 7.08 (d, J = 1.8 Hz, 1H),
6.74 (d, J = 0.8 Hz, 1H), 6.59 (d, J = 0.8 Hz, 1H), 5.98 (t, J = 7.4 Hz, 1H), 4.25 (t, J = 8.0 Hz, 2H), 3.87 (s, 3H),
3.48 (t, J = 8.0 Hz, 2), 3.33 (s, 3H), 3.26 (t, J = 7.4 Hz, 2H), 2.44 (s, 3H), 2.32 (s, 3H), 2.31 (s, 3H), 2.17-2.12
(m, 2H), 1.71 (quint, J = 7.4 Hz, 2H); *C NMR (100 MHz, CDCls) § 192.26, 158.39, 155.73, 155.01, 141.01,
140.55, 138.56, 136.29, 135.17, 132.76, 131.30, 131.28, 129.08, 128.05, 123.63, 119.92, 104.65, 61.69, 61.61,
44.42,43.70, 28.20, 27.49, 26.81, 16.14, 14.44,12.47.

S-Methyl 2-Methoxy-5-[(12)-1-(3-methoxy-7-methyl-1,2-benzoxazol-5-yl)-5-(3-methyl-1,2,4-oxadiazol-5-

yl)-pent-1-en-1-yl]-3-methylbenzenecarbothioate (13). = {7 U —/L 47 (53 mg, 0.239 mmol), A A
% >J > 61 (150 mg, 0.239 mmol), CsF (6 mg, 0.048 mmol), Pd(PPhs)s (22 mg, 0.024 mmol), Cul (44 mg,
0.287 mmol), DMF (6 mL) % >, Stille Coupling & —f& BRAEIEIZHE» 7. SRIR T 22 BT R L7214,
VIUNTNDT AT a~ 7T 7 ¢ — (EtOAC : hexane = 1 :2) THRIL, /L& 13 (102 mg, 85%)
Z AT, AR, IR (neat) 2927, 1687, 1482, 1141 cm'®; 'H NMR § 7.40 (d, J = 1.2 Hz, 1H), 7.36 (d, J =
2.0 Hz, 1H), 7.27 (d, J = 1.2 Hz, 1H), 7.06 (d, J = 2.0 Hz, 1H), 6.01 (t, J = 7.4 Hz, 1H), 3.88 (s, 3H), 3.67 (s,
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3H), 2.85 (t, J = 7.4 Hz, 2H), 2.44 (s, 3H), 2.35 (s, 6H), 2.32 (s, 3H), 2.28-2.22 (m, 2H), 1.97 (quint, J = 7.4 Hz,
2H); ¥C NMR ¢ 192.1, 179.2, 167.0, 163.0, 158.2, 155.8, 140.8, 138.4, 136.2, 134.8, 133.1, 132.8, 131.5,
129.1, 128.2, 120.1, 119.9, 115.9, 61.7, 32.6, 26.5, 25.9, 16.2, 14.2, 14.1, 12.5, 11.5; EIMS m/z (rel intensity)
507 (M*, 2.4), 460 (100), 459 (31), 362 (19); HRMS (El) for CaH2N30sS calcd 507.1828 (M*), found
507.1807.

S-Methyl 2-Methoxy-5-[(12)-1-(3-methoxy-7-methyl-1,2-benzoxazol-5-yl)-5-(2-0x0-1,3-0xazolidin-3-yl)-
pent-1-en-1-yl]-3-methylbenzenecarbothioate (14). = 7{t7 U —/ L 47 (54 mg, 0.188 mmol), FH ik A ¥
>+ 62 (120 mg, 0.188 mmol), CsF (86 mg, 0.564 mmol), Pd(PPhs)s (22 mg, 0.019 mmol), Cul (43 mg,
0.226 mmol), DMF (6 mL) % Fi\>, Stille Coupling O —ffEIEIZHE > 7. 60 °C T 7 B # L 72%, v
VBTN HThra~< 7T 7 4— (EtOAc: hexane =2 :1) THELL, {t&W 14 (78 mg, 81%) %15
7. AR, TH NMR (400 MHz, CDCls) 6 7.39 (d, J = 0.4 Hz, 1H), 7.35 (d, J = 2.0 Hz, 1H), 7.27 (d, J =
0.4 Hz, 1H), 7.06 (d, J = 2.0 Hz, 1H), 6.02 (t, J = 7.4 Hz, 1H), 4.24 (t, J = 8.0 Hz, 2H), 3.78 (s, 3H), 3.65 (5,
3H), 3.47 (t, J = 8.0 Hz, 2H), 3.25 (t, J = 7.4 Hz, 2H), 2.43 (s, 3H), 2.34 (s, 3H), 2.31 (s, 3H), 2.17-2.11 (m, 2H),
1.69 (quint, J = 7.4 Hz, 2H); **C NMR (100 MHz, CDCls) ¢ 192.1, 163.0, 158.4, 158.2, 155.9, 140.4, 138.4,
136.3, 134.9, 133.1, 132.9, 131.4, 129.3, 128.1, 120.0, 119.9, 115.8, 61.7, 61.6, 44.4, 43.7, 32.6, 27.5, 26.9,
16.2, 14.1, 12.5; EIMS m/z (rel intensity) 510 (M*, 9.2), 463 (100), 334 (29), 329 (36), 321 (68), 316 (24), 100
(18), 56 (24); HRMS (EI) for C27H30N206S calcd 510.1825 (M*), found 510.1809.

S-Methyl 5-[(12)-1-(3-Cyanophenyl)-5-(3-methyl-1,2,4-oxadiazol-5-yl)pent-1-en-1-yl]-2-methoxy-3-me-
thyl-benzenecarbothioate (16). = 7{t7 U —/L 48 (50 mg, 0.261 mmol), HHEA % > F > 61 (164 mg,
0.261 mmol), CsF (86 mg, 0.783 mmol), Pd(PPhs)4 (30 mg, 0.026 mmol), Cul (60 mg, 0.313 mmol), DMF (6
mL) % V>, Stille Coupling D — AR EIEICHE » 7o, RIB CT22WEMEHR L7214, S U B h T L7 n
~ h7'Z 7 4 — (EtOAC : hexane = 1:2) THHT L, {L&¥ 48 (101 mg, 86%) % 4F7=. MAHKY. IR
(neat) 2940, 2253, 1675, 1480, 1133 cm; *H NMR ¢ 7.54-7.38 (m, 4H), 7.35 (d, J = 1.8 Hz, 1H), 7.06 (d, J =
1.8 Hz, 1H), 6.11 (t, J = 7.4 Hz, 1H), 2.86 (t, J = 7.4 Hz, 2H), 2.45 (s, 3H), 2.35 (s, 3H), 2.34 (s, 6H), 2.32-2.23
(m, 2H), 1.99 (quint, J =7.4 Hz, 2H); *3C NMR ¢ 191.7, 178.7, 166.7, 155.8, 142.9, 139.8, 135.8, 133.7, 132.9,
131.5, 131.2, 130.6, 130.5, 130.4, 128.9, 128.0, 118.6, 112.3, 61.7, 29.0, 26.3, 25.9, 16.2, 12.5, 11.5; EIMS m/z
(rel intensity) 447 (M*, 2.3), 400 (100), 343 (4.9); HRMS (EI) for CasH2sN3OsS calcd 447.1617 (M*), found
447.1618.

S-Methyl 5-[(12)-1-(3-Cyanophenyl)-5-(2-0x0-1,3-0xazolidin-3-yl)pent-1-en-1-yI]-2-methoxy-3-methyl-

benzenecarbothioate (17). = 7{t7 Y —/L 48 (18 mg, 0.078 mmol), & A % >F > 62 (50 mg, 0.078
mmol), CsF (36 mg, 0.234 mmol), Pd(PPhs)s (9 mg, 0.0078 mmol), Cul (17 mg, 0.094 mmol), DMF (5 mL)
%\, Stille Coupling @ —fEERIEIEICHE - 7o, BRI T I8 KEEIRIE L72%, YV WXV BT A7 v~ b
77 74— (EtOAc : hexane =2 :1) TH# L, {t&% 17 (31 mg, 89%) Z15H7-. HEMAMKRY. 'H NMR
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(400 MHz, CDCl3) 8 7.51 (dt, J = 7.2 Hz, 1.4 Hz, 1H), 7.46 (t, J = 1.4 Hz, 1H), 7.44 (d, J = 1.6 Hz, 1H), 7.38
(d, J =72, 1.4 Hz, 1H), 7.35-7.34 (m, 1H), 7.06 (d, J = 1.6 Hz), 6.12 (t, J = 7.4 Hz, 1H), 4.25 (t, J = 8.0 Hz,
2H), 3.88 (s, 3H), 3.48 (t, J = 8.0 Hz, 2H), 3.26 (t, J = 7.4 Hz, 2H), 2.44 (s, 3H), 2.33 (s, 3H), 2.19-2.13 (m,
2H), 1.70 (quint, J = 7.4 Hz, 2H); C NMR (100 MHz, CDCls) 6 192.1, 158.4, 156.1, 143.1, 139.6, 136.1,
134.0, 133.2, 1314, 131.1, 130.7, 130.6, 129.1, 128.1, 118.9, 112.3, 61.8, 61.6, 44.4, 43.7, 27.3, 26.9, 16.2,
12.5; EIMS m/z (rel intensity) 450 (M*, 0.36), 403 (100), 274 (36), 261 (32); HRMS (EI) for CosHzsN,04S
calcd 450.1613 (M*), found 450.1592.

S-Methyl 5-[(12)-1-(4-Cyanophenyl)-5-(3-methyl-1,2,4-oxadiazol-5-yl)pent-1-en-1-yl]-2-methoxy-3-me-
thylbenzenecarbothioate (19). = w{k7 U —/L 49 (80 mg, 0.419 mmol), Hi% A ¥ > ) > 61 (263 mg,
0.419 mmol), CsF (158 mg, 1.26 mmol), Pd(PPhs)s (40 mg, 0.042 mmol), Cul (78 mg, 0.503 mmol), DMF (8
mL) % V>, Stille Coupling @ — R EIEICHE - 7o, IR CTI8KERIRIL L7121k, U BNV B T Lo
~ 27 Z 7 ¢— (EtOAc : hexane =1:2) THELL, {b&% 19 (170 mg, 91%) Z715G7-. HEAHRY. IR
(neat) 2937, 2226, 1675, 1475, 1133 cm™; *H NMR (400 MHz, CDCls) § 7.56 (d, J = 8.4 Hz, 2H), 7.35 (d, J =
2.2 Hz, 1H), 7.29 (d, J = 8.4 Hz, 2H), 7.07 (d, J = 2.2 Hz, 1H), 6.18 (t, J = 7.4 Hz, 1H), 3.87 (s, 3H), 2.87 (t, J
= 7.4 Hz, 2H), 2.45 (s, 3H), 2.35 (s ,3H), 2.34 (s, 3H), 2.34-2.24 (m, 2H), 1.99 (quint, J = 7.4 Hz, 2H); 13C
NMR (100 MHz, CDCls) ¢ 191.7, 178.7, 166.7, 155.7, 146.0, 140.3, 135.9, 133.7, 132.8, 131.9, 131.5, 131.5,
128.0, 127.5, 118.7, 110.5. 61.7, 29.1, 26.2, 25.9, 16.2, 12.5, 11.5; EIMS m/z (rel intensity) 447 (M*, 2.4), 400
(100), 343 (5.6); HRMS (EI) for C2sH2sN30sS calcd 447.1616 (M), found 447.1614.

S-Methyl 5-[(12)-1-(4-Cyanophenyl)-5-(2-oxo0-1,3-0xazolidin-3-yl)pent-1-en-1-yl]-2-methoxy-3-methyl-
benzenecarbothioate (20). = 7{k7 Y —/L 49 (18 mg, 0.078 mmol), Hi% A ¥ > > 62 (50 mg, 0.078
mmol), CsF (36 mg, 0.234 mmol), Pd(PPhs)s (9 mg, 0.0078 mmol), Cul (17 mg, 0.094 mmol), DMF (5 mL)
% I\, Stille Coupling @ —fEFRIEIEICHE - 7o, IR T I8 KRR L%, YV WXV T A7 v~ b
77 74— (EtOAc : hexane =2 :1) TH# L, {b&4 20 (26 mg, 74%) Z15G7-. HEAMKY. 'H NMR
(400 MHz, CDCls) 6 7.54 (d, J = 8.4 Hz, 2H), 7.34 (d, J = 2.0 Hz, 1H), 7.28 (d, J = 8.4 Hz, 2H), 7.06 (d, J =
2.0 Hz, 1H), 6.19 (t, J = 7.6 Hz, 1H), 4.25 (t, J = 8.0 Hz, 2H), 3.86 (s, 3H), 3.47 (t, J = 8.0 Hz, 2H), 3.25 (t, J =
7.6 Hz, 2H), 2.43 (s, 3H), 2.32 (s, 3H), 2.19-2.14 (m, 2H), 1.70 (quint, J = 7.6 Hz, 2H); 3C NMR (100 MHz,
CDCls) § 192.1, 158.4, 156.0, 146.3, 140.1, 136.2, 134.0, 133.1, 132.0, 131.9, 131.6, 128.1, 127.7, 118.9, 110.6,
61.7, 61.6, 44.4, 43.6, 27.2, 26.9, 16.1, 12.5; EIMS m/z (rel intensity) 450 (M*, 1.4), 403 (100), 287 (23), 274
(43), 261 (40); HRMS (EI) for C2sH26N20,4S caled 450.1613 (M*), found 450.1596.

5-[(1E)-1-(3,7-Dimethyl-2-o0x0-2,3-dihydro-1,3-benzoxazol-5-yl)-5-(5-methyl-1,3,4-oxadiazol-2-yl)pent-1-

en-1-yl]-N,2-dimethoxy-3-methylbenzenecarboximidoyl Fluoride (22). 2 {7 U —/L 46 (189 mg,
0.654 mmol), HHEA ¥ >-F > 63 (416 mg, 0.654 mmol), CsF (300 mg, 1.97 mmol), Pd(PPhs)s (76 mg,
0.065 mmol), Cul (15 mg, 0.078 mmol), DMF (12 mL) % f\>, Stille Coupling ® — %Ik HE ~ 7=, =
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B CLTRERIRIE LT2t%, U BNV BT a~ N7 57 ¢— (EtOAc:hexane=1:4) THH® L, 1t
AW 22 (93 mg, 28%) & F7-. HEAHRY). TH NMR (270 MHz, CDCl3) § 7.20 (d, J = 2.7 Hz, 1H), 7.06 (d,
J=2.7Hz, 1H), 6.74 (s, 1H), 6.57 (s, 1H), 5.98 (t, J = 6.8 Hz, 1H), 3.97 (s, 3H), 3.87 (s, 3H), 3.36 (d, J = 6.8
Hz, 3H), 2.82 (t, J = 6.8 Hz, 2H), 2.47 (s, 3H), 2.33 (s, 3H), 2.32 (s, 3H), 2.28-2.19 (m, 2H), 1.94 (quint, J = 6.8
Hz, 2H); 3C NMR (68 MHz, CDCls) 6 166.5, 156.1, 154.8, 149.3 (d, Jcr= 324.4 Hz), 141.1, 140.4, 138.3,
135.1 (d, Jeccr = 6.7 Hz), 132.6, 131.2, 128.8, 128.5, 123.5, 120.2, 119.8, 119.8, 104.5, 63.1 (d, Jconcr = 1.7
Hz), 61.0 (d, Jcoccer = 1.7 Hz), 29.7, 29.1, 28.3, 26.5, 24.8, 16.2, 14.5, 10.9; EIMS m/z (rel intensity) 508 (M*,
5.7), 457 (100), 371 (16), 359 (24), 111 (33), 98 (79); HRMS (EI) for C7H29FN4Os calcd 508.2122 (M*), found
508.2116.

5-[(1E)-1-(3,7-Dimethyl-2-oxo0-2,3-dihydro-1,3-benzoxazol-5-yl)-5-(2-o0xo-1,3-oxazolidin-3-yl)pent-1-en-1-

yl]-N,2-dimethoxy-3-methylbenzenecarboximidoyl Fluoride (23). = 7 {7 YV —/ 46 (78 mg, 0.270
mmol), HHEA ¥ > F > 65 (207 mg, 0.324 mmol), CsF (123 mg, 0.810 mmol), Pd(PPhs)s (31 mg, 0.027
mmol), Cul (62 mg, 0.320 mmol), DMF (8 mL) % V>, Stille Coupling @ — % B /EILIHE > 7=, =RIE. T 18
BRI R L=, SV BT a~ 757 4 — (EtOAC : hexane = 4 : 3) THEIL, (LAWY
23 (119 mg, 86%) %157, AR, 'H NMR (270 MHz, CDCl3) 6 7.21 (s, 1H), 7.06 (s, 1H), 6.74 (s, 1H),
6.61 (s, 1H), 5.99 (t, J = 7.5 Hz, 1H), 4.27 (t, J = 8.0 Hz, 2H), 3.97 (s, 3H), 3.87 (s, 3H), 3.50 (t, J = 8.0 Hz,
2H), 3.35 (s, 3H), 3.27 (t, J = 7.5 Hz, 2H), 2.33 (s, 3H), 2.19 (s, 3H), 2.19-2.11 (m, 2H), 1.69 (quint, J = 7.5 Hz,
2H); 3C NMR (68 MHz, CDCl3) ¢ 180.6, 162.2, 158.2, 156.1, 154.8, 149.3 (d, Jcr = 324.5 Hz), 140.8, 140.4,
138.4, 135.2 (d, Jeccr = 6.2 Hz), 132.7, 131.2, 128.7, 128.3, 123.5, 120.0 (d, Jecr = 26.3 Hz), 104.5, 63.1 (d,
Jconer = 1.7 Hz), 61.6, 61.0 (d, Jcocccr= 1.7 Hz), 44.4, 43.7, 28.2, 27.5, 26.8, 15.5, 14.5; EIMS m/z (rel
intensity) 511 (M*, 5.2), 460 (15), 347 (100), 100 (38), 56 (38); HRMS (EI) for C27H30FN3Os calcd 511.2118
(M*), found 511.2113

N,2-Dimethoxy-5-[(12)-1-(3-methoxy-7-methyl-1,2-benzoxazol-5-yl)-5-(5-methyl-1,3,4-oxadiazol-2-yl)-

pent-1-en-1-yl]-3-methylbenzenecarboximidoyl Fluoride (24). = 7{k7 U —/ 1 47 (107 mg, 0.370 mmol),
HHEA X ) 63 (235 mg, 0.370 mmol), CsF (168 mg, 1.11 mmol), Pd(PPhs)s (42 mg, 0.037 mmol), Cul
(77 mg, 0.440 mmol), DMF (15 mL) % V>, Stille Coupling ® —fR{EIERIZHE - 7. =RIE T 18 MR
L=tk YUBTFNIT A a~ 7T 7 4— (EtOAC: hexane =1:4) THRE L, {t&¥ 24 (165 mg,
88%) A 157, MY, 'TH NMR (270 MHz, CDCl3) 6 7.39 (s, 1H), 7.27 (s, 1H), 7.17 (d, J = 1.8 Hz, 1H),
7.03 (d, J = 1.8 Hz, 1H), 6.01 (t, J = 7.4 Hz, 1H), 3.96 (s, 3H), 3.87 (s, 3H), 3.67 (s, 3H), 2.81 (t, J = 7.4 Hz,
2H), 2.48 (s, 3H), 2.36 (s, 3H), 2.31 (s, 3H), 2.27-2.19 (m, 2H), 1.93 (quint, J = 7.4 Hz, 2H); 13C NMR (68
MHz, CDCls) ¢ 166.4, 163.4, 162.8, 157.9, 149.2 (d, Jcr = 324.0 Hz), 140.4, 138.1, 135.1, 134.8, 132.7 (d,
Jecer = 6.7 Hz), 129.0, 128.5, 128.4, 120.1 (d, Jccr = 27.9 Hz), 119.8, 119.8, 115.7, 63.0 (d, Jconce= 1.8 Hz),
60.9 (d, Jeoceer = 1.8 Hz), 32.6, 29.0, 26.4, 24.8, 16.2, 14.2, 10.9; EIMS m/z (rel intensity) 508 (M*, 21), 457
(52), 426 (100), 380 (41), 348 (21), 98 (37); HRMS (EI) for CaHaFN4Os calcd 508.2122 (M*), found
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508.2105.

N,2-Dimethoxy-5-[(1Z)-1-(3-methoxy-7-methyl-1,2-benzoxazol-5-yl)-5-(3-methyl-1,2,4-oxadiazol-5-yl)-
pent-1-en-1-yl]-3-methylbenzenecarboximidoyl Fluoride (25). = w{t7 VU —/L 47 (78 mg, 0.270 mmol),
HH§A X ) 64 (207 mg, 0.324 mmol), CsF (123 mg, 0.810 mmol), Pd(PPhs)s (31 mg, 0.027 mmol), Cul
(6 mg, 0.027 mmol), DMF (8 mL) % Fi\>, Stille Coupling ® —f&#EIEIEICHE - 7=, =RIE T 16 FERIFHEE L
Toth, YUNTFNVAT A a~ T T 7 ¢— (EtOAC : hexane = 1 : 1) THEIL, {LA&% 25 (48 mg,
35%) Z157=. AR, TH NMR (270 MHz, CDCls) 6 7.38 (d, J = 1.2 Hz, 1H), 7.27 (d, J = 1.2 Hz, 1H),
7.18 (d, J = 1.8 Hz, 1H), 7.02 (d, J = 1.8 Hz, 1H), 6.00 (t, J = 7.4 Hz, 1H), 3.96 (s, 3H), 3.87 (s, 3H), 3.67 (s,
3H), 2.85 (t, J = 7.4 Hz, 2H), 2.35 (s, 3H), 2.35 (s, 3H), 2.31 (s, 3H), 2.27-2.19 (m, 2H), 1.96 (quint, J = 7.4 Hz,
2H); 3C NMR (68 MHz, CDCl3) ¢ 178.9, 166.8, 162.8, 158.0, 156.2, 149.3 (d, Jcr = 324.4 Hz), 140.6, 138.1,
135.1, 134.8, 132.8, 132.8, 128.9, 128.6, 128.5, 119.9, 119.8, 115.8, 63.1 (d, Jconcr = 2.2 Hz), 61.0 (d, Jcocccr
= 2.2 Hz), 32.7, 29.0, 26.5, 25.9, 16.2, 14.2, 11.6; EIMS m/z (rel intensity) 508 (M*, 4.3), 457 (60), 426 (100),
380 (41), 348 (20); HRMS (EI) for C27H20FN4Os calcd 508.2122 (M*), found 508.2145.

N,2-Dimethoxy-5-[(12)-1-(3-methoxy-7-methyl-1,2-benzoxazol-5-yl)-5-(2-o0xo0-1,3-oxazolidin-3-yl)pent-1-
en-1-yl]-3-methylbenzenecarboximidoyl Fluoride (26). = 7{t7 U —/L 47 (135 mg, 0.469 mmol), FHi#
A ) 65 (300 mg, 0.469 mmol), CsF (214 mg, 1.41 mmol), Pd(PPhs)s (54 mg, 0.047 mmol), Cul (107
mg, 0.563 mmol), DMF (10 mL) % f\>, Stille Coupling ® — % /EIEICHE - 7=, SRR T 16 BRI L 72
%, VBN T~ 7T 7 4+ — (EtOAC : hexane = 3 : 1) THHRI L, L& 26 (202 mg,
82%) Z157=. HEAJIRY. 'H NMR (270 MHz, CDCls) 6 7.31 (s, 1H), 7.24 (s, 1H), 7.12 (s, 1H), 7.00 (s,
1H), 5.97 (t, J = 7.5 Hz, 1H), 4.20 (t, J = 8.0 Hz, 2H), 3.89 (s, 3H), 3.82 (s, 3H), 3.60 (s, 3H), 3.43 (t, J = 8.0
Hz, 2H), 3.20 (t, J = 7.5 Hz, 2H), 2.29 (s, 3H), 2.26 (s, 3H), 2.12-2.04 (m, 2H), 1.63 (quint, J = 7.5 Hz, 2H);
13C NMR (68 MHz, CDCls) 6 162.8, 158.2, 157.9, 156.1, 149.2 (d, Jcr = 324.5 Hz), 140.1, 138.1, 135.2, 134.9,
132.8, 132.8, 129.1, 128.4 (d, Jecer = 4.5 Hz), 120.0 (d, Jecr = 27.4 Hz), 119.8, 119.8, 115.6, 63.0 (d, Jconcr =
2.2 Hz), 61.6, 61.0 (d, Jeoccer = 2.2 Hz), 44.4, 43.7, 32.6, 27.4, 26.8, 16.1, 14.1; EIMS m/z (rel intensity) 511
(M*, 17), 460 (23), 429 (39), 380 (33), 373 (58), 342 (71), 316 (29), 100 (100), 56 (76); HRMS (EI) for
Ca7H30FN30g calcd 511.2119 (M), found 511.2104.

5-[(12)-1-(3-Cyanophenyl)-5-(5-methyl-1,3,4-oxadiazol-2-yl)pent-1-en-1-yl]-N,2-dimethoxy-3-methylben-

zenecarboximidoyl Fluoride (27). 3-lodobenzonitrile (48) (90 mg, 0.390 mmol), A A % > F > 63 (250
mg, 0.393 mmol), CsF (179 mg, 1.18 mmol), Pd(PPhs)4 (45 mg, 0.039 mmol), Cul (90 mg, 0.472 mmol), DMF
(10 mL) %\, Stille Coupling ® — i #AEILIZHE - 7. ZBIR T 17 REMRER L7212, U B v Z A
rswa~ 77 74— (EtOAc:hexane=1:1) TH# L, {t&W 27 (141 mg, 80%) % f57=. ME R,
IH NMR (270 MHz, CDCls) 6 7.52 (dd, J = 5.7, 1.8 Hz, 1H), 7.46-7.35 (m, 3H), 7.17 (d, J = 1.9 Hz, 1H), 7.03
(d, J = 1.9 Hz, 1H), 6.10 (t, J = 7.4 Hz, 1H), 3.97 (s, 3H), 3.88 (s, 3H), 2.81 (t, J = 7.4 Hz, 2H), 2.48 (s, 3H),
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2.33 (s, 3H), 2.28-2.20 (m, 2H), 1.94 (quint, J = 7.4 Hz, 2H); *C NMR (68 MHz, CDCls) 5 166.2, 163.3, 156.3,
149.0 (d, Jcr = 324.5 Hz), 142.8, 139.5, 135.0, 133.8, 132.9, 131.0, 130.8, 130.4, 130.3, 128.8, 128.3 (d, Jeccr
= 4.5 Hz), 120.2 (d, Jecr = 27.4 Hz), 118.5, 112.1, 63.0 (d, Jconcr = 2.0 Hz), 60.9 (d, Jeoccer = 2.0 Hz), 29.0,
26.2, 24.7, 16.1, 10.8; EIMS m/z (rel intensity) 448 (M*, 13), 397 (100), 351 (29), 299 (26), 98 (61); HRMS
(E1) for CasHosFN4Os caled 448.1911 (M*), found 448.1894.

5-[(1Z)-1-(3-Cyanophenyl)-5-(3-methyl-1,2,4-oxadiazol-5-yl)pent-1-en-1-yl]-N,2-dimethoxy-3-methylben-
zenecarboximidoyl Fluoride (28). 3-lodobenzonitrile (48) (69 mg, 0.300 mmol), AH§A ¥ > F > 64 (242
mg, 0.362 mmol), CsF (137 mg, 0.903 mmol), Pd(PPhs)4 (34 mg, 0.030 mmol), Cul (7 mg, 0.030 mmol), DMF
(8 mL) % >, Stille Coupling D — R EIEICHE - 72, IR TL6FRIRIE L7, YU BTSNV B T LY
n~ 777 ¢— (EtOAc:hexane=1:4) TR L, (L&Y 28 (72 mg, 54%) Z157-. HEAHRY. H
NMR (270 MHz, CDCl3) § 7.54-7.40 (m, 4H), 7.17 (d, J = 1.8 Hz, 1H), 7.02 (d, J = 1.8 Hz, 1H), 6.09 (t, J =
7.4 Hz, 1H), 3.97 (s, 3H), 3.88 (s, 3H), 2.85 (t, J = 7.4 Hz, 2H), 2.35 (s, 3H), 2.33 (s, 3H), 2.29-2.23 (m, 2H),
1.97 (quint, J = 7.4 Hz, 2H); 3C NMR (68 MHz, CDCls) § 178.7, 166.8, 156.4, 149.2 (d, Jcr = 324.2 Hz),
142.8, 139.8, 135.0, 134.2, 133.8, 133.0, 131.1, 130.7, 130.6, 128.5 (d, Jcccr = 4.5 Hz), 128.0, 120.4 (d, Jccr =
27.4 Hz), 118.6, 112.2, 63.1 (d, Jconcr = 2.0 Hz), 61.0 (d, Jcoceer = 2.0 Hz), 29.0, 26.3, 25.9, 16.2, 11.5; EIMS
miz (rel intensity) 448 (M*, 9.7), 397 (100), 299 (42), 262 (69), 224 (34), 183 (40); HRMS (EI) for
CasH2sFN4O3 caled 448.1911 (M*), found 448.1910.

5-[(12)-1-(3-Cyanophenyl)-5-(2-ox0-1,3-0xazolidin-3-yl)pent-1-en-1-yl]-N,2-dimethoxy-3-methylbenzene-
carboximidoyl Fluoride (29). 3-lodobenzonitrile (48) (107 mg, 0.469 mmol), FH#& = % > 7> 65 (300 mg,
0.469 mmol), CsF (214 mg, 1.41 mmol), Pd(PPhs)s (54 mg, 0.047 mmol), Cul (107 mg, 0.563 mmol), DMF
(10 mL) % H v, Stille Coupling D — AR EIEIZHE - 7o, IR CTLORFRIREE L7, v U BTSNV T ALY
o~ k277 ¢— (EtOAC : hexane = 3 :2) THHLL, {L&WY 29 (166 mg, 79%) Z1%7-. HEARY).
IH NMR (270 MHz, CDCls) 6 7.53-7.36 (m, 4H), 7.18 (d, J = 2.2 Hz, 1H), 7.05 (d, J = 2.2 Hz, 1H), 6.13 (t, J =
7.4 Hz, 1H), 4.27 (t, J = 8.0 Hz, 2H), 3.97 (s, 3H), 3.88 (s, 3H), 3.49 (t, J = 8.0 Hz, 2H), 3.27 (t, J = 7.4 Hz,
2H), 2.34 (s, 3H), 2.20-2.12 (m, 2H), 1.71 (quint, J = 7.7 Hz, 2H); *C NMR (68 MHz, CDCls) § 158.1, 156.3,
149.0 (d, Jcr = 324.5 Hz), 142.8, 139.2, 135.0, 133.9, 133.0, 131.1, 130.9, 130.4, 130.3, 128.8, 128.3 (d, Jcccr
=3.9 Hz), 120.2 (d, Jecr = 27.4 Hz), 118.6, 112.1, 63.0 (d, Jconcr = 1.9 Hz), 61.5, 60.9 (d, Jcoccer = 1.9 Hz),
443,435, 27.1, 26.8, 16.1; EIMS m/z (rel intensity) 451 (M*, 83), 400 (21), 313 (100), 287 (25), 100 (87), 56
(26); HRMS (EI) for CosHasFN3O4 caled 451.1907 (M*), found 451.1915.

5-[(12)-1-(4-Cyanophenyl)-5-(5-methyl-1,3,4-oxadiazol-2-yl)pent-1-en-1-yl]-N,2-dimethoxy-3-methylben-
zenecarboximidoyl Fluoride (30). 4-lodobenzonitrile (49) (70 mg, 0.310 mmol), HHA % > ) > 63 (240
mg, 0.371 mmol), CsF (140 mg, 0.942 mmol), Pd(PPhs)s (30 mg, 0.031 mmol), Cul (70 mg, 0.380 mmol),
DMF (10 mL) % >, Stille Coupling O — A EIEICHE - 7o, S T L7 RERIIRER L7212, U v h
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Fhru<w 7T 74— (EtOAC : hexane =1 :1) THR L, (LAY 30 (68 mg, 49%) %157-. Hjh
4. TH NMR (270 MHz, CDCls) 6 7.56 (d, J = 7.7 Hz, 2H), 7.28 (d, J = 7.7 Hz, 2H), 7.18 (s, 1H), 7.04 (s,
1H), 6.18 (t, J = 7.4 Hz, 1H), 3.96 (s, 3H), 3.87 (s, 3H), 2.81 (t, J = 7.4 Hz, 2H), 2.47 (s, 3H), 2.32 (s, 3H),
2.30-2.22 (M, 2H), 1.95 (quint, J = 7.4 Hz, 2H); 13C NMR (68 MHz, CDCl;) & 166.1, 163.3, 156.2, 149.0 (d,
Jcr = 324.5 Hz), 145.9, 140.0, 135.0, 133.7, 132.8, 131.7, 131.7, 128.3 (d, Jcccr = 4.5 Hz), 127.3, 120.1 (d,
Jecer = 27.4 Hz), 118.6, 110.3, 62.9 (d, Jconcr = 2.2 Hz), 60.8 (d, Jcocccr = 2.2 Hz), 29.0, 26.1, 24.6, 16.0, 10.7;
EIMS m/z (rel intensity) 448 (M", 12), 397 (100), 351 (20), 299 (27), 98 (71): HRMS (EI) for CzsH2sFN4Os
calcd 448.1911 (M*), found 448.1897.

5-[(1Z)-1-(4-Cyanophenyl)-5-(3-methyl-1,2,4-oxadiazol-5-yl)pent-1-en-1-yl]-N,2-dimethoxy-3-methylben-
zenecarboximidoyl Fluoride (31). 4-lodobenzonitrile (49) (69 mg, 0.300 mmol), FH§A ¥ > F > 64 (242
mg, 0.362 mmol), CsF (137 mg, 0.901 mmol), Pd(PPhs)4 (34 mg, 0.030 mmol), Cul (7 mg, 0.030 mmol), DMF
(8 mL) % H», Stille Coupling D —fEARAEIEIZHE - 7o, IR CTL8IFRIEEE L7, Y U BTNV T ALY
n~ 777 ¢— (EtOAc:hexane=1:4) TR L, {LEW 31 (94 mg, 70%) Z157-. HEAHRY. H
NMR (270 MHz, CDCl3) 6 7.48 (d, J = 8.7 Hz, 2H), 7.20 (d, J = 8.7 Hz, 2H), 7.10 (d, J = 1.8 Hz, 1H), 6.95 (d,
J=1.8 Hz, 1H), 6.09 (t, J = 7.4 Hz, 1H), 3.89 (s, 3H), 3.79 (s, 3H), 2.78 (t, J = 7.4 Hz, 2H), 2.27 (s, 3H), 2.24
(s, 3H) 2.29-2.21 (m, 2H), 1.90 (quint, J = 7.4 Hz, 2H); 3C NMR (68 MHz, CDCls) § 178.7, 166.7, 156.3,
149.1 (d, Jcr = 324.2 Hz), 145.9, 140.2, 135.0, 133.8, 132.9, 131.8, 131.5, 128.5 (d, Jcccr = 4.5 Hz), 127.4,
120.3 (d, Jccr = 27.4 Hz), 118.6, 110.5, 63.0 (d, Jconcr = 2.2 Hz), 60.9 (d, Jcoccer = 2.2 Hz), 29.0, 26.2, 25.8,
16.1, 11.4; EIMS m/z (rel intensity) 448 (M*, 8.7), 397 (100), 299 (42), 111 (16), 98 (22); HRMS (EI) for
CasH2sFN4O3 caled 448.1911 (M*), found 448.1910.

5-[(12)-1-(4-Cyanophenyl)-5-(2-ox0-1,3-oxazolidin-3-yl)pent-1-en-1-yl]-N,2-dimethoxy-3-methylbenzene-
carboximidoyl Fluoride (32). 4-lodobenzonitrile (49) (107 mg, 0.469 mmol), H &= % > 7> 65 (300 mg,
0.469 mmol), CsF (214 mg, 1.41 mmol), Pd(PPh3)s (54 mg, 0.047 mmol), Cul (107 mg, 0.563 mmol), DMF
(10 mL) % H >, Stille Coupling D — AN EIEIZHE - 7o, IR TLORFRIREE L7, v U BTNV T LY
n~ k2777 ¢— (EtOAC : hexane = 3 :2) THHLL, {b&% 32 (150 mg, 71%) Z157-. HEARY).
IH NMR (270 MHz, CDCls) & 7.55 (d, J = 8.2 Hz, 2H), 7.29 (d, J = 8.2 Hz, 2H), 7.18 (s, 1H), 7.05 (s, 1H),
6.21 (t, J = 7.4 Hz, 1H), 4.26 (t, J = 8.0 Hz, 2H), 3.96 (s, 3H), 3.87 (s, 3H), 3.49 (t, J = 8.0 Hz, 2H), 3.27 (t, J =
7.4 Hz, 2H), 2.33 (s, 3H), 2.21-2.12 (m, 2H), 1.71 (quint, J = 7.4 Hz, 2H); 13C NMR (68 MHz, CDCls) & 158.2,
156.4, 149.1 (d, Jcr = 324.5 Hz), 146.0, 139.9, 135.2, 134.0, 133.0, 131.9, 131.9, 128.4 (d, Jcccr = 3.9 Hz),
127.5,120.3 (d, Jccr = 27.9 Hz), 118.8, 110.4, 63.1 (d, Jconcr = 2.2 Hz), 61.6, 61.0 (d, Jcocccr = 2.2 Hz), 44.4,
43.6, 27.2, 27.0, 16.2; EIMS m/z (rel intensity) 451 (M*, 12), 400 (15), 313 (100), 287 (23), 100 (66); HRMS
(E1) for CasHa6FN3O4 caled 451.1907 (M*), found 451.1903.

5-[(1E)-1-(3,7-Dimethyl-2-o0x0-2,3-dihydro-1,3-benzoxazol-5-yl)-5-(5-methyl-1,3,4-oxadiazol-2-yl)pent-1-
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en-1-yl]-N,2-dimethoxy-3-methylbenzenecarboximidoyl Chloride (33). = 7{t7 VU —/L 46 (74 mg, 0.260
mmol), A % > > 66 (200 mg, 0.307 mmol), CsF (120 mg, 0.768 mmol), Pd(PPhs), (30 mg, 0.026
mmol), Cul (6 mg, 0.030 mmol), DMF (10 mL) % V>, Stille Coupling @ —#%#/EikICHE - 7=, =R T 17
WEFRPR L7k, v U WSV BT A~ 7T 7 ¢ — (EtOAC : hexane = 1 : 1) THEIL, L&Y
33 (111 mg, 82%) %157, AR, 'TH NMR (270 MHz, CDCl3) § 7.09 (d, J = 2.0 Hz, 1H), 7.02 (s, J =
2.0 Hz, 1H), 6.76 (s, 1H), 6.59 (s, 1H), 5.96 (t, J = 7.4 Hz, 1H), 4.10 (s, 3H), 3.85 (s, 3H), 3.35 (s, 3H), 2.82 (t,
J = 7.5 Hz, 2H), 2.48 (s, 3H), 2.33 (s, 3H), 2.32 (s, 3H), 2.3.-2.22 (m, 2H), 1.95 (quint, J = 7.5 Hz, 2H); 13C
NMR (68 MHz, CDCls) § 166.4, 163.3, 155.4, 154.7, 141.1, 140.3, 138.4, 134.8, 134.3, 133.9, 132.0, 131.1,
129.4, 128.8, 126.8, 123.5, 119.7, 104.5, 62.9, 61.2, 29.0, 28.2, 26.5, 24.8, 16.3, 14.4, 10.9; EIMS m/z (rel
intensity) 524 (M*, 2.9), 526 (M* + 2, 1.1), 457 (64), 359 (20), 345 (16), 111 (20), 98 (100); HRMS (EI) for
C2sH2s¥CIN4Os calcd 524.1827 (M*), found 524.1813, CasHas3"CIN4O; calcd 526.1797 (M* + 2), found
526.1768.

5-[(1E)-1-(3,7-Dimethyl-2-ox0-2,3-dihydro-1,3-benzoxazol-5-yl)-5-(3-methyl-1,2,4-oxadiazol-5-yl)pent-1-
en-1-yl]-N,2-dimethoxy-3-methylbenzenecarboximidoyl Chloride (34). = 717 U —/ L 46 (89 mg, 0.310
mmol), FH#EA % > F > 67 (240 mg, 0.370 mmol), CsF (140 mg, 0.924 mmol), Pd(PPhs), (35 mg, 0.031
mmol), Cul (70 mg, 0.370 mmol), DMF (8 mL) % Fi\>, Stille Coupling ® —f #AEEIZHE ~ 7=, RIEL T 18
BRI R L=, U BT a~ h 757 4 — (EtOAC : hexane = 1 : 5) THEIL, (LAWY
34 (119 mg, 74%) %157, EEAJRY. TH NMR (270 MHz, CDCl3) § 7.10 (d, J = 1.8 Hz, 1H), 7.01 (d, J =
1.8 Hz, 1H), 6.77 (d, J = 1.2 Hz, 1H), 6.59 (d, J = 1.2 Hz, 1H), 5.95 (t, J = 7.4 Hz, 1H), 4.10 (s, 3H), 3.85(s,
3H), 3.35 (s, 3H), 2.87 (t, J = 7.6 Hz, 2H), 2.36 (s, 3H), 2.33 (s, 3H), 2.32 (s, 3H), 2.23 (m, 2H), 1.98 (quint, J
= 7.4 Hz, 2H); *C NMR (68 MHz, CDCls) ¢ 178.9, 166.7, 155.4, 154.7, 141.2, 140.3, 138.4, 134.8, 134.3,
133.9, 132.0, 131.1, 129.4, 128.6, 126.8, 123.5, 119.7, 104.5, 63.0, 61.2, 29.0, 28.2, 26.5, 25.9, 16.4, 14.5, 11.5;
EIMS m/z (rel intensity) 524 (M*, 4.9), 526 (M* + 2, 1.8), 457 (100), 359 (21), 347 (19), 111 (17), 98 (18);
HRMS (EI) for Co7H26%°CIN4Os calcd 524.1826 (M*), found 524.1808, Cp7H26%"CIN4Os calcd 526.1797 (M* +
2), found 526.1780.

5-[(1E)-1-(3,7-Dimethyl-2-oxo0-2,3-dihydro-1,3-benzoxazol-5-yl)-5-(2-o0xo-1,3-oxazolidin-3-yl)pent-1-en-1-
yl]-N,2-dimethoxy-3-methylbenzenecarboximidoyl Chloride (35). = 7{t7 U —/L 46 (167 mg, 0.578
mmol), A % > F > 68 (454 mg, 0.694 mmol), CsF (260 mg, 1.71 mmol), Pd(PPhs), (67 mg, 0.058
mmol), Cul (130 mg, 0.694 mmol), DMF (20 mL) % V>, Stille Coupling ® —fE#/EIEICHE -T2, |IE T
23 HEMRIR L7214, v VBV h T L a~ 7T 7 ¢— (EtOAC: hexane=5:1) THR L, (LAY
35 (209 mg, 68%) % 157=. HEAIHRY. TH NMR (400 MHz, CDCl3) § 7.09 (d, J = 2.0 Hz, 1H), 7.02 (d, J =
2.0 Hz, 1H), 6.76 (s, 1H), 6.61 (s, 1H), 5.98 (t, J = 7.4 Hz, 1H), 4.26 (t, J = 8.0 Hz, 2H), 4.09 (s, 3H), 3.85 (s,
3H), 3.48 (t, J = 8.0 Hz, 2H), 3.35 (s, 3H), 3.27 (t, J = 7.4 Hz, 2H), 2.33 (s, 3H), 2.32 (s, 3H), 2.19-2.13 (m,
2H), 1.70 (quint, J = 7.5 Hz, 2H); 3C NMR (100 MHz, CDCl3) ¢ 158.4, 155.7, 155.1, 141.1, 140.6, 138.6,
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135.1, 134.7, 134.2, 132.3, 131.3, 129.6, 129.0, 127.0, 123.7, 120.0, 104.7, 63.1, 61.6, 61.3, 44.5, 43.7, 28.3,
275, 26.8, 16.4, 14.5; EIMS m/z (rel intensity) 527 (M*, 3.5), 529 (M* + 2, 1.3), 460 (20), 387 (21), 373 (51),
347 (100), 321 (20), 100 (26); HRMS (El) for C»Hz®CIN3Os calcd 527.1823 (M), found 527.1813,
CarH30¥CINsOg caled 529.1794 (M* + 2), found 529.1800.

N,2-Dimethoxy-5-[(1Z)-1-(3-methoxy-7-methyl-1,2-benzoxazol-5-yl)-5-(5-methyl-1,3,4-oxadiazol-2-yl)-
pent-1-en-1-yl]-3-methylbenzenecarboximidoyl Chloride (36). = 7{t7 U —/L 47 (50 mg, 0.170 mmol),
HHEA X ) 66 (135 mg, 0.208 mmol), CsF (78 mg, 0.520 mmol), Pd(PPhs)s (20 mg, 0.017 mmol), Cul
(36 mg, 0.210 mmol), DMF (8 mL) % F\», Stille Coupling & — & #R{EIEICHE > 7=, IR T 18 BRI L
7otk YU T NI T A a~ 7T 7 4 — (EtOAc : hexane = 1 : 5) THER L, (L&Y 36 (79 mg,
88%) %157, HEAJIIRY. TH NMR (270 MHz, CDCl3) 6 7.41 (d, J = 1.2 Hz, 1H), 7.29 (d, J = 1.2 Hz, 1H),
7.07 (d, J = 2.2 Hz, 1H), 7.00 (d, J = 2.2 Hz, 1H), 6.00 (t, J = 7.4 Hz, 1H), 4.09 (s, 3H), 3.86 (s, 3H), 3.67 (s,
3H), 2.81 (t, J = 7.4, 2H), 2.48 (s, 3H), 2.36 (s, 3H), 2.31 (s, 3H), 2.30-2.21 (m, 2H), 1.93 (quint, J = 7.4 Hz,
2H); **C NMR (68 MHz, CDCls) ¢ 166.4, 163.3, 162.7, 157.8, 155.5, 140.5, 138.2, 134.6, 134.3, 133.8, 132.9,
132.1, 129.4, 129.0, 126.9, 119.8, 119.7, 115.6, 62.9, 61.2, 32.6, 29.0, 26.4, 24.7, 16.3, 14.1, 10.9: EIMS m/z
(rel intensity) 524 (M*, 5.3), 526 (M* + 2, 2.0), 457 (50), 426 (100), 330 (36), 98 (69); HRMS (EI) for
C27H2e%CIN4Os calcd 524.1826 (M*), found 524.1807, Ca7H2°’CIN4Os caled 526.1797 (M* + 2), found
524.1804.

N,2-Dimethoxy-5-[(12)-1-(3-methoxy-7-methyl-1,2-benzoxazol-5-yl)-5-(3-methyl-1,2,4-oxadiazol-5-yl)-
pent-1-en-1-yl]-3-methylbenzenecarboximidoyl Chloride (37). = {7 U —/L 47 (85 mg, 0.290 mmol),
HHEA X ) 67 (230 mg, 0.353 mmol), CsF (134 mg, 0.882 mmol), Pd(PPhs)4 (34 mg, 0.029 mmol), Cul
(7 mg, 0.030 mmol), DMF (8 mL) % fi\>, Stille Coupling & —#%HEIEIZNE > 7=, IR T 18 BRI L
Toth, YIUNTFNDT A a~ T T 7 ¢— (EtOAC : hexane = 1 : 1) THHRIL, {LA&Y 37 (46 mg,
30%) %157, HEAHRY. 'TH NMR (270 MHz, CDCls) 6 7.40 (s, 1H), 7.27 (s, 1H), 7.07 (d, J = 1.8 Hz, 1H),
6.98 (d, J = 1.8 Hz, 1H), 5.99 (t, J = 7.4 Hz, 1H), 4.09 (s, 3H), 3.87 (s, 3H), 3.67 (s, 3H), 2.85 (t, J = 7.4 Hz,
2H), 2.36 (s, 3H), 2.36 (s, 3H), 2.31 (s, 3H), 2.25-2.17 (m, 2H), 1.97 (quint, J = 7.4 Hz, 2H); 3C NMR (68
MHz, CDCls) ¢ 178.8, 166.6, 162.8, 157.9, 155.5, 140.6, 138.2, 134.5, 134.2, 133.9, 132.8, 132.1, 129.4, 128.8,
126.9, 119.9, 119.7, 115.7, 62.9, 61.2, 32.6, 29.0, 26.5, 25.8, 16.3, 14.1, 11.5; EIMS m/z (rel intensity) 524 (M*,
3.1), 526 (M* + 2, 1.4), 457 (87), 426 (100), 396 (18), 359 (18), 330 (34), 329 (24), 98 (19); HRMS (EI) for
C27H2e%°CIN4Os calcd 524.1826 (M*), found 524.1800, C27H29°’CIN4Os caled 526.1797 (M* + 2), found
526.1814.

5-[(12)-1-(3-Cyanophenyl)-5-(5-methyl-1,3,4-oxadiazol-2-yl)pent-1-en-1-yl]-N,2-dimethoxy-3-methylben-
zenecarboximidoyl Chloride (38). 3-lodobenzonitrile (48) (35 mg, 0.150 mmol), H#A % >F > 66 (120
mg, 0.184 mmol), CsF (69 mg, 0.460 mmol), Pd(PPhs)4 (17 mg, 0.015 mmol), Cul (34 mg, 0.180 mmol), DMF
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(8 mL) % >, Stille Coupling O — M BREIEICHE - 7o, IR TIMFRIRIE L7, YV BTSNV B T LY
n~ /77 ¢— (EtOAc:hexane=1:5) TR L, {LE 38 (64 mg, 90%) Z15%7-. HEAHRY. H
NMR (270 MHz, CDCls) 6 7.54-7.41 (m, 4H), 7.06 (s, LH), 7.00 (s, LH), 6.10 (t, J = 7.4 Hz, 1H), 4.10 (s, 3H),
3.86 (s, 3H), 2.82 (t, J = 7.4 Hz, 2H), 2.48 (s, 3H), 2.33 (s, 3H), 2.30-2.23 (m, 2H), 1.95 (quint, J = 7.4 Hz,
2H); 3C NMR (68 MHz, CDCls) 6 166.3, 163.5, 155.8, 143.0, 139.8, 134.3, 133.8, 133.7, 132.5, 131.2, 130.8,
130.6, 130.5, 129.4, 128.9, 127.2, 118.7, 112.3, 63.0, 61.3, 29.1, 26.4, 24.8, 16.4, 11.0; EIMS m/z (rel intensity)
464 (M*, 2.0), 466 (M* + 2, 0.7), 398 (17), 397 (51), 299 (13), 98 (100); HRMS (EI) for CasH2s®CIN,O3 calcd
464.1615 (M*), found 464.1600, C2sH,5°"CIN4O3 calcd 466.1586 (M* + 2), found 466.1584.

5-[(1Z)-1-(3-Cyanophenyl)-5-(3-methyl-1,2,4-oxadiazol-5-yl)pent-1-en-1-yl]-N,2-dimethoxy-3-methylben-

zenecarboximidoyl Chloride (39). 3-lodobenzonitrile (48) (70 mg, 0.310 mmol), H#§ A &% »F > 67 (240
mg, 0.370 mmol), CsF (140 mg, 0.918 mmol), Pd(PPhs)s (35 mg, 0.031 mmol), Cul (70 mg, 0.367 mmol),
DMF (8 mL) % Hv», Stille Coupling @ —fi#EILIZHE - 7. ZBIR T 18 REMIRFR L7212, >~ U o7
Fhru<w 7T 74— (EtOAC : hexane =1 :4) THR L, (LAY 39 (82 mg, 58%) % 157-. Hih
P, H NMR (400 MHz, CDCls) 6 7.58-7.27 (m, 4H), 7.06 (d, J = 2.2 Hz, 1H), 6.98 (d, J = 2.2 Hz, 1H), 6.08
(t, J = 7.5 Hz, 1H), 4.10 (s, 3H), 3.86 (s, 3H), 2.86 (t, J = 7.5 Hz, 2H), 2.36 (s, 3H), 2.33 (s, 3H), 2.30-2.24 (m,
2H), 1.98 (quint, J = 7.5 Hz, 2H); 3C NMR (68 MHz, CDCls) § 179.0, 167.0, 156.0, 143.2, 140.2, 134.4, 134.0,
133.8, 132.7, 131.4, 130.8, 130.8, 130.6, 129.6, 129.1, 127.4, 118.8, 112.4, 63.1, 61.4, 29.1, 26.3, 25.9, 16.4,
11.5; EIMS m/z (rel intensity) 464 (M*, 7.4), 466 (M* + 2, 2.9), 398 (28), 397 (100), 299 (34), 98 (39); HRMS
(E) for CasH2s®CIN4Os calcd 464.1615 (M*), found 464.1591, CasH2s3"CIN4Os calcd 466.1586 (M* + 2),
found 466.1572.

5-[(12)-1-(4-Cyanophenyl)-5-(5-methyl-1,3,4-oxadiazol-2-yl)pent-1-en-1-yl]-N,2-dimethoxy-3-methylben-
zenecarboximidoyl Chloride (40). 4-lodobenzonitrile (49) (44 mg, 0.190 mmol), H#§ < &% > F > 66 (150
mg, 0.230 mmol), CsF (88 mg, 0.580 mmol), Pd(PPhs)s (22 mg, 0.019 mmol), Cul (44 mg, 0.230 mmol), DMF
(8 mL) # H >, Stille Coupling D — AN EIEIZHE - 7o, IR CTLOMFRIREE L7, v U BTNV T ALY
n~ k777 ¢— (EtOAc:hexane=1:5) THEHLL, {LE&W 40 (73 mg, 83%) Z15H7-. MEARY. H
NMR (270 MHz, CDCl3) 6 7.56 (d, J = 8.6 Hz, 2H), 7.30 (d, J = 8.6 Hz, 2H), 7.06 (d, J = 2.3 Hz, 1H), 7.00 (d,
J =23 Hz, 1H), 6.16 (t, J = 7.5 Hz, 1H), 4.09 (s, 3H), 3.85 (s, 3H), 2.81 (t, J = 7.5 Hz, 2H), 2.47 (s, 3H), 2.32
(s, 3H), 2.32-2.23 (m, 2H), 1.95 (quint, J = 7.5 Hz, 2H); 3C NMR (68 MHz, CDCls) § 166.2, 163.4, 155.7,
146.1, 140.2, 134.3, 133.8, 133.6, 132.4, 131.8, 131.6, 129.4, 127.5, 127.1, 118.7, 110.4, 63.0, 61.2, 29.1, 26.2,
24.8, 16.3, 10.9; EIMS m/z (rel intensity) 464 (M*, 1.1), 466 (M* + 2, 0.4), 398 (11), 397 (28), 299 (10), 98
(100); HRMS (EI) for C25H25*°CIN4O;3 calcd 464.1616 (M*), found 464.1608, CasH2s5%"CIN4O3 calcd 466.1586
(M* + 2), found 466.1583.

5-[(12)-1-(4-Cyanophenyl)-5-(3-methyl-1,2,4-oxadiazol-5-yl) pent-1-en-1-yl]-N,2-dimethoxy-3-methylben-
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zenecarboximidoyl Chloride (41). 4-lodobenzonitrile (49) (70 mg, 0.310 mmol), %A % > ) > 67 (240
mg, 0.367 mmol), CsF (140 mg, 0.918 mmol), Pd(PPhs)s (35 mg, 0.031 mmol), Cul (70 mg, 0.370 mmol),
DMF (8 mL) % H >, Stille Coupling @ —fi#AEILIZHE - 7. ZBIR T 18 REMIRFR L7212, >~ U W7
Fhrua~ 7T 7 ¢— (EtOAC: hexane =1:4) THTL L, (L& 41 (106 mg, 74%) %157, Mfaih
P4, 'H NMR (400 MHz, CDCls) 6 7.56 (d, J = 8.4 Hz, 2H), 7.29 (d, J = 8.4 Hz, 2H), 7.06 (d, J = 2.4 Hz, 1H),
6.99 (d, J = 2.4 Hz, 1H), 6.16 (t, J = 7.6 Hz, 1H), 4.09 (s, 3H), 3.86 (s, 3H), 2.86 (t, J = 7.6 Hz, 2H), 2.35 (5,
3H), 2.32 (s, 3H), 2.30-2.25 (m, 2H), 1.98 (quint, J = 7.6 Hz, 2H); 3C NMR (100 MHz, CDCls) 6 179.0, 167.0,
156.0, 146.2, 140.6, 134.4, 134.0, 133.78, 132.6, 132.0, 131.6, 129.6, 127.7, 127.3, 118.9, 110.6, 63.1, 61.3,
29.1, 26.3, 25.9, 16.3, 11.5; EIMS m/z (rel intensity) 464 (M*, 5.5), 466 (M* + 2, 2.0), 397 (100), 299 (34), 98
(25); HRMS (EI) for CasH2s®CIN4O; calcd 464.1615 (M*), found 464.1589, CasH25%"CIN4O3 calcd 466.1586
(M* + 2), found 466.1551.

5-[(12)-1-(4-Cyanophenyl)-5-(2-ox0-1,3-0xazolidin-3-yl)pent-1-en-1-yl]-N,2-dimethoxy-3-methylbenzene-
carboximidoyl Chloride (42). 4-lodobenzonitrile (49) (58 mg, 0.250 mmol), H#§A % > F > 68 (202 mg,
0.303 mmol), CsF (115 mg, 0.759 mmol), Pd(PPhs)s (29 mg, 0.025 mmol), Cul (57 mg, 0.300 mmol), DMF
(10 mL) %z v, Stille Coupling D — A FIEIZHE - 7o, IR 20 RFMIRFR L7212, U WA DT LT 1
~ h7'Z 7 4 — (EtOAC : hexane =5:1) THHEL L, /L& 42 (106 mg, 90%) #15%7-. MRy, H
NMR (270 MHz, CDCls) 6 7.56 (d, J = 6.7 Hz, 2H), 7.32 (t, J = 6.7 Hz, 2H), 7.06 (s, 1H), 7.01 (s, 1H), 6.19 (t,
J=7.4Hz, 1H), 4.26 (t, J = 8.0 Hz, 2H), 4.09 (s, 3H), 3.85 (s, 3H), 3.48 (t, J = 8.0 Hz, 2H), 3.27 (t, J = 7.4 Hz,
2H), 2.32 (s, 3H), 2.23-2.14 (m, 2H), 1.71 (quint, J = 7.4 Hz, 2H); *C NMR (68 MHz, CDCls) § 162.2, 158.1,
155.7, 146.1, 139.9, 134.3, 133.7, 132.4, 131.8, 131.7, 128.7, 127.5, 127.1, 118.7, 110.3, 62.9, 61.5, 61.2, 27.8,
27.2,26.9, 16.3, 13.6; EIMS m/z (rel intensity) 467 (M*, 12), 469 (M* + 2, 4.3), 400 (23), 313 (100), 287 (26),
100 (65), 56 (27); HRMS (EI) for CasH26CIN3O, calcd 467.1612 (M*), found 467.1624, CasHas®CIN3O4 calcd
469.1582 (M* + 2), found 469.1609.

tert-Butyl (5E)-6-(3,7-Dimethyl-2-ox0-2,3-dihydro-1,3-benzoxazol-5-yl)-6-{4-methoxy-3-methyl-5-[ (me-
thylsulfanyl)carbonyl]phenyl}hex-5-enoate (72). = {7 U —/L 46 (405 mg, 1.41 mmol), Hi§ R & >
7> 71 (1.10 g, 1.68 mmol), CsF (767 mg, 5.05 mmol), Pd(PPhs)s (195 mg, 0.169 mmol, Cul (38 mg, 0.202
mmol), DMF (40 mL) % >, Stille Coupling @ — A EIEICHE - 72, =K C 16 IRefEIfER L721%, vV
HTENH T v~ k7T 74— (EtOAC : hexane = 1 : 4) THHR L, (L&Y 72 (408 mg, 55%) % 15
7=, MR, tH NMR (270 MHz, CDCls) 6 7.38 (d, J = 2.0 Hz, 1H), 7.10 (d, J = 2.0 Hz, 1H), 6.75 (d, J =
1.1 Hz, 1H), 6.58 (d, J = 1.1 Hz, 1H), 5.96 (t, J = 7.4 Hz, 1H), 3.87 (s, 3H), 3.35 (s, 3H), 2.45 (s, 3H), 2.41 (s,
6H), 2.33-2.12 (m, 4H), 1.81-1.73 (m, 2H), 1.40 (s, 9H); *C NMR (68 MHz, CDCls) 5 191.9, 172.4, 155.3,
154.7, 140.3, 140.2, 138.6, 136.1, 135.1, 132.3, 131.1, 131.0, 129.8, 128.1, 123.4, 119.6, 104.5, 79.9, 61.6, 35.0,
29.2,28.1, 28.0, 25.2, 16.1, 14.4, 12.4; EIMS m/z (rel intensity) 525 (M*, 2.2), 469 (36), 422 (100), 420 (32),
190 (15); HRMS (EI) for C20Ha506NS calcd 525.2185 (M*), found 525.2150.
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tert-Butyl (52)-6-(3-Methoxy-7-methyl-1,2-benzoxazol-5-yl)-6-{4-methoxy-3-methyl-5-[(methylsulfanyl)-
carbonyl]phenyl}hex-5-enoate (73). = 7{k7 U —/ v 47 (405 mg, 1.41 mmol), AHEA ¥ > F > 71 (1.10
g, 1.68 mmol), CsF (767 mg, 5.05 mmol), Pd(PPh3)s (195 mg, 0.169 mmol), Cul (39 mg, 0.20 mmol), DMF
(40 mL) % I\, Stille Coupling @ — ¥ BEIRIZHE S 7=, IR T 16 REIHIE L7212, >V B v H T A
swu~ 777 4— (EtOAc:hexane=1:2) TH# L, {t&# 73 (456 mg, 62%) #1572, HEEAHRY.
IH NMR (270 MHz, CDCls) 6 7.41 (d, J = 2.0 Hz, 1H), 7.36 (d, J = 2.0 Hz, 1H), 7.08 (s, 2H), 6.00 (t, J = 7.4
Hz, 1H), 3.87 (s, 3H), 3.67 (s, 3H), 2.44 (s, 3H), 2.35 (s, 3H), 2.32 (s, 3H), 2.25-2.11 (m, 4H), 1.79-1.68 (m,
2H), 1.40 (s, 9H); *C NMR (68 MHz, CDCls) 6 191.5, 172.1, 162.6, 157.7, 155.3, 139.6, 138.2, 135.9, 134.7,
132.7, 132.3, 131.1, 129.9, 127.9, 119.6, 119.5, 115.4, 79.7, 61.4, 34.8, 32.4, 29.0, 27.8, 25.0, 16.0, 13.9, 12.2;
EIMS m/z (rel intensity) 525 (M*, 0.22), 452 (18), 422 (100), 421 (28), 347 (17); HRMS (EI) for C2sH3sOsNS
calcd 525.2185 (M*), found 525.2171.

tert-Butyl (52)-6-(3-Cyanophenyl)-6-{4-methoxy-3-methyl-5-[(methylsulfanyl)carbonyl]phenyl}hex-5-
enoate (74). 3-lodobenzonitrile (48) (321 mg, 1.40 mmol), HHEA % > F > 71 (1.10 g, 1.68 mmol), CsF
(767 mg, 5.05 mmol), Pd(PPhs)s (195 mg, 0.169 mmol), Cul (39 mg, 0.200 mmol), DMF (40 mL) % H>,
Stille Coupling O —fEAEILIZHE > 7. IR T 16 FEMRIR L7721, SV BTN D T hra~w NI T 7
4 — (EtOAc : hexane = 1:5) THHLL, LAWY 74 (679 mg, 100%) %157~ EEAHLRY). TH NMR (270
MHz, CDCls) & 7.52-7.35 (m, 4H), 7.13 (s, 1H), 7.08 (s, 1H), 6.09 (t, J = 7.4 Hz, 1H), 3.88 (s, 3H), 2.45 (s, 3H),
2.34 (s, 3H), 2.25-2.03 (m, 4H), 1.75 (quint, J = 7.4 Hz, 2H), 1.36 (s, 9H); 13C NMR (68 MHz, CDCls) 5 191.7,
172.5, 155.6, 143.1, 138.9, 136.2, 132.7, 132.0, 131.5, 131.4, 131.2, 130.5, 130.2, 128.8, 128.0, 118.6, 112.1,
80.0, 61.6, 34.9, 29.2, 28.0, 25.0, 16.1, 12.4; EIMS m/z (rel intensity) 465 (M*, 0.08), 409 (14), 362 (100), 259
(14).

tert-Butyl (52)-6-(4-Cyanophenyl)-6-{4-methoxy-3-methyl-5-[(methylsulfanyl)carbonyl]phenyl}hex-5-
enoate (75). 4-lodobenzonitrile (49) (321 mg, 1.40 mmol), A ¥ > F > 71 (1.01 g, 1.68 mmol), CsF
(767 mg, 5.05 mmol), Pd(PPhs)s (195 mg, 0.169 mmol), Cul (39 mg, 0.202 mmol), DMF (40 mL) % H\>,
Stille Coupling O —fEAEILIZHE > 7. =BIL T 16 R L721%%, U BTN DT hra~w NI T 7
4 — (EtOAc : hexane = 1 :5) THHL L, L& 75 (569 mg, 87%) Z457-. MEAHIKY. H NMR (270
MHz, CDCls) 6 7.59 (d, J = 8.6 Hz, 2H), 7.34 (d, J = 2.0 Hz, 1H), 7.28 (d, J = 8.6 Hz, 2H), 7.08 (d, J = 2.0 Hz,
1H), 6.07 (t, J = 7.4 Hz, 1H), 3.86 (s, 3H), 2.45 (s, 3H), 2.33 (s, 3H), 2.25-2.13 (m, 4H), 1.75 (quint, J = 7.4 Hz,
2H), 1.39 (s, 9H); C NMR (68 MHz, CDCls) § 191.6, 172.2, 155.5, 146.2, 139.4, 136.0, 134.6, 133.8, 132.6,
131.7, 131.4, 128.0, 127.4, 118.6, 110.2, 79.9, 64.5, 34.9, 29.3, 28.0, 24.9, 16.1, 12.4; EIMS m/z (rel intensity)
465 (M*, 0.13), 109 (22), 363 (23), 362 (100).

S-Methyl 5-[(1E)-1-(3,7-Dimethyl-2-oxo0-2,3-dihydro-1,3-benzoxazol-5-yl)-6-(methoxyamino)-6-oxohex-1-
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en-1-yl]-2-methoxy-3-methylbenzenecarbothioate (76). t-7F /L= A7 /L. 72 (428 mg, 0.814 mmol) % &
Tp CHoCl, (4 mL) #&#EZ 0 °C T TFA (4 mL) &Nz, S T 30 04k Lo, ROSIRIR & E 8 & L,
CH:Cl, (10 mL) TH %%, 0 °C T DIPEA (0.57 mL, 3.26 mmol), H;NOCHj3-HCI (170 mg, 2.04 mmol),
DMAP (50 mg, 0.407 mmol), EDCI (390 mg, 2.03 mmol) %z, iR T 16 BEEfEE: L. KI6% H.0
(10 mL) THT L, CHLClz (8 mL x 3) THlithit:, AifE % NaSOs THIME L, I A IR = LT, 7%
HErEVIBTNHT AT a~ 7T 7 4 — (hexane : EtOAc: MeOH =50:50:3) THHE L, (LAY 76

(226 mg, 66%) #f57=. AEEY. 'H NMR (270 MHz, CDCls) 0 8.56 (s, 1H), 7.37 (s, 1H), 7.10 (s, 1H),
6.74 (s, 1H), 6.60 (s, 1H), 5.96 (t, J = 7.3 Hz, 1H), 3.87 (s, 3H), 3.71 (s, 3H), 3.34 (s, 3H), 2.45 (s, 3H), 2.33 (s,
3H), 2.32 (s, 3H), 2.22-2.05 (m, 4H), 1.83 (quint, J = 7.3 Hz, 2H); 13C NMR (68 MHz, CDCls) 6 192.0, 170.2,
155.4, 154.8, 140.4, 140.1, 138.5, 136.1, 135.0, 132.3, 131.0, 130.9, 129.6, 127.9, 123.4, 119.6, 104.5, 63.9,
61.5, 32.4, 29.2, 28.1, 25.4, 16.1, 14.3, 12.4; EIMS m/z (rel intensity) 498 (M*, 6.2), 451 (31), 419 (100), 403
(46), 321 (30), 190 (18); HRMS (EI) for CasHa00sN,S calcd 498.1825 (M*), found 498.1830.

S-Methyl 2-Methoxy-5-[(1Z)-6-(methoxyamino)-1-(3-methoxy-7-methyl-1,2-benzoxazol-5-yl)-6-oxohex-
1-en-1-yl]-3-methylbenzenecarbothioate (77). (LG4 76 OEAEIEIZHE, KEEZ VDTN T LY
n~ k2777 ¢ — (hexane : EtOAC : MeOH = 10:10: 1) THEL L, {bE&W 77 (87T%) % 157-. A (alH
JE#. 'H NMR (270 MHz, CDCls) § 9.36 (s, 1H), 7.43 (s, 1H), 7.35 (s, 1H), 7.23 (s, 1H), 7.01 (s, 1H), 5.99 (t,
J=7.4 Hz, 1H), 3.87 (s, 3H), 3.71 (s, 3H), 3.66 (s, 3H), 2.43 (s, 3H), 2.34 (s, 3H), 2.31 (s, 3H), 2.22-2.05 (m,
4H), 1.84 (quint, J = 7.4 Hz, 2H); *3C NMR (68 MHz, CDCls) 6 191.9, 170.3, 162.7, 157.7, 155.5, 139.8, 138.5,
136.1, 134.8, 133.1, 132.5, 131.1, 130.0, 128.0, 119.7, 119.6, 115.5, 63.9, 61.5, 32.5, 32.3, 29.1, 25.4, 16.1,
14.1, 12.3; EIMS m/z (rel intensity) 498 (M*, 6.4), 451 (53), 419 (100), 404 (37), 362 (19); HRMS (EI) for
Ca26H3006NS calcd 498.1825 (M), found 498.1849.

S-Methyl 5-[(12)-1-(3-Cyanophenyl)-6-(methoxyamino)-6-oxohex-1-en-1-yl]-2-methoxy-3-methylbenze-
necarbothioate (78). {b & 76 OEAEIEIZIEW, FREEZ VA TN T L Ia~ N T T 7 4 —
(hexane : EtOAc : MeOH =100 : 100 : 3) THHRIL, (L&YW 78 (44%) % 15H7-. AEEFEY. *H NMR (270
MHz, CDCl3) 6 8.53 (s, 1H), 7.53-7.37 (m, 4H), 7.35 (d, J = 1.8 Hz, 1H), 7.07 (d, J = 1.8 Hz, 1H), 6.10 (t, J =
7.4 Hz, 1H), 3.88 (s, 3H), 3.70 (s, 3H), 2.45 (s, 3H), 2.34 (s, 3H), 2.22-2.05 (m, 4H), 1.83 (quint, J = 7.4 Hz,
2H); **C NMR (68 MHz, CDCl3) ¢ 191.9, 170.1, 155.7, 143.0, 139.0, 136.0, 133.8, 132.7, 131.6, 131.2, 131.1,
130.5, 130.2, 128.8, 127.9, 118.6, 112.0, 63.9, 61.5, 32.3, 29.2, 25.2, 16.1, 12.4; EIMS m/z (rel intensity) 438
(M*, 5.9), 391 (80), 359 (100), 344 (58), 316 (26), 302 (25); HRMS (EI) for C24H2604N,S calcd 438.1614 (M"),
found 438.1620.

S-Methyl 5-[(1Z)-1-(4-Cyanophenyl)-6-(methoxyamino)-6-oxohex-1-en-1-yl]-2-methoxy-3-methylbenze-
necarbothioate (79). {L &% 76 DOEAEIEIZHE W, BEE VI T NV I T LI a~ N T T T 40—
(hexane : EtOAC : MeOH =25 :25: 1) THELL, (LA 79 (46%) % 457=. HEEEY. 'H NMR (270
MHz, CDCls) & 8.65 (s, 1H), 7.55 (d, J = 8.6 Hz, 2H), 7.34 (d, J = 1.6 Hz, 1H), 7.28 (d, J = 8.6 Hz, 2H), 7.07
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(d, J = 1.6 Hz, 1H), 6.17 (t, J = 7.4 Hz, 1H), 3.87 (s, 3H), 3.69 (s, 3H), 2.45 (s, 3H), 2.33 (s, 3H), 2.22-2.05 (m,
4H), 1.83 (quint, J = 7.4 Hz, 2H); 3C NMR (68 MHz, CDCl3) § 191.9, 170.1, 155.6, 146.1, 139.5, 136.0, 133.8,
132.7, 132.5, 131.7, 131.2, 127.9, 127.4, 118.6, 110.0, 63.9, 61.5, 32.3, 29.2, 25.1, 16.0, 12.4; EIMS m/z (rel
intensity) 438 (M*, 4.2), 391 (62), 359 (100), 343 (70), 316 (25), 273 (24); HRMS (EI) for C24H2504NS calcd
438.1614 (M*), found 438.1616.

S-Methyl 5-[(1E,6Z)-6-Chloro-1-(3,7-dimethyl-2-0x0-2,3-dihydro-1,3-benzoxazol-5-yl)-6-(methoxyimino)-
hex-1-en-1-yl]-2-methoxy-3-methylbenzenecarbothioate (12). N- A %7 I K 76 (251 mg, 0.503
mmol) & PPhs (396 mg, 1.51 mmol) % & Z» CHsCN (18 mL) JRAVAIRIZ CCly (0.58 mL, 6.04 mmol) %
IR TIMNZ, 30 3 TR HR L7z, ROCHSIR % 3 RIINENER I L 721%%, WA WIER £ L, mEZ VAT
NAThru< v7 T 74— (EtOAC: hexane =1:4) THR L, (L&Y 12 (233 mg, 90%) % 157-. %
kY. 'H NMR (270 MHz, CDCls) 6 7.38 (d, J = 2.2 Hz, 1H), 7.09 (d, J = 2.2 Hz, 1H), 6.76 (s, 1H), 6.59
(s, 1H), 5.97 (t, J = 7.4 Hz, 1H), 3.90 (s, 3H), 3.88 (s, 3H), 3.35 (s, 3H), 2.50 (t, J = 7.4 Hz, 2H), 2.45 (s, 3H),
2.33 (s, 6H), 2.23-2.15 (m, 2H), 1.82 (quint, J = 7.4 Hz, 2H); *C NMR (68 MHz, CDCls) 5 191.9, 155.4, 154.7,
140.7, 140.3, 138.5, 138.4, 136.0, 135.0, 132.4, 131.1, 129.3, 128.0, 123.4, 119.7, 104.5, 62.3, 61.6, 36.2, 28.7,
28.2, 26.4, 16.1, 14.4, 12.4; EIMS m/z (rel intensity) 516 (M*, 11), 518 (M* + 2, 4.4), 471 (11), 469 (31), 401
(100); HRMS (EI) for CaH20®CIN,OsS calcd 516.1486 (M*), found 516.1490, CasHas®’CIN20sS calcd
518.1456 (M* + 2), found 518.1455.

S-Methyl 5-[(1Z,6Z)-6-Chloro-6-(methoxyimino)-1-(3-methoxy-7-methyl-1,2-benzoxazol-5-yl)hex-1-en-1-

yl]-2-methoxy-3-methylbenzenecarbothioate (15). {L&# 12 OEAEEICHEW, FKAEEZ SV DTV H T
LZwma~ N7 74— (EtOAC : hexane = 1 :3) THHEL, L&Y 15 (93%) #1537-. MY, H
NMR (270 MHz, CDCls) § 7.41 (s, 1H), 7.36 (d, J = 2.0 Hz, 1H), 7.27 (s, 1H), 7.07 (d, J = 2.0 Hz, 1H), 6.01 (t,
J=7.4Hz, 1H), 3.90 (s, 3H), 3.88 (s, 3H), 3.67 (5, 3H), 2.49 (t, J = 7.4 Hz, 2H), 2.44 (s, 3H), 2.35 (s, 3H), 2.32
(s, 3H), 2.22-2.14 (m, 2H), 1.80 (quint, J = 7.4 Hz, 2H):; 3C NMR (68 MHz, CDCls) § 191.8, 162.8, 157.9,
155.5, 140.1, 138.5, 138.3, 136.0, 134.8, 132.9, 132.5, 131.3, 129.5, 128.1, 119.8, 119.7, 115.7, 62.3, 61.6, 36.1,
32.6,28.7, 26.4, 16.2, 14.1, 12.4; EIMS m/z (rel intensity) 516 (M*, 5.3), 518 (M* + 2, 2.6), 471 (35), 469 (100),
403 (89 ), 401 (74), 362 (41); HRMS (El) for CusHxe®CIN,0sS calcd 516.1486 (M), found 516.1457,
Ca2sH20%"CIN,OsS calcd 518.1456 (M* + 2), found 518.1498.

S-Methyl 5-[(1Z,6Z)-6-Chloro-1-(3-cyanophenyl)-6-(methoxyimino)hex-1-en-1-yl]-2-methoxy-3-methyl-

benzenecarbothioate (18). {b&#¥) 12 OFAEIRIZHE, FREEZ S VW AN T T LI~ NI T T 4 —
(EtOAC : hexane = 1:5) THHELL, {L&W 12 (84%) Z437=. A, TH NMR (270 MHz, CDCl3) &
7.54-7.38 (m, 4H), 7.35 (d, J = 2.0 Hz, 1H), 7.07 (d, J = 2.0 Hz, 1H), 6.10 (t, J = 7.4 Hz, 1H), 3.89 (s, 3H), 3.89
(s, 3H), 2.49 (t, J = 7.4 Hz, 2H), 2.45 (s, 3H), 2.34 (s, 3H), 2.24-2.16 (m, 2H), 1.82 (quint, J = 7.4 Hz, 2H); 33C
NMR (68 MHz, CDCls) ¢ 191.7, 155.7, 143.0, 139.3, 138.4, 135.9, 133.8, 132.8, 131.4, 131.3, 131.2, 130.6,
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130.3, 128.8, 128.0, 118.6, 112.2, 62.3, 61.7, 36.1, 28.7, 26.2, 16.2, 12.5; EIMS m/z (rel intensity) 456 (M*,
5.2), 458 (M* + 2, 2.1), 411 (34), 409 (100), 343 (79), 341 (57); HRMS (EIl) for CasHxs*CIN,OsS calcd
456.1274 (M*), found 456.1243, CsH26>"CIN;Os calcd 458.1245 (M* + 2), found 458.1221.

S-Methyl 5-[(1Z,6Z)-6-Chloro-1-(4-cyanophenyl)-6-(methoxyimino)hex-1-en-1-yl]-2-methoxy-3-methyl-
benzenecarbothioate (21). {b&¥ 12 OFEAEIEICHE, BEEZ VISV T LI 0~ T T T 4 —
(EtOAC : hexane = 1:5) THRLL, (LAY 21 (85%) %157, AR .'H NMR (270 MHz, CDCls) §
7.56 (d, J = 8.8 Hz, 2H), 7.35 (d, J = 2.2 Hz, 1H), 7.29 (d, J = 8.8 Hz, 2H), 7.07 (d, J = 2.2 Hz, 1H), 6.17 (t, J =
7.4 Hz, 1H), 3.89 (s, 3H), 3.87 (s, 3 H), 2.49 (t, J = 7.4 Hz, 2H), 2.45 (s, 3H), 2.33 (s, 3H), 2.25-2.16 (m, 2H),
1.82 (quint, J = 7.4 Hz, 2H); *C NMR (68 MHz, CDCls) § 191.8, 155.7, 146.2, 139.9, 138.4, 135.9, 133.8,
132.8, 132.2, 131.8, 131.5, 128.0, 127.5, 118.7, 110.4, 62.4, 61.7, 36.1, 28.8, 26.2, 16.2, 12.5; EIMS m/z (rel
intensity) 456 (M*, 7.1), 458 (M* + 2, 2.7), 411 (34), 409 (100), 373 (44), 343 (73), 341 (62); HRMS (EI) for
C24H25%CIN,O3S calcd 456.1274 (M*), found 456.1259, CasH2e%"CIN2Os calcd 458.1245 (M* + 2), found
458.1228.

55 3 1 i

2-(Pent-4-yn-1-yl)-5-(trifluoromethyl)-1,3,4-oxadiazole (109). 7 ~ < >~ —/L 108 (1.06 g, 7.80 mmol) @
CH.CLI&E (30 mL) 12 kYU 7 )vA4 v BEEETANR (2.16 mL, 15.6 mmol) i F L, =iL TR L=,
PO % sat. ag. NaHCO3 T pH 9 (2 F1 L, /K& % Et;0 (20 mLx 2) THIM L, A#8E % NapSOs THL
BLIRAE LT, REE T VBTSN T A a~ N7 57 ¢ — (EtOAC : hexane =2 :3) THHE L, 1t&
¥ 109 (1.37 g, 86%) Z157-. HEMAJY. IR (neat) 2958, 2916, 1459, 1377, 1260 cm™; *H NMR (400
MHz, CDCls) 6 3.09 (t, J = 7.1 Hz, 2H), 2.36 (dt, J = 7.1, 2.6 Hz, 2H), 2.06 (quint, J = 7.1 Hz, 2H), 1.98 (t, J =
2.6 Hz, 1H); *C NMR (100 MHz, CDCls) ¢ 168.5, 155.2 (d, Jccrs = 44.1 Hz), 116.6 (q, Jers = 270.0 Hz), 81.9,
69.9, 24.7, 24.1, 17.6; 9F NMR (376 MHz, CDCls) 6 -65.4 (s); EIMS m/z 203 (M*- H, 14), 165 (15), 152 (100),
80 (17), 69 (18).

(2)-N'-Hydroxy-6-(trimethylsilyl)hex-5-ynimidamide (111). &% 110 (2.58 g, 15.6 mmol) @ EtOH (56
mL) ¥AHZIZ HoNOH (4.12 mL, 62.4 mmol) @ 50%¥&iE % =Eii Tl %, 4 REMIINEGE DT U7-. G L7- X
IR 2K (30 mL) THAVIR L, Bk %2 EtOAC (20 mL x 2) THhiH L7=. AfklE 2k & fafn itk T
Ped L, NapSOs THZERME, EME L TILA® 111 (2.75 g, 89%) % 1F7-. MEAHHIRY). 'H NMR (400 MHz,
CDCl3) 6 9.12 (s, 1H), 4.66 (s, 2H), 2.32 (t, J = 7.4 Hz, 2H), 2.26 (t, J = 7.4 Hz, 2H), 1.78 (quint, J = 7.4 Hz,
2H), 0.11 (s, 9H); 3C NMR ¢ 153.2, 106.3, 85.5, 30.0, 25.6, 19.2, 0.049.

5-(Trifluoromethyl)-3-[5-(trimethylsilyl)pent-4-yn-1-yl]-1,2,4-oxadiazole (112). {L&% 111 (254 g, 12.8
mmol) & trifluoroacetic anhydride (2.14 mL, 15.4 mmol) PtoluenelA#E (60 mL) % 4RFREIINEGEFE L7-.
FOGHE T #, AT #afINaHCOs/k % %, EtOAc (30 mL x 2) Tl L, NaSO, CHiME L 7=, i,
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BEEIVNTNDT AT~ 7T 74— (2% EtOAc-hexanes) THEHLL, k&% 112 (2.07 g,
59%) % 7157-. kY. IR (neat) 2959, 1211, 1153, 800 cm™; 'H NMR (400 MHz, CDCls) § 2.95 (t, J = 7.2
Hz, 2H), 2.36 (t, J = 7.2 Hz, 2H), 1.99 (quint, J = 7.2 Hz, 2H), 0.122 (s, 9H); 3C NMR (100 MHz, CDCls) 6
171.1, 165.2 (d, Jecrs = 35.1 Hz), 116.0 (d, Jers = 275.0 Hz), 105.1, 86.0, 25.3, 24.8, 19.2, 0.043; °F NMR
(376 MHz, CDCls) 6 -69.6 (s); CIMS (rel intensity) m/z 277 (MH*, 14), 261 (100), 191 (17), 108 (81), 77 (37),
73 (54).

3-(Trifluoromethyl)-5-[5-(trimethylsilyl)pent-4-yn-1-yl]-1,2 4-oxadiazole (113). b & 4% 112 (200 mg,
0.724 mmol) M®DMF (2 mL) &2, H.NOCH3 - HCI (151 mg, 2.17 mmol) & N,N-diisopropylethylamine
(0.37 mL, 2.17 mmol) % N %, 28WFf] =RIE CHEFR L7, SH& T %, EtOAC (25 mL) Tk L, A= %
fAFnEEAK (15 mL x 2) TUE L, Na SO, Tzl L7-. RfEt%, mEd v Vv ara~ b7
7 7 4 — (hexane) THELL, {LE&W 113 (120 mg, 60%) % 7157-. kY. IR (neat) 2960, 1260, 1089,
1014 cm't; 'H NMR (400 MHz, CDCls) 6 3.12 (t, J = 7.2 Hz, 2H), 2.41 (t, J = 7.2 Hz, 2H), 2.08 (quint, J = 7.2
Hz, 2H), 0.14 (s, 9H); 13C NMR (100 MHz, CDCls) 6 182.1, 161.5 (d, Jecrs = 43.5 Hz), 118.0 (d, Jers = 270.3
Hz), 104.4, 86.7, 25.4, 24.8, 19.1, 0.005; °F NMR (376 MHz, CDCls) 6 -65.5 (s); EIMS (rel intensity) m/z 276
(M*, 2.4), 261 (28), 224 (16), 150 (18), 77 (39), 73 (35), 55 (100); HRMS (EI) for CuHisFsN20Si calcd
276.0906 (M*), found 276.0882.

5-(Pent-4-yn-1-yl)-3-(trifluoromethyl)-1,2,4-oxadiazole (114). {t-&% 113 (100 mg, 0.362 mmol) & /K
(0.65 mL, 36.2 mmol) ?acetone (5 mL) %0 °C T304 [F#H#: L, AgNOs (6 mg, 0.036 mmol) A hNz, =ik
CARFMIESE L7z, ISR A 7K (20 mL) THAM L, EtO (20 mL x 2) Thith#, AE % K & fafig
HE7K (15 mL x 2) TP L, Na SO, THiM: LT, IBMiH, IXkEE T VAT T hru~w NI T 7 4
— (EtOAC : hexane = 1 :20) THHIL, L&YW 114 (66 mg, 89%) Z157=. A, IR (neat) 2923,
2362, 2121, 1558, 1461 cm; *H NMR (400 MHz, CDCls) 6 3.09 (t, J = 7.2 Hz, 2H), 2.33 (dt, J = 7.2 Hz, 2.6
Hz, 2H), 2.08 (quint, J = 7.2 Hz, 2H), 1.96 (t, J = 2.6 Hz, 1H); 13C NMR (400 MHz, CDCls) § 181.9, 160.1 (d,
Jocrs = 39.5 Hz), 116.7 (d, Jers = 270.2 Hz), 80.6, 68.8, 29.6, 24.0, 16.4; F NMR (400 MHz, CDCls) & -66.3
(s); EIMS m/z (rel intensity) 203 (M* - H, 1.3), 165 (10), 152 (100), 68 (21).

4-lodo-2-methyl-6-nitroaniline (116). N-lodosuccinimide (85 mg, 0.345 mmol) ®AcOH (10 mL) &2,
2-methyl-6-nitroaniline (115) (50.0 mg, 0.333 mmol) %50 °C T304 AT T F L, 4RI L7-. X
SR A KA A, M L 726 6t 2 EtOAC Tt Al L, &% 116 (98 mg, 100%) A 457-. K& faiftdh.
mp 139-141 °C. IR (neat) 3475, 3364, 1614, 1509, 1327, 1247 cm'; 'H NMR (400 MHz, CDCls) 6 8.35 (d, J =
2.0 Hz, 1H), 7.53 (d, J = 2.0 Hz, 1H), 6.19 (s, 2H), 2.22 (s, 3H); 3C NMR (100 MHz, CDCls) & 143.8, 142.9,
132.9, 132.3, 127.5, 75.5, 17.1: EIMS m/z (rel intensity) 278 (M*, 100), 232 (26), 105 (28); HRMS (EI) for
C7H7IN20, 277.9561 (M), found 277.9549; Anal. Calcd for C;H7IN2O5: C, 30.24; H, 2.54; N, 10.08. found: C,
30.33; H, 2.51; N, 10.01.
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5-lodo-3-methylbenzene-1,2-diamine (117). 4-lodo-2-methyl-6-nitroaniline (116) (500 mg, 1.80 mmol) @
EtOH : H,O (3: 1, 30 mL) ¥#i%IZ, Fe (833 mg, 15.8 mmol) & FeSO4-7H,0 (900 mg, 3.24 mmol) % /il z,
100 °CCIFfMfHFE L7z, k% AT L - TV BRE, NaSO, THiME L7z, IRHtk, >V W75 M
rswu~ 777 4— (EtOAc:hexane=1:1) TH# L, {t&% 117 (395 mg, 89%) A 157-. HEAfEM.
mp 80 °C. IR (neat) 1587, 1479, 1290, 1239, 838 cm%; tH NMR (400 MHz, CDCls) 5 6.93 (d, J = 2.0 Hz, 1H),
6.87 (d, J = 2.0 Hz, 1H), 2.10 (s, 3H); *C NMR (100 MHz, CDCls) § 135.4, 133.2, 130.3, 125.3, 123.1, 80.5,
17.0; EIMS m/z (rel intensity) 248 (M*, 100), 121 (14), 94 (11); HRMS (EI) for C;HsIN; 247.9811 (M*), found
247.9793; Anal. Calcd for C7HgIN,: C, 33.89; H, 3.66; N, 11.29. found: C, 34.15; H, 3.63; N, 11.09.

6-lodo-4-methyl-1,3-dihydrozimidazol-2-one (118). J77%1: 5-lodo-3-methylbenzene-1,2-diamine (117) (254
mg, 1.02 mmol) @ DMF (5 mL) ¥ (2, N,N'-carbonyldiimidazole (199 mg, 1.23 mmol) % /il ., 150 °CT
205 FHIHRHE L7z, DUSH % 10% HCl and H:OTAIR L, LB & B Y Bru e, 5EZ2 v ) BT 5
Lrwv~ hJZ 74— (EtOAC : hexane =9 : 1) THEI L, {b&% 118 (225 mg, 80%) % 157=. HE[E
TEW). J5152: 2-Amino-5-iodo-3-methylbenzoic acid (121) (200 mg, 0.720 mmol) & diphenylphosphorylazide
(0.15 mL, 0.720 mmol) DO THF (6 mL) IR & Ak triethylamine (0.15 mL, 1.08 mmol) % /1%, 70 °CT24
REFIIRER U7, IROGTIR A2 WIE IR AR, THRE T L, (LA% 118 (190 mg, 97%) A 157-. Hfafsdn.
mp >280 °C. IR (neat) 1743, 1664, 1362, 833, 729, 610 cm™; *H NMR (400 MHz, DMSO) § 10.83 (s, 1H),
10.77 (s, 1H), 7.08 (s, 1H), 7.01 (s, 1H), 2.19 (s, 3H); *C NMR (100 MHz, DMSO) & 156.0, 131.9, 130.7,
129.4, 121.7, 115.1, 83.9, 16.7; EIMS m/z (rel intensity) 274 (M*, 100), 147 (21): HRMS (EI) for CgH7IN,O
273.9603 (M*), found 273.9606; Anal. Calcd for CgH7IN,O: C, 35.06; H, 2.57; N, 10.22. found: C, 35.27; H,
2.62; N, 9.99.

6-lodo-1,3,4-trimethyl-1,3-dihydro-2H-benzimidazol-2-one (119). {t&% 118 (50.0 mg, 0.202 mmol) @
benzene (10 mL) ¥ %12, 50% ag. NaOH (18 mL), tetra-n-butylammonium bromide (4.3 mg, 0.013 mmol),
iodomethane (96 mg, 0.673 mmol) % iz, 60 °C TARFFEIIFFR L7=. SUSHK T 1%, ELOTHiH L 7= A=
Ze fOFN R HE K TUEif L, Na SO, THzME L 72, IRifEt:, U BTSNV T L7 u~ 7T 74— (EtOAC :
hexane = 3 : 2) THHELL, {LEW 119 (52 mg, 94%) % 15F7-. AfESG. mp 200-201 °C. IR (neat) 1688,
1487, 1447, 1261, 839 cm: THNMR (400 MHz, CDCls) 6 7.14 (s, 1H), 7.09 (s, 1H), 3.62 (s, 3H), 3.34 (s, 3H),
2.54 (s ,3H); 3C NMR (100 MHz, CDCls) ¢ 154.3, 132.6, 131.4, 127.7, 121.4, 114.1, 83.0, 29.8, 27.2, 17.7;
EIMS m/z (rel intensity) 302 (100), 175 (11), 132 (11); HRMS (EI) for C1oHwIN,O calcd 301.9916 (M), found
301.9923; Anal. Calcd for C10H11IN2O: C, 39.76; H, 3.67; N, 9.27. found: C, 39.83; H, 3.66; N, 9.25.

2-Amino-5-iodo-3-methylbenzoic acid (121). N-lodosuccinimide (468 mg, 2.08 mmol) ®AcOH (5 mL) &
%12, 2-amino-3-methylbenzoic acid (120) (300 mg, 1.98 mmol) %50 °C T304 B2~ ) T F L, 4RF[EIH
B U7, BUGKE T £, toluene Nz J44E L, EtOAc & 1% HCITTHAR L7=. A8 % EtOACTHh, fiafn
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B K TYEY L, NaSO, THZME U7z, A2 L iRaE L, MY 121 (600 mg, 109%) % 457-. X5t
E Y.

Sonogashira Coupling (—##/ERE).

TXr 12%8), 377V —/ (1.0 %8), E6N (2.0 48) 24T THF RAEIK (5~15 mL) %
0°C T 10437 /L = v &G CIA L7-. K\ T, Cul (0.10 24 H) & PACI(PPhs)2 (0.10 4 ) % SCJGTA
Wz, 7T/ TERTHE L, BUSE T#, WA ER % L, EtOAc TR L 72 USRI %
U BTN Uz, FREE, WIAWIERE L, KEEZ VAN AT LI a~ NI T 7 4 — TR
L7-.

N,2-Dimethoxy-3-methyl-5-{5-[5-(trifluoromethyl)-1,3,4-oxadiazol-2-yl]pent-1-yn-1-yl}benzenecarboxim-
idoyl Fluoride (100). 7 /L% > 109 (537 mg, 2.63 mmol), = 717 U —/L 44 (500 mg, 1.55 mmol), EtsN
(0.86 mL, 6.19 mmol), Cul (30 mg, 0.163 mmol), PdCI>(PPhs), (109 mg, 0.155 mmol), THF (10 mL) % V>,
Sonogashira Coupling® — AL~ 7. 6IFRIR¥E L7, S U AN T Lo u~x NI T 7 4 —
(EtOAC : hexane =1:4) THHRL L, {L&® 100 (595 mg, 96%) % 157=. AR, IR (neat) 2943, 2360,
1639, 1563, 1409, 1130 cm*; *H NMR (400 MHz, CDCl3) ¢ 7.45 (d, J = 2.0 Hz, 1H), 7.32 (d, J = 2.0 Hz, 1H),
3.97 (s, 3H), 3.80 (s, 3H), 3.16 (t, J = 7.2 Hz, 2H), 2.60 (t, J = 7.2 Hz, 2H), 2.28 (s, 3H), 2.16 (quint, J = 7.2 Hz,
2H); 3C NMR (100 MHz, CDCls) ¢ 168.6, 156.8, 155.2 (d, Jecrs = 44.2 Hz), 149.0 (d, Jcr = 322.9), 136.9,
132.8, 130.7 (d, Jcccr = 4.6 Hz), 120.3 (d, Jocr = 27.9 Hz), 118.9, 116.2 (q, Jers = 270.3 Hz), 87.6, 80.7, 63.1 (d,
Jeoner = 1.6 Hz), 60.9 (d, Jcoccer = 1.6 Hz), 24.8, 24.2, 18.6, 15.8; °F NMR (376 MHz, CDCl3) 6 -65.3 (s),
-65.7 (s); EIMS m/z (rel intensity) 399 (M*, 99), 262 (61), 248 (43), 201 (100), 196 (26), 152 (46): HRMS (EI)
for C1gH17F3N3O3 caled 399.1206 (M*), found 399.1205.

S-Methyl 2-Methoxy-3-methyl-5-{5-[5-(trifluoromethyl)-1,3,4-oxadiazol-2-yl]pent-1-yn-1-yl}benzenecar-
bothioate (101). 7 /L5 > 109 (412 mg, 2.02 mmol), = v{k7 U —/L 43 (500 mg, 1.55 mmol), EtzN (0.29
mL, 2.79 mmol), Cul (500 mg, 1.55 mmol), PdClx(PPhs), (33 mg, 0.047 mmol), THF (6 mL) % >,
Sonogashira Coupling® — AL~ 7. 6FFRIR¥E L7, S U AN T Lo u~x T T 7 4 —
(EtOAC : hexane = 1:4) THHELL, (L&YW 101 (542 mg, 89%) Z157-. HEAIMIKY. IR (neat) 2890, 1954,
1678, 1589, 1563, 1474, 1209, 1166 cm™; *H NMR (400 MHz, CDCls) 6 7.58 (d, J = 2.0 Hz, 1H), 7.35 (d, J =
2.0 Hz, 1H), 3.81 (s, 3H), 3.16 (t, J = 7.2 Hz, 2H), 2.61 (t, J = 7.2 Hz, 2H), 2.45 (s, 3H), 2.29 (s, 3H), 2.16
(quint, J = 7.2 Hz, 2H); 3C NMR (100 MHz, CDCl3) §191.8, 168.6, 156.1, 155.3 (d, Jccrs = 44.2 Hz), 137.7,
132.8, 131.7, 130.2, 118.8, 116.2 (g, Jcrs = 271.0 Hz), 87.6, 80.9, 61.8, 24.9, 24.3, 18.7, 15.9, 12.5; F NMR
(376 MHz, CDCls) & -65.3 (s); EIMS m/z (rel intensity) 398 (M*, 3.0), 353 (35), 351 (100), 240 (4), 199 (3),
184 (3); HRMS (EI) for C1sH17FsN,OsS calcd 398.0912 (M*), found 398.0921.

S-Methyl 2-Methoxy-3-methyl-5-{5-[3-(trifluoromethyl)-1,2,4-oxadiazol-5-yl]pent-1-yn-1-yl}benzenecar-
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bothioate (102). 7 /L% > 114 (130 mg, 0.636 mmol), = 7{t7 U —/ 43 (170 mg, 0.530 mmol), EtsN
(0.22 mL, 1.58 mmol), Cul (10 mg, 0.053 mmol), PdCl,(PPhs), (40 mg, 0.053 mmol), THF (6 mL) % f\>,
Sonogashira Coupling® —fx#{FIEICHE > 7o, 19RFRIRE L7212, S U AT NI T Lo a~ NI T 7 ¢
— (3% EtOAc-hexanes) THHIL, {bA% 102 (179 mg, 85%) Z157=. # Ak, IR (neat) 1677, 1476,
1414 cm’; 'H NMR (400 MHz, CDCl3) 6 7.58 (d, J = 2.2 Hz, 1H), 7.35 (d, J = 2.2 Hz, 1H), 3.81 (s, 3H), 3.19
(t, 3 = 7.2 Hz, 2H), 2.60 (t, J = 7.2 Hz, 2H), 2.45 (s, 3H), 2.29 (s, 3H), 2.17 (quint, J = 7.2 Hz, 2H); *C NMR
(100 MHz, CDCls) § 191.7, 182.0, 161.5 (d, Jccrs = 39.5 Hz), 156.1, 137.7, 132.7, 131.7, 130.2, 118.8, 117.9 (q,
Jers = 270.5 Hz), 87.5, 81.0, 61.7, 25.5, 25.0, 18.6, 15.8, 12.4; F NMR (376 MHz, CDCls) 6 -66.2 (s); EIMS
m/z (rel intensity) 398 (M*, 2.8), 351 (100), 128 (6.3); HRMS (EIl) for CigHi7FsN,03S calcd 398.0912 (M*),
found 398.0901.

Hydrostannation (— X E/ELE).

7% (1.0 &) & Pd(PPhs)s (0.10 &) DHEK THF #KIC, BusSnH (1.5 &) % 7 /L= &0 T
0°C T F L, SIRTHR L. RIGK T, W ABIERZE L, EtOAc (50 mL) TR L 72 USRI
YV BFMIA LTz, BE, WKZBEREL, B2 VSNV T A7 u~< NI T 7 4 —TF
w7z,

N,2-Dimethoxy-3-methyl-5-[(E)-5-[5-(trifluoromethyl)-1,3,4-oxadiazol-2-yl]-1-(tributylstannanyl)pent-1-

en-1-yl]benzenecarboximidoyl Fluoride (103). 77 /L >~ 100 (300 mg, 0.749 mmol), Pd(PPhs)s (86mg,
0.075 mmol), BuzSnH (0.30 mL, 1.12 mmol), THF (8 mL) % I\, Hydrostannation® —fix#a/EVE I HE - 7-.
IWFMEFR L7121, S U B TN DT A rn~ T T 7 1 — (6% EtOAc-hexanes) THHI L, {bA&% 103
(488 mg, 94%) % 157-. FEAIRY. IR (neat) 2930, 2872, 1644, 1564, 1408 cm™; 'H NMR (400 MHz,
CDCls) 6 6.95 (d, J = 2.2 Hz, 1H), 6.82 (d, J = 2.2 Hz, 1H), 5.74 (t, J = 7.0 Hz, 1H), 3.97 (s, 3H), 3.80 (s, 3H),
2.88 (t, J = 7.7 Hz, 2H), 2.29 (s, 3H), 2.22-2.17 (m, 2H), 1.91 (quint, J = 7.7 Hz, 2H), 1.47-1.39 (m, 6H),
1.31-1.22 (m, 6H), 0.894-0.840 (m, 15H); 3C NMR (100 MHz, CDCls) § 169.1, 155.1 (q, Jccrs = 44.1 Hz),
154.6, 149.7 (d, Jcr = 322.1 Hz), 146.5, 140.2, 139.9, 132.4, 132.3, 125.5 (d, Jccer = 3.8 Hz), 119.8 (d, Jccr =
27.8 Hz), 116.2 (4, Jers = 270.2 Hz), 63.1 (d, Jconcr = 1.6 Hz), 60.9 (d, Jcoccer = 1.6 Hz), 29.1, 28.9, 27.2,
26.0,24.7, 16.1, 13.6, 9.9; 1°F NMR (376 MHz, CDCls) & -65.4 (s), -65.8 (s); FABMS m/z 691 (MH*).

S-Methyl 2-Methoxy-3-methyl-5-[(E)-5-[5-(trifluoromethyl)-1,3,4-oxadiazol-2-yl]-1-(tributylstannanyl)-

pent-1-en-1-yl]-benzenecarbothioate (104). 7 /L% >~ 101 (503 mg, 1.26 mmol), Pd(PPhs)s (44 mg, 0.038
mmol), BuzSnH (0.50 mL, 1.90 mmol), THF (9 mL) % V>, Hydrostannation® — % #/EIEIZHE - 7. 2.5
MR L72t%, U BTN AT A a~ 7T 74— (EtOAC : hexane = 1:5) THE L, {b&EW 104
(818 mg, 94%) #1537-. HEAIHIRY. IR (neat) 2847, 2359, 1682, 1651, 1588, 1563 cm™; 'H NMR (400 MHz,
CDCls) 6 7.11 (d, J = 2.0 Hz, 1H), 6.87 (d, J = 2.0 Hz, 1H), 5.75 (t, J = 6.8 Hz, 2H), 3.81 (s, 3H), 2.88 (t, J =
7.8 Hz, 2H), 2.45 (s, 3H), 2.30 (s, 3H), 2.23-2.19 (m, 2H), 1.92 (quint, J = 7.8 Hz, 2H), 1.48-1.22 (m, 12H),
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0.91-0.84 (m, 15H); *C NMR (100 MHz, CDCl3) 6 192.3, 169.0, 155.1 (d, Jccrs = 44.3 Hz), 153.9, 146.6,
140.1, 139.9, 133.3, 132.2, 131.3, 125.0, 116.2 (0, Jers = 271.2 Hz), 61.7, 29.1, 28.9, 27.2, 26.0, 24.7, 16.1,
13.6,12.4, 10.0; FABMS m/z 691 (MH").

S-Methyl 2-Methoxy-3-methyl-5-[(E)-5-[3-(trifluoromethyl)-1,2,4-oxadiazol-5-yl]-1-(tributylstannanyl)-
pent-1-en-1-yl]-benzenecarbothioate (105). 7 /L% > 102 (134 mg, 1.26 mmol), Pd(PPhs). (38 mg, 0.033
mmol), BusSnH (0.13 mL, 0.501 mmol), THF (9 mL) % f\>, Hydrostannation® —fixEe{EIEIZHE - 7=, 3F
MR L2k, YUV T L~ N7 T 7 4 — (3% EtOAc-hexanes) THERL L, (L& ¥ 105
(117 mg, 51%) Z157-. FEAMRY. IR (neat) 2924, 1681, 1470, 1168 cm™; 'H NMR (400 MHz, CDCls) §
7.11(d, J = 2.2 Hz, 1H), 6.86 (d, J = 2.2 Hz, 1H), 5.74 (t, J = 7.0 Hz, 1H), 3.81 (s, 3H), 2.92 (t, J = 7.6 Hz, 2H),
2.45 (s, 3H), 2.30 (s, 3H), 2.22-2.18 (m, 2H), 1.93 (quint, J = 7.6 Hz, 2H), 1.48-1.40 (m, 6H), 1.32-1.24 (m,
6H), 0.93-0.84 (m, 15H); 2*C NMR (100 MHz, CDCls) ¢ 192.3, 182.5, 161.6 (d, Jccrs = 44.0 Hz), 153.9, 146.7,
140.1, 139.9, 133.3, 132.2, 131.3, 125.1, 118.0 (0, Jcrs = 271.1 Hz), 61.7, 29.0, 28.9, 27.3, 26.1, 25.9, 16.1,
13.6, 12.4, 10.0; *F NMR 6 -66.3 (s); FABMS m/z 691 (MH").

Stille Coupling (— R HR1ELE).

T V=L (104E), AAX T (1.0 4 E), CsF (3.0 4 &) 25T DMFIEAIAIREZ 0°C T
10 o7 v R TR L7z, IR C, PA(PPhs)s (0.10 &) & Cul (1.2 ¥&) ZSUNEIRIZINZ,
T F K F60°CH L IXIETHIHE L7z, SUGHE T, CHoClo & HoO ZNA THEFR L, RS
% EtOAc T T4 LAl L=tk AHEEIHEL - A8 % faf &K TS, NaSOs TR,
IR TREE L, BEs VB AN DT Ara~w NI 57 o — TR LT,

5-{(E)-1-(3,7-Dimethyl-2-ox0-2,3-dihydro-1,3-benzoxazol-5-yl)-5-[5-(trifluoromethyl)-1,3,4-oxadiazol-2-
yl]-pent-1-en-1-yI}-N,2-dimethoxy-3-methylbenzenecarboximidoyl Fluoride (85). = v {k7 U — /L 46
(70 mg, 0.240 mmol), A % > 7> 103 (200 mg, 0.290 mmol), CsF (132 mg, 0.871 mmol), Pd(PPhs),
(28 mg, 0.024 mmol), Cul (55 mg, 0.290 mmol), DMF (5 mL) % i\, Stille Coupling® — BRI HE -
7o, BIRCT2R2RFREE L%, Y VBN T~ 7T 74— (EtOAC : hexane = 1:5) THyHl
L, Ib&% 85 (132 mg, 97%) % 437=. @ik, IR (neat) 2921, 1779, 1219, 772 cm™; *H NMR (400
MHz, CDCls) § 7.21 (d, J = 1.7 Hz, 1H), 7.05 (d, J = 1.7 Hz, 1H), 6.75 (s, 1H), 6.57 (s, 1H), 5.70 (t, J = 7.4 Hz,
1H), 3.97 (s, 3H), 3.88 (s, 3H), 3.35 (s, 3H), 2.97 (1, J = 7.5 Hz, 2H), 2.34 (s, 3H), 2.33 (s, 3H), 2.29-2.26 (m,
2H), 2.03 (quint, J = 7.5 Hz, 2H); 13C NMR (100 MHz, CDCls) § 168.9, 156.4, 155.2 (q, Jecrs = 44.1 Hz),
155.0, 149.5 (d, Jcr = 325.1 Hz), 141.7, 140.7, 138.3, 135.3, 135.1, 132.9, 131.3, 128.6 (d, Jcccr = 4.0 Hz),
128.2, 123.6, 120.2 (d, Jecr = 27.3 Hz), 120.05, 116.2 (q, Jors = 271.7 Hz), 104.5, 63.2 (d, Jeoncr = 1.4 Hz),
61.0 (d, Jeoccer = 1.4 Hz), 28.9, 28.2, 26.2, 24.8, 16.2, 14.5; 9F NMR (376 MHz, CDCls) J -64.96 (s), -65.31
(s); EIMS m/z (rel intensity) 562 (M*, 4.3), 531 (10), 511 (100), 359 (17); HRMS (EI) for C27H26F4N4Os calcd
562.1839 (M*), found 562.1851.
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N,2-Dimethoxy-5-{(Z)-1-(3-methoxy-7-methyl-1,2-benzoxazol-5-yl)-5-[5-(trifluoromethyl)-1,3,4-oxadia-
zol-2-yl]pent-1-en-1-yl}-3-methylbenzenecarboximidoyl Fluoride (86). = ©{k7 U —/L 47 (70 mg, 0.240
mmol), AHEA % > F > 103 (200 mg, 0.290 mmol), CsF (132 mg, 0.871 mmol), Pd(PPhs)s (28 mg, 0.024
mmol), Cul (55 mg, 0.290 mmol), DMF (5 mL) % Fi\>, Stille Coupling® —fBH/EIEICHE - 72, IR T22
WEFRPR L7k, v U WSV BT A~ 7T 7 4 — (EtOAC : hexane = 1 : 1) THEIL, L&Y
86 (135 mg, 99%) Z157-. HEAMIY. IR (neat) 2919, 2850, 1694, 1489, 1257 cm™; 'H NMR (400 MHz,
CDCls) § 7.40 (d, J = 1.6 Hz, 1H), 7.28 (d, J = 1.6 Hz, 1H), 7.19 (d, J = 2.2 Hz, 1H), 7.04 (d, J = 2.2 Hz, 1H),
6.01 (t, J = 7.4 Hz, 1H), 3.96 (s, 3H), 3.88 (s, 3H), 3.67 (s, 3H), 2.96 (t, J = 7.7 Hz, 2H), 2.36 (s, 3H), 2.32 (s,
3H), 2.30-2.25 (m, 2H), 2.01 (quint, J = 7.7 Hz, 2H); 13C NMR (100 MHz, CDCls) 5 168.8, 163.0, 158.2, 156.4,
155.2 (q, Jccrs = 44.1 Hz), 149.4 (d, Jcr = 322.2 Hz), 141.1, 138.1, 135.2, 134.8, 133.0, 132.9, 128.6 (d, Jcccr =
4.6 Hz), 128.5, 120.3 (d, Jccr = 27.9 Hz), 120.1, 120.0, 116.2 (q, Jcrz = 270.3 Hz), 115.9, 63.1 (d, Jconcr = 1.7
Hz), 61.0 (d, Jcoccer = 1.7 Hz), 32.6, 28.9, 26.1, 24.8, 16.1, 14.1; °F NMR (376 MHz, CDCls) 6 -65.32 (s),
-65.38 (s); EIMS m/z (rel intensity) 562 (M*, 6.9), 531 (18), 511 (61), 480 (100), 380 (38), 348 (22); HRMS
(E1) for Ca7Ha26F4N4Os calcd 562.1839 (M*), found 562.1371.

5-{(2)-1-(3-Cyanophenyl)-5-[5-(trifluoromethyl)-1,3,4-oxadiazol-2-yl]pent-1-en-1-yl}-N,2-dimethoxy-3-
methylbenzenecarboximidoyl Fluoride (87). 2 k7 U —/L 48 (55 mg, 0.240 mmol), HHEA ¥ L)
103 (200 mg, 0.290 mmol), CsF (132 mg, 0.871 mmol), Pd(PPhs)s (28 mg, 0.024 mmol), Cul (55 mg, 0.290
mmol), DMF (5 mL) % />, Stille Coupling & — B FIEICE > 7o, IR T 16 FpffRHE L7, > U b
FNBTHra~ 7T 74— (EtOAC: hexane = 1:4) THELL, {L&% 87 (109 mg, 90%) % 157-.
E Y. IR (neat) 2923, 2846, 2231, 1663, 1591, 1170 cm™; 'H NMR (400 MHz, CDCls) & 7.54 (dt, J =
7.6, 1.2 Hz, 1H), 7.46 (d, J = 1.2 Hz, 1H), 7.45 (dt, J = 7.6, 1.2 Hz, 1H), 7.40 (dd, J = 7.6 Hz, 1H), 6.10 (t, J =
7.4 Hz, 1H), 3.97 (s, 3H), 3.88 (s, 3H), 2.96 (t, J = 7.6 Hz, 2H), 2.34 (s, 3H), 2.32-2.26 (m, 2H), 2.03 (quint, J =
7.6 Hz, 2H); *C NMR (100 MHz, CDCls) 5 168.7, 156.7, 155.4, 155.2 (d, Jccrs = 43.4 Hz), 149.3 (d, Jcr =
323.0 Hz), 142.9, 140.3, 135.1, 133.9, 133.3, 131.3, 130.7, 130.2, 129.1, 128.5 (d, Jcccr = 3.9 Hz), 120.6 (d,
Jeer = 27.9 Hz), 118.7, 116.1 (d, Jcrs = 270.3 Hz), 112.5, 63.2 (d, Jconcr = 1.6 Hz), 61.0 (d, Jcoccer = 1.6 Hz),
28.9, 25.9, 24.8, 16.2; °F NMR (376 MHz, CDCls) & -65.27 (s), -65.31 (s); EIMS m/z (rel intensity) 502 (17),
451 (100), 299 (53); HRMS (EI) for CasH22F4N4Os caled 502.1628 (M*), found 502.1609.

5-{(Z)-1-(4-Cyanophenyl)-5-[5-(trifluoromethyl)-1,3,4-oxadiazol-2-yl]pent-1-en-1-yl}-N,2-dimethoxy-3-

methylbenzenecarboximidoyl Fluoride (88). = »{k7 U —/L 49 (55 mg, 0.240 mmol), AR & > F >
103 (200 mg, 0.290 mmol), CsF (132 mg, 0.871 mmol), Pd(PPhs)s (28 mg, 0.024 mmol), Cul (55 mg, 0.290
mmol), DMF (5 mL) % i\, Stille Coupling @ — B FIEICIE > 7o, HIR T 24 RpfRHE L7, ~ U0
FNTT AT a~< 7T 74— (EtOAC : hexane = 1 : 4) THHELL, {b&Y 88 (78 mg, 64%) % 157-.
IR, IR (neat) 2946, 2226, 1643, 1503, 1409, 1165 cm™; *H NMR (400 MHz, CDCl;) 6 7.57 (d, J =
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8.4 Hz, 2H), 7.28 (d, J = 8.4 Hz, 2H), 7.19 (d, J = 2.0 Hz, 1H), 7.03 (d, J = 2.0 Hz, 1H), 7.4 (t, J = 7.4 Hz, 1H),
3.96 (s, 3H), 3.87 (s, 3H), 2.96 (t, J = 7.6 Hz, 2H), 2.33 (s, 3H), 2.33-2.27 (m, 2H), 2.03 (quint, J = 7.6 Hz,
2H); 13C NMR (376 MHz, CDCls) & 168.5, 156.4, 154.9 (q, Jecrs = 44.2 Hz), 149.0 (d, Jcr = 322.9 Hz), 145.8,
140.5, 134.9, 133.6, 133.0, 131.8, 130.9, 128.3 (d, Jeccr = 3.9 Hz), 127.4, 120.2 (d, Jecr = 27.8 Hz), 1185,
115.9 (d, Jers = 270.3 Hz), 110.5, 62.9 (d, Jeoncr = 1.6 Hz), 60.7 (d, Jeoceer = 1.6 Hz), 28.8, 25.6, 24.5, 15.8;
19F NMR (376 MHz, CDCls) 6 -65.14 (s), -65.29 (s); EIMS m/z (rel intensity) 502 (10), 451 (100), 299 (55);
HRMS (EI) for CosH22FsN4Os calcd 502.1628 (M*), found 502.1613.

S-Methyl 5-{(E)-1-(3,7-Dimethyl-2-ox0-2,3-dihydro-1,3-benzoxazol-5-yl)-5-[5-(trifluoromethyl)-1,3,4-oxa-
diazol-2-yl]pent-1-en-1-yl}-2-methoxy-3-methylbenzenecarbothioate (89). = w{k7 U —/L 46 (69 mg,
0.240 mmol), HHEA # >F > 104 (200 mg, 0.290 mmol), CsF (131 mg, 0.860 mmol), Pd(PPha)s (28 mg,
0.024 mmol), Cul (55 mg, 0.290 mmol), DMF (5 mL) % F\>, Stille Coupling & —f&#{EIEICHE - 72, =i
T2WEE LT, VSV T A a~ 7T 7 4 — (EtOAC: hexane =1:6) THRL, (LA
¥ 89 (81 mg, 60%) & 757=. HEAJRY). IR (neat) 1777, 1472, 1209, 1166 cm™; 'H NMR (400 MHz,
CDCls) 6 7.39 (d, J = 2.2 Hz, 1H), 7.10 (d, J = 2.2 Hz, 1H), 6.76 (d, J = 1.0 Hz, 1H), 6.58 (d, J = 1.0 Hz, 1H),
5.98 (t, J = 7.4 Hz, 1H), 3.89 (s, 3H), 3.35 (s, 3H), 2.98 (t, J = 7.5 Hz, 2H), 2.46 (s, 3H), 2.34 (s, 6H), 2.33-2.29
(m, 2H), 2.04 (quint, J = 7.5 Hz, 2H); *C NMR (100 MHz, CDCls) § 192.1, 168.9, 155.8, 154.9, 154.8 (d,
Jcers = 46.4 Hz), 141.8, 140.6, 138.3, 136.1, 134.9, 132.8, 131.4, 131.3, 128.2, 128.1, 123.6, 120.0, 116.1 (q,
Jers = 270.3 Hz), 104.6, 61.6, 28.9, 28.2, 26.2, 24.8, 16.1, 14.4, 12.4; *°F NMR (376 MHz, CDCl3) 6 -65.31 (s);
EIMS m/z (rel intensity) 561 (M*, 2.4), 514 (100), 321 (15); HRMS (EI) for Ca7H2sFsN3OsS calcd 561.1545
(M*), found 561.1540.

S-Methyl 2-Methoxy-5-{(Z)-1-(3-methoxy-7-methyl-1,2-benzoxazol-5-yl)-5-[5-(trifluoromethyl)-1,3,4-0xa-
diazol-2-yl]pent-1-en-1-yI}-3-methylbenzenecarbothioate (90). = 7{t7 U —/1 47 (69 mg, 0.240 mmol),
HHEA X ) 104 (200 mg, 0.290 mmol), CsF (131 mg, 0.860 mmol), Pd(PPhs)s (28 mg, 0.024 mmol),
Cul (55 mg, 0.290 mmol), DMF (5 mL) % ff\>, Stille Coupling ® — A EIEIZHE > 72, =R T 2 BEfHH#-
L=tk YUBFNAT Lo a~ 7T 7 4— (EtOAC : hexane = 1:6) THELL, {LA&% 90 (85 mg,
63%) % 157-. HEAHRY. IR (neat) 1732, 1676, 1215, 756 cm™; *H NMR (400 MHz, CDCl3) 6 7.39 (d, J =
1.2 Hz, 1H), 7.34 (d, J = 2.0 Hz, 1H), 7.24 (d, J = 1.2 Hz, 1H), 7.05 (d, J = 2.0 Hz, 1H), 5.99 (t, J = 7.4 Hz, 1H),
3.86 (s, 3H), 3.64 (s, 3H), 2.94 (t, J = 7.6 Hz, 2H), 2.42 (s, 3H), 2.33 (s, 3H), 2.30 (s, 3H), 2.30-2.24 (m, 2H),
2.00 (quint, J = 7.6 Hz, 2H); *3C NMR (100 MHz, CDCls) 6 192.0, 168.8, 163.0, 158.2, 155.9, 155.2 (q, Jccrs =
44.0 Hz), 141.2,138.2, 136.1, 134.7, 133.0, 132.9, 131.5, 128.5, 128.1, 120.0, 119.9, 116.0 (q, Jcrs = 270.1 Hz),
115.9, 61.7, 32.6, 28.9, 26.1, 24.7, 16.1, 14.1, 12.4; **F NMR (376 MHz, CDCls) & -65.30 (s); EIMS m/z (rel
intensity) 561 (M*, 1.4), 514 (100), 485 (9.3); HRMS (EI) for Cu7H26F3N3OsS calcd 561.1545 (M*), found
561.1531.

S-Methyl 5-{(Z)-1-(3-Cyanophenyl)-5-[5-(trifluoromethyl)-1,3,4-oxadiazol-2-yl]pent-1-en-1-yI}-2-me-
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thoxy-3-methylbenzenecarbothioate (91). = 7{t7 U —/L 48 (55 mg, 0.242 mmol), HGHEA » > F >
104 (200 mg, 0.290 mmol), CsF (55 mg, 0.290 mmol), Pd(PPhs)s4 (28 mg, 0.024 mmol), Cul (55 mg, 0.290
mmol), DMF (5 mL) % v, Stille Coupling® —fi#8/FiEIZHE - 7o, iR C2MFMfER L2k, > U s
NAThra~<x 7T 74— (EtOAc: hexane =1:6) THR L, {LA&% 91 (107 mg, 88%) % 157-. 4
@ik, IR (neat) 2230, 1675, 1590, 1477, 1412 cm™; *H NMR (400 MHz, CDCls) § 7.53 (dt, J = 6.6, 1.7
Hz, 1H), 7.47-7.45 (m, 1H), 7.44 (t, J = 1.7 Hz, 1H), 7.40 (d, J = 6.6 Hz, 1H), 7.36 (d, J = 1.8 Hz, 1H), 7.07 (d,
J =18 Hz, 1H), 6.01 (t, J = 7.6 Hz, 1H), 3.89 (s, 3H), 2.97 (t, J = 7.6 Hz, 2H), 2.46 (s, 3H), 2.35 (s, 3H),
2.34-2.28 (m, 2H), 2.04 (quint, J = 7.6 Hz, 2H); 13C NMR (100 MHz, CDCls) 6 192.0, 168.7, 156.2, 155.2 (d,
Jeers = 44.1 Hz), 142.9, 140.4, 136.0, 133.7, 133.2, 131.6, 131.3, 130.8, 130.7, 130.3, 129.1, 128.1, 118.7,
116.2 (g, Jors = 269.5 Hz), 112.4, 61.7, 29.0, 26.0, 24.8, 16.2, 12.5; °F NMR (376 MHz, CDCls) J -65.29 (s);
EIMS m/z (rel intensity) 501 (M*, 0.42), 454 (100), 216 (4.2); HRMS (EI) for CasH2oFsN3sOsS calcd 501.1334
(M*), found 501.1355.

S-Methyl 5-{(Z)-1-(4-Cyanophenyl)-5-[5-(trifluoromethyl)-1,3,4-oxadiazol-2-yl]pent-1-en-1-yl}-2-me-
thoxy-3-methylbenzenecarbothioate (92). = 7{t7 U —/L 49 (55 mg, 0.242 mmol), HHEA & > F >
104 (200 mg, 0.290 mmol), CsF (55 mg, 0.290 mmol), Pd(PPhs)s4 (28 mg, 0.024 mmol), Cul (55 mg, 0.290
mmol), DMF (5 mL) % ]\, Stille Coupling ® —fig#AFIEICHE 7. IR T2 FpfR#E L7k, > U7
FNBThra~ 7T 74— (EtOAC: hexane = 1:6) THELL, {L&% 92 (106 mg, 88%) % 7157-.
HEAHIRY). IR (neat) 2226, 1676, 1591, 1476, 1409 cm™; *H NMR (400 MHz, CDCls) ¢ 7.57 (d, J = 8.6 Hz,
2H), 7.35 (d, J = 2.4 Hz, 1H), 7.29 (d, J = 8.6 Hz, 2H), 7.07 (d, J = 2.4 Hz, 1H), 6.17 (t, J = 7.6 Hz, 1H), 3.88
(s, 3H), 2.97 (t, J = 7.6 Hz, 2H), 2.45 (s, 3H), 2.34 (s, 3H), 2.33-2.28 (m, 2H), 2.04 (quint, J = 7.6 Hz, 2H); 13C
NMR (400 MHz, CDCls) ¢ 192.0, 168.7, 156.1, 155.2 (d, Jccrs = 44.1 Hz), 146.1, 140.9, 136.0, 133.7, 133.2,
132.1, 131.7, 131.1, 128.1, 127.7, 118.8, 116.1 (0, Jcrs = 270.3 Hz), 110.8, 61.7, 29.0, 25.9, 24.8, 16.1, 12.5;
19F NMR (400 MHz, CDCl3) § -65.29 (s); EIMS m/z (rel intensity) 501 (M*, 0.48), 482 (1.3), 454 (100), 278
(6.1): HRMS (EI) for CzsH22F3N30sS calcd 501.1334 (M*), found 501.1359.

S-Methyl 5-{(E)-1-(3,7-Dimethyl-2-0xo0-2,3-dihydro-1,3-benzoxazol-5-yl)-5-[3-(trifluoromethyl)-1,2,4-oxa-
diazol-5-yl]pent-1-en-1-yl}-2-methoxy-3-methylbenzenecarbothioate (93). 3 7{k7 U —/L 46 (70 mg,
0.240 mmol), HHEA Z > 7> 105 (200 mg, 0.290 mmol), CsF (11 mg, 0.030 mmol), Pd(PPhs)s4 (30 mg,
0.024 mmol), Cul (5 mg, 0.024 mmol), DMF (7 mL) % fi\>, Stille Coupling O —%HAEIEIZHE S 7. =il
TL9WFMREE L7, v U WSV T A7 a~ 7T 7 ¢+ — (EtOAc:hexane=1:5) TH# L, (L&
) 93 (79 mg, 58%) % 157=. MY, IR (neat) 2918, 2849, 1777, 1463, 1174 cm™; 'H NMR (400 MHz,
CDCls) 6 7.39 (d, J = 2.0 Hz, 1H), 7.09 (d, J = 2.0 Hz, 1H), 6.76 (d, J = 1.4 Hz, 1H), 6.57 (d, J = 1.4 Hz, 1H),
5.97 (t, J = 7.6 Hz, 1H), 3.88 (s, 3H), 3.35 (s, 3H), 3.01 (t, J = 7.6 Hz, 2H), 2.46 (s, 3H), 2.33 (s, 6H), 2.33-2.27
(m, 2H), 2.06 (quint, J = 7.6 Hz, 2H); *C NMR (100 MHz, CDCl3) 6 192.1, 182.3, 161.4 (q, Jccrs = 39.4 Hz),
155.8, 154.9, 144.9, 140.6, 138.3, 136.0, 134.9, 132.8, 131.4, 131.3, 128.1, 128.0, 123.6, 120.0, 117.9 (q, Jcrz =
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270.2 Hz), 104.5, 61.64, 28.9, 28.2, 26.3, 26.0, 16.1, 14.4, 12.4; *°F NMR (376 MHz, CDCls) ¢ -66.22 (s);
EIMS m/z (rel intensity) 561 (M*, 6.8), 514 (100); HRMS (EI) for Co7H2sFsN3OsS calcd 561.1545 (M*), found
561.1539.

S-Methyl 2-Methoxy-5-{(12)-1-(3-methoxy-7-methyl-1,2-benzoxazol-5-yl)-5-[3-(trifluoromethyl)-1,2,4-
oxadiazol-5-yl]pent-1-en-1-yl}-3-methylbenzenecarbothioate (94). = V{7 U —/L 47 (80 mg, 0.280
mmol), FHEA % > > 105 (220 mg, 0.320 mmol), CsF (120 mg, 0.800 mmol), Pd(PPhs)4 (32 mg, 0.028
mmol), Cul (7 mg, 0.028 mmol), DMF (7 mL) % F\>, Stille Coupling ® —#%#a/EIkIHE - 7=, =RIE T 19
WEFRPR L7k, v U BV BT A a~ 7T 7 ¢ — (EtOAC : hexane = 1 : 4) THELL, L&Y
94 (98 mg, 66%) Z157-. LI, IR (neat) 2922, 2849, 1691, 1463, 1174 cm™; 'H NMR § 7.41 (d, J =
1.6 Hz, 1H), 7.37 (d, J = 2.0 Hz, 1H), 7.27 (d, J = 1.6 Hz, 1H), 7.07 (d, J = 2.0 Hz, 1H), 6.00 (t, J = 7.4 Hz, 1H),
3.89 (s, 3H), 3.66 (s, 3H), 3.00 (t, J = 7.6 Hz, 2H), 2.45 (s, 3H), 2.36 (s, 3H), 2.32 (s, 3H), 2.31-2.26 (m, 2H),
2.04 (quint, J = 7.6 Hz, 2H); 3C NMR ¢ 191.9, 182.2, 162.9, 161.3 (4, Jccrs = 39.4 Hz), 158.2, 155.9, 141.2,
138.1, 136.0, 134.6, 132.9, 132.8, 131.4, 128.4, 128.1, 120.0, 119.9, 117.9 (q, Jcrs = 270.3 Hz), 115.8, 61.6,
32.5,28.8, 26.1, 25.9, 16.1, 14.0, 12.3; 19F NMR & -66.23 (s); EIMS m/z (rel intensity) 561 (M*, 2.8), 514 (100),
485 (5.2); HRMS (EI) for C27H26FsN3OsS calcd 561.1545 (M*), found 561.1537.

S-Methyl 5-{(Z)-1-(3-Cyanophenyl)-5-[3-(trifluoromethyl)-1,2,4-oxadiazol-5-yl]pent-1-en-1-yl}-2-me-
thoxy-3-methylbenzenecarbothioate (95). = 7{t7 U —/L 48 (60 mg, 0.260 mmol), HHEA & > F >
105 (210 mg, 0.300 mmol), CsF (120 mg, 0.790 mmol), Pd(PPhs)s (30 mg, 0.026 mmol), Cul (6 mg, 0.026
mmol), DMF (7 mL) % >, Stille Coupling & — B FIEICIE > 7o, IR T 19 PR L7, > U0
FNH T hra~ k7T 74— (EtOAC : hexane = 1:10) THHL L, L& 95 (75 mg, 58%) % 157-.
HEAHRY). IR (neat) 2916, 2849, 1681, 1463, 1174 cm'®; 'H NMR (400 MHz, CDCl3) § 7.53 (dt, J = 7.6, 1.4
Hz, 1H), 7.46-7.45 (m, 1H), 7.43 (t, J = 1.4 Hz, 1H), 7.40 (d, J = 7.6 Hz, 1H), 7.36 (d, J = 1.8 Hz, 1H), 7.06 (d,
J = 1.8 Hz, 1H), 6.10 (t, J = 7.6 Hz, 1H), 3.89 (s, 3H), 3.00 (t, J = 7.5 Hz, 2H), 2.46 (s, 3H), 2.34 (s, 3H),
2.33-2.27 (m, 2H), 2.05 (quint, J = 7.5 Hz, 2H); 13C NMR (100 MHz, CDCls) 6 192.0, 182.1, 161.4 (q, Jccrs =
39.5 Hz), 156.2, 142.9, 140.4, 135.9, 133.7, 133.02, 131.6, 131.3, 130.7, 130.2, 129.1, 128.1, 118.7, 117.9 (q,
Jers = 117.9 Hz), 112.4, 61.7, 29.3, 28.9, 26.0, 25.9, 16.1, 12.4; F NMR (376 MHz, CDCls) § -66.22 (s);
EIMS m/z (rel intensity) 501 (M*, 2.4), 454 (100), 216 (5.8); HRMS (EI) for CasH22FsNzOsS calcd 501.1334
(M"*), found 501.1358.

S-Methyl 5-{(Z)-1-(4-Cyanophenyl)-5-[3-(trifluoromethyl)-1,2,4-oxadiazol-5-yl]pent-1-en-1-yI}-2-me-

thoxy-3-methylbenzenecarbothioate (96). = {7 U —/L 49 (30 mg, 0.130 mmol), AR % > F >
105 (90 mg, 0.130 mmol), CsF (70 mg, 0.460 mmol), Pd(PPhs)s (20 mg, 0.013 mmol), Cul (30 mg, 0.160
mmol), DMF (5 mL) % H\>, Stille Coupling® —fix#AEIEICHE - 7. IR CLORFMRHE L7, > U D
FNHT A a~ h7 T 74— (EtOAC : hexane = 1:10) TR L, (LA 96 (39 mg, 59%) % 157=.
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M IR, IR (neat) 2930, 2226, 1676, 1536, 1476, 1170 cm:; *H NMR (400 MHz, CDCls) 6 7.56 (d, J =
8.6 Hz, 2H), 7.35 (d, J = 2.4 Hz, 1H), 7.28 (d, J = 8.6 Hz, 2H), 7.06 (d, J = 2.4 Hz, 1H), 6.16 (t, J = 7.4 Hz, 1H),
3.88 (s, 3H), 3.00 (t, J = 7.5 Hz, 2H), 2.45 (s, 3H), 2.33 (s, 3H), 2.32-2.28 (m, 2H), 2.06 (quint, J = 7.5 Hz,
2H); 3C NMR (100 MHz, CDCls) 6 192.0, 182.1, 161.4 (d, Jecrs = 39.5 Hz), 156.1, 146.1, 140.9, 136.0, 133.7,
133.2, 132.1, 131.7, 131.0, 128.1, 127.6, 118.8, 117.9 (d, Jors = 270.2 Hz), 110.8, 61.7, 29.0, 26.0, 25.9, 16.1,
12.4; 9F NMR (376 MHz, CDCls) 6 -66.21 (s); EIMS m/z (rel intensity) 501 (M*, 2.0), 454 (100); HRMS (EI)
for CasH22F3Ns0sS calcd 501.1334 (M*), found 501.1358.

S-Methyl 2-Methoxy-3-methyl-5-[(1E)-5-(5-methyl-1,3,4-oxadiazol-2-yl)-1-(1,3,7-trimethyl-2-ox0-2,3-di-
hydro-1H-benzimidazol-5-yl)pent-1-en-1-yl]benzenecarbothioate (97). 3 {7 U — L 119 (52 mg,
0.173 mmol), H#§A % > F > 106 (110 mg, 0.173 mmol), CsF (79 mg, 0.519 mmol), Pd(PPhs)s (20 mg,
0.017 mmol), Cul (40 mg, 0.208 mmol), DMF (8 mL) % F\>, Stille Coupling & —f&#{EEICHE - 7=, =i
TWFRIE L7, YU BN T A a~ 757 4 — (EtOAc: hexane=6:1) TR L, (L&
¥y 97 (80 mg, 89%) % 157=. HEAIHIKY. TH NMR (400 MHz, CDCls) 6 7.37 (s, 1H), 7.08 (s, 1H), 6.61 (s,
1H), 6.60 (s, 1H), 5.95 (t, J = 7.4 Hz, 1H), 3.85 (s, 3H), 3.62 (s, 3H), 3.33 (s, 3H), 2.80 (t, J = 7.4 Hz, 2H), 2.53
(s, 3H), 2.45 (s, 3H), 2.42 (s, 3H), 2.30 (s, 3H), 2.25-2.19 (m, 2H), 1.93 (quint, J = 7.4 Hz, 2H); 3C NMR (100
MHz, CDCls) 6 192.7, 166.7, 163.5, 155.5, 155.0, 141.6, 136.3, 135.7, 135.4, 132.5, 131.2, 130.2, 128.2, 127.7,
127.3, 123.9, 118.9, 104.3, 61.7, 29.7, 29.0, 27.2, 26.6, 24.8, 18.1, 16.1, 12.4, 10.8; EIMS m/z (rel intensity)
520 (M*, 89), 473 (100), 422 (45), 383 (55), 375 (49), 346 (61), 334 (66); HRMS (EI) for CsH32N404S calcd
520.2144 (M), found 520.2120.

S-Methyl 2-Methoxy-3-methyl-5-[(1E)-5-(3-methyl-1,2,4-oxadiazol-5-yl)-1-(1,3,7-trimethyl-2-0x0-2,3-di-
hydro-1H-benzimidazol-5-yl)pent-1-en-1-yl]benzenecarbothioate (98). = 7 {7 YV —/b 119 (113 mg,
0.375 mmol), AHA % > F > 61 (238 mg, 0.375 mmol), CsF (172 mg, 1.13 mmol), Pd(PPhs)s (44 mg,
0.038 mmol), Cul (86 mg, 0.450 mmol), DMF (5 mL) % i\, Stille Coupling @ —f&#{EIEIZHE > 72. 60 °C
TOMEIEE LT, YUV T A a~ 7T 7 4 — (EtOAC : hexane =4 : 1) THRL, (LA
) 98 (117 mg, 60%) % 157=. MEAHRY). IR (neat) 2930, 1697, 1582, 1456, 1242, 1223, 754 cm™; H
NMR (400 MHz, CDCls) 6 7.38 (d, J = 2.0 Hz, 1H), 7.08 (d, J = 2.0 Hz, 1H), 6.62 (s, 1H), 6.60 (s, 1H), 5.95 (t,
J=7.4Hz, 1H), 3.86 (s, 3H), 3.63 (s, 3H), 3.33 (s, 3H), 2.85 (t, J = 7.4 Hz, 2H), 2.54 (s, 3H), 2.43 (s, 3H), 2.34
(s, 3H), 2.31 (s, 3H), 2.26-2.20 (m, 2H), 1.96 (quint, J = 7.4 Hz, 2H); 3C NMR (100 MHz, CDCls) & 192.3,
179.2, 166.9, 155.5, 155.0, 141.7, 136.2, 135.7, 135.4, 132.5, 131.3, 130.2, 128.2, 127.6, 127.4, 123.9, 118.9,
104.3, 61.7, 29.8, 29.0, 27.2, 26.6, 25.9, 18.1, 16.1, 12.4, 11.5; EIMS m/z (rel intensity) 520 (M*, 62), 473 (100),
416 (27), 334 (21); HRMS (EI) for C2sH32N404S calcd 520.2144 (M), found 520.2127.

S-Methyl 2-Methoxy-3-methyl-5-[(1E)-5-[5-(trifluoromethyl)-1,3,4-oxadiazol-2-yl]-1-(1,3,7-trimethyl-2-
ox0-2,3-dihydro-1H-benzimidazol-5-yl)pent-1-en-1-yl]benzenecarbothioate (99). = V{7 U — L 119
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(61 mg, 0.203 mmol), A A ¥ >+ > 104 (140 mg, 0.203 mmol), CsF (93 mg, 0.609 mmol), Pd(PPhs), (23
mg, 0.020 mmol), Cul (47 mg, 0.244 mmol), DMF (5 mL) % F\>, Stille Coupling ®— % B{EEIZHE > 7.
60°C T4 MR L=, S U WA NI T A~ 2757 ¢ — (EtOAC : hexane = 1 : 1) THHLL,
{EE¥ 99 (82 mg, 70%) % 157-. MEAJHLIRY). IR (neat) 2915, 1700, 1463, 1003, 756 cm; *H NMR (400
MHz, CDCls) 6 7.39 (d, J = 2.0 Hz, 1H), 7.09 (d, J = 2.0 Hz, 1H), 6.62 (s, 1H), 6.60 (s, 1H), 5.95 (t, J = 7.4 Hz,
1H), 3.86 (s, 3H), 3.62 (s, 3H), 3.33 (s, 3H), 2.95 (t, J = 7.4 Hz, 2H), 2.54 (s, 3H), 2.43 (s, 3H), 2.31 (s, 3H),
2.23-2.24 (m, 2H), 2.01 (quint, J = 7.4 Hz, 2H); 3C NMR (100 MHz, CDCls) 6 192.2, 169.0, 155.6, 155.1 (g,
Jeers = 44.2 Hz), 155.0, 142.1, 136.2, 135.6, 135.3, 132.6, 131.3, 130.2, 128.1, 127.4, 127.0, 123.9, 118.9,
116.2 (g, Jers = 270.3 Hz), 104.3, 61.7, 29.7, 28.9, 27.2, 26.4, 24.8, 18.1, 16.0, 12.4; F NMR (376 MHz,
CDCls) & -65.3 (s); EIMS m/z (rel intensity) 574 (M*, 37), 527 (100); HRMS (EI) for CasH2eFsN4O4S calcd
574.1862 (M*), found 574.1859.

55 3 % 3 i

2-Chloro-1-methyl-3,5-dinitrobenzene (148). 4,6-Dinitro-o-crezol (147) (500 mg, 2.52 mmol) @ pyridine
(0.3 mL) (Z phosphoryl chloride (2.91 g, 19.0 mmol) %%, 1.5 BEMIINEAER I L 7=, =|IRIZH L, EtOAC
& H0 TR, AHEE 4 EtOAC THllHI L, AaF1 NaHCOs 7K & ffn &K T L 72, Na,SO, CHZJE:
%, WERE L, HAERY 148 (424 mg, 78%) % 1537-.

[(2-Methyl-4,6-dinitrophenyl)sulfanyl]acetic acid (149). 2-Chloro-1-methyl-3,5-dinitrobenzene (148) (1.00 g,
4.62 mmol) @ EtOH (7 mL) A4 (Z, sodium mercaptoacetate (791 mg, 6.93 mmol) % i ., 3 KA INEGE T
L7-. SRR L7 KOG EAT % sat. NaHCO3; 7k T pH 8 12 L, EtOAc # 2. 7=. 7KJEIZ 10% HCI %N %,
Fetlz L, EtOAC THi L7-. IBfE%k, REE T VWSV h I A a~ b7 57 4+ — (EtOAC : hexane
=2:3) THEL, {LEW 149 (992 mg, 79%) Z=1%7-. HEREEY. mp 115-120 °C. IR (neat) 1729, 1533,
1345 cm™; 'H NMR (400 MHz, CDCl3) d 8.33 (s, 2H), 7.65 (s, 1H), 3.61 (s, 2H), 2.77 (s, 3H); *C NMR (100
MHz, CDCl3) ¢ 173.7, 154.7, 147.9, 147.3, 132.8, 127.1, 116.6, 36.9, 21.9; EIMS m/z (rel intensity) 272 (M*,
43), 213 (89), 197 (100), 109 (58), 77 (56); HRMS (EI) for CsHgN2O6S calcd 272.0103 (M*), found 272.0101;
Anal. Calcd for CsHgN2O6S: C, 39.71; H, 2.96; N, 10.29. found: C, 39.60; H, 2.98; N, 10.12.

3-Acetyl-7-methyl-5-nitro-1,3-benzothiazol-2(3H)-one (150). &% 149 (100 mg, 0.367 mmol) @ acetic
anhydride (1.5 mL) #%#%!Z, sodium acetate trihydrate (150 mg, 1.10 mmol) % A1z, =RiE T 1 BERHHE L 7=,
FOSH& T 1%, Bfn NaHCOs /K% pH 912725 £ T0 °C TW-< WNx7-. AHJE % EtOAc THiH L,
fR A K TYer L 721%, NapSOs THIM: L 7=, IRHtk, IEZ L VDTN DT LI a~x NI T 7 41—
(EtOAC : hexane =1 :5) THRLL, LA 150 (49 mg, 53%) % 157=. B EAEFY. mp 120 °C. IR (neat)
1329, 1524, 1718 cm't; 'H NMR (400 MHz, CDCls) 6 9.04 (d, J = 2.4 Hz, 1H), 8.02 (d, J= 2.4 Hz, 1H), 2.78 (s,
3H), 2.47 (s, 3H); 3C NMR (100 MHz, CDCls) ¢ 170.4, 169.5, 146.8, 134.2, 132.3, 129.3, 120.7, 110.7, 27.1,
20.2; EIMS m/z (rel intensity) 252 (M*, 6.9), 210 (100); HRMS (EI) for C10HsN20.S calcd 252.0215 (M%),
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found 252.0186; Anal. Calcd for C10HsN204S: C, 47.61; H, 3.20; N, 11.11. found: C, 47.74; H, 3.17; N, 103.99.

3-Acetyl-5-amino-7-methyl-1,3-benzothiazol-2(3H)-one (151). H, #' A DIF/E T, {LA&% 150 (80 mg,
0.317 mmol) & 10% Pd(OH), on carbon (40 mg, 50% mg / 150) @ MeOH (3 mL) P& AR % =i C 3 KF
R U 72, ROGIRIR 2 I ietk, a2 VAV hra~< 8257 4 — (EtOAC : hexane = 1 :
3) THIML L, {bAW 151 (67 mg, 94%) % 157-. EAEZY). mp 130 °C. IR (neat) 2360, 2341, 1684 cm;
IH NMR (400 MHz, CDCls) 6 7.61 (d, J = 1.6 Hz, 1H), 6.47 (d, J = 1.6 Hz, 1H), 3.75 (s, 2H), 2.72 (s, 3H),
2.24 (s, 3H); 3C NMR (100 MHz, CDCl3) 6 172.2, 171.3, 146.1, 135.2, 131.9, 113.5, 108.6, 102.5, 27.5, 20.1;
EIMS m/z (rel intensity) 222 (M*, 63), 180 (100), 147 (14), 125 (13); HRMS (EI) for CioH1oN20:S calcd
222.0463 (M*), found 222.0451.

3-Acetyl-5-iodo-7-methyl-1,3-benzothiazol-2(3H)-one (152). &% 151 (50 mg, 0.225 mmol) & H,S04
(0.24 mL, 0.360 mmol) @ CHsCN (0.60 mL, 1.5 x H,SOx) ¥&#&(Z, 0 °C T tert-butyl nitrite (23 mg, 0.225
mmol) % i1z 7=. 1 BpE##R%, K1 (634 mg, 0.393 mmol) & urea (3 mg, 0.045 mmol) ™7k (1 mL) E&
Wik% 0 °C Twpo < Y & RINIRIZIN % 7=, =8I T 22 A%, ISR RN HHEAIZR D
F T sodium thiosulfate % /i1 2, EtOAc Thlith L7z, f#fE % fafn &K TUe L, NaSOs CTHzME L 72,
B, BEE VDTN T A a~ N7 T 70— (12% EtOAc-hexanes) CTHEHLL, {L&H 152
(13mg, 17%) % 57-. A AEEY. 'TH NMR (400 MHz, CDCIls) 6 8.53 (s, 1H), 7.47 (s, 1H), 2.73 (s, 3H), 2.30
(s, 3H).

2,5-Diiodo-1-methyl-3-nitrobenzene (159). 4-lodo-2-nitroaniline (116) (2.00 g, 7.19 mmol), AcOH (4.8 mL),
water (4.8 mL), ¢.H,SO, (4.8 mL) DiEAIA#IZ NaNO; (546 mg, 7.91 mmol) D/KIAEH (2.4 mL) Zhix,
0°C T 30 /MR L7z, &51Z,KI(1.25 g, 7.54 mmol) Z a7 L7-/KiEH % 0°C T3040 T F
L, =|IR T 1 R EE Lz, RO T, BEW? 72< 725 £ T ELO 1%, & 6IZfaF HaHCO; /K
& sodium thiosulfate Z Az THE#R L 72. ELO THu:, AHEE 4 fafn &K THEA L, Na2SO, THIM: L
7o, IEAETR, 7%75% EtOAC THFRSEL L, 1AW 159 (255 g, 91%) Z457=. H Ak . mp 95 °C. IR (neat)
3059, 2877, 2120, 1533, 1350, 511 cm™; *H NMR (400 MHz, CDCl3) 6 7.73 (d, J = 1.6 Hz, 1H), 7.70 (d, J =
1.6 Hz, 1H), 2.52 (s, 3H); 3C NMR (100 MHz, CDCl3) & 146.8, 144.0, 140.8, 130.2, 92.6, 92.1, 29.2; EIMS
m/z (rel intensity) 389 (M*, 100), 343 (17), 216 (28), 89 (20); HRMS (EI) for C;Hsl.NO, 388.8410 (M*), found
388.8419; Anal. Calcd for C7HsI:NO2: C, 21.62; H, 1.30; N, 3.60. found: C, 21.73; H, 1.38; N, 3.65.

2,5-Diiodo-3-methylaniline (160). 1A% 159 (100 mg, 0.257 mmol), iron(I1) sulfate heptahyfrate (29 mg,
0.103 mmol), iron powder (127 mg, 2.26 mmol) % & e EtOH : H,O (3: 1,4 mL) DOiRA A% 100 °C T 3
PR R L7o. BUSHE TR, Sk AEIUTRVBRE, IR LI EZ I TN AT Lo ux b7 T 7
4 — (EtOAc : hexane = 1 :3) THHHRLL, {L&% 160 (84 mg, 91%) Z71H7-. AffESh. mp 82 °C. IR
(neat) 3290, 2942, 1613, 996, 811 cm™, *H NMR (400 MHz, CDCls) 6 6.92 (d, J = 1.6 Hz, 1H), 6.90 (d, J = 1.6
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Hz, 1H), 4.18 (s, 2H), 2.35 (s, 3H); *C NMR (100 MHz, CDCls) § 148.2, 144.2, 128.2, 120.3, 94.4, 91.2, 29.0;
EIMS m/z (rel intensity) 359 (M*, 100), 232 (15), 105 (18); HRMS (EI) for C-H;I:N 358.8668 (M*), found
358.8658; Anal. Calcd for C7H71:N: C, 23.42; H, 1.97; N, 3.90. found: C, 23.50; H, 1.95; N, 3.74.

2,5-Diiodo-1-isothiocyanato-3-methylbenzene (161). {4 160 (1.00 g, 2.79 mmol) ¢ CH.Cl, (10 mL)
TR 2 thiocarbonyl diimidazole (1.99 g, 11.1 mmol) % hi %, =RiE T30 Wi L7, LRI & CH.CI,
THIH U, A8 2 fafn K TUG, NaSOs THIME L 7o, BMitR, REZ VDTV D T L n~<
2777 4— (CHCl, : hexane = 1 : 2) TR L, (LA 161 (792 mg, 71%) Z1&7-. HEAKEE. mp
83-86 °C. IR (neat) 2089, 1537, 547, 516 cm™*; *H NMR (400 MHz, CDCl3) 6 7.43 (d, J = 1.6 Hz, 1H), 7.39 (d,
J = 1.6 Hz, 1H), 2.42 (s, 3H); *C NMR (100 MHz, CDCls) ¢ 145.5, 136.5, 135.2, 132.8, 130.8, 100.4, 92.9,
28.7; EIMS m/z (rel intensity) 401 (M*, 100), 274 (6.2), 147 (21); HRMS (EI) for CgHslNS 400.8232 (M"),
found 400.8223; Anal. Calcd for CgHslaNS: C, 23.96; H, 1.26; N, 3.49. found: C, 24.09; H, 1.33; N, 3.49.

2-Ethoxy-5-iodo-7-methyl-1,3-benzothiazole (162). &% 161 (386 mg, 0.963 mmol) & potassium
carbonate (266 mg, 1.93 mmol) % & de EtOH ¥i% (10 mL) Z, Cul (9 mg, 0.048 mmol) & phenanthroline
(17 mg, 0.096 mmol) %Nz, SR T 10 BRI HE L 7o, MOSIRIR 2 EtOAC THitH L, 5% HCI & fafif
HE/KTHE L, NaSOy THZIE L 7=, IBHMER, v U BT h T~ 7T 7 ¢ — (EtOAC : hexane =
1:5) THHEIL, L&Y 162 (302 mg, 99%) % 157-. HAEEY. mp 50 °C. IR (neat) 2986, 1534, 1260,
530 cm™; *H NMR (400 MHz, CDCls) § 7.85 (d, J = 1.6 Hz, 1H), 7.34 (d, J = 4.6 Hz, 1H), 4.59 (q, J = 7.0 Hz,
2H), 2.39 (s, 3H), 1.47 (t, J = 7.0 Hz, 3H); *3C NMR (100 MHz, CDCl3) ¢ 172.7, 15.2, 132.8, 132.1, 131.8,
127.0, 90.0, 68.0, 20.6, 14.4; EIMS m/z (rel intensity) 319 (M*, 100), 291 (89), 164 (20), 136 (36); HRMS (EI)
for C1oH10INOS 318.9528 (M), found 318.9528; Anal. Calcd for C1oH10INOS: C, 37.63; H, 3.16; N, 4.39.
found: C, 37.72; H, 3.10; N, 4.35.

5-lodo-7-methyl-1,3-benzothiazol-2(3H)-one (153). kA4 162 (500 mg, 1.57 mmol) @ 2.5 M H,SO4 /KA
& (5 mL) % 2 HEUNBGER L. ISR %Z EtOAc THliHi#, NaSOs Tizfi, J#E L, (L& 153
(387 mg, 85%) % 1F7-. FIAE4¥). mp 280 °C. IR (neat) 2936, 1663, 1578, 661 cm™; 'H NMR (400 MHz,
DMSO0) 6 11.94 (s, 1H), 7.34 (s, 1H), 7.22 (s, 1H), 2.23 (s, 3H); 3C NMR (100 MHz, DMSO) 6 169.1, 137.4,
134.0, 131.3, 123.1, 117.2, 90.8, 19.2; EIMS m/z (rel intensity) 291 (100), 164 (8.3), 136 (19), 109 (9.7);
HRMS (EI) for CsHgINOS 290.9215 (M*), found 290.9217; Anal. Calcd for CgHsINOS: C, 33.01; H, 2.08; N,
4.81. found: C, 33.29; H, 2.16; N, 4.75.

5-lodo-3,7-dimethyl-1,3-benzothiazol-2(3H)-one (154). 1A% 153 (500 mg, 1.72 mmol) & potassium
carbonate (475 mg, 3.43 mmol) ® DMSO &% (6 mL) (Z, iodomethane (0.17 mL, 3.43 mmol) %%, =
IR C 8 I L7z, USRI K Z IR, KiE% CHLCl THit: L, AH8E 2 /K & fafn &K CHeif
L 71, NaSOs THEME L 7=, BT, EtOAC THfbdm L, 1A% 154 (444 mg, 85%) Z157-. H AR,
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mp 158-160 °C. IR (neat) 1666, 1566, 772 cm™; *H NMR (400 MHz, CDCls) J 7.33 (s, 1H), 7.19 (s, 1H), 3.40
(s, 3H), 2.30 (s, 3H); *C NMR (100 MHz, CDCls) 5 169.3, 138.5, 134.0, 132.6, 122.2, 116.8, 90.1, 29.3, 19.6;
EIMS m/z (rel intensity) 305 (100), 276 (24), 178 (6.6), 109 (6.8); HRMS (EI) for CoHsINOS 304.9371 (M"),
found 304.9365.

5-lodo-2-methoxy-7-methyl-1,3-benzothiazole (163). {44 161 (500 mg, 1.25 mmol) & potassium
carbonate (345 mg, 2.49 mmol) % & Zr MeOH #A# (8 mL) (Z, Cul (12 mg, 0.062 mmol) & phenanthroline
(22 mg, 0.125 mmol) Z %, =R T 1B Lz, RIGIRHE % EtOAC THIMH L, 5% HCI & fafna i
K TUEH L, NapSO, THEME L7z, IBffitk, U WXV BT ara~ 757 4— (EtOAC: hexane =1 :
5) THEELL, {LA% 163 (323 mg, 85%) %137, MEILAY. IR (neat) 1940, 1535, 1388, 1227 cm'; *H
NMR (400 MHz, CDCl) 6 7.85 (s, 1H), 7.32 (s, 1H); 4.17 (s, 3H), 2.36 (s, 3H); 173.4, 150.0, 132.9, 132.3,
132.0, 127.2, 90.1, 58.6, 20.6; EIMS m/z (rel intensity) 305 (M*, 100), 276 (14), 163 (21); HRMS (EI) for
CyHsINOS 304.9365 (M), found 304.9374.

(But-3-yn-1-ylsulfanyl)acetic acid (168). 50% Ammonium mercaptoacetate (2.00 mL, 22.4 mmol) @
ammonium/K¥&iE (20 mL) (Z, propargyl bromide (167) (2.00 g, 16.8 mmol) ™toluenei®i% (0.60 mL) %
Nz, 0 CCTLIREMIEFE L7z, M L 7252212, fafINaHCO/KIEIK Z Iz, CHCL THEA L7=. Kig%
TR CHRAMEIC U, EtOACTHIH L7=. %8 2 Na SO, THzlE, #iE L, (k&% 168 (1.97 g, 90%) %
57-. HEOHRY). IR (neat) 1709, 1411, 1293, 646 cm™; 'H NMR (400 MHz, CDCls) 6 11.08 (s, 1H), 3.48 (s,
2H), 3.44 (d, J = 2.0 Hz, 2H), 2.33 (d, J = 2.0 Hz, 1H); *C NMR (100 MHz, CDCls) 6 176.4, 78.5, 72.1, 32.1,
19.8; EIMS m/z (rel intensity) 130 (M*, 15), 102 (67), 88 (45), 85 (59), 71 (100); HRMS (EI) for CsHeO2S
130.0089 (M), found 130.0090.

Methyl (Prop-2-yn-1-ylsulfanyl)acetate (169). p-TsOH (2.90 mmol) ®MeOHAEWE (23 mL) 2, L&YW
168 (1.97 g, 15.1 mmol) Z Nz, 12 INEGER T L 7. SUSTIR % Jifitc, EtOAC TR L 7= A fE 4 fig
FANa,COs7k & Piift L, NaSO, THLME L7z, IRk, IKEEZ L VW ITN DT LI a~x v T T 7 14—
(EtOAC : hexane = 1 : 6) THHLL, {bAM 169 (1.48 g, 68%) & £57=. Ak, IR (neat) 3287, 2953,
1734, 1007 cmt; H NMR (400 MHz, CDCls) 6 3.69 (t, J = 1.2 Hz, 3H), 3.37 (t, J = 1.2 Hz, 2H), 3.35 (dt, J =
2.8, 1.2 Hz, 2H), 2.25 (t, J = 2.8 Hz, 1H); *3C NMR (100 MHz, CDCl;) § 170.2, 78.7, 71.7, 52.3, 32.2, 19.7;
EIMS m/z (rel intensity) 144 (M*, 19), 116 (70), 102 (43), 85 (100), 74 (97), 71 (47); HRMS (EI) for CeHgO2S
144.0245 (M*), found 144.0226.

2-(Prop-2-yn-1-ylsulfanyl)acetohydrazide (170). {t-&% 169 (1.45 g, 10.0 mmol) @ MeOH & (10 mL)
(2, hydrazine monohydride (0.93 mL, 19.1 mmol) %%, =S T 14 BERFHEE Lz, SOSIRIE & B 6,
VIUNTNDT LT a~ T T T 0 — (4% EtOAc-MeOH) THHELL, {LAW 170 (1.28 g, 88%) % 457-.
F A5 5. mp 69-70 °C. IR (neat) 3277, 2956, 1653 cm™’; 'H NMR (400 MHz, CDCl3) § 7.77 (s, 1H), 3.93 (s,
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2H), 3.42 (s, 2H), 3.35 (d, J = 1.6 Hz, 2H), 2.33 (t, J = 1.6 Hz, 1H); *C NMR (100 MHz, CDCls) § 168.9, 78.5,
72.5, 33.4, 20.4; EIMS m/z (rel intensity) 144 (M*, 19), 85 (35), 74 (100); HRMS (EI) for CsHsN,OS 144.0357
(M*), found 144.0380; Anal. Calcd for CsHgN,OS: C, 41.65; H, 5.59; N, 19.43. found: C, 41.70; H, 5.43; N,
19.27.

2-Methyl-5-[(prop-2-yn-1-ylsulfanyl)methyl]-1,3,4-oxadiazole (164). Triethyl orthoacetate (8.58 mL, 47.1
mmol) @ AcOH A% (3 mL) (2, {L&# 170 (680 mg, 4.71 mmol) % %, 14 BERIINEGEE L7=. UG
WRIR & i th, a2 VAN T A< 7T 7 4 — (EtOAC : hexane = 1:1) THEIL, (L&
¥ 164 (760 mg, 96%) % 157-. HAMIRY. IR (neat) 3277, 2925, 1563, 1141 cmt; *H NMR (400 MHz,
CDCls) 6 3.99 (s, 2H), 3.35 (d, J = 1.6 Hz, 2H), 2.53 (s, 3H), 2.29 (t, J = 1.6 Hz, 1H); **C NMR (100 MHz,
CDCls) 6 164.4, 163.7, 78.5, 72.1, 24.2, 19.6, 11.0; EIMS m/z (rel intensity) 168 (M*, 0.31), 99 (12), 98 (100),
56 (11); HRMS (EI) for C7HyNOS 169.0436 (M*), found 169.0426.

S-Methyl 2-Methoxy-3-methyl-5-(4-{[(5-methyl-1,3,4-oxadiazol-2-yl)methyl]sulfanyl}but-1-yn-1-yl)ben-
zenecarbothioate (165). = {7 U —/L 43 (200 mg, 0.620 mmol) & 7 /L% > 164 (104 mg, 0.620
mmol) OTHFAEHE (4 mL) 12, TEA (0.26 mL, 1.79 mmol) %z, KB F105 IR L7z, W\,
PdCI,(PPhs), (46 mg, 0.066 mmol) & Cul (10 mg, 0.053 mmol) Z /%, 7 /L= > F={ET 15 RpfE e
L7z, RISHE T, EtOACTAN LICIRGIKZ >V W 7 AT L, BIEABUERSE L7z. REZ U
FNBThra~ 7T 74— (EtOAc: hexane=1:1) THHL L, {b&% 165 (190 mg, 86%) % 157-.
IR (neat) 2925, 1675, 1473, 1245, 1167 cm™; 'H NMR (CDCls, 400 MHz) 6 7.62 (s, 1H), 7.40 (d, J = 1.0 Hz,
1H), 4.04 (s, 2H), 3.82 (t, J = 1.0 Hz, 3H), 3.60 (s, 2H), 2.30 (s, 3H), 2.53 (d, J = 1.2 Hz, 3H), 2.46 (t, J = 1.2
Hz, 3H); *C NMR (CDCls, 100 MHz) ¢ 191.6, 164.4, 163.8, 156.4, 137.9, 132.8, 131.7, 130.4, 118.0, 84.1,
82.5,61.7, 24.5, 20.7, 15.8, 12.4, 10.9; EIMS m/z (rel intensity) 362 (M*, 19), 315 (100), 265 (59), 217 (47), 98
(84); HRMS (EI) for C17H13N203S; 362.0759 (M), found 362.0752.

S-Methyl 2-Methoxy-3-methyl-5-[(1E)-3-{[(5-methyl-1,3,4-oxadiazol-2-yl)methyl]sulfanyl}-1-(tripropyl-
stannanyl)prop-1-en-1-yl]benzenecarbothioate (166). {t.&4%) 165 (100 mg, 0.280 mmol) OTHFEHE (5
mL) %, K F104Mli& L7z, kT, Pd(PPhs)s (30 mg, 0.028 mmol) & BusSnH (0.11 mL, 0.420
mmol) Z NNz, 7/ = FEIR CIRFFIELE L2, SIS T, EtOACTHAIR LIIBGK A v
AP L, TR AR L. R AE S Y AN T A~ 87T 7 4 — (EtOAC : hexane = 2 : 1)
THELL, IRAY 166 (190 mg) % 457-. 'H-NMR (400 MHz, CDCl3) 6 7.44 (s, 0.3H), 7.20 (s, 0.3H), 7.12
(d, J = 2.0 Hz, 1H), 6.90 (d, J = 2.0 Hz, 1H), 6.70 (s, 0.3H), 5.81 (t, J = 7.4 Hz, 1H), 3.80 (s, 1H), 3.79 (s, 3H),
3.72 (s, 0.7H), 3.71 (s, 2H), 3.67 (s, 0.7H), 3.26 (d, J = 7.4 Hz, 2H), 2.43 (s, 1H), 2.41 (s, 3H), 2.40 (s, 3H),
2.38 (s, 1H), 2.29 (s, 1H), 2.27 (s, 3H), 1.56-1.20 (m, 18H), 0.99-0.82 (m, 20H); 3C NMR (CDCls, 100 MHz)
0192.2,164.4,164.1, 154.1, 149.8, 144.1, 140.9, 138.9, 135.3, 133.5, 133.4, 132.3, 131.3, 127.1, 125.2, 31.0,
29.6, 28.9, 27.3, 27.2, 24.2, 16.0, 13.7, 13.6, 12.4, 12.40, 10.8, 10.8, 10.3, 10.2.

,86,



S-[(5-Methyl-1,3,4-oxadiazol-2-yl)methyl] ethanethioate (175). {54 187 (1.36 g, 5.48 mmol) @ CH,Cl,
Rk (40 mL) (Z, trifluoroacetic acid (15 mL)Z ANz, =R T 10 M Uiz, KSAR %2 2%,
triethylorthoacetate (10.0 mL, 54.8 mmol) & AcOH (0.78 mL, 13.7 mmol) % /il %, 115 °C C 25 FFEIFH#R L
T RS T, R L, BEE YDA NI T A n< 2757 1 — (EtOAC : hexane = 3 : 2) TH
BIL, (LAY 175 (627 mg, 66%) % #%7=. M LR, IR (neat) 1702, 1568, 1132, 622 cm™; IH NMR (400
MHz, CDCls) 6 4.24 (s, 2H), 2.47 (s, 3H), 2.38 (s, 3H); 3C NMR (100 MHz, CDCls) & 192.6, 164.4, 163.2,
29.9, 22.3, 10.8: EIMS m/z (el intensity) 173 (M*, 0.7), 130 (100): HRMS (EI) for CsHsN.0,S 173.0385 (M*),
found 173.0384.

S-[(3-Methyl-1,2,4-oxadiazol-5-yl)methyl] ethanethioate (182). L& % 188 (2.00 g, 27.0 mmol) &

triethylamine (4.14 mL, 29.7 mmol) @ CH.Cl, %% (12 mL) (Z, chloroacetyl chloride (2.36 mL, 29.7 mmol)
Z 0°C TL1043fI2MT Tl T L, =R C L5 Refis#e L7c. RUSERIR % CHCl TR L, K& fafn i
K CUERtE, A% %2 NaxSO, Tzl L7-. JR#ME L7-F% 720 DME % (20 mL) (2, Nal (3.81 g, 25.41
mmol) & AcSK (3.19 g, 28.0 mmol) % %, =RiC 20 BpfFTHR L7=. BUGSIAIRZ ELO TR L, fafn
BHKCTUeV#, NaSOs THIME L T-. IRME., Rir v VSV T L5 a~ N7 F 7 4 — (EtOAC :
hexane = 3 : 7) THRIL, 1A% 182 (888 mg, 19%) % 157=. Z iR, IR (neat) 1704, 1585, 1341,
1132 cm; *H NMR (400 MHz, CDCl3) 6 4.26 (s, 2H), 2.40 (s, 3H), 2.36 (s, 3H); *C NMR (100 MHz, CDCls)
0192.5, 175.5, 167.5, 30.1, 23.4, 11.5; FABMS m/z 173 (MH*); HRMS (FAB) for C¢HgN20,S 173.0385 (MH"),
found 173.0390.

S-Methyl 5-(3-Hydroxyprop-1-yn-1-yl)-2-methoxy-3-methylbenzenecarbothioate (179). I v{k7 U —/L
43 (3.00 g, 9.31 mmol) ?®benzeneiz ik (20 mL) (Z, PACIx(PPhs), (196 mg, 0.279 mmol) & Cul (355 mg,
1.86 mmol) Z =R Tl %, &\ T, diethylamine (6.74 mL, 65.2 mmol) & propagyl alcohol (178) (2.71 mL,
46.6 mmol) %0 °CTiii F L7z, SIAIR 2 RIE CIRF MR #%, fAFINHCIUK %N %, ELOTHAM L,
A JE A BRI BRI K THEVR 12, NaSOsCHzME L7z, Wik, BAZ VAN T a~ NI T 7
4 — (EtOAC : hexane =1:2) THHI L, {LE&W 179 (2.30 g, 99%) % 457-. EEAIHIRY. IR (neat) 3415,
1678, 1473, 1247 cm; *H NMR (400 MHz, CDCls) 6 7.58 (s, 1H), 7.34 (s, 1H), 4.45 (s, 2H), 3.78 (s, 3H),
2.43 (s, 3H), 2.25 (s, 3H); *C NMR (100 MHz, CDCls) 6 191.7, 156.4, 137.8, 132.8, 131.7, 130.3, 118.1, 87.5,
84.1, 61.7, 51.4, 15.9, 12.5; EIMS m/z (rel intensity) 250 (M*, 6.5), 203 (100), 115 (8.2); HRMS (EI) for
C13H1403S 250.0664 (M™), found 250.0642.

S-Methyl 5-[(E)-2-Hydroxy-1-(tripropylstannanyl)ethenyl]-2-methoxy-3-methylbenzenecarbothioate
(180). fbA&% 179 (1.93 g, 7.72 mmol) & Pd(PPhs)s (89 mg, 0.077 mmol) D THFE#E (20 mL) (2,
BusSnH (3.04 mL, 11.6 mmol) %3 F L, SRR C2REMEHE L7z, 3G L 72 SISTATK 2 EtOAC (100 mL)
THWRL, VBT M LTz, BERMEL, KEEZ IV WTN DT LI a~ 7T 7 14— (EtOAC :
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hexanes = 3 : 7) THEMLL, {LA4) 180 (3.26 g, 78%) Z1537-. HEGE LY. IR (neat) 3393, 2926, 1681,
1417 et *H NMR (400 MHz, CDCls) 8 7.32 (d, J = 2.0 Hz, 1H), 7.12 (d, J = 2.0 Hz, 1H), 6.52 (t, J = 2.0 Hz,
1H), 4.64 (dd, J = 5.2, 2.0 Hz, 2H), 3.81 (s, 3H), 2.45 (s, 3H), 2.32 (s, 3H), 1.58-1.50 (m, 6H), 1.39-1.30 (m,
6H), 1.00-0.89 (M, 15H); 3C NMR (100 MHz, CDCl) 6 192.3, 154.1, 147.4, 140.6, 139.6, 133.2, 132.2, 131.3,
125.0, 61.7, 60.4, 28.8, 27.3, 16.1, 13.6, 12.4, 10.0; FABMS m/z 543 (MH?*).

S-Methyl 5-[(E)-2-Bromo-1-(tripropylstannanyl)ethenyl]-2-methoxy-3-methylbenzenecarbothioate (181).
L& 180 (800 mg, 1.48 mmol) DCH,Cl, ¥ (15 mL) |2, PPhs (426 mg, 1.63 mmol) & CBr, (588
mg, 1.77 mmol) &1z C, iR T30/ M L7z, BUSIRIR & #E4E L, 15% EtOAc-hexanes (70 mL) T
AR LTS % > U ATV L, IR, BREEZ VA TN T L oa< N T T 7 14—
(EtOAC : hexane =1:9) THHRI L, {L&Y 181 (667 mg, 75%) Z157=. HEAIIRY. IR (neat) 2922, 1674,
1465, 1240 cm't; 'H NMR (400 MHz, CDCls) § 7.18 (s, 1H), 6.99 (s, 1H), 6.07 (t, J = 8.0 Hz, 1H), 3.87 (d, J =
8.0 Hz, 2H), 3.81 (s, 3H), 2.45 (s, 3H), 2.31 (s, 3H), 1.48-1.40 (m, 6H), 1.31-1.22 (m, 6H), 0.94-0.83 (m, 15H);
13C NMR (100 MHz, CDCl3) § 192.3, 154.4, 151.2, 138.4, 136.1, 132.9, 132.5, 131.6, 125.0, 61.8, 29.0, 28.7,
27.2,16.17, 13.7, 12.5, 10.2; FABMS m/z 605 (MH*); HRMS (FAB) for CzsH4,"°Br0,S*6Sn 601.1102 (MH* -
4), found 601.1113, C5H42"°Br0O,S'8Sn 603.1104 (MH* - 2), found 603.1107.

S-Methyl 2-Methoxy-3-methyl-5-[(1E)-3-{[(5-methyl-1,3,4-oxadiazol-2-yl)methyl]sulfanyl}-1-(tripropyl-
stannanyl)prop-1-en-1-yl]benzenecarbothioate (183). KOH (48 mg, 0.850 mmol) DEtOHIAH#E (4 mL) (Z,
{bE&¥ 175 (122 mg, 0.708 mmol) DEOHIAERE (4 mL) Zh1x, =R C200MEHE LZ. &6, béE
¥ 181 (428 mg, 0.708 mmol) DEtOHIRIE (4 mL) Z Nz, 204 iR L7z, AHElE 2 ELO CThitl, 7k
LRI R IEK THei %2, Na;SOa THzMRE L7z, IRifitR, REZ VI BTN AT LI ua<x NI TT7 4 —
(EtOAc : hexane = 2 : 3, 2% EtOAc-CH.Cl,) T2[alfEHi L, k54 183 (378 mg, 82%) % 457=. MEfjHk
. IR (neat) 1678, 1470, 1242, 1005 cm™; H NMR (400 MHz, CDCls) 6 7.10 (d, J = 2.0 Hz, 1H), 6.88 (d, J =
2.0 Hz, 1H), 5.80 (t, J = 7.2 Hz, 1H), 3.80 (s, 3H), 3.71 (s, 2H), 3.27 (d, J = 7.2 Hz, 2H), 2.42 (s, 3H), 2.41 (s,
3H), 2.28 (s, 3H), 1.46-1.39 (m, 6H), 1.30-1.21 (m, 6H), 0.92-0.83 (M, 15H); 3C NMR (100 MHz, CDCls) ¢
192.2, 164.5, 164.2, 154.1, 149.9, 138.9, 135.3, 133.4, 132.4, 131.4, 125.2, 61.8, 31.1, 28.9, 27.2, 24.3, 16.1,
13.7, 12.5, 10.9, 10.1; FABMS m/z 655 (MH*); HRMS (FAB) for CaoH47N203S,16Sn 651.2049 (MH* - 4),
found 651.2039, C29H47N203S,18Sn 653.2052 (MH* -2), found 653.2030, C29H47N203S5,*2°Sn 655.2049 (MH*),
found 655.2053.

S-Methyl 2-Methoxy-3-methyl-5-[(1E)-3-{[(3-methyl-1,2,4-oxadiazol-5-yl)methyl]sulfanyl}-1-(tripropyl-

stannanyl)prop-1-en-1-yl]benzenecarbothioate (184). KOH (39 mg, 0.689 mmol) ®EtOHE# (3 mL) 12,
L&Y 182 (99 mg, 0.574 mmol) DEtOHIAEW (3 mL) Z Mz, IR T200RHE L. &5, (LAY
181 (347 mg, 0.574 mmol) DEtOHA#L (3 mL) Z %, 604 M L7z, A8 2 ELO THhiH, /K &3
R HEK TULH 2, NaSOs THME L7z, ik, WEZ L VW TN T LI n~ T T T 4 —

,88,



(EtOAc : hexane = 1: 3, 2% EtOAc-CH.Cl,) T2[alfEH L, {bE&%) 184 (271 mg, 72%) % 457=. MK
. IR (neat) 2957, 2926, 1679, 1582 cm'’; H NMR (400 MHz, CDCls) § 7.09 (d, J = 2.2 Hz, 1H), 6.85 (d, J =
2.2 Hz, 1H), 5.79 (t, J = 7.2 Hz, 1H), 3.80 (s, 3H), 3.72 (s, 2H), 3.31 (d, J = 7.2 Hz, 2H), 2.43 (s, 3H), 2.30 (s,
3H), 2.28 (s, 3H), 1.47-1.39 (m, 6H), 1.31-1.21 (m, 6H), 0.92-0.83 (m, 15H); 3C NMR (100 MHz, CDCls) ¢
192.2, 176.7, 167.2, 154.2, 150.0, 138.8, 135.2, 133.3, 132.4, 131.4, 125.2, 61.7, 31.0, 28.9, 27.2, 25.0, 16.1,
13.7,12.4, 11.5, 10.1; FABMS m/z 655 (MH").

S-Methyl 5-[(Z2)-1-(3-Cyanophenyl)-2-hydroxyethenyl]-2-methoxy-3-methylbenzenecarbothioate (171). 3
it 7 U —/L 48 (127 mg, 0.554 mmol), A A % 7> 180 (300 mg, 0.554 mmol), CsF (252 mg, 1.66
mmol) % & TeDMFEATARR (5 mL) %0 °CT1043fH, 7 /b2 K TS L 72, RN T, Pd(PPhs)s (64
mg, 0.055 mmol) & Cul (127 mg, 0.665 mmol) % JSIEHRIZIN 2, 7 /L= 2, 60 °CTA5RFRIFHHE L
7o, BOBKE T %, CHoClo & Ho 0% I 2 CHEHR L, EtOAC TN L7 SRR E 74 Mt L%, A
WeJE & Sy BE L 7o, RS A A i K THES, NaSO. Tz, IR A MIERE B LT, REE T U
FNAT K7 a~x 757 ¢— (EtOAC: hexane =2:3) THTL L, {L&# 171 (151 mg, 81%) % 537,
M HIRY). IR (neat) 3478, 1674, 1477, 1236 cm™!; *H NMR (400 MHz, CDCls) 6 7.58-7.39 (m, 4H), 7.34 (d,
J =24 Hz, 1H), 7.08 (d, J = 2.4 Hz, 1H), 6.27 (t, J = 6.8 Hz, 1H), 4.25 (d, J = 6.8 Hz, 2H), 3.88 (d, 3H), 2.45
(s, 3H), 2.33 (s, 3H); 3C NMR (100 MHz, CDCls) § 192.2, 156.5, 142.6, 136.0, 133.2, 133.1, 131.7, 131.7,
131.2, 131.1, 130.4, 129.2, 128.1, 118.7, 112.5, 61.8, 60.4, 27.8, 16.2, 12.5; FABMS m/z 376 (MH* + Na),
HRMS (FAB) for C2oH19NO3SNa 376.0983 (MH™), found 376.1009

S-Methyl 5-[(Z2)-1-(4-Cyanophenyl)-2-hydroxyethenyl]-2-methoxy-3-methylbenzenecarbothioate (172).
3 v{k7 UV —/ 49 (212 mg, 0.924 mmol), A& % -7 > 180 (500 mg, 0.924 mmol), CsF (421 mg,
2.770 mmol) % & TeDMFIR AWK (10 mL) 20 °CT1040[M, 7/ T X This L7z, R\,
Pd(PPhs)s (107 mg, 0.092 mmol) & Cul (211 mg, 1.11 mmol) % KISEHRIZINZ, 742> F, 60 °CT3
RpfEHE Lo, BB T, CHoCl & HoOZ A THIFE L, EtOACTAR L 72Uk 2t 7 A MIf)
L7, AHIE 2 0Bt UTc. ATEIE 2 faf R K THelf, NaxSOs THIMRR, WA RIER £ L7z, F&E
EVNTNAT AT a~ NI T 7 ¢ — (EtOAc : hexane = 2 : 3) THEIL, (L& 172 (138 mg,
42%) ZA57=. EEATIRY). IR (neat) 3443, 2228, 1676, 1234, 1001 cm™; *H NMR (400 MHz, CDCl3) 6 7.58
(d, J = 8.8 Hz, 2H), 7.35-7.32 (m, 3H), 7.08 (d, J = 2.4 Hz, 1H), 6.32 (t, J = 6.6 Hz, 1H), 4.25 (d, J = 6.6 Hz,
2H), 3.86 (s, 3H), 2.44 (s, 3H), 2.32 (s, 3H); *C NMR (100 MHz, CDCl3) 6 192.1, 156.4, 145.8, 141.1, 136.0,
133.2, 133.0, 132.1, 131.7, 131.2, 128.1, 128.1, 118.8, 111.2 61.8, 60.4, 16.2, 12.5; EIMS m/z (rel intensity)
353 (M*, 3.4), 306 (100); HRMS (EI) for C2oH1sNO3S 353.1086 (M), found 353.1094.

S-Methyl 5-[(Z)-2-Bromo-1-(3-cyanophenyl)ethenyl]-2-methoxy-3-methylbenzenecarbothioate (173). 1t
&%) 171 (63 mg, 0.187 mmol) D CH,Cl, ¥ i#% (10 mL) {2, PPhs (186 mg, 0.561 mmol) & CBr,4 (186 mg,
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0.561 mmol) Z NNz T, =R CLURFRITIE L7z, IR, KEE VDTN AT ra~ NI F7 14—
(EtOAC : hexane =1:3) THHL L, {LE&W 173 (61 mg, 79%) % 1F7-. HEAHRY). IR (neat) 2230, 1674,
1477, 1240 cm't; 'H NMR (400 MHz, CDCls) 8 7.59-7.40 (m, 5H), 7.20 (d, J = 1.6 Hz, 1H), 6.35 (t, J = 8.4 Hz,
1H), 4.02 (d, J = 8.4 Hz, 2H), 3.89 (s, 3H), 2.45 (s, 3H), 2.36 (s, 3H); 3C NMR (100 MHz, CDCls) ¢ 192.0,
156.7, 142.7, 142.0, 135.7, 133.4, 132.3, 131.9, 131.8, 131.6, 131.3, 129.3, 128.0, 126.5, 118.6, 112.7, 61.8,
29.6, 16.3, 12.5; EIMS m/z (rel intensity) 415 (M*, 0.2), 417 (M*+2, 0.2), 370 (29), 368 (30), 336 (81), 288
(71), 261 (100); HRMS (EI) for C20H1™BrNO,S 415.0242 (M*), found 415.0263, CaoH1s®'BINO,S 417.0221
(M* +2), found 417.0249.

S-Methyl 5-[(Z)-2-Bromo-1-(4-cyanophenyl)ethenyl]-2-methoxy-3-methylbenzenecarbothioate (174). {t
A% 172 (185 mg, 0.547 mmol) DCH,Cl, ¥ (15 mL) (2, PPhs (216 mg, 0.822 mmol) & CBr4 (545 mg,
1.64 mmol) ZfNA T, =ik CIHFMIHE L7z, WMk, RELZ VTN DT L ou~ T T 7 41—
(EtOAC : hexane =1:3) THHRL L, {L&Y 174 (189 mg, 83%) Z157=. AR, IR (neat) 2228, 1674,
1476, 1233 cm't; tH NMR (400 MHz, CDCls) 6 7.58 (d, J = 8.6 Hz, 2H), 7.42 (d, J = 2.0 Hz, 1H), 7.33 (d, J =
8.6 Hz, 2H), 7.20 (d, J = 2.0 Hz, 1H), 3.40 (t, J = 8.4 Hz, 1H), 4.02 (d, J = 8.4 Hz, 2H), 3.87 (s, 3H), 2.44 (s,
3H), 2.34 (s, 3H); **C NMR (100 MHz, CDCls) 6 192.0, 156.6, 145.1, 143.1, 135.7, 133.3, 132.2, 132.1, 131.9,
128.2, 128.0, 127.2, 118.6, 111.7, 61.8, 29.5, 16.2, 12.5; EIMS m/z (rel intensity) 415 (M*, 0.3), 417 (M* +2,
0.3), 370 (26), 368 (26), 336 (82), 290 (60), 288 (75), 261 (100); HRMS (EI) for Ca0H1s™*BrNO,S 415.0242
(M*), found 415.0238, CzH1s®'BrNO,S 417.0221 (M* +2), found 417.0201.

S-Methyl 5-[(12)-1-(3-Cyanophenyl)-3-{[(5-methyl-1,3,4-0xadiazol-2-yl)methyl]sulfanyl}prop-1-en-1-yl]-
2-methoxy-3-methylbenzenecarbothioate (136). KOH (9 mg, 0.160 mmol) ®EtOHE# (2 mL) 12, L&
¥ 175 (33 mg, 0.192 mmol) DEtOHEH#X (3 mL) Z Wz, =R CTI00EFEHE L. 612, ke 173
(120 mg, 0.288 mmol) DEtOHAE# (5 mL) % hNx, 604 M L7z, SIS ZELO T L, /K & fd
TR K T4, NaSOs THIME Lo, IR, WEZ VAT N T LI a<x NI T 7 4 —
(EtOAC : hexane = 1:1) THRL L, {LE&Y 136 (59 mg, 66%) % 1F7-. HEAIHRY). IR (neat) 2229, 1672,
1477, 1240 cm®; *H NMR (400 MHz, CDCl3) 6 7.57-7.40 (m, 4H), 7.38 (d, J = 2.2 Hz, 1H), 7.12 (d, J = 2.2 Hz,
1H), 6.16 (t, J = 7.8 Hz, 1H), 3.89 (s, 3H), 3.79 (s, 2H), 3.37 (d, J = 7.8 Hz, 2H), 2.46 (s, 3H), 2.44 (s, 3H),
2.33 (s, 3H); 3C NMR (100 MHz, CDCls) § 191.9, 164.3, 164.1, 156.4, 142.4, 142.1, 136.2, 133.3, 132.8,
131.8, 131.5, 131.1, 131.0, 129.2, 128.2, 126.1, 118.6, 112.5, 61.8, 31.4, 24.7, 16.2, 12.5, 10.9; EIMS m/z (rel
intensity) 465 (M*, 1.6), 418 (61), 368 (100), 320 (42), 288 (48), 260 (59), 98 (39), 75 (28); HRMS (EI) for
C24H23N303S; 465.1181 (M™), found 465.1161.

S-Methyl 5-[(12)-1-(4-Cyanophenyl)-3-{[(5-methyl-1,3,4-0xadiazol-2-yl)methyl]sulfanyl}prop-1-en-1-yl]-
2-methoxy-3-methylbenzenecarbothioate (137). KOH (12 mg, 0.211 mmol) DEtOHIE® (3 mL) 12, k&
¥ 175 (30 mg, 0.176 mmol) DEtOHYARR (4 mL) # Iz, IR CLO0MEE L. &I, LAWY 174
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(110 mg, 0.264 mmol) DOEtOHFK (4 mL) Z Iz, 605 ffE#E L7z, ISR ZELOTHIH L, /K &L fd
IR AR TG, NaSOs THzMRE L7z, IRMEtk, MEZ VAT NI LI~ NI T T 14—
(EtOAC : hexane = 1:1) THHL L, {L&Y 137 (66 mg, 81%) % 15F7-. HEAIIRY). IR (neat) 2227, 1674,
1231, 757 cm}; *H NMR (400 MHz, CDCl3) 6 7.57 (d, J = 8.4 Hz, 2H), 7.36 (d, J = 2.0 Hz, 1H), 7.29 (d, J =
8.4 Hz, 2H), 7.11 (d, J = 2.0 Hz, 1H), 6.21 (t, J = 8.0 Hz, 1H), 3.86 (s, 3H), 3.78 (s, 2H), 3.36 (d, J = 8.0 Hz,
2H), 2.44 (s, 3H), 2.43 (s, 3H), 2.31 (s, 3H); 13C NMR (100 MHz, CDCls) 6 191.9, 164.3, 134.1, 156.3, 145.5,
1425, 136.2, 133.2, 132.7, 132.1, 131.8, 128.2, 127.9, 126.9, 118.7, 111.2, 61.8, 31.4, 24.7, 16.1, 12.5, 10.9;
EIMS m/z (rel intensity) 465 (M*, 6.1), 418 (63), 368 (100), 320 (41), 288 (61), 261 (59), 98 (79), 75 (42);
HRMS (EI) for C24H23N303S; 465.1181 (M*), found 465.1200.

S-Methyl 5-[(1E)-1-(3,7-Dimethyl-2-ox0-2,3-dihydro-1,3-benzoxazol-5-yl)-3-hydroxyprop-1-en-1-yl]-2-
methoxy-3-methylbenzenecarbothioate (176). = {7 U —/L 46 (289 mg, 1.00 mmol), HHEA % > F
> 180 (542 mg, 1.00 mmol), CsF (763 mg, 3.00 mmol) % & eDMFIEA AN (5 mL) %0 °CT1043fH, 7
A KA L=, RO G, PA(PPhs)s (98 mg, 0.084 mmol) & Cul (192 mg, 1.00 mmol) % FUGTRIR
(A, 7T, 60 CCTLERFRIFEFE L7z, FRUGH T, CHCla& H0% A THEF:R L, EtOAC T
RUTBOSE 2 T A MO Lictk, AE 2 0Bt L7z, AE 2 SR R K THEF, NaSO,THz
Wk, WA BIER B LT, BREEZ YW TN AT L a~ 7T 7 4 — (EtOAC : hexane =2 :1) T
L, {b&% 176 (259 mg, 73%) Z15%7-. HEAJRY). IR (neat) 3433, 2928, 1776, 1468 cm™; *H NMR
(400 MHz, CDCls) & 7.34 (s, 1H), 7.09 (s, 1H), 6.77 (s, 1H), 6.64 (s, 1H), 6.14 (t, J = 6.8 Hz, 1H), 4.21 (d, J =
6.8 Hz, 2H), 3.84 (s, 3H), 3.31 (s, 3H), 2.41 (s, 3H), 2.29 (s, 6H); 3C NMR (100 MHz, CDCls) § 192.3, 156.0,
155.0, 142.1, 142.2, 140.8, 137.9, 136.1, 134.4, 132.6, 131.3, 128.6, 128.1, 124.1, 120.0, 105.0, 61.7, 60.3, 28.2,
16.1, 14.4, 12.4; EIMS m/z (rel intensity) 413 (M*, 18), 395 (43), 366 (100), 348 (79); HRMS (EI) for
CaH23NOsS 413.1297 (M*), found 413.1282.

S-Methyl 5-[(1E)-3-Bromo-1-(3,7-dimethyl-2-oxo-2,3-dihydro-1,3-benzoxazol-5-yl)prop-1-en-1-yl]-2-me-

thoxy-3-methylbenzenecarbothioate (177). {b&%) 176 (90 mg, 0.220 mmol) D CH,Cl, ¥&#& (10 mL) (Z
PPhs (74 mg, 0.282 mmol) & CBr, (93 mg, 0.282 mmol) % % C, =Eili C20RFMRER L 72, BfEtk, ks
BVBTNHET AT a~ NI T 7 4 — (EtOAC:hexane=1:5) TR L, /L& 176 (71 mg, 68%)

w157, IEAHIRY).

l

Stille Coupling (—f&#/EEE). 3 (LT U —/ (LOYE), AHARLAY (L0%4E), CsF(B.0% &) %
&t DMSO IR G ¥R Z 0°C T 10 437 /L 3 R TS L 7. RN, Pd(PPhs)s (0.10 4 &) & Cul
(L2 48) & OSEIRIZIA, 73 TERIRTHREE L. BOGK T, CHCly & H0 202 THi#E L,
EtOAc TAIR Lo BUSEIKZ © 7 A4 MIA Lictk, A% 08t L7z, A % fafn &K T,
Na,SOs THLIM%, IRIEZWIER EL, FEE S VISV T A a~ NI T7 4 —CRE LT
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S-Methyl 5-[(1E)-1-(3,7-Dimethyl-2-ox0-2,3-dihydro-1,3-benzothiazol-5-yl)-5-(5-methyl-1,3,4-oxadiazol-
2-yl)pent-1-en-1-yl]-2-methoxy-3-methylbenzenecarbothioate (124). @ v {7 U —/L 154 (88 mg, 0.286
mmol), FHEA % > > 106 (182 mg, 0.286 mmol), CsF (130 mg, 0.858 mmol), Pd(PPhs)s (33 mg, 0. 029
mmol), Cul (65 mg, 0.343 mmol), DMSO (6 mL) % f\>, Stille Coupling @ — B EIEIZHE - 72, 3 REfHR
L% UMV h T a~ T T 7 ¢— (EtOAc : hexane = 2 : 1) THRLL, {bA% 124 (63
mg, 42%) % 15%7=. M. IR (neat) 1674, 1458, 1219, 756 cm'; 'H NMR (400 MHz, CDCls) & 7.38 (d,
J=1.6 Hz, 1H), 7.09 (d, J = 1.6 Hz, 1H), 6.79 (s, 1H), 6.66 (s, 1H), 6.03 (t, J = 7.2 Hz, 1H), 3.87 (s, 3H), 3.38
(s, 3H), 2.81 (t, J = 7.2 Hz, 2H), 2.46 (s, 3H), 2.44 (s, 3H), 2.32 (s, 3H), 2.30 (s, 3H), 2.25 (q, J = 7.2 Hz, 2H),
1.95 (quint, J = 7.2 Hz, 2H); **C NMR (100 MHz, CDCls) ¢ 192.2, 170.1, 166.7, 163.6, 155.7, 141.3, 141.0,
137.6, 136.2, 134.9, 132.7, 131.8, 131.4, 129.3, 128.2, 123.4, 121.3, 106.9, 61.7, 29.3, 29.1, 26.5, 24.8, 20.0,
16.2, 12.5, 10.9; EIMS m/z (rel intensity) 523 (M*, 11), 476 (100), 378 (66), 349 (66), 111 (52), 54 (98); HRMS
(E1) for Ca7H26N304S; 523.1599 (M*), found 523.1598.

S-Methyl 5-[(1E)-1-(3,7-Dimethyl-2-o0x0-2,3-dihydro-1,3-benzothiazol-5-yl)-5-(3-methyl-1,2,4-oxadiazol
-5-yl)pent-1-en-1-yl]-2-methoxy-3-methylbenzenecarbothioate (125). = 7{t.7 U —/L 154 (83 mg, 0.272
mmol), A ¥ > F > 61 (173 mg, 0.272 mmol), CsF (124 mg, 0.816 mmol), Pd(PPhs)s (31 mg, 0.027
mmol), Cul (62 mg, 0.326 mmol), DMSO (5 mL) % f\>, Stille Coupling @ — B EIEIZHE - 72, 2 FEfHR
LI t., YUV HE T A a~ 7T 7 ¢— (EtOAC: hexane =1:1) THRLL, (LAY 125 (129
mg, 91%) Z157=. HEAJRY. IR (neat) 1681, 1458, 1242, 1002, 756 cm®; 'H NMR (400 MHz, CDCls) §
7.38 (d, J = 2.0 Hz, 1H), 7.08 (d, J = 2.0 Hz, 1H), 6.80 (s, 1H), 6.66 (s, 1H), 6.01 (t, J = 7.6 Hz, 1H), 3.87 (s,
3H), 3.38 (s, 3H), 2.86 (t, J = 7.6 Hz, 2H), 2.44 (s, 3H), 2.34 (s, 3H), 2.32 (s, 3H), 2.31 (s, 3H), 2.29-2.23 (m,
2H), 1.98 (quint, J = 7.2 Hz, 2H); 3C NMR (100 MHz, CDCl3) 6 192.2, 179.2, 170.1, 167.0, 155.8, 141.5,
141.0, 137.6, 136.2, 134.9, 132.7, 131.8, 131.5, 129.2, 128.2, 123.4, 121.4, 106.9, 61.8, 29.3, 29.1, 26.6, 26.0,
20.0, 16.2, 12.5, 11.5; EIMS m/z (rel intensity) 523 (M*, 5.7), 476 (100), 419 (22), 378 (15), 337 (21); HRMS
(E1) for C27H2sN304S, 523.1599 (M*), found 523.1592.

S-Methyl 5-{(1E)-1-(3,7-Dimethyl-2-ox0-2,3-dihydro-1,3-benzothiazol-5-yl)-5-[5-(trifluoromethyl)-1,3,4-

oxa-diazol-2-yl]pent-1-en-1-yl}-2-methoxy-3-methylbenzenecarbothioate (126). 3 {7 U —/L 154 (92
mg, 0.302 mmol), HH#A % > F > 104 (208 mg, 0.302 mmol), CsF (138 mg, 0.906 mmol), Pd(PPhs)s (35
mg, 0.030 mmol), Cul (69 mg, 0.362 mmol), DMSO (5 mL) % M\, Stille Coupling @ — & EEIEIZHE - 7=
2RI L72t%, YU BTN AT A a~ N7 57 ¢— (EtOAC : hexane = 1 :2) CTHRLL, (LAY
126 (112 mg, 64%) % f57-. HEAHLRY. IR (neat) 1681, 1458, 1165, 1134 cm™; 'H NMR (400 MHz, CDCls)
5739 (d, J = 2.4 Hz, 1H), 7.09 (d, J = 2.4 Hz, 1H), 6.80 (d, J = 1.2 Hz, 1H), 6.66 (d, J = 1.2 Hz, 1H), 6.02 (t, J
= 7.2 Hz, 1H), 3.87 (s, 3H), 3.38 (s, 3H), 2.94 (t, J = 7.2 Hz, 2H), 2.45 (s, 3H), 2.32 (s, 3H), 2.31 (s, 3H),
2.32-2.27 (m, 2H), 2.03 (quint, J = 7.2 Hz, 2H); 3C NMR (100 MHz, CDCls) 6 192.1, 170.1, 168.9, 155.9,
155.2 (q, Jccrs = 44.1 Hz), 141.9, 140.8, 137.6, 136.1, 134.8, 132.8, 131.9, 131.4, 128.6, 128.1, 123.3, 121.5,
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116.2 (d, Jers = 270.2 Hz), 106.8, 61.7, 29.2, 29.0, 26.2, 24.9, 20.0, 16.2, 12.5; *F NMR (376 MHz, CDCl3) &
-65.3; EIMS m/z (rel intensity) 577 (M*, 5.0), 530 (100), 337 (12); HRMS (EI) for Ca7H26FsNs04S, 577.1329
(M*), found 577.1300.

S-Methyl 5-[(1E)-1-(2-Ethoxy-7-methyl-1,3-benzothiazol-5-yl)-5-(5-methyl-1,3,4-oxadiazol-2-yl)pent-1-
en-1-yl]-2-methoxy-3-methylbenzenecarbothioate (127). = 7 {7 Y —/L 162 (83 mg, 0.261 mmol), F %
A K F 2 106 (166 mg, 0.261 mmol), CsF (119 mg, 0.783 mmol), Pd(PPhs). (30 mg, 0.026 mmol), Cul (60
mg, 0.313 mmol), DMSO (5 mL) % f\>, Stille Coupling & —f&HEIEICHE ~ 72, 4 BRRRFR L7212, 2V
HTNH T NI v~ 7T 74— (EtOAC : hexane = 3 :2) CTHRL, (L&Y 127 (88 mg, 63%) %715
7=, R, IR (neat) 2931, 1676, 1538, 1525 cm™; 'H NMR (400 MHz, CDCls) § 7.37 (d, J = 2.0 Hz,
1H), 7.26 (s, 1H), 7.09 (d, J = 2.0 Hz, 1H), 6.94 (s, 1H), 6.05 (t, J = 7.2 Hz, 1H), 4.54 (q, J = 7.6 Hz, 2H), 2.94
(s, 3H), 2.79 (t, J = 7.2 Hz, 2H), 2.44 (s, 3H), 2.41 (s, 3H), 2.39 (s, 3H), 2.29 (s, 3H), 2.22 (q, J = 7.2 Hz, 2H),
1.91 (quint, J = 7.2 Hz, 2H), 1.44 (t, J = 7.6 Hz, 3H); 3C NMR (100 MHz, CDCls) § 192.1, 172.8, 166.7, 163.5,
155.5, 149.1, 141.6, 140.5, 136.3, 135.3, 132.5, 131.3, 131.0, 130.7, 128.5, 128.2, 122.8, 117.2, 67.7, 61.7, 28.9,
26.5, 24.7, 21.1, 16.1, 14.3, 12.4, 10.8; EIMS m/z (rel intensity) 537 (M*, 51), 490 (100), 460 (71), 392 (76),
364 (66); HRMS (EI) for CssHaiN30,S, 537.1756 (M*), found 537.1732.

S-Methyl 5-[(1E)-1-(2-Ethoxy-7-methyl-1,3-benzothiazol-5-yl)-5-(3-methyl-1,2,4-oxadiazol-5-yl)pent-1-
en-1-yl]-2-methoxy-3-methylbenzenecarbothioate (128). = 7{t7 Y —/L 162 (86 mg, 0.269 mmol), FHi#
AR 7 61 (171 mg, 0.269 mmol), CsF (123 mg, 0.807 mmol), Pd(PPhs). (31 mg, 0.027 mmol), Cul (62
mg, 0.323 mmol), DMSO (4 mL) % i\, Stille Coupling ® — & EiEICHE - 72, 1 BRRA4EFR L7, 2V
HTNH T T v~ N7 T 74— (EtOAC : hexane = 2 : 1) THHR L, (L&Y 128 (91 mg, 63%) %15
7=, Y. IR (neat) 1674, 1535, 1242, 1011 cm'; *H NMR (400 MHz, CDCls) 6 7.38 (d, J = 2.4 Hz,
1H), 7.26 (s, 1H), 7.09 (d, J = 2.4 Hz, 1H), 6.94 (s, 1H), 6.06 (t, J = 7.6 Hz, 1H), 4.56 (g, J = 7.2 Hz, 2H), 3.86
(s, 3H), 2.85 (t, J = 7.6 Hz, 2H), 2.43 (s, 3H), 2.41 (s, 3H), 2.34 (s, 3H), 2.30 (s, 3H), 2.24 (q, J = 7.6 Hz, 2H),
1.96 (quint, J = 7.6 Hz, 2H), 1.45 (t, J = 7.2 Hz, 3H); 3C NMR (100 MHz, CDCls) § 192.2, 179.3, 172.9, 167.0,
155.6, 149.2, 141.8, 140.5, 136.3, 135.4, 132.6, 131.4, 131.0, 130.8, 128.4, 128.3, 122.9, 117.3, 67.8, 61.7, 29.0,
26.5,25.9, 21.1, 16.1, 14.4, 12.5, 11.5; EIMS m/z (rel intensity) 537 (M*, 33), 490 (100), 460 (53), 433 (60);
HRMS (EI) for CgH31N304S; 537.1756 (M™), found 537.1759.

S-Methyl 5-{(1E)-1-(2-Ethoxy-7-methyl-1,3-benzothiazol-5-yl)-5-[5-(trifluoromethyl)-1,3,4-oxadiazol-2-

yl]-pent-1-en-1-yl}-2-methoxy-3-methylbenzenecarbothioate (129). = {7 VU —/L 162 (93 mg, 0.290
mmol), HHEA & > F > 104 (200 mg, 0.290 mmol), CsF (132 mg, 0.870 mmol), Pd(PPhs)s (33 mg, 0.0290
mmol), Cul (66 mg, 0.348 mmol), DMSO (6 mL) % i\, Stille Coupling @ —f&#/EIEIZHE > 7=. 3.5 Bl
R LT, YU AT N AT Ara~ 7T 74— (EtOAC : hexane = 1 : 4) TR L, {b&W 129
(103 mg, 60%) Z1537-. EAJRY. IR (neat) 1674, 1535, 1211, 1134, 1010 cm™®; 'H NMR (400 MHz,
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CDCls) § 7.39 (d, J = 2.0 Hz, 1H), 7.28 (s, J = 0.8 Hz, 1H), 7.10 (d, J = 2.0 Hz, 1H), 6.94 (d, J = 0.8 Hz, 1H),
6.06 (t, J = 7.6 Hz, 1H), 4.56 (q, J = 7.2 Hz, 2H), 3.87 (s, 3H), 2.95 (t, J = 7.6 Hz, 2H), 2.43 (s, 3H), 2.41 (s,
3H), 2.30 (s, 3H), 2.31-2.25 (m, 2H), 2.00 (quint, J = 7.6 Hz, 2H), 1.46 (t, J = 7.2 Hz, 3H); *C NMR (100
MHz, CDCls) § 192.1, 172.9, 168.9, 155.7, 155.2 (d, Jocrs = 44.1 Hz), 149.2, 142.2, 140.3, 136.3, 135.2, 132.7,
131.4, 131.2, 130.8, 128.2, 127.8, 122.8, 117.3, 116.2 (q, Jcrs = 269.4 Hz), 67.8, 61.7, 28.9, 26.2, 24.8, 21.1,
16.1, 14.4, 12.4; °F NMR (376 MHz, CDCls) 0 -65.3; EIMS m/z (rel intensity) 591 (M*, 19), 544 (100), 514
(15); HRMS (EI) for CosH2sFsNs04S, 591.1473 (M*), found 591.1482.

S-Methyl 2-Methoxy-5-[(1E)-1-(2-methoxy-7-methyl-1,3-benzothiazol-5-yl)-5-(5-methyl-1,3,4-oxadiazol-
2-yl)pent-1-en-1-yl]-3-methylbenzenecarbothioate (130). = 7{k7 U —/L 163 (115 mg, 0.380 mmol),
A # > J > 106 (239 mg, 0.376 mmol), CsF (171 mg, 1.13 mmol), Pd(PPhs)s (43 mg, 0.038 mmoal), Cul
(86 mg, 0.451 mmol), DMSO (5 mL) % >, Stille Coupling @ —fEH{EIEICHE - 72, 1 BRF R ER L 7244,
SUBFENT T AT a~ s T 74— (EtOAC : hexane = 1: 1) THHR L, {t&% 130 (161 mg, 82%)
28T, EATRY). IR (neat) 1674, 1543, 1250 cm'!; 'H NMR (400 MHz, CDCls) 6 7.39 (d, J = 2.0 Hz, 1H),
7.29 (d, J = 0.8 Hz, 1H), 7.10 (d, J = 2.0 Hz, 1H), 6.96 (d, J = 0.8 Hz, 1H), 6.07 (t, J = 7.6 Hz, 1H), 4.16 (s,
3H), 3.87 (s, 3H), 2.81 (t, J = 7.6 Hz, 2H), 2.46 (s, 3H), 2.43 (s, 3H), 2.41 (s, 3H), 2.30 (s, 3H), 2.23 (9, J= 7.6
Hz, 2H), 1.93 (quint, J = 7.6 Hz, 2H); **C NMR (100 MHz, CDCls) 6 192.3, 173.6, 166.8, 163.6, 155.6, 149.0,
141.7, 140.7, 136.4, 135.4, 132.6, 131.4, 131.3, 130.9, 128.7, 128.3, 123.0, 117.4, 61.8, 58.5, 29.0, 26.6, 24.8,
21.1, 16.2, 12.5, 10.9; EIMS m/z (rel intensity) 523 (M*, 38), 479 (100), 426 (30), 378 (78), 350 (51), 337 (43);
HRMS (EI) for C7H29N304S; 523.1600 (M*), found 523.1582

S-Methyl Methoxy-5-[(1E)-1-(2-methoxy-7-methyl-1,3-benzothiazol-5-yl)-5-(3-methyl-1,2,4-oxadiazol-5-
yl)-pent-1-en-1-yl]-3-methylbenzenecarbothioate (131). = 7{t7 U —/L 163 (87 mg, 0.285 mmol), H#
A% 7 61 (181 mg, 0.285 mmol), CsF (130 mg, 0.855 mmol), Pd(PPhs)4 (33 mg, 0.0285 mmol), Cul (65
mg, 0.342 mmol), DMSO (5 mL) % fi\>, Stille Coupling ® — & /EEICHE - 7=, 2 BRI L7, >V
HTENH T T v~ 7T 74— (EtOAC : hexane = 1 :3) THHR L, (L&Y 131 (98 mg, 66%) % 15
7=, IR, IR (neat) 1674, 1543, 1250, 756 cm™; H NMR (400 MHz, CDCls) 6 7.38 (d, J = 2.0 Hz, 1H),
7.28 (d, J = 1.2 Hz, 1H), 7.08 (d, J = 2.0 Hz, 1H), 6.96 (d, J = 1.2 Hz, 1H), 6.06 (t, J = 7.2 Hz, 1H), 4.16 (s,
3H), 3.87 (s, 3H), 2.85 (t, J = 7.2 Hz, 2H), 2.43 (s, 3H), 2.41 (s, 3H), 2.34 (s, 3H), 2.30 (s, 3H), 2.24 (q, J = 7.2
Hz, 2H), 1.96 (quint, J = 7.2 Hz, 2H); **C NMR (100 MHz, CDCls) 6 192.2, 179.3, 173.5, 167.0, 155.6, 146.0,
141.8, 140.6, 136.4, 135.4, 132.6, 131.4, 131.3, 130.9, 128.5, 128.3, 123.0, 117.5, 61.8, 58.5, 29.0, 26.6, 25.9,
21.1, 16.2, 12.5, 11.5; EIMS m/z (rel intensity) 523 (M*, 24), 476 (100), 419 (18), 378 (17), 337 (17); HRMS
(EI) for C27H20N304S; 523.1600 (M*), found 523.1601.

S-Methyl 2-Methoxy-5-{(1E)-1-(2-methoxy-7-methyl-1,3-benzothiazol-5-yl)-5-[5-(trifluoromethyl)-1,3,4-
oxa-diazol-2-yl]pent-1-en-1-yl}-3-methylbenzenecarbothioate (132). = v{t7 U —/b 163 (72 mg, 0.236
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mmol), FAHEA ¥ > F > 104 (163 mg, 0.236 mmol), CsF (108 mg, 0.709 mmol), Pd(PPhs)s (27 mg, 0.024
mmol), Cul (54 mg, 0.284 mmol), DMSO (5 mL) % f\>, Stille Coupling @ — R EIEIZHE - 72, 2 REfHR
L% YUV T a~ T T 7 ¢— (EtOAc : hexane = 1 : 3) THRLL, {bA% 132 (65
mg, 48%) %157, HEEIIRY). IR (neat) 1674, 1543, 1168, 732 cm™; 'H NMR (400 MHz, CDCls) 6 7.39 (d,
J=2.0 Hz, 1H), 7.30 (s, 1H), 7.10 (d, J = 2.0 Hz, 1H), 6.96 (s, 1H), 6.06 (t, J = 7.6 Hz, 1H), 4.16 (s, 3H), 3.87
(s, 3H), 2.95 (t, J = 7.6 Hz, 2H), 2.44 (s, 3H), 2.42 (s, 3H), 2.31 (s, 3H), 2.31-2.26 (m, 2H), 2.01 (quint, J = 7.6
Hz, 2H); **C NMR (100 MHz, CDCls) 6 192.2, 173.6, 169.0, 155.7, 155.2 (d, Jccrs = 44.0 Hz), 149.1, 142.2,
140.5, 136.3, 135.2, 132.8, 131.5, 131.4, 130.9, 128.3, 127.9, 123.0, 117.5, 116.2 (9, Jcrs = 270.2 Hz), 61.8,
58.5, 29.0, 26.3, 24.8, 21.1, 16.1, 12.5; °F NMR (376 MHz, CDCl3) 6 -65.28; EIMS m/z (rel intensity) 577 (M*,
17), 530 (100), 337 (9.0); HRMS (EI) for Co7H26F3N30.S, 577.1323 (M*), found 577.1308.

S-Methyl 5-[(1E)-1-(3,7-Dimethyl-2-o0x0-2,3-dihydro-1,3-benzoxazol-5-yl)-3-{[(5-methyl-1,3,4-0xadiazol-
2-yl)methyl]sulfanyl}prop-1-en-1-yl]-2-methoxy-3-methylbenzenecarbothioate (133). = V{7 U — /b
46 (84 mg, 0.291 mmol), FHH¥% A # > 183 (185 mg, 0.291 mmol), CsF (133 mg, 0.873 mmol), Pd(PPhs),
(34 mg, 0.029 mmol), Cul (66 mg, 0.349 mmol), DMSO (5 mL) % f\>, Stille Coupling & —fi%#a/ELEIZHE
ST SRR L=, U BTSNV TF L a~ N7 7 ¢+ — (EtOAC: hexane = 4: 1) THHRL, 1b
A% 133 (48 mg, 37%) Z157-. FEAIRY. IR (neat) 2927, 1777, 1471 cm™; 'H NMR (400 MHz, CDCl3)
5740 (d, J = 2.0 Hz, 1H), 7.13 (d, J = 2.0 Hz, 1H), 6.74 (s, 1H), 6.61 (s, 1H), 6.04 (t, J = 7.6 Hz, 1H), 3.87 (s,
3H), 3.79 (s, 2H), 3.36 (d, J = 7.6 Hz, 2H), 3.35 (s, 3H), 2.45 (s, 3H), 2.43 (s, 3H), 2.32 (s, 6H); 3C NMR (100
MHz, CDCls) 6 192.2, 164.4, 164.3, 156.1, 155.0, 143.8, 141.0, 137.7, 136.3, 134.0, 132.9, 131.6, 131.4, 128.3,
124.1,124.0, 120.1, 104.9, 61.8, 31.6, 28.3, 24.6, 16.2, 14.5, 12.5, 11.0; EIMS m/z (rel intensity) 525 (M*, 1.2),
478 (13), 428 (100), 380 (28), 348 (95), 321 (57); HRMS (EI) for CazsH2:N30sS; 525.1392 (M*), found
525.1415.

S-Methyl 2-Methoxy-3-methyl-5-[(1E)-3-{[(5-methyl-1,3,4-oxadiazol-2-yl)methyl]sulfanyl}-1-(1,3,7-tri-
methyl-2-ox0-2,3-dihydro-1H-benzimidazol-5-yl)prop-1-en-1-yl]benzenecarbothioate (134). = V{7 U
—/b 119 (51 mg, 0.168 mmol), A# A & >-F > 183 (110 mg, 0.168 mmol), CsF (76 mg, 0.504 mmol),
Pd(PPhs)4 (19 mg, 0.017 mmol), Cul (38 mg, 0.202 mmol), DMSO (7 mL) % i\, Stille Coupling @ — %
TEIEICHE» 1=, 25 BEREIEFR L 721, YUV A VT a~ 2757 14— (EtOAc D F, 5%
MeOH-hexanes) T 2 [BIF5HL L, L& 134 (55 mg, 61%) Z157-. MEAJRY. IR (neat) 1702, 1474,
1225, 753 cmt; 'H NMR (400 MHz, CDCl3) 6 7.41 (d, J = 2.0 Hz, 1H), 7.15 (d, J = 2.0 Hz, 1H), 6.64 (s, 2H),
6.04 (t, J = 8.0 Hz, 1H), 3.87 (s, 3H), 3.79 (s, 2H), 3.64 (s, 3H), 3.37 (d, J = 8.0 Hz, 2H), 3.35 (s, 3H), 2.55 (s,
3H), 2.44 (s, 3H), 2.43 (s, 3H), 2.31 (s, 3H); *C NMR (100 MHz, CDCls) § 192.2, 164.4, 164.3, 155.9, 155.1,
144.3, 136.4, 134.9, 134.3, 132.7, 131.5, 130.4, 128.4, 127.9, 124.2, 122.8, 119.0, 104.6, 61.8, 31.7, 29.8, 27.4,
24.6, 18.2, 16.2, 12.5, 10.9; EIMS m/z (rel intensity) 538 (M*, 2.5), 441 (28), 408 (100), 361 (73), 334 (39);
HRMS (EI) for C27H30N404S; 538.1708 (M™), found 538.1703.
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S-Methyl 5-[(1E)-1-(3,7-Dimethyl-2-ox0-2,3-dihydro-1,3-benzothiazol-5-y1)-3-{[(5-methyl-1,3,4-oxadia-
zol-2-yl)methyl]Jsulfanyl}prop-1-en-1-yl]-2-methoxy-3-methylbenzenecarbothioate (137). = V{7 U —
JL 154 (82 mg, 0.266 mmol), A % > F > 183 (174 mg, 0.266 mmol), CsF (121 mg, 0.798 mmol),
Pd(PPhs)4 (31 mg, 0.027 mmol), Cul (61 mg, 0.319 mmol), DMSO (5 mL) % f\>, Stille Coupling @ — %
TEEICHE S T2 LR L2, U DAV T 67 u~ v 7T 7 4 — (EtOAC: hexane =2 :1) Tk
L, {LE® 137 (69 mg, 48%) % #57-. MY, IR (neat) 1681, 1458, 1227, 756 cm™; *H NMR (400
MHz, CDCl3) 0 7.42 (d, J = 2.0 Hz, 1H), 7.15 (d, J = 2.0 Hz, 1H), 6.80 (s, 1H), 6.70 (s, 1H), 6.11 (t, J = 8.0 Hz,
1H), 3.88 (s, 3H), 3.80 (s, 2H), 3.40 (s, 3H), 3.38 (d, J = 8.0 Hz, 2H), 2.45 (s, 3H), 2.44 (s, 3H), 2.32 (s, 3H),
2.31 (s, 3H); 3C NMR (100 MHz, CDCls) § 192.2, 170.1, 169.2, 164.4, 156.1, 143.8, 140.2, 137.7, 136.4,
133.8, 132.0, 131.6, 128.4, 124.4, 123.6, 122.1, 107.1, 61.8, 31.6, 29.4, 24.7, 20.0, 16.0, 16.2, 12.5, 11.0; EIMS
m/z (rel intensity) 541 (M*, 3.1), 444 (100), 396 (21), 364 (43), 337 (45); HRMS (EI) for CasH27N304Ss
541.1164 (M*), found 541.1161.

S-Methyl 5-[(1E)-1-(2-Ethoxy-7-methyl-1,3-benzothiazol-5-yl)-3-{[(5-methyl-1,3,4-oxadiazol-2-yl)me-
thyl]sulfanyl}prop-1-en-1-yl]-2-methoxy-3-methylbenzenecarbothioate (138). = w{k7 UV —/L 162 (108
mg, 0.377 mmol), A #&A & > 183 (220 mg, 0.337 mmol), CsF (153 mg, 1.01 mmol), Pd(PPhs)s 39 mg,
0.034 mmol), Cul (77 mg, 0.404 mmol), DMSO (4 mL) % >, Stille Coupling ® —f& B {EILRIZHE - 7. LIF
MR L72t%, VBTN BT L a~w 777 ¢— (EtOAc : hexane = 1:1) THE L, {t&EW 138
(69 mg, 37%) Z&7=. EEARY. IR (neat) 1674, 1535, 1227, 756 cm™; 'H NMR (400 MHz, CDCls) §
7.42(d, J = 1.6 Hz, 1H), 7.29 (d, J = 0.8 Hz, 1H), 7.15 (d, J = 1.6 Hz, 1H), 6.97 (d, J = 0.8 Hz, 1H), 6.14 (t, J =
8.0 Hz, 1H), 4.57 (g, J = 7.2 Hz, 2H), 3.87 (s, 3H), 3.78 (s, 2H), 3.37 (d, J = 8.0 Hz, 2H), 2.44 (s, 3H), 2.43 (s,
3H), 2.42 (s, 3H), 2.30 (s, 3H), 1.62 (s, 2H), 1.46 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCls) § 192.1,
173.0, 164.4, 164.3, 155.9, 149.2, 144.2, 139.7, 136.5, 134.3, 132.8, 131.8, 131.6, 131.0, 128.5, 123.8, 123.0,
117.6, 67.9, 61.8, 31.6, 24.4, 21.2, 16.2, 14.4, 12.5, 10.9; EIMS m/z (rel intensity) 555 (M*, 11), 458 (100), 378
(54), 350 (37); HRMS (EI) for C27H20N304S3 555.1320 (M*), found 555.1330.

S-Methyl 2-Methoxy-5-[(1E)-1-(2-methoxy-7-methyl-1,3-benzothiazol-5-yl)-5-(5-methyl-1,3,4-oxadiazol-

2-yl)pent-1-en-1-yl]-3-methylbenzenecarbothioate (139). = 7{t7 U —/L 163 (115 mg, 0.376 mmol), &
A % ) 183 (239 mg, 0.376 mmol), CsF (171 mg, 1.13 mmol), Pd(PPhs)s (43 mg, 0.038 mmoal), Cul
(86 mg, 0.451 mmol), DMSO (5 mL) % i\, Stille Coupling ® —f#AERICHE - 7=, 1 BRI R L7214,
SUBFNAT A~ s 7T 74— (EtOAC : hexane = 1: 1) THRLL, /LAY 139 (161 mg, 82%)
2157, HEAJRY). IR (neat) 1674, 1543, 1250, 733 cmL; 'H NMR (400 MHz, CDCls) § 7.42 (d, J = 2.0 Hz,
1H), 7.31 (s, 1H), 7.15 (d, J = 2.0 Hz, 1H), 6.98 (s, 1H), 6.14 (t, J = 8.0 Hz, 1H), 4.16 (s, 3H), 3.87 (s, 3H),
3.79 (s, 2H), 3.37 (d, J = 8.0 Hz, 2H), 2.45 (s, 3H), 2.43 (s, 6H), 2.30 (s, 3H); 3C NMR (100 MHz, CDCls) &
192.2, 173.6, 164.5, 156.0, 149.1, 146.2, 144.2, 139.8, 136.5, 134.2, 132.8, 131.9, 131.6, 131.0, 128.5, 123.8,
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123.1, 117.7, 61.8, 58.5, 31.6, 24.4, 21.1, 16.2, 12.5, 10.9; EIMS m/z (rel intensity) 541 (M*, 10), 444 (100),
396 (28), 364 (56), 337 (31); HRMS (EI) for CaH27N304S; 541.1164 (M*), found 541.1162.

S-Methyl 5-[(1E)-1-(3,7-Dimethyl-2-0x0-2,3-dihydro-1,3-benzoxazol-5-yl)-3-{[(3-methyl-1,2,4-oxadiazol-
5-yl)methyl]sulfanyl}prop-1-en-1-yl]-2-methoxy-3-methylbenzenecarbothioate (140). = 7{t7 U — /L
46 (94 mg, 0.324 mmol), FHH% A ¥ > > 184 (206 mg, 0.324 mmol), CsF (148 mg, 0.972 mmol), Pd(PPhs)4
(37 mg, 0.032 mmol), Cul (74 mg, 0.389 mmol), DMSO (4 mL) % fi\>, Stille Coupling & —fix#a/ELEIZHE
o7 0 MR L%, YU B SN AT A a~ N T 7 ¢ — (EtOAC : hexane = 1 : 1) THHIL,
{E&# 140 (103 mg, 61%) Z1%7-. MEEAHRY. IR (neat) 2931, 1774, 1473 cm™; *H NMR (400 MHz,
CDCls) § 7.39 (d, J = 2.0 Hz, 1H), 7.11 (d, J = 2.0 Hz, 1H), 6.75 (d, J = 1.0 Hz, 1H), 6.58 (d, J = 1.0 Hz, 1H),
6.04 (t, J = 8.0 Hz, 1H), 3.87 (s, 3H), 3.78 (s, 2H), 3.42 (d, J = 8.0 Hz, 2H), 3.34 (s, 3H), 2.44 (s, 3H), 2.33 (s,
3H), 2.31 (s, 6H); **C NMR (100 MHz, CDCls) 6 192.1, 176.7, 167.3, 156.1, 154.9, 144.0, 141.0, 137.7, 136.3,
133.8, 132.9, 131.5, 131.4, 128.4, 124.0, 123.9, 120.1, 104.8, 61.7, 31.7, 28.3, 25.3, 16.2, 14.5, 12.5, 11.5;
EIMS m/z (rel intensity) 525 (M*, 1.6), 428 (45), 396 (50), 348 (100), 321 (65); HRMS (EI) for C26H27N30sS;
525.1485 (M), found 525.1400.

S-Methyl 2-Methoxy-3-methyl-5-[(1E)-3-{[(3-methyl-1,2,4-oxadiazol-5-yl)methyl]sulfanyl}-1-(1,3,7-tri-
methyl-2-ox0-2,3-dihydro-1H-benzimidazol-5-yl)prop-1-en-1-yl]benzenecarbothioate (141). = V{7 U
—/L 119 (144 mg, 0.476 mmol), f#%A % > F > 184 (311 mg, 0.476 mmol), CsF (215 mg, 1.43 mmol),
Pd(PPhs)4 (55 mg, 0.048 mmol), Cul (110 mg, 0.571 mmol), DMSO (5 mL) % f\>, Stille Coupling & —fi%
TEIRCHE S T2 LR L72t%, YU BN T a7 a~ 8757 4 — (EtOAC: hexane =1:2) Tk
L, L&Y 141 (77 mg, 30%) Z457-. HEAJRY). IR (neat) 2931, 1697, 1473, 1227, 756 cm™; *H NMR
(400 MHz, CDCls) 6 7.41 (d, J = 1.8 Hz, 1H), 7.12 (d, J = 1.8 Hz, 1H), 6.64 (s, 1H), 6.63 (s, 1H), 6.04 (t, J =
8.0 Hz, 1H), 3.88 (s, 3H), 3.78 (s, 2H), 3.64 (s, 3H), 3.42 (d, J = 8.0 Hz, 2H), 3.35 (s, 3H), 2.55 (s, 3H), 2.44 (s,
3H), 2.31 (s, 6H); **C NMR (100 MHz, CDCls) 6 192.2, 176.8, 167.3, 156.0, 155.1, 144.4, 136.4, 134.9, 134.2,
132.8, 131.5, 130.3, 128.5, 127.9, 124.2, 122.7, 119.0, 104.6, 61.8, 31.8, 29.8, 27.4, 25.3, 18.2, 16.2, 12.5, 11.5;
EIMS m/z (rel intensity) 538 (M*, 13), 409 (100), 361 (48), 334 (54); HRMS (EI) for C27H3N40.S, 538.1708
(M"), found 538.1701.

S-Methyl 5-[(12)-1-(3-Cyanophenyl)-3-{[(3-methyl-1,2,4-0xadiazol-5-yl)methyl]sulfanyl}prop-1-en-1-yl]-

2-Methoxy-3-methylbenzenecarbothioate (142). 3-losobenzonitrile (48) (80 mg, 0.347 mmol), AR Z >
7> 184 (227 mg, 0.347 mmol), CsF (158 mg, 1.04 mmol), Pd(PPhs)s (40 mg, 0.035 mmol), Cul (80 mg,
0.416 mmol), DMSO (5 mL) % i\, Stille Coupling ® —f&#AEIRIZHE 7=, 20 Sy MR L 72, > U
FINAThra< 7T 74— (EtOAc : hexane = 1:2) THELL, (LAY 142 (59 mg, 35%) % 157-.
A IHIRY). IR (neat) 2231, 1674, 1580, 1237 cm-1; 'H NMR (400 MHz, CDCls) § 7.56-7.40 (m, 4H), 7.37 (d,
J=2.0Hz, 1H), 7.08 (d, J = 2.0 Hz, 1H),6.16 (t, J = 8.0 Hz, 1H), 3.88 (s, 3H), 3.77 (s, 2H), 3.42 (d, J = 8.0 Hz,
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2H), 2.44 (s, 3H), 2.32 (s, 3H), 2.31 (s, 3H); 3C NMR (100 MHz, CDCls) & 191.9, 176.6, 167.3, 156.4, 142.4,
142.2, 136.1, 133.3, 132.7, 131.8, 131.5, 131.2, 131.0, 129.2, 128.4, 126.1, 118.6, 112.6, 61.8, 31.5, 25.3, 16.2,
12.5, 11.5; EIMS m/z (rel intensity) 465 (M*, 3.6), 418 (100), 368 (58), 288 (55), 261 (48), 98 (18), 75 (44);
HRMS (EI) for CasH2sN30sS; 465.1181 (M*), found 465.1191.

S-Methyl 5-[(12)-1-(4-Cyanophenyl)-3-{[(3-methyl-1,2,4-0xadiazol-5-yl)methyl]sulfanyl}prop-1-en-1-yl]-
2-methoxy-3-methylbenzenecarbothioate (143). 4-losobenzonitrile (49) (73 mg, 0.319 mmol), AR %
7> 184 (203 mg, 0.319 mmol), CsF (145 mg, 0.957 mmol), Pd(PPhs)s (37 mg, 0.032 mmol), Cul (73 mg,
0.383 mmol), DMSO (6 mL) % F\>, Stille Coupling & — ¥ BR{EIEIZHE - 7. =RIR T 45 3R L 7= 14,
YUBFNAT AT~ 87T 74— (EtOAC : hexane = 1:2) THHELL, L&Y 143 (77 mg, 52%)
AT BT, IR (neat) 2229, 1674, 1234, 756 cm™!; *H NMR (400 MHz, CDCls) 6 7.57 (d, J = 8.4 Hz,
2H), 7.37 (d, J = 2.4 Hz, 1H), 7.30 (d, J = 8.4 Hz, 2H), 7.09 (d, J = 2.4 Hz, 1H), 6.22 (t, J = 8.0 Hz, 1H), 3.87
(s, 3H), 3.77 (s, 2H), 3.43 (d, J = 8.0 Hz, 2H), 2.44 (s, 3H), 2.32 (s, 3H), 2.30 (s, 3H); *C NMR (100 MHz,
CDCl3) § 192.0, 176.5, 167.3, 156.4, 145.5, 142.7, 136.1, 133.3, 132.7, 132.1, 131.8, 128.4, 128.0, 123.9, 118.7,
111.3, 61.8, 31.6, 25.4, 16.2, 12.5, 11.5; EIMS m/z (rel intensity) 465 (M*, 1.4), 418 (100), 368 (57), 288 (53),
261 (42), 261 (42), 75 (36); HRMS (EI) for C24H23N303S; 465.1181 (M*), found 465.1163.

S-Methyl 5-[(1E)-1-(3,7-Dimethyl-2-ox0-2,3-dihydro-1,3-benzothiazol-5-yl)-3-{[(3-methyl-1,2,4-0xadia-
zol-5-yl)methyl]sulfanyl}prop-1-en-1-yl]-2-methoxy-3-methylbenzenecarbothioate (144). = {7 U —
Jb 154 (87 mg, 0.285 mmol), HHEA % > > 184 (186 mg, 0.285 mmol), CsF (130 mg, 0.855 mmol),
Pd(PPhs)4 (33 mg, 0.029 mmol), Cul (65 mg, 0.342 mmol), DMSO (5 mL) % i\, Stille Coupling @ — %
TEIECHE 572, 30 oI HR LTk, v U WSV h T A a~ h7 57 ¢+ — (EtOAC : hexane =2 :3) T
L, (LAY 144 (52 mg, 34%) % 157=. MEAJHRY). IR (neat) 1681, 1458, 1234, 756 cm?; 'H NMR
(400 MHz, CDCls) 6 7.41 (d, J = 2.0 Hz, 1H), 7.13 (d, J = 2.0 Hz, 1H), 6.81 (d, J = 0.8 Hz, 1H), 6.68 (d, = 0.8
Hz, 1H), 6.10 (t, J = 8.0 Hz, 1H), 3.88 (s, 3H), 3.78 (s, 2H), 3.43 (d, J = 8.0 Hz, 2H), 3.39 (s, 3H), 2.44 (s, 3H),
2.31-2.30 (m, 9H); 3C NMR (100 MHz, CDCls) § 192.1, 176.7, 170.1, 167.3, 156.2, 144.0, 140.1, 137.7, 136.3,
133.7, 133.0, 132.0, 131.6, 128.4, 124.3, 123.6, 122.1, 107.0, 61.8, 31.7, 29.3, 25.4, 20.0, 16.2, 12.5, 11.5;
EIMS m/z (rel intensity) 541 (M*, 6.1), 444 (64), 412 (56), 364 (100), 337 (85); HRMS (EI) for C26H27N304Ss
541.1164 (M"), found 541.1157.

S-Methyl 5-[(1E)-1-(2-Ethoxy-7-methyl-1,3-benzothiazol-5-yl)-3-{[(3-methyl-1,2,4-oxadiazol-5-yl)me-

thyl]sulfanyl}prop-1-en-1-yl]-2-methoxy-3-methylbenzenecarbothioate (145). 3 {7 U —/L 162 (143
mg, 0.448 mmol), HHEA & - > 184 (293 mg, 0.448 mmol), CsF (204 mg, 1.34 mmol), Pd(PPhs), (52 mg,
0.045 mmol), Cul (104 mg, 0.538 mmol), DMSO (10 mL) % fi\>, Stille Coupling @ — % HEa/ELEIHE - 7=.
EHIRT LR L%, YU WS A BTAhra~ h7 57 4 — (EtOAC : hexane = 1 : 2) THEHLL,
L&Y 145 (89 mg, 36%) %157, MY, IR (neat) 1674, 1535, 1234, 756 cm; *H NMR (400 MHz,
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CDCls) § 7.41 (d, J = 2.0 Hz, 1H), 7.28 (d, J = 0.8 Hz, 1H), 7.11 (d, J = 2.0 Hz, 1H), 6.95 (d, J = 0.8 Hz, 1H),
6.13 (t, J = 7.6 Hz, 1H), 4.56 (q, J = 7.2 Hz, 2H), 3.86 (s, 3H), 3.77 (s, 2H), 3.42 (d, J = 7.6 Hz, 2H), 2.42 (s,
3H), 2.41 (s, 3H), 2.30 (s, 3H), 2.29 (s. 3H), 1.45 (t, J = 7.2 Hz, 3H); *C NMR (100 MHz, CDCls)  192.1,
176.8, 173.0, 167.3, 156.0, 149.2, 144.4, 140.0, 136.4, 134.1, 132.8, 131.8, 131.5, 130.9, 129.5, 123.7, 123.0,
117.6,67.9, 61.8, 31.7, 25.1, 21.2, 16.2, 14.4, 12.5, 11.5; EIMS m/z (rel intensity) 555 (M*, 16), 458 (100), 426
(51), 378 (89), 350 (49); HRMS (EI) for C27H2sN304S3 555.1320 (M*), found 555.1326.

S-Methyl 2-Methoxy-5-[(1E)-1-(2-methoxy-7-methyl-1,3-benzothiazol-5-yl)-3-{[(3-methyl-1,2,4-0xadia-
zol-5-yl)methyl]Jsulfanyl}prop-1-en-1-yl]-3-methylbenzenecarbothioate (146). = 7{t7 U —/L 163 (140
mg, 0.46 mmol), HHEA % > F > 184 (300 mg, 0.459 mmol), CsF (209 mg, 1.38 mmol), Pd(PPhs)4 (53 mg,
0.0459 mmol), Cul (105 mg, 0.551 mmol), DMSO (7 mL) % V>, Stille Coupling > —fix#/EIEIZHE - 7-.
40 SRR LI2t, YU BT VT s a~ 7T 7 4 — (EtOAC: hexane =1:2) THEL, {LEW
146 (94 mg, 37%) % f537-. HEAHRY). IR (neat) 1674, 1543, 1450, 756 cm™; H NMR (400 MHz, CDCl3) &
7.41 (d, J = 1.6 Hz, 1H), 7.30 (s, 1H), 7.11 (d, J = 1.6 Hz, 1H), 6.97 (s, 1H), 6.14 (t, J = 7.6 Hz, 1H), 4.16 (s,
3H), 3.87 (s, 3H), 3.77 (s, 2H), 3.42 (d, J = 7.6 Hz, 2H), 2.43 (s, 3H), 2.42 (s, 3H), 2.30 (s ,3H), 2.29 (s, 3H);
13C NMR (100 MHz, CDCls) § 192.1, 176.7, 173.6, 167.3, 156.0, 149.1, 144.3, 139.8, 136.4, 134.1, 132.8,
131.9, 131.5, 131.0, 128.5, 123.8, 123.1, 117.7, 61.8, 58.5, 31.6, 25.1, 21.1, 16.2, 12.5, 11.5; EIMS m/z (rel
intensity) 541 (M*, 11), 444 (61), 412 (39), 364 (100), 337 (41); HRMS (EI) for C26H27N304S3 541.1164 (M*),
found 541.1171.

SFEF V7L FMO EHE

1

L&Y 6 & Wifin GRS o ik & (pdb code: 3irx) 1%, PDB_REDO # A ~# 5 fully optimized
structure 2% 7 > 1 — K L7212 Sybyl-X 2.1.1 0FE5 V7 Y7 =7 (Tripos Inc. Louis, MO)
% FAWTC, ik OEE RS I K F % (1 L, MMFF94 & fif & MMFF94s 7145 103 Tk 3 D 7 % 1 1
Bl L7z Ab& 22 6 L <X 33 ST 27 Vi, 3irx &G 6 1Icxhd 25 22
HL<IE 383 oEAREDLEICEIVIER L. 2o OEABHEEIX, =X —aENRSEMF% 0.05
kcal mol*t At & L, L& 4 A DT 3 FEFRIEICHR LT Powell 15 Chcii{b L7-. FMO R D17
T ANV, CaTHBILIZ 1AL VT RE{AL1O>DT7 T 7 A FE LT, Facio Y7 k=7 1%
05 2 FWCERR L 72, 2T FMO §H5LIE, U A Y KD 20 A O#iPHIC & 2 E AR (1 200 7 5)
I2%f LC, GAMESS 7’12 7' . (Dec 2014 version, 2.00 GHz 12 core Intel Xeon CPU)™% % FW N CTHEFT L
7o, BHREGAED RI-MP2 1 6-31G(d) D & &, & & OBEPRAEE O FHRRERIEH 20 REfHE72 - 72,

i
ot
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KRB BT HEAREEIIPDB A b F v ra— KL, Sybyl-X211 5 +E57 U 7
7 b =T ERWT, KRR EEEEEESAIN U, #2237 B % Amber7ffo9 /135 907, U v R
% Gasteiger-Huckel )55 18 IZ5%E L, KEDO A A EREI L. 26 OESEEEX, —xL¥—
AFLI AR G % 0.05 keal molt At & U, A K4 K% Powell 14 CThifl L7=. FMO RO FEIT7 7 A
T, CaTHEILIZ 1L VY REZ AL ODTF A R LT, Facio Y 7 h 7 =7 &AW T
ERL L=, &2CoO FMO #HIX, U2 Rvs 20 A OFPHIZ H 2 EA S (K 200 7 JL) 125 L C,
GAMESS 7' 1 7' 2 (Dec 2014 version, 2.00 GHz 12 core Intel Xeon CPU) % HWT3AT L7z, §HHE S
f£23 RI-MP2 [ 6-31G(d) D & =, % % O G O FH R IR 1T 20 Refi 72 - 72

%3

L&Y 89 NFEET HIARNI /2T ML, Sybyl-X 21153 FETF V7Y 7 v =7 #HNT, KkFEE
THAM LTz ik OBEAEHEEOLEY 612 89 #HAA b, Zh b 0BEAKRHEEL, =31 F
—A)EC R S %2 0.1 keal molt Al & L, learpc.ffl4SB /i35 1 % W THEA KK 2 KL LT-
(AMBER14 711 "5 1 10 FMO #HR D EIT7 7 A /WL, CaTHEILTZ 1L VTV REFKEL21OD
T A NELT, Facio Y7 b =T ERAWTER L7, £TO FMO #H5IE, U Kb 20 A
OFPAI & D E A (200 783) (2% L C, GAMESS 7’12 7' A (Dec 2014 version, 2.00 GHz 12
core Intel Xeon CPU) % FVNTEEAT L7z, HESA:D RI-MP2/6-31G(d) D & &, &~ OEA RGO
BRI 20 BRRE 72 o 72

RIS R L CW e WIFlR B EESR 2P 9 21ba W) 6, 97-98 DG IRHEIEIL, Sybyl-2.1.1 43 1
EFETV YT Ny 2T HHAWT, KFEFRTEZMHIN LR3Ik OB S EEEDOLAEY 6ICERA bR
MR R T X W2 A 2 WG EER OARE 7 V2T 5 72912, AMBER 14 71 77 5 & v
T, Lys103 & Tyr181 #45 % Asn & CysICAEHA L 7=, TN HERT I VB2 L7265, GOLD 7
0775 MEHNCRyXF U7 Ial—ra 270, &b Ry d 07 237 HlOEOAREE
2 BONER BEESE 6T A AW 6, 10, 89, 97-99 DEAAEE & LT, 2 TOEAREEIL, —x/L
F—AE U H S % 0.1 keal molt Al & L, learpc.ff14SB /135 % W CTHE A E % ik L7z
(AMBER14 7’11 7'F ). FMO D FEIT 7 7 A /WL, CaTHEI L= 1L VT REFKH 21 HOD 7
FUARNELT Facio V7 b =T EHWTER LIZ. £2TOFMO FREIE, U Rinb 20 A0
FPHIC S D EA IS (79 200 7828) (2%F LT, GAMESS 7' 7 7'Z 4 (Dec 2014 version, 2.00 GHz 12
core Intel Xeon CPU) % FIVNTSEAT L7z, S RI-MP2/6-31G(d) D & &, &~ OFEAIAEEDF
TRLRERT 134 20 e 72 5 72
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