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Ac: Acetyl

Ad: Adamantyl

Ar: Aryl

BPDA: 3,3°,4,4’-Biphenyltetracarboxylic acid dianhydride
BQ: 1,4-Benzoquinone

Bn: Benzyl

Cp*: Cyclopentadienyl

Cp®™s: Tetramethyl(trifluoromethyl)cyclopentadienyl
Cp'": Di-tert-butyl cyclopentadienyl

DG: Directing group

DMAP: 4-Dimethylaminopyridine

DMAPh: 4-Dimethylaminophenyl

DMBQ: 2,6-Dimethyl-1,4-benzoquinone
DMF: N,N-Dimethylformamide

EI: Electron ionization

ESI: Electrospray ionization

Et: Ethyl

FG: Functional group

Gly: Glycine

HFIP: Hexafluoroisopropanol

HOMO: Highest occupied molecular orbital
HRMS: High resolution mass spectrometry
IR: Infrared

Ile: Isoleucine

LUMO: Lowest unoccupied molecular orbital
MEM: 2-Methoxyethoxymethyl

MOM: Methoxymethyl



MPAA: Mono-N-protected amino acid
MS: Mass spectrometry

Me: Methyl

NMR: Nuclear magnetic resonance
NOE: Nuclear overhauser effect

PTS: Phase transfer surfactant

Ph: Phenyl

Piv: Pivaloyl

SEM: 2-(Trimethylsilyl)ethoxymethyl
TBDPS: fert-Butyldiphenylsilyl

TBS: fert-Butyldimethylsilyl

TFA: Trifluoroacetoxy

TFE: Trifluoroethanol

THF: Tetrahydrofuran

TIPS: Triisopropylsilyl

TLC: Thin-layer chromatography
TMS: Trimethylsilyl

Ts: p-Toluenesulfonyl

Val: Valine

coe: Cyclooctene

dppf: 1,1’-Bis(diphenylphosphino)ferrocene
'Pr: Isopropyl

mCPBA: m-Chloroperoxybenzoic acid
mp: Melting point

mw: Microwave

"Bu: normal-Butyl

pin: Pinacolato

rt: Room temperature

‘Amyl: tert-Amyl

‘Bu: tert-Butyl



BB A > 2 HEA UG

AREAESIE &1x. BEILEYICE TN 2 FE DL A& % BRI O fG A iciE 2z 21t
FROGTH 5, ARSIV CHAEEM L. ERIE. @0 TR & o N O 4351 B I
T2 ERILAYILES LA 2 EATE Y BRI OMRNICEADO LAY % &
FLS % 72 O ICHBEA G DBAFE DA L AT T & 72, FFiC 1970 R 5 1RRF-~ v 7 VA
DY % R 3 % Al o 7200 O FAFE 0K TcAT b vihi o . kA 7 RIS FFE & SR
7 Y OBEAYE OABICHIH X T % 72 (Figure 1), &2 Ch. #EA-Heck KIS A - &
WAy 7Yy IRIGE  WBEA Y T v RIS ICREREINDE T VY AR 727 a2 7
v 7Y v 7RG, BITETH EEADH CROEH I N T2 GRARKIED—2TH b, Th
5 O KRG 8IS 7 FIREI L PEHE /T BT ICE R L C & 72 2 O A » Heck, R, 3K 513 2010
FIC ) —~MEEEZRE LT,

Traditional Cross Coupling Reaction

GX v O Metal Cataly.st O_O

Cross Coupling
X=Cl, Br, |, OTs Y =B, Sn, Zn, Mg

+

cf. Suzuki-Miyaura Coupling Reaction

Ore - s = O-0)
- von O 2 O-0)

Figure 1. BB EEMEZH 2 70 Xh v 7Y v 7 RKIG



EREEE A A 5 C-H BReELRIG

7Ry 7Y v IRIGICRKR I N B RFE-~ 17 VG OLHE L, BRI B o B
{CaVE G2 2 MBITETH 203, ~u 7 YR AEREYVH, AEAX R &0 RIGHED &V EERE
B RISHEICTOEAL T LERH Y T NER T 2 KIS LREEOHEMe. 20k LT
{LEBEEYDBAEL 27 EOREYR D 5, 20 X5 ICHRABRNIED% I3 EREED KIS AT
LTw3 7o, RIGHEDE, Wb 2 NGRS E % TR MRS 3 2 E#EI D T4

YOG DRAFER KD LTV 5
LA, B 2 o TSR A 2 S L. FLAEHIT Y~ B 5 5 D BrFE 3 Rk A
ICATHNT B, %hTHRKRKKMEE ZIEEL L CEEERIE T 2 Fikid TC-HEM) £

7213 TC-HERERAL) &MEEh, fEkpruxhy 7Y v I RKIGTHURATD - =@ KIGHED EH

BB ADPAR T2 70 1T RIS TRREDEKE D TRETH 21 & O ICFHFRIR OB b KB A

OB & LCHER I T 5 (Figure 2), L2 L., KE-KEBHECLT, C-HEES) XM

BI AN —BHEKE B IRIEESHRD TR0, C-H HBE 2 Yl L CHi- hiH
RFED D IIKHE-~T v R A EZMET 2 2 LIIRETH 2 L E2 oM T,

C-H Bond Activation Reaction

OH + v O Metal Catalyst O—O

C-H Activation

Y=H,CLBrlI,B
Figure 2. E& @M% M\ 2 C-H ERe (L KIG

B BB % vz C-H BREHEAL O mYI O FilIL. 1955 FICHHEHHE L 72 Co2(CO)s filt it
EHOIzyy 7R BB URFBICE D 7 204 IV Vv OEHKRIGICE Tl 5% (Scheme 1), &
DFOGTIE, 290 D ERIF T~ ORI EEREDH LicEFE L Twa eEZ2 LN

B ATRE R IIRERCTH V. omimmERFSLETH 2 LW I FELH - 72,

Murahashi:
0]

[::j\\/ Co,(CO)g (0.1 €q.) -
+ —
= N‘Ph co benzene, 50 mL
54 (100-200 atm) 2207230 °C, 5-6h 80%

Scheme 1




Z D, 1963 FicHLFERBOL R Z7urv Az =y 7 L (NiCph) W27V
Ry ot MOERPN C-H iGHE{L 62 Kleiman & Dubeck 512 X o Ty e | 1978
1213 Rhy(CO) o il % Fl W 7 A /LA DY 7 = =7 7 v ~DO IS LR 5 1 X - <
I N7 (Scheme2), 1986 Ficid, Lewis HIC X > T7 =/ —AMokEEE ZidmiL e LCH
W 7 il C-H I MEL RIS 23 RE S dze 513, =F L v FEHA T, V7 = v Afililltz v 2
XY T2 DA N MOERN T A X AALICEII L T 38, 2ok S, H {26 C-
H G &2 M U 72 S 22460 500 D BrFE ASRET & 40T & 7223, W3 il Al R 70 BLET 13 IRAE
FCH Y. 1990 FFRIC 7 5 £ CAZEHERM: & BVE it % 3feda i 2 7= iy C-H IS PE(L UG @
FHFE 1L X LT W7 d o 72,

Kleiman and Dubeck:

Cp
NiCp*3 (5 9) Ni
=N _NPh
N "Ph 135°C, 4 h N
excess 29
Yamazaki:
e 003 e Py
. mmo —Me
+ thC:C:O ( ) Ph =
CO (30 kg/cm?)
200 °C, 5 h o
excess 5.2 mmol 57%
(o:m:p = 6:62:32)
Lewis: .
Ru cat.
OH Ru cat., KOPh OH OH ! XoP-0
H H C,H, (6.5 bar) ! ' O
+ .
THF, 177 °C :
35h ! o} /Tu\

75% 13% 5 P PX3
! X2 PX3 X =OPh

Scheme 2

C-H iH AL BIG AR F B S PHREME ) T DT & v o 7 E S RIS T 2 20 iz,
EALEMORICES KFET 2 CHEEAD 9 b, R D C-HfH D& 2@ R ICERRRL T
WEDBDH 5, T0 XD BEERNLERAMLE TR S 2 2013, ERRRMEE & B &

REZ2 ALV B RESE (BB - DG) 23 & % o BBk @R R Im il & Bz &9 2 2 L TR
b2 RE DB ICEE L, at5ICH 2 C-HEAZERNICERELT 2 2 L2 AlEEICT 5



1993 FEiIck S 13, 7 b v ZECAEE L LWl C-H M2 HE L Te H., %
53l © RuH.(CO)(PPhs)s Z V% 2 LIC X W HHERY b v A FOBRIR AT A F L
LI L72° (Scheme 3), ZDRIGTIZ, AAFR= AEEREARE S LT Ru Ml ichichis 3
LI EOAEEREZESG L CB Y, Zad, WEEe S TE 72 C-H A o iEE RN ERE
FACH DRI HES TS 5 & & B FERE L BB il T %,

Murai:
Q RuH,(CO)(PPhs)s 0 E Bu
Bu + 7 SiOEy, —(Emol%) Bu : Yo
toluene, reflux R/
0.5h Si(OEt); ! [|'_|U]

Scheme 3

oML omE Z L LT C-H IEMALRICOWTFE S IREBHICEG AN U, fEk < ldm RIGHE
DERETIT R > T2 RKIG% C-H A DOIEEZFM L GER L &5 &I 28l EE T,
C-HiEMtTHW b 2 BESEMBOEIZ 7YY 40D, vy v A1), 41 )Yy A0, v
7=v 41D, #AD, $kADAETH b, BIETIREL REBBSBEME A2 HAalbE 5
AT X Y B OAEEIRN 7 C-H BREREA(LAFEH gL o7 CH T Y —n Ak, 7o
=, T F A, AR =, v ELR L BEATE 3 EREOEHIZ LI % (Figure
3o

©:DG Metal Catalyst @EDG 2 R ©/\Di\

H  C-HActivation : AR

il , DG

I ! X-Ar @

| Metal =Pd", R, Ir, Ru", Cul", Fe''etc. ! Ar

. pa= [ O OH |

: DG= | ) k § | X-R

: -~ "N S ¢ :

i /,J\\N,R /,J\\N,OR /,J\\N,NRZ : XJ\R DG

! i R

1 1 O

1 N - N :

; H H ; (Bpin), @[DG
Bpin

Figure 3. FllA3 % FIFH L 7= iy C-H 3G ML s
8




N F A W7 Py L v 3 KE 1Y C-H BERERALE

ek L7z X5, N7y Azt c a2y 7Y v OROGICRIAEI N TE 208, —JF
T T VY Ll A NG C-H & OUIRnc v, B RiE AT 2 R ITAT 5 77k d R
MENTEZ, N7V Y LEEBESEME L LCHW 2 C-H IFHALIC ORI OflIE, 1969 4

KRR EHFADIC X s TG INAEHFE X7V v e vEv e 2AFLvicksd C-H 7
N7 = MMERIETH 510 (Scheme 4),

Fujiwara—-Moritani Reaction:

Pd(OAc), (0.1 eq.)
Cu(OAc), (0.1 eq.)

© + O, (50 atm) ©\/\
=~ "Ph
AcOH, 80 °C, 8 h pn

ecxess 5 mmol 45%

Scheme 4

ZORIGIE. RETFRIGHIE LCoWE% b 287 Vv (D) % FEBECAEY OB KIS L
RLZZEBNABICH Y, ~vEv oIy A(ID)~DORBTHRICIVELZT7 2 =
TIOY LR, AL T4 v ERIET S T ETRAFL VIEERDERY & L TF 53 (Scheme
50 NV VEOBEBMEMRIL, RN EHERKREFERKICOGALFAKTHE P, 7
TVRFAT v FTRLVBRED XY ETEERITHERAEY TR RIGHETT 5 &
WO EERRER 2O b, ARG KREFNAICHEEZEOLELZON, ZORELEHFRLIC
L2tk oSO EFM L 2 HHERILEVM ORI T )V -y 7y U v TRIGH
WEFRNCETT 2 e BRI, CORGERWAEE 7 2 =T P 7 h 0K Vg KY)
(BPDA) 08l 7’ 0 & A 8T IC X - T 1982 FEIC LI NTWBE 2, 2D Xy 7Py
(DX 2 EBFELAIE LCOWEEELTED, IBFEID LI R N7V Y L0 KE T 7%
RIS FIH L 7 C-H BREEALSIC B K i T h T b,

O\

Pd(OA
@ (OAC), @Pd—OAC <
L Jo )

H@OAC

PdOAc

Scheme 5



FRCHEBETRERE L LTt 2000 FICHER S ICX o THRE I NZZHF A VT VT Ll
WEHWETERILEME TAF v 2D C-H TA7 2 LG ZE T 5 313 (Scheme 6), Z
D 5Tk TFA/CHoCl, DR AR CRICHEABINICA L2 2 L MG S hTEsh, ERT
RIGHTERES %0 T DEIGHEIL, TFA LElR-XZ 2T L0 RET 5 KE D& WA F 4
VHERT VY LESRISTEEREE b itk Y, KE TR C-H imMbo st m L7 b
DEFEZ LN,

Fujiwara:
R1
H
s Rl g _ PdOAd), X
TFA/CH,Cl, R?
25 °C

, Pd(OAc), Electrophilic C-H Activation 5
. TFA l H :
' [PdOCOCFr " - . @—Pd—TFA :
a 3l >/ “PdOCOCF; -1+ !

ZDEShFAVYEDEST VY LD ERIGEEEE LTHWS 2 itk b, HEREL
HEY KBTI C-H iEHAL 2 BRI A 5eth T 5 2 L 28H[RETH 5, il 213, 2008 41T Booker-
Milburn & i3, ~¥7 27 Afilifl & L C(MeCN),Pd(OTs), ZH 3 itk VY, HEHEYLTH
Bk C-H 7y = MUERIS % PG T T 9 C LB L7z (Scheme 7), ARBG T,
XTIy Mt LT PA(OAC), Z W 75A RGBS ETL AW 25, PA(OTs), @
EVSRETFEIC X o TSSO CH 7 A7 = MERIGOATREL e o e b D E 2 biL b,

Booker-Milburn:
H (MeCN),Pd(OTs), %{NM,32

Me N (@) BQ, MS3A

Y+ A Cok Me N

NMe, THF, 50 °C \

CO,Et
72%
Scheme 7

10



2010 4EiCid, A FA P8 T 27 A e LT [Pd(MeCN)4](BFy), % v 3 & dilgeft
DEMMTRETFH C-H 7V — MG #EFT 5 2 & 2% Lipshutz S I X o TG i
(Scheme 8), —#{MIC, 7 U7 Lflli% Fv 2 C-H iGHALKIG % hiEStE <17 5 Ba ki
FEPBETHZ ZLBAMoNT VS0, KRIGTEAFA VDS AT Py Al LT
[PAd(MeCN)4](BF4), 22 C i X O St oEiRcoRkE TR C-H 7Y — bz iE
BLTw3,

Lipshutz:
H ArB(OH),, BQ H P LE T R .
Pd(MeCN),](BF N o ' via H :
N N\(O [Pd( )al(BF4)2 R'—(i \I// : NYNMez:
R EtOAc, 25 °C ' NMe N !
Z e ) S
28 examples H Pd :
65-96% :__________!—_n _________ i

Scheme 8

Lipshutz 513 & 512, [Pd(MeCN)4](BFy), 2% &7 =Y FiFE{AD C-H 7 7 = ALK
JEBKHBTHRERICHESTT SE LW EL T B (Scheme 9), T @ KIG Tk
[Pd(MeCN)4] (BF4)2 D&\ RSP IC X o T, /K HEH CH 22 D SRS & v 5 ke TR 72 5%
FCORICHAIRE L 78> T B,

Lipshutz:
ZCOo,R2
H [Pd(MeCN),4](BF4), H
r Nj]/ BQ, AgNOs Ril = \ﬂ/ 16 examples
R'T _ 0 2 wt% PTS in water, rt = | o) 43-96%
CO,R?
Scheme 9

DX, XTT Y LMIEE RO EERILEYOREFH C-H BEReRECICHEE  #H
HEINTEY, FFICHhTFF v Ty LEREN - REFHRICH & LTERT 2 2 & 08%K
SEXNnTWwB,

11



a, B -AEMA F v L OE IG5

GERLEMOERGIRIIKETH L Z Lo b, RE-RFEMATEBIC OB TG EE ALY
SHCEOWCREEREDO ~DOTH 2, 2070, BHREELWRE B1H D & Lok ikE— K
Hin e TER OGS FFE T T 5, %xia/3T@ﬂﬁ»+_wmA%«®r$*Fﬂ%%w
T HAGATIMBIG I, AN R NVED BALICHT 72 70 R FR — IR BAEE Z 3 RIICEAREETH D | &
bEARM R KBEEEFEL LTHIbTw 5, —RIIC, a[%K@ﬂﬁ»ﬁ:»kA%uﬁ
MR NVEPBE TR E L@ 720, ZOTAT7 VBDIREFAR LR E T EBAILNT

o —Jis a,B-AREIHIF VR = AALE D b FHE ] taJ%K@ﬂﬁ#VAu\ﬁ#VA®
MERTF LOBFHEET 24 L 74 vie L CEFHGEERT I LICK Y, TAr viEins
BIEE L LY, FHC BALITKEN R SOCHE 2R3 2 & 23HIfF éﬂ%@gmw@

electron-deficient electron-rich

Hli H,NOR Is
i |) umpolung (ﬁj\

Figure 4. a,f -AfafA ¥ > L DE Tt '—‘—f‘l‘i

MBI O —Flch v . UHAETR I OWEEEEL 72 o, B-FEHA ¥+ L DERE
FEACICBE S 20 2 R L T & 7=,

BlziE, =ty vo 13- MNERLIGICE T, =7 v ERInT 54 F > L5
Bikx w56 cld, EBYITH 2 MR LA DR LERES T3 5 2 L 2 R L Tw a7
(Figure5), —%iic, 1,3-MEFCchs=rtm v/ vicX3MERETIZ. ZIrR= 1D
BEPRGIHRICIY T, v LUMO DAL X —#MMET T 52 T=Fr v HOMO &
OEERMHEERABER L, 4 fLICToAEEH T4 VA F V) Vv 2 TEFPE LTE X

o~ MHIRETIE. T/ VOIARZAKEFF o LCEHRT 2 & 1,3-BE B
DOEFLEFEDFHR L, 5 i I/ EEFT 24 Vv AFH VIV Vv EFERME L 525

LERHLTWE, chid, 437 RcERLZBERT2 0B HEMHICI D o, B-FREA
FAESLDTAT VIR PETEE LRSI L THOMO O A LX —HEM B EAR L 720, = b
oY@ LUMO & a,B-Ffifl4 * > 20 HOMO & OHLERRE D K & W ifsyEL oM E1EH 2
BRLZZEICRRLTwS, ZofERIZ. o, B-FiafA Fv 20HEF L 7 4 VO HE
BETATyELTCORIMMERRT Z L ZRBEL T2,
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Q Lumo 40
R2 R? |
.- ! _— 4 "
TL‘—>\" N~
R1/N\O/ R'
HOMO major
HOMO Nﬁ‘ox
R2a. £ L H ).
T \/\\Nﬁ“ox R2 :
+ =7 K
70 N “N-
1 -0 H
LUMO R?
minor

R1

major

Figure 5. = F v v & a, B -AEEAIA F & 20 1,3- MG 7B I 351 % Bl mnERYE

U EDOEHIE. a,B-FRIAA F 2 L LCREFBLAICH S 33-VXAFLIF
X o VvEEREER L., TAT VS TCOZRX ALAMBICETT2 22 /RHBLTWwWAS
(Scheme 10), ZNiZ a, B -AEHIA F > 2D T N7 VIO DBREW G2 RS2 & Z2REBT 5

.0B
N n

R TH B,
N’OBn 2KH805'KHSO4'K2SO4
| NaHCO3; |
H acetone, H,0O Oj)
| . 72 h
72%
Scheme 10

13
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a, B -AENIA F > LD BALEIRERESLICBIS 2 b5

a,B-FEFIA F o L3 2 D EEICHKT 2 2= — 7 B IGHEEZ TR TICD bbb, Z
DT N VG O KKIEE &R L 72 BRSO e 1d 2 g TiciE 23 e <L FRIC B To
REFEESOGICET 23RS BRI N T hdr o7z, ZITEHIIINLOMAED L iC,
DA F A v T T LR REFRIGH L L CHWZ a, B-THIRIA F > L0 BALERK
B REILAL G DB % 51l L 72 (Figure 6), T b b, hF A+ v 7 Vv LfEIRE T RIGH &
LT 2 CTa,B-FEEHAF 2 20 BRI CTRETFH C-HiGEMHALEST L, SRR A Z4ET
2D L7z, a,B-TEIAIAF L LIEAF L LDOMBRIEF2LOLDOEBBFHEGICLY T ATV
HODBETEE L 25720, MGERETEL 20T+ vk 72y LR s AT
¥5, COBPREEA ZHCEZLICXY, KA RERIESEATRTH 2 LE L2, 2T,
BEPEEA LT ) =R VBB ERIGTIIEAF L LD BT Y — UGS, TA7 v & K6

NE BT VT = ALRIED ., BEFERREICICE Y v Ty RERAREL 755,

OR _OR | . _OR |
H N Pd(ll) [Pd] N ! FG n-OR
’,J\/H\ e e N E R
: PA J . : .
[Pd*] l Electrophilic Y " A NP
C-H activation Ar—B(OH), ~
Ot _OR Suzuki-Type !
[Pd] NC R [Pd] N © yp '
Ao A : | )
. , ~ .OR X
o / R
cationic intermediate RGN — AL
Heck-Type -~ | X T

Figure 6. 7154 v 7 00 L% 72 a, B -AEIHIA F o 20 BALERERERAL

ZDXIBFEROT, FEFIZLELORICOEFICHY A 7ZRER, U TORRE %M,

(1) AFA W T VT L% 7z a, B - BRI F > 20 BALEIRK 7 Y — AL G D
BHFICR I L 72, (35 1 %)

(2) a,B-FEFIA * > 2O BALEIRI T VT = ALRIGZ R L 728l V) © v &GE DB
FITHKID L7, (5 2 %)

LUF. SEOFFHICO W TR T %,
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FB1E AFAVHENTOT AR o, B-AEERE F 2 LD BALEIRK T Y
— ML G D BAFE

B AFL LD afihFAvEENHE

X apHFET AL 7 4 I L CTEFRESGEEZ R T & v YR E TR L 2ARIE
JFCHIRRE Y THEH, AF VLB afihFA v ERENT L FHL OO T
5”0&mw6miéﬁﬁmiék\ﬁmbU7»ﬁDMM7}V@}ﬂ/—»ﬁﬁ¢T®M%
PO R D SOCIREE 5 b B ERM (o i) 2B L2 2A AR LI AF AT v 2 A HT S
HED oL 0.15 TH BT, NI AFAAF L LHEEFTI2RED 0 HHIZ-0.03 TH
52 ERMEINT LS b (Table 1), 23, 4 I 7 EAROFRDEE L0213 & 0ILE%
IR EAF S LPELTNDEC EE2RBTIERTH 2,

Table 1. 7 ¥ ¥ 2 D FFHERNE & HLBEZE TR

(0]
O)J\CFS OMe
Me Me MeOH > Me Me
Ph e Ph
(0] (0] (0]
O)]\CFs O)]\CFs OJ\CFQ,
Me Me Me Me Me Me
H
N*OMe H l}l
OMe
1.00 0.20 1.35
(ot =0.15) (ot =-0.03)

Relative Solvolysis Rates in MeOH

oI FFvrpafiiczZueniEr BT a-FF 2 LFEEKRD X X ) — VIR T O AR
DRDIGEE T2 2 A, WeT b a-4 3/ FERPL a- A FAFERI D D
T L DEZR X 7= Y2 (Table 2),

15



Table 2. * ¥ LD afihh F+ v LZETHE

Me N-OMe Me N-OMe
Ph ——» Ph
cl H MeOH OMeH
l\llle l\|/le N-Bu Me Me N-OMe
Ph——H  Ph—~ Ph—Me  Ph
Cl cl H Cl c H
1.0 26 2.3x 103 8.6 x 108

Relative Solvolysis Rates in MeOH

TNERICHEIRTH D a (LhTFH VD, ¥ LDERIETH» 0 OETHEI1C X b HLIgE
T E NGRSl G TH BB E S 7z LR 3 2 &£ 23T % % (Scheme 11),

+ +
Me N-OMe Me N-OMe Me N=OMe
+ B S — - —
PH H PH H PH  H
Scheme 11

Creary b i3I b, AF v 2D affic 7 mulkisHT 54+ v L55EKRE DMSO 55 Cfif
32 L4 v F—AEEEN83%DIE TR ONS Z L2 #EL T3 1 (Scheme 12), 4 ¥ F
— VEERO AR L LTI R U T o4 v iR B o dkigEE c b 2 A C A5 D aza-
Nazarov B{LIG L. Zhickid FHELICEI VA v F—ABBER I eboeEZOLNS, C
NP C o k) aftBiEE2 L 2 2L oA F v A afih T4 v EHBLERL T3 C
LEBRBT AR TH D, COXIIC, AF VLD afihF A v ORENMSRICEET L%
251990 FRUCHE I N T2 b DD, ZOMWHZHEAMICTEN L 22030 HEICE S £TIg e
AEREIN T2 o7z,

Ph  N-OMe
Ph - > N-OMe
¢l Ph DMSO-dj —
P Ph
83%
H
N-OMe N=OMe
+ - — —_— N-OMe 5 N-OMe
—_— + —_—
PH  Ph PH  Ph H
P Ph P Ph
B C

Scheme 12
16



2012 4£iC Wiirthwein 5 (3, 1-7#F =¥ X-1,4-V v -3-F—nicxt L, Y27 v o 2 & v Eid
SICCTF TR Y 7AAa XA Ry AN VBRI S5 L 1-THFRV XYV A T4V BER
L. #t < aza-Nazarov B{LISIC X V) v o — A 3BEEAR OIS 2 & Bl L7422 (Scheme 13),
ORISR TR ZAGECET T2 2 0o, AF v 2D afih F4 v RELFRICL Y 1-
THERXy RV T A F A VRO ERBREI N T LEZ LN,

Wiirthwein:
BnO. BnO\N R3 BnO|
N CF43S03H | a1 N__ps
; ~_RE —— > INE EE—" . \
R CH,Cl,, -10 °C R aza-Nazarov
HO R? R2 cyclization R2
26 examples
29-83%
Scheme 13

¥ 72 2018 4£1C Schneider H ¥, a-t FEF v A4 F v LI Lewis B2 EHH S ¢35 2 L TAEL 3
L-7HFTINATA v GrblERke LCRAL 72 4 BRFRHEREZHE L T 5 2 (Scheme
14), ZOKIGTIE, Lewis BEfiliic X o T 1-THF T VA F A4 vhfEER4 v F—7x
COBETEET L —v & Friedel-Crafts ICKIET 2 2 LiC kY, ¥ LD afiTH 727 C-C
AR ARETH 5, RBRIGENTEL S 1-THFT U rhF4 vHEERIE, &+ F v 20MHR
JRF2 b DEFHEGIC X 2 HBLENEZ T T B LEZOLND, RRSITIEEE AL

AVIE=ART TV, FAZ7 2V R ED~TuEEREZED 4 HIREZNRITHERETDH 5
HTRETH B,

Schneider:
MeO. N MeO. N MeO, N H MeO. N
OH kg, s R? R? QL:I:::]
R2 —_— - _—
p \_ e \_ s .
1-azaallyl cation intermediate 18 examples
56-99%
R ¥ H
MeO. Ca(NT,), | MeO~y MeOy @ MeO. N
& i %
R1
RZ RS
27 examples
22-99%

Scheme 14
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Tk, RICRHNTEL S 1-THF T Vs 54 ez 1,3-2 2 v R = L&Y chlife
L7ctgic, 1T I VIc X BWKiEA & S-exo B{LZ 7 v Ry P Tffo C kickh 2-vm ) Vi
B SRARETH B 2 L DERE L T 52 (Scheme 15), ARG TIE, 4 $fk 3% & UM i
BRiIE 2 — 2 1T RETH 5,

Schneider:
Bn, R3
H N
Ny R
+ 4>SC(OTf)3 eo 33 examples
ﬂ\»/ﬂ\ BnNH; —{( R? 0 "5 999

\ s

Sc(OTf) BnNHz

MeO. O R3
MeO\N MeO\ u
+ R?
\_ g FR

Scheme 15
Pl ksic, &% 2D alihFA v &ENNIIL aza-Nazarov BRALKG S 4 Hk BRI

JGICEBAE LTS, EFFZCoFF L LDafihF+ vy RENRE, hFt v 5oy
L% F 72 a, B -ARERITA 2 L0 BALEIRIE RE A LI+ 3 2 L & LT,

18



5281 IGEGT

HFF ATy Ll E KB TRISH & LTH W a, B-FRIRIA F 2 20 BALERNE
BERAL MG OFAFICERL <, B Fu vige vy 7Y v 78— F =L LTHWw3 CH 7 —
MMESIEZRBRYNCEY B2 2L Lz, ARER e VBT, 5 CKICKE TR RS 0v ) 2,
BIEBORE D BD ChroEt - BEAM AL Ew e W ERTEE 2> Te 0, #
K EHiH Y 7Y v I ROCDE KT > THEREREL A0 6 TERT —VICE 5 F ClEIA <A
INTWD 28, FHAEF Y FELAMERNH L7237 97 Affdiic X 3 C-H BRI IG L
LMEINTVRDE L) EFEDFR LY, AR OHEREFICH 2 IGH L L CldR#ETdH
% EEZ 7,

LA, AFAv W7 0y itz vz a, B -84 F & 20 BALERINT Y — ALK
J5 D BRI 7 KGR & 78 L7z (Figure 7). £, A F A v NIV v LML o, f-FRIAIA F
LK OE B TRKEBTRICEL T LICX VAT H v AT 0T LR D 284S
BeEZ, ZOAFAVIERRED X, 4 F 2 LOMBEFRTF» O DETGIC K B afihF A
VERENNESIARFCE 2720, REICHFELSS LML, 2L T, Z0hF4 viEdhik
D 22Ol 7 a b v ALNHEST L CORE I C-H ST L, B-37 Y7 LS8R E 24 L 2,
DA E AR A R VERE KRS v 7Y v L RO CRIGT A 2 itk Y BT Y —
MEEEEFE LTHEZ2bDLEX Tz, BBRICKETRHRICEL X7V Y L(0)IF TV Y
L(AD~HEL T 2 2 & oy 4 2 o358 T 20 D & FRL -,

H N’OR PA(l) H N’OR
H*§J\ + Ar—B(OH), m)ﬁ)k
+ | electrophilic Pd(0)
(PAN | & H activation Ar—B(OH),
.Of .OR H N’OR
hH ONTR gt N ‘)\J
- E— \ ~
PN Pd” > | ge [PAT T
1 D !
cationic intermediate B-palladated complex

Figure 7. JRJGEXaT
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% 3T ICST OGS

55 1T A o BeEy

IS 2B 21CH 720, 5. O-7FAAF L LT E 4- A FFL 7 2= 1K u VEQ)
LD C-HT Y —MURIGEOBENCETF L7z, EREEROHH L L CTid, KO TED a, B -FEH
A F v LTI FREEPELS ERCTONEPEETH 5 EXAHHL 2720, RIARESTHE
OB BG R O-TFAAFL A1 ZRGEE L LTERL 72,

TIVIO Il e UCHEE YT Yy Ak, BRI L L CREEIR%Z . AL e LT NaHPO, -
12H,0 Z T, A F 3 v 90 "CTIEMERE L 7223, B D BALT U — ALK D 4 I AERR
TEXAD o7z, % 2T 30 mol %D AgTFA 2N L CAKKD RIGZ TR 72 & 25, a,B - Ed
MAF L1 DLMT Y =MLtk 3 L Z2DAL 7 4 VIS OABERMEAR 425111 DREAY L
LT 21% DK T 5 172 (Scheme 16), & D 2 2D EM{AD TLC I2H1) 5 2K v M IHR® T
LT TR CH > 72729, 'HNMR 2 <2 L CRUEADORBAELERZEL L 72,
AgTFA OFIMICE VLB BILT V —MALIEETT L 22 e 25, FBES oSG © & [k,
AgTFA LBEfE TV T L ORET DA FAVENT Oy LERKICTEEE L R itk Y,
RETH C-HIEMHALSETTLE2bDEZONS, ABHNET 5 a, B-FEMA o L0 B
T =tk %S 2 LI L 72d DD, w587 Yy 2 filli ot I 2 i 2 BT LT b UYL
o LIRS o7z,

Pd(OAC)2 (10 mol o/o)
AgTFA (30 mol %)

Ag,CO3 (1.5 eq.) .0 .0
N© /@/B(OH)Z Na,HPO, - 12H,0 (1.5 eq.) N N
+ - +

. N X

YJ\ MeO (3.0 eq.) dioxane, 90 °C, 2 h M M

MeO MeO
1 2 3 4
21%
(3:4=1.1:1)
Scheme 16

Z PR i <, EAORMAIZREI 52 L L Lz, ahThEEIL. AEEER
WrkHhy 7Y v 7=+ F—=t LTHWwZ C-HEBREMKISICEWT, 14-_v V¥ v ORI
Iz IRICIIEBESMEE X D & v O RE I H L 722° (Scheme 17), 2006 i Yu 1, 7 =
SAFFF VY VIFEERELBEOWERE T YT L OB AT VY LRI
TAFNAXDBEAFRAIETH 70 RAhy 7Y v Z IR ITETE T, Eho AT
LIED 20%1FHNEDHTHLDICH L, 1 YBD 1,4-_v V' F ) v fFEIE 5 L XA F (L
FIREICET L. BRI %Z 5% DINFETEH 2 52 & 2 L7225, 7o 'HNMR 227 Fric X
LIOGHRHPOE=ZY v IR ORER, 14-Xv V' * ) VIZARAXLEM LD InRH vy 7Y
vV RIGIC BT 2T EE O B RS Z R EE L T 5 2 L AL 72,
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Yu:

©E<,\N]< Me,Sn (0.75 eq.): ®E< BQ (1.0 eq.) . SN
Pd-4 CH,Cl, Pd L M

Ac(j-- 2 ©

- - 95% vyield
(without BQ: 20% yield)

Scheme 17

ZDXI7%1L4-_v Y F 7 VORI X 2 SOMEENFIZ, AERAXRED A TR ARKRF B
VEEHA W CH BRSO EHTH 2 PEIHINTEY, IO OWELHELE LT,
INETHA R C-H BEERLMGICEWT 1L,4-_v V% v2HENAlIE LRI TW 3,
nEBEEER T VEREH 72 C-H BRERLKIGA Yu Hic X > THEINTEH Y, 2 DfREHI% L
TR L 7z 254f (Scheme 18),

RE:ij:COZH Pd(OAc), (10 mol %) R[:ij:COQH
§ ¢)z (10 mol % T 6 les, 40—75%,
Sy Me—B(OH), BQ (0.5 eq.) ZPh(Me) examples

A92003, K2H PO4

or + or or
1 o

H o BuOH, 100 °C Ph

COH  Ph-B >< R<CozH 6 examples, 20-38%
R' R2 O R' R2

Pd(OAC), (10 mol %)
BQ (0.5 eq.) 3
N,OMe + RS-B(OH), 0. BUOH. 80 °C > %N,OMe 9 examples, 60-86%
R’ R2H 2, BUYH, R!' R2H

Scheme 18

INLDHIRZD &IT, NV F ) VHEEROHFINC X 5 KGIEEN R a, B -4 F >
LD BTV = MERIGIC S ERNTH 2 % MGEEL 72 (Table3), £ 1,4-_v V¥ % 1.0H4
BN CHBOKIGZ TR o728 2A, FIICK L TRIGHRBEHL L, BN 7 ) —r bk
3R 4 25%DINETIHEONDEDATH o7z (entry 2), Thid, 1,4-_vVF /7 vIZiEEELA
LLCOMEEZALTWE Z b, ZOBMUEMICERS 2 HE O IEFEET 2 v T
LUHEE Lz, 22T, LT OTHORY VX VIEBRTH D 2,6-FV AFN-14-_v ) F ) v
ZIRIML CHEBRDOSIGZ TR 072 & T A, ISR DEHALMIZ S, 33%DINECTEADT Y
— MUk % 5 2 7z (entry 3), LA EOREI O, Ry V' F ) VEFEADORMICK Y, HTTIEH S
BINERLEEND T EBDD -7z,

21



Table 3. X v V' ¥ /) VEHEK

S

DA F

Pd(OAc), (10 mol %)
AgTFA (30 mol %)

A92003, Na2HP04 ' 12H20 .0 .0
N© /@/B(OH)Z additive (1.0 eq.) - N
+ o
S o smsoczn ~ (Y (YT
(3.0eq.) MeO MeO
1 2 3 4
entry additive yield (3+4)
1 none 21%
2 1,4-benzoquinone 25%
3 2,6-dimethyl-1,4-benzoquinone 33%

22



55 2 JH Beho 1 ot

Kic, 142 DRALF ZWRE L7z, ¥ 7 00 L% F v 72 C-H IS SUG o B30 5 B 3
DI I NETHE AIMEINTEY, REM R DL LTI ) Y viFEkex ) ) viFE
R, 7 I EHERLERETONS, & TH MPAA(mono- V-protected amino acid)Ffiz
X, 2008 FFIC Yu Hic X o Tl THRMER R E TR, Bk 4 & C-H BReE(LIGTIEH
TNT X 7220, SR 72 ROCHERE AT D F5 5. MPAA B 713 RIGHRWN T Y H
2 WAL LT R, ¥T Oy Ao KEFIEE 2T ¢ 5 1EH ><:>

IEMAL T 2KFE R E R pFNERE L L COEH D 2 > D3R O O/ \DG«
&b, C-HiEHAL Z{eET 3 2 & 23995 > T 3 2 (Figure 8), Figure 8. MPAA Jifir 7

DITCRd & 51, MPAA FEfZ 137 Y — Ak v v IERAERZ H v
7ZCHT7YV—nMle, 7T 72/ vAF 220 CHT ) —MUIZBWTOEMTHZ T L h
5. RKEIGICE TS SISEERI R TX 3 4 D & & 2 72 20de (Scheme 19),

Yu:
Pd(OAc), (10 mol %)
ligand (10 mol %) liaand old
CF3 BQ (5 mol %) CF4 ig yie
Ag2C0O3, KHCO; none 13%
CO.,H + Ph-BF3;K ; o > CO,
AmylOH, 110 °C, 2 h Ac-lle-OH 89%
H Ph Ac-Val-OH  79%
_OMe Pd(OAc), (10 mol %) _OMe
H N Ac-Gly-OH (20 mol %) Ar N
. Ag,COg3, KF
. + Ar—Bpin > ' 23 examples, 34-89%
L HFIP, 70 °C, 24 h L
Scheme 19

EITHIDICANY VEIRER L1 KA v e 4 o viFER L2 2RI L CRICZETRo72L 25,
L2 3L 72FFD RUNE DS 46% 1) L L 72 (Table 4), KIC A F4 = v FHEMK L3 DA T
FkD SIG% TR 07 & & A DA IR T 7rd> o 7243, BRE W LI L1 LU L2 D
FERGB:4=55:45) L E_TT Y = AUA3 & 4 DARILEH 381 62 ~e B LTz, Thix A
FA = VEFER L3 ICEE NS T S MINEEETH 257 V7 JCENI T 5 2 LT R
JEDOMERE I O DD EE G272 LR RBT IR TH 2,
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Table 4. MPAA B DT

Pd(OAC), (10 mol %) i i

N’O ligand, DMBQ N N
AgTFA, AgZCO3 /@/\Hj\ + M
Yk N
Na,HPO, - 12H,0
S e 90°C. on  MeO MeO

dioxane, 90 °C, 2 h

1 3 4
ligand
S/
none AC‘Nj:[(OH AC‘Nj:[;DH Ac\N/g‘/OH

H o H o H o

L1 L2 L3

33% 32% 46% 43%
(3:4 = 57:43) (55:45) (55:45) (38:62)

AR, X7V Ll A v 72 C-H BRERLRIG I B W T TSR T % S BN F o dma 7
LA 72— &g b BN 7 R B AR L 22255 S v Tv 37,

2017 412 Carrow Hld, X7 Vv Al A2\ Wie~T m FEHERD C-H 7o = ALRIGIC &
F %54 T — T NFEEROBISREZMEICHREI L. TAFAT ) -V F AT — T AFEEERD
TN X0 SOGEEE R AL EEIRN 0SB 1A b % 2 & 2R L 7= P (Table 5), #Ffll 72 SOIGH
FERRIAIT OFE R 6. FA T — T AVFEEORNIIC L v, RIGEERETH 237V Y @D 7 5
F DT LI X Y RETFH AR C-HEHEAREEI N2 D L ERINTWL 5,

Table 5. F A x — 7 VEHEERDIRIMIN R

Carrow:
Pd(OAc), (1 mol %)

ligand (1 mol %)

BQ (1.5 eq.) (o)
Me— O~ _H 2N 4 » Me N
L) f T C0Bu aoneocaomn Q) CO:Bu

ligand
S/
S S _~_S03Na
none Ac.y OH O/ /©/
H o) MezN MeO
7% 70% 84% 95%
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¥ 72 2017 4£1C Fernandez-Ibafiez & 13, 4 = — 7 A 1L R vV EFHER(S,O-Ligand) 28 2 FEAL
frFe LTERT 2 Lick b, S50y AfilEa fv7 CH 7 Ay = AURIG %3 L < Ik
T2 & R L7 7 (Scheme 20), ASUSOMAERARIL <. ~F 0 HER% &R~ ST
ICHEIGATRETH 5 2 & S S T B 27de,

Fernandez-Ibanez:

Pd(OAc), (5 mol %)
S,0-Ligand (5 mol %)

i 0]
H xCOEt
X PhCO3Bu (1.0 eq. AN 2 . )\)k

Z AcOH, 100 °C, 2 h

24 examples, 42-88% ! S,0-Ligand

__________________

Scheme 20

2018 4EIC Yu Bl 7 I/ T FAT7 2 AFF T =T AFERDOTNMT L D, ¥F 7 Lfhll
R AR VEERBARD Clsp®)-H AL 7 4 VALRIGDBIMICEEX NS 2 & G L7z 27
(Scheme 21), KICHERERITIC X V. FA4 T — 7 ABAL T3 SOGHE & i [RIFRE O A 1 ol /7
ICEHGLTwa Z ERfERINTH D,

Yu:
Pd(TFA), (10 mol %)

Ligand (10 mol %)

R% PR Na,HPO, - 7H,0 (1. Oe ) t‘é ©/ ~"“NHAG !
OH + Z"RS > E

R2
HFIP, 120 °C, 12 h
5_H s = !

35 examples, 40—-99%

Scheme 21

INLOHRZ D LIC, FAL—TVFEBEROIFMBRKIGICOEITH 2 5 %WEEL 7=
(Table6), ¥ Yu bDME 7 2 LT, 30mol%DT I ) TFNLT7 2= AF AL —T N 14 %
T 72t CRIEZ TR 5728 25, BHRDT Y =Ltk 3 & 4 % 58% DK TH 2 7=, KIT
Carrow LD 2 #HEIL, TFLT7 2o AT AT —TUFHERLS 2T L7282 5, EL
REZLICLMIC2DDT YV —AHEPEAI N SHBYIOTRONTZ, VTV —MLIE51ET Y
— ALtk 4 2L HICT Y = MLRIGHET L 2SI ch 5 L2 b, T ) —aAfbik 34 KO
5 %G5TRINEKIZ 7T1%TH o572, ZOXHICFAT—TAFHERLS OFMICL Y, BEEICTY
— MUK X N B & & D393 o 72,
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Table 6. F 4 = — 7 VI T DFEET

T 5 SO

Pd(OAC)2 (10 mol o/c:)
0O ligand, DMBQ

’ N .0 N .0 N .0
N AgTFA, AgZCO3 N + + AN
YK NayHPO, - 12H,0 O
MeO MeO MeO O
3 4 5

dioxane, 90 °C, 2 h

1 OMe
ligand
S/
Ac\N/q/OH S“NHAc S
H o
L3 L4 L5
43% 58% 71%
3.4 = 38:62 3.4 = 55:45 3:4:5 = 33:43:23

LED XS, FAZ—TARMTFORMICL Y TV = MUIEMEE S 1L 5 & v ) EERFER
R0 T, 5 AINERA LICHIFCF AT FEER LS offidR# % {77 5 7 (Table
Do T LS DT NF VIR % A F AFICAHL 72 Lo 7V F AV E 2 BYLEE L 72 L7 2 85T
L7z, WCRDBHZE KT A A b, THld, TR 7L O AREE 23S E 4172 Z & To%
7YY LA~OEIRER E2 0 | il e U CERI L2 2 L BRIGHEDE T 28w eEx b b,
ZZTTFALEAYCY 7 ua~F oA R EDEH T LI AEEEALF AT —T L
FEERERE L 2A, v7ua~FOLEEET2F AT —T 0 L9 W72 BRICIEED 81%
FCH L7, —J. YTV A FFAI—TAFERLIO TEIEPMET L2 &b, TLF
VTV —=nF AT =T NHEZH T SR DRMBASIGITIZEL T2 Z L HRK S Lz,
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RIT, FAZ=FACEEINIHMETT DT Py A~ DEAIHE 2 T+, RvE v
B oEREAE 2 T 5 72, BTG D 2 F o EW12)CE RO 7 m v H(L13), b
U 7udn XA F(L14) 7 &R FREMICHRET L7265 R, 4-Z7amr sy sa~doudit
I =7V L13 DIRINGEHCREIEL 5 2. EHDOT U — AUk 84%DINE T bz,

Table 7. 7AF LT Y —AF 4T —F AR T OfE

Pd(OAc), (10 mol %)

.0 .
ligand, DMBQ N N N
AgTFA, Ag,CO3 /@/\H‘\ + M + O
. MeO
Yk NaHPO, - 12H,0 oo O N
3 4 5 €

1 dioxane, 90 °C, 2 h

ligand
SO L0 00 O OO
L5 L6 L7 L8 L9
71% 49% 33% 73% 81%
3:4:5 =33:43:23 38:46:15 36:50:14 38:50:12 38:42:19
0 o0 OO0 OO0 OO0
}/@ MeO cl FsC
1 L12 L13 L14
45% 66% 56% 84% 70%
3:4:5 = 45:45:9 37:44:19 30:42:27 32:48:19 36:46:18

BETAFALTY)=VI—FTLLISRALT 4 VIELI6, FA7 =/ =L LITRY T ALF LT
FZ =TV LI8 DM ZREI L72d 0D, WIFNHIEBKRBIART Lz &b, KRIGIET
LVEALT ) =N FF T —TAFERDOTFMIC X > THRMICKIGHEEE NS 2 L 2 ERT X
7z (Table 8), LA EOMEHERD S RARKIGIC BT 2 BN FIZ T ALFALT ) =L F 4T —T L

LI1I3 CTH 3 LHREL 72,
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Table 8. % Dftht DS F DFRES

I“"Q . S 4

Pd(OAc), (10 mol %)

ligand, DMBQ N N’ SN
AgTFA. Ag,CO5 NN+ . O
\H\ Na;HPO, - 12H,0 oo MeO O
3 4 5 oM

1 dioxane, 90 °C, 2 h

e

ligand
o Q SH
ORe S JONNE
D/ \O Cl
Cl
L15 L16 L17 L18
19% 17% 0% 32%
3:4 = 53:47 3:4 =48:52 3:4:5 =38:50:12

T ) = AR S DAEREERICBI L TiE. RUCRWNTHER LT Y — ik 4 22587 2 C-
H7 V= MURIERHET LD DL ERL TV, £ T, ZOREERIET <L, 7V =11t
3 L 4 DREEWE., BOFRKORIGEET MLz 25, PRLAEY 7V —AbiE
4 13FERITHEL, ¥ TV =Lk 5 % 5 %2 72 (Scheme 22), 7 U — ALK 4 2> & DK IT 98%
THY, 3IFRKEDEFEERNENAZZ 2D, VTV —MUE S ZRIERHNTEL 72 4 »
DT Y —MMLEBIITH D Z LB ot EIART Y —MERKIEDEMET TIX, 7Y =ik
K35 4 ~DEMEITHETL W & BERTE 72,

B(OH)2
H/ MeO
Pd(TFA), (10 mol %)
L13 (30 mol %) .0 .0

DMBQ Ag2003 N . N
w Na,HPO, - 12H,0 w O S
MeO dioxane, 90 °C,2h  \Me0 MeO O
3 Meo 4 3 2 OMe

(100% recovery) (98% from 4)
3:4=1:14 3:5=1:14

Scheme 22
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55 3 TH ISR DIRET

KRG DEBNRICBE T 25 R A2 ED 572010, INE CTOXFMEICHEAL CE V49
VLA DB A RS L 72 (Table 9), FArz v 1,2-Y7unxxy HFIP e LTHWT
RIG%T o728 24, BEFECNRBMET L2220, REREER I A X v Thi L L
T & 72 (entry 1-4), 7B, IWMAIE LTHOT WS 2,6-P A F L 14-_yV V' F ) v ORINE
104856 03 4RICER L CTOMHERWICKTHNY % 5 2 % 2 L MR T & 7z (entry 5,6)

Table 9. JSJSERED #RET

H/ Pd(OAc), (10 mol %) H/ H/
ligand (30 mol %) o

N-© DMBQ (x equiv) N-C N’
Na,HPO, - 12H,0 |
MeO solvent, temp. MeO MeQO R

1 2 3 4:R=H
5 : R = 4-methoxyphenyl

entry ligand (Elt\a/lc?u?v) solvent temperature (3{322‘?5)
1 L5 1.0 equiv dioxane 90 °C 71%
2 L5 1.0 equiv toluene 100 °C 7%

3 L5 1.0 equiv CICH,CH,CI 85 °C 41%
4 L5 1.0 equiv HFIP 80 °C 17%
5 L13 1.0 equiv dioxane 90 °C 84%
6 L13 0.3 equiv dioxane 90 °C 83%
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55 4 Hi HE o SEI P o Bt

% 1IH 4% o AR Lo EE OGS

a, B -AEIRIA ¥ > L OBIGHIFH OMEHICT D, A F 2 AT —F AR ORGEZEIRICHE S K
JEMEDZE R TR T 22 L & Lz, ol L7280, ¥ AMER T LOBETIC X 2B 51
Do, B-AEHAF S LD BN TORIGHEICKRELSFET L0, AF vz —T VG %
Effis 2z Lic kY AL CoRBETFH C-H EMHALZIHES 2 2 L BH[RETH % & % Z 7= (Figure
9,

5-
o
N0
ﬁk opt/m/zatlon ~. s
{
[Pd+] [Pd¥]
electron-rich more electron-rich

Figure 9. # ¥ v o —F7 Vv OETHE5ME

T OAFAAFLLND O-TFAAF T L TRICE TR o7 2 A WIET 2T Y
— R 12 RS 32 NZ N T0% L 7T9%DUGE T b 7z (Table 10), RiICAF > LT —T 1
HEWNICERREES R 2R+ 28T MOM HEL PV AFAL YA X FAEEET 24 %
LRt L7223, FH L RIGHEMET Lz, BARE LI, O-SEM A F v A CTRIGZ TR -
Te & TARIGHERBINICE EL, EARDT UV — ALK 15 25 7% DK TR o Nz, T DOKRIER
FOGHED M Eix, O-SEM # ¥ v LA OWEHEFE 5 b DMWEBE TG X o CT AT v 38
BEERLIEICXY, BliToRBERRELZbDEEZ LN D, —F. SEM Do
KEENDE TMS HZa A P 3 U HICEZIZ 72 O-MEM 4% v A CRINEPMET L2 &6,
SEM B ffsrtEic & £ s TMS 3 OGHED M FICBE G LT 3 A[REtEDS R S 7z, A F
LT —TNVOEBTFIEE & ROCHEOHBIBEGRZ X 0 FHlIcTi~ 27201, ETRIIHHETH 5
AR ANEEE T4 F VLI AT ACKIGETRo728 2A, PRLZEY SUGHEREL <
BT+ 2fREL-72, CREBZRATAIALFR=AREIIC X - T, BEFRTOIEEE T

HEEMET LA LIGERL T3 Ex b5,
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Table 10. # ¥ > AMEHE F O EHIE DG

/©/B(OH)2
MeO

OR 2
N Pd(OAc), (10 mol %) n-OR
L13 (30 mol %), DMBQ

AgTFA, Ag,CO3 O X
Na2HPO4' 12H20 MeO

dioxane, 90 °C, 2 h O
MeO 4,6-11 51217 OMe
OR
|
~si” o~

| |

O si” H H 0§)<

| ((, ¢ > 0 o)
.0 .0 e .0 r [ e
- .0 .0
12, 70% 5,79% 13, 48% 14,46%  15,97% 16, 56% 17, 14%

ZDXHICa,B-TEEMA* LD BIOBEBTIRELICHEICKZCFEEL WL b
b ARRISIERETH C-HIEHLoBEEZ G L EX LN D, U EOBRIHFEREY» L. RKISICE
JoElnt ¥ AT —T 0 OSEM AL A TH 2 ERELZ, UEoBiio Xk S, 74
I =TT ROAF v L —TAMEEDO BN Z FEMT 5 2 LiC X0 ISR % I I
M5z iYL 7,

31



5528 fiA OBk o A * o 4 0RO BRE

BB RS2 RET B2 2 e N TELD T, RICHEHEMHMEZH L 2icT22 & e LT,
T3 a,B-AEAIAF o L OB SEFTH e L, AT 2 B IIBEA O 7RI -
TNICT BT b v oFEE Lz, T7habb, 7 b v® Mannich KIGIC X Y a, B-FEIM 7 + v~
CERELRIC, e PR FUAT I VvEMALTELEAF L L% SEM ECoi#ET s o kick
D, BADa,f -AfdflAF > 2% FHELL 72 (Scheme 23),

o OH OSEM
0 piperidine @) HaNOH - HCI N NaH N
AcOH Na,CO3; SEMCI
R1 —_— R1 B — . R1 o= R1
DMF, 80 °C MeOH, 80 °C DMF, rt
R2 R2 R2 R2
18-24,35-39
Scheme 23

TP LA MELLD o, B-FEHA F L 22T EITRo728 25, 7V — Atk 25 K&
K9 LT Y=tk 15 DIREVIHE S 7z (Table 11), afid RIABTF L7 = = L FE T
INAF L L TEHMBICICHET L, EHDT U — MUK 26 23 96% DINFEKE TIF H L7z, R?
D7 2 =N CEBEINLEETH 7 ) — U LIFMEICET L, 2 o BREFREAM L LT
V—nAtik 27 L 28 3F SN, Z DERKIEHEIT 49 151 THh o7z, T-REB /v~ 7 ek
TEBEINIAF L LBBEICARETH Y, MIET 2T U — Atk 29 & 30 2300 53% CTFF & 21,
ZOEBHEIZI:9Thotr, FBMICRYyINAF U ELET ZHE b KIS ICHE
L, S5 27 Y — ALk 31 & 32 ZUNE 87% CTH 2. T DEMILFIL93:7 TH o7, Bl
BN LT, RETAFAECEIBINEAF S LDT Y — LAY D B IL, R2B37 =
—ECER I LA X v Lo HR LRI T, RESET IR L o7, —J7. BHLOE
B R 22XV ERA Y 7oV CEBINAZEE CHEINERLLHFRS N, T 2T
U — AR 33 % 25%DICETH 2 72, mBF ok T U —{bik 33 ol 5% NOE <2
LRGSR, ZHROBPBER L TD T ebhol, ZNEFA Y TrEAIEEL 7Y — i e Df
ISR E U TR K VKRER ZhR e L&MW LThH b0 FEILONDS, BE
KA F L LBHFREINDZ DG Y, EHROT Y =tk 34 % 39%D IR CHLEM L L
ThH 272,
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Table 11. o, B -AEIFIA F & 2 i FH #HipH

Pd(TFA), (10 mol %)
\-OSEM 113 (30 mor 96 \-OSEM \-OSEM

ﬁ)LF“ Q (O BB, AgyCOL
Na,HPO, - 12H,0

dioxane, 90 °C, 1 h

18-24 2 9,1 5,25-34
OSEM OSEM
9:R=H
15: R = 4-methoxyphenyl 15: R=CHs, 92%
88% 26: R = CH,CH,CgHy4(p-OMe), 96%
(25:9:15 = 30:36:33)
OMe
N,OSEM N,OSEM N,OSEM
.OSEM X
o i ' |
MeO O MeO MeO
27
96% 53%
(27:28 = 49:51) (29:30 = 91:9)
OSEM OSEM
OSEM
OSEM
\
Ph 31 Ph 32
87% 33, 25% 34, 39%
(31:32 = 93:7)

RIZ, afind7 = =V CTEBLI N o, B-FEIFIA F & LEHAIRETH 2 2R L 72
(Table 12), 7 = =3 FICEFHGHED X b F LB FRGMEDO MY 7t m A F AR
AT VIRTFERT S a, B-ARIFIA F 2 LA TRIGETT 0 7223, & TORE CHFIC RIS HEST
L. WS35 27 ) = fbiEBEE el o i, kb, 7Y —LEKiIe< ERE EERY L T
% E/ZBMURoRAME LTHELN, BHL2T Y - ibiko E/Z o BYAL =il R 4 ik
T3 bl ns,
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Table 12. a-7 = = VEELA F 3 L O35 FHE A

.OSEM \-OSEM
N Pd(TFA), (10 mol %)
L13 (30 mol %) N
BOH)>  DMBQ, Ag,COy @
+ -
3 Me0/©/ Na,HPO,-12H,0 MeO a
Fi/\ dioxane, 90 °C, 1 h R/\
35-39 2 40-44
\-OSEM \-OSEM \-OSEM
o o o
MeO MeO MeO
OMe F Cl
40, 90% 41, 85% 42, 88%
(E:Z2=1.3:1) (E:Z2=1.6:1) (E:Z=12.0:1)
N-OSEM OSEM
ISl o
MeO MeO
FsC
Br 8
43, 72% 44, 72%
(E:Z2=2.1:1) (E:Z=1.9:1)
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H3IE TV — AR u Vg oM

RIS, TV —nKn v EoE A HPE %2 L 7z (Table 13), BG40 2 b ¥ > (61,62) %
A F LI (63,64) BEVHNCHED 7 2 = L3 (27,28) % L 7 = =L H(6566) 2 HT 27 Y —LAn
VBT RIEET L. ST 57 Y —UER S EINECE b L, e 7 VIET(67-70)
PCEFRKIMEDO P Y TAAr AF A7) E T SRR VIELEHAAIRETH o 7203 4-7 mE
7z Ru VR ACEEERRICROEMIE R AL NI, 4-F ) T ArAu A F LT 2 =R
o VR 72551 63%DICRTEADT U — M bikpfGon—7 T, 4fficz 27 %
HT27x2=AFRu VEESS BEFRET. 1R LA EKIGHET Lih o7z, £/, VKREED K X
W2,6-¥ 7887 2o b Ru VBOHFRINDE I EBDI D, 2%DICRTHIGT 2T Y —il
H % 5.2 7:(73,74) . —RINICBE~DOIRMCENIREZ G T 5 ~ 7 v i EHELEY Ll & L <)
(T, X7y Ll % W23 C-H BREREMLICIGHEICTE AW L ARONTEY , RV Y F
FT7 vV I Y IVVYREGD~TRT Y —Ru ViE(56-58) % v TG E 1T
otz h, RIFYNET BTV = URiE o N o7z, —J7T, 2-7va ) YR Vg
(7576) XU 2-7 A w ) R u vg(77,78) TIRHKIGE R S HIND T ) — ik % 5.2 72
b, RAREDFH W ~T e T ) =R e VEETHIUL, KRICICHEIGTRET® 2 WHEMEAR
I N, BB 7RV FARE VEEGB)PLCAT Y AR VEE(60) 7 ED Y= vR e VEIZAR
FOSICITBEHTE a2 & B30 0o 72,
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Table 13. 7V — vk v v [ o FH i FH

R
\
N-OSEM Pd(TFA), (10 mol %) \-OSEM i
L13 (30 mol %) % N,OSEM
Q DMBQ, A92003 XN
(OH), > +
NaoHPO,-12H,0  AF |
dioxane, 90 °C, 1 h
2,45-60 OMe
MeO
MeO
N,OSEM N,OSEM e
o Noh
MeO O MeO O *
OMe OMe
15, 92% 61 MeO
79%
(61:62 = 45:55)
.OSEM
N R = Me: 92% (63:64 = 50:50)
N R = H: 78% (28:27 = 45:55)

O R = Ph: 74% (65:66 = 42:58)

R R = Cl: 87% (67:68 = 42:58)

R = Br: 45% (69:70 = 45:55)

OMe R = CFy: 63% (71:72 = 33:67)
| -OSEM | OSEM \-OSEM A
¥z N,OSEM
X X

O b | *
cl MeO R™ N |

OMe OMe

MeO
73

42%
(73:74 = 83:17)

R = Cl, 24% (75:76= 26:74)
R=F, 51% (77:78 = 25:75)

55, trace 56, 0% 57, 0%

i (OH); (OH); B(OH),
i Meochij Meokw @j @j

B(OH)2

58, 0%
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o5 5 81 TR

% 1T BREEEER

AR L7z &k 9 ic, RS R AT A ATV L o, B-REIRIA F > L L ORETH C-
HiGH b 2R T 2 ClEITL T b e EZbND, 2T, ZOMERICHEMEZRGEES % 7=
OB % 1T 5 72,

F ¥ v LHEENOERIF T IXRBICNT 2ENREERH T 5 2 L2 b EE, 4 F v LR ELHE
LLTCHALZ C-HIFHEERIGDE S G S hTwas8, Zzoko, EEVBRFELEZ CH T
U — USROS b #E O & FERIC N T Yy Lo 4 ¥ v LEFR~ DR &2 2 L L CEfT
LTWBHBEN S B L E 27, 22T, &3 LDRMAENED ZRDHE 79 ZHTT ) —
MURIGEIT 5728 &5, iR RISIZHETT L, WIGT 27 ) — ALk 80 % 67% DI TH
Z 72 (Scheme 24), B/ ONTT U — ALY 80 DA F & LORMENIZ ZthDo L TH -
Teo BFAF UL 6 EMOTHAEDKIGIEEIXT0%THE Z L% HEET 5L, 4% Lok ik
EART ) = Lo RIGHEICIIFEL v Ex oS, UEOBEHc XY, 7Yy Afilifo A
¥V LABER~DOENLIEIAIEDEITITIIHATIE RN L 23R I Nz,

MeO*N MeO.
BOH), PA(TFA)z (10 mol %) N
O 2 L13 (30 mol %) N
+ DMBQ, Ag2003 O
MeO ™ MeO
3.0 6q) Na,HPO, - 12H,0 O
OMe (3.0 eq. dioxane, 90 °C, 1 h OMe
79 2 80
67%
cf.
n-OMe N-OMe

Pd(TFA), (10 mol %)
/@/B(OH)Z L13 (30 mol %) N
+ DMBQ, A92CO3 O
MeO ™ MeO
NazHPO4 . 12H20 O
OMe (3.0eq.) dioxane, 90 °C, 1 h OMe

6 2 12
70%

Scheme 24
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RICENKBIEHER 2 TR o720 a, B -FEHIA F 2 LD LA E/KEEHR L =8 0
Bz, WMIGT 27 v EFAVLLT AT F-do 2> 5B D & REICHE - T s - 72 (Scheme 25),

o = D O .OSEM
FEi)sgridci)ne ™ 1) H,NOH - HCI D N
AcOH D CD3 pyridine, MeOH b"N~"cp,
DMF/D,0O 2) NaH, SEMCI
MeO 80°C,20h 5 DMF, rt o
9-ds
Scheme 25

FHIL A F S L 9ds & 7 2RO VWD W C RS 2072 & 2 A, BEELC &
2TV — ALY 28-dy & 27-ds DKL IZ 12 : 88 TH Y FEEHRA DG A L R TREL
ZEAE L 72 (Scheme 26), FEEFR A DL G DB 45:55 TH L 2 L b, ZOFRITa,B-
FEHIA % & LD BRIKEDHIEER 2 207 V) — LIk AR Ic K& CBIEL T w52 &

BRBLTW3,
5 NOSEM
b N\"cp, . ©/B(OH)2
OMe (3.0eq.)
9-d; 47
cf.
\-OSEM
%\ B(OH),
+ ©/
OMe (3.0 eq.)
9 47

Pd(TFA), (10 mol %)
L13 (30 mol %)
DMBQ, Ag,COs

Na,HPO, - 12H,0
dioxane, 90 °C, 1 h
67%

Pd(TFA), (10 mol %)
L13 (30 mol %)
DMBQ, Ag,COs

NapHPO, - 12H,0
dioxane, 90 °C, 1 h

78%

Scheme 26

Rz, REIERIC B0 2 HRIEOW = BT 2 H R YD 52, RIFHKBR %775 > 7= (Table
14), AgTFA ZIHIM L7 WERECRICZ TR 728 & A, RICHEDSBEZE KT L, 7V —afbik
DI L 5% TH o 7z (entry 2), D X 5 7 TFA OFMEHRIE, BE S IC X 2 KETH C-H T
N7 = RIS OHE B LA TH 22 L b, ARISICE VT D ZHNTHRET 2 PA(TFA), I
KT 57 T4 7 VY 2R RGIEER & L7 RETH C-H B Bl Tl L <L
B AIHEHE AT X U2, 75 B9 ¥ 0 L & AGTFA ORTEE &M% 3 10 D 1 PA(TFA), ®
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HEMZ 55T H itk WIECRICHHETT 5 T L 239720 o 7z (entry 3), HUBRFEWZ & 1T,
DMBQ %ML WS TIRINESHE TR T L, SHBOEIAEEY % 5 % 7= (entry 4), Z U5 E
) DOREERRNT % GEIICAT R o 72 R, B R&Z Licd-ImE-4- X Fv-11-v7 2=
BN 7EAFINA-RA XU T2V F AT =T A(LI)DEIEL TWE Z 2505057,
TNERY Y F 7 VEERBEREZRML 20 IGEFICE W T, Bfife LTH AT AT —T Lk
EBRLI3 LTV —AFRuvig2icl37uxhy 7 ) v I RKIEHPETLZZ L 2RBRLTWD,

Table 14. xfHEFER

AT O

-OSEM L13 (30 mol %)
\ B(OH), Pd(OAc), (10 mol %) N,OSEM

O/ DMBQ (30 mol %)
AgTFA, Ag,CO. X
MeO 0 O
MeO

el

Na2HP04 . 12H20 O
dioxane, 90 °C, 2 h
entry conditions result *Isolated byproducts
1 standard conditions 97% CIOMe
5 without AGTFA 5% 81
S
3 Pd(TFA), used in place of Pd(OAc), and AgTFA 92% /©/ \O
MeO

4* without DMBQ 81% L12

BB O RS I D W T EE T 21CH 720 . 2019 4ED Fox H D& ICHEH L 7230 (Scheme
27), 5135V 4(0) L ILER A ILAEL > LT 22 2ick ., TV —AFuviige 7
NIALT Y —LF AT —FLFEERD a2 Hh vy 7Y v PRIGHENRINICHETT 2 2 & 2fE

(1.9 eq.)

LCTw3,
Fox:
O )S\ B(OH), PdClx(dppf) (15 mol %) . HO__OH
NN 2 Ag,0 (2.5 eq.) : (R\/B"’O Ag
N\ IN > N“ "N L. L |
Y DMF, 60 °C, 20 h N L Pl .Ag !
Ns_N ' Het ® !

96% \T i R’

Scheme 27
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CORIEIR, XT Y7 A ATV B S TEE SR L 2RSSR S L T B
Zehb, 4-7ma-4- A F-11-87 2 =L (81) DRI L Fox b 0 & HLLL 7z RIS I
X2bDTHDEEZ LN (Scheme?28), —/7 T, 2,6-Y A FN-14-_V V' F ) vORIMICLD
DX REIRKIESMFI SN FEEEET 2 L. vV * ) vFEROTINILE TR D 2
HEDHB T, MIGHRNTHRET 27 Y7 L(0)IC X EIBIEOMFENC S FE L TWw»d Z &8
RREINTZ, L2LADRLY Z7u~FI-4-2 %27 2= A F 4T —F 0 (L12) DL EERE I
BAL Cld, 7 VT ol L CAERL CW 2[RI H 2 b 0D, ZOFEMIZ AT %,

s BOH)2 Pd(0), Ag salt S
cl MeO ' MeO
L13 2 81 E L12

Scheme 28
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552 JH S A4 7o

FREEFEBRDFER 2 b, KIS a, B -FEIMIA F > LD AL TORE T C-H iGN % & T LA
TD X9 BRI CHEIT L T % b 0 L HEE L 72 (Figure 10),

OSEM N,OSEM

e

reductive
elimination

Pd(0)

reoxidation

+
\-OSEM 1

i’)\ e \-OSEM
TFA 7 L+
d(TFA), Pd
electrophlllc L

b
C-H activation R*™H
— F -
b
reoxidation H
] N,OSEM
TFA P: d/i)k
Pd(0) LR
H
rgdt_lctiye
elimination transmetalation
N,OSEM

L Ar—B(OH
N,OSEM Arxpdﬁ)k r ( )2
L

Figure 10. filiff4 4 7 v
IR, BREOICX s THE SN TV 87 Uy L% W2 5 &G o C-H 77
LIS EFLIOBEECH Y, AF A VAN T VY L ERISERREE L2FREOMEC o, B -

FEIMA XL LD C-HT Y — AL T L TWBh DL FEZ T b 101329

41



Thbb, KIGHRNTEL 7 PATFA), MDA F4 v 55 0y L D a, B -FRIFIA * >
LD BALCRETINCIS L THF A v ERREEF 23 B L, BHikETH 5 H £ 7213 H 23
Tu b vfbTE LT ANV LE G T INNT Yy L H HBAEKT % (Scheme
29), O-SEM # ¥ v ZFHHEF T2 OMOWEFHEMIRICL Y o, f-AREAAF L 20 B
DOREMER B A FA R F ORENRICHFEG L T2 bDLEZOLN5, fit\» T, »¥7 Y
7 LR G MO H P EER e VEEL SRS v 7Y v L RO TG T 2 itk 2
HOT ) —MMEEBYIBEOND & F 2Tz, hBETTHMEEC X D ER L 72 PA0) X, REEIRIC
X o T PAUD I (L X Tl 4 7 A 0358463 5,

N,OSEM N,OSEM
N,OSEM TEA L
. oseni ] Pld/j)J\ Ar—B(OH), Ar/j)k
SEM '
H2 N’ L
,j)\ TFAP"derfk /H: Ra R
Pd(TFA), == [PdOCOCF;]" ——> L e Pd(0) Ag2CO3 PA(ll)

R” HP H
-TFA
i \ N s
O+

) EM \-OSEM
| H N“TSEM TFAP:dj)J\ A
—_ J\/f\ ; Ar-B(OH), |

R

Scheme 29

F AT —FAFEERDFIBNFICE L CTid Carrow b iC X o TEEMlIC#r S hTE Yy, T F
NT ) —=NFF T =T VDORAIC L o TREREBICSH 257 Vv LESEKRSEHEL . KEFIHED
EMWTF AT =TTy L L1 EEERICAEREEIMES 2 &2 NMR EEIC X VI
V% 272 (Figure 11), Carrow 12 X 2 COEEEREFE T 2 L. F4 T — T VFEEKROENLIC
Lo TRIGENETH B F AT —T -7y A 11 EEKROIFAEEI AN L 72 f5 58, K&
) C-H G AL M & 7z o LHERI X L %,

L., o
Pd L )
AcO™ " M~
OB_Me l O, -0 Me

AcO—Pd—OAc 2 Pd<
AGO.. Oy Me _—= | Ve /:Or o
L—Pd=o L " §
O':. .wOAc
1 o—Pd<|
L i L = thioether ligand

AcO—Pd—0Ac | S
monomeric 5
! MezN

thioether-Pd spieces
Figure 11. ¥4 = —7 VENLF--¥T 7 L 111 HESHE DK
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55 3TH L) O RIERILICBE 3 2 5%

RIEIGITIE, kL 7R o, B-REEFIA F 2 227 ) — AR n VEESHEHARETH 5 2 L 200 -
72H, — T, A EEOEIC > TBbNE 22007 U — A bk AR B LT 2 &
V) BRZENFERZR TS, ZOXI BRIGHEE L 52 5T ) — UKD BRI & o BEE
ICDWTHEE RSN Z D L ICEH L 72,

T, KIGICHV S o, B-FEAF ¥ o 20 L 7V — bk o £ R o Bt icBI L <
Z%2 1 72 (Scheme 30), BALICT7 = =VHEFHT S a, B-FRIFIA F > L 20 TRICE T - 728
DTV = AUIR 27 KR 28 DARKIEEKIZ 49 : 51 TH o7z, TN A FA W T V7 Ldfilik
F D BfiA#EH & H OIEMERRSETH - 067V Y LEG L HANZIE 1: 1 DHET
AU, ZNOBELHICT V) —Fa VL RIGL72RR. 7V — ALk 27 £ 28 231313 1:1 D
RCERLEZbDEEZ LN,

OSEM N,OSEM

N
F/,d N Ar-B(OH) M 49
LOSEM \-OSEM Lo
T / MeO” 7 Ph
————| "Mpy 27
-TFA ! b*

-H ..
Ph Ph” > Hb
H \ OSEM OSEM

20 F N’ N’
,,,,,,,,,,,,,,,,,,,,,, TFA & Ar-B(OH),
' o Pd B ——
: oo s | | 51
PAr = 1 Ph MeO Ph
,,,,,,,,,,,,,,,,,,,,,,, 28
Scheme 30

—H T, BIMLICTFNEERT 2 a, B-FEHIAF > L 21 OGHEDOT ) — LK 29 KU 30 @
ARIEEIZ 91:9 TH Y, BIICT7T =V HEFHTEAF L2 DAL ITKE QB 2H5HE
¢ 725 72(Scheme 31), ZhiZAFA v W77 LR F © BiksE H O H X b
bRV ERFERTE = ATy LG OERPERL. ZOKR. 52257 ) —rLikot
IR IR BEL-bDeEZLND,

) N,OSEM N,OSEM
TFA Ar—-B(OH)
X X
N,OSEM Ha N'OSEM Fl)n_d —_—— 91
L /
Pd(TFA), TFAP'd + -Ha G MeO

21 E \ \-OSEM \-OSEM

Ar-B(OH),
— l 9
MeO

,,,,,,,,,,,,,,,,,,,,,,,

Scheme 31
43



BEKEEBREROFER O FEMICER T 2 en T, FMARRIRICK > THEBE ST Vv 0[]
RF D BLIAKFEDO T v b VEBEL L 2R, 7TV — btk AR RICRE Y 24 C2d o b
# 2 b1 % (Scheme 32),

g D
L
TFA B4\~ ~cp, Ph-B(OH), Q/S)\CDS 0
.OSEM ' >
N’OSENI Dp N I'Ar Ar

D +
Pd(TFA), L D
N ——— | T "o ¢ -
D)j)kCDS TEA |'_ 3 * 28 d4

Ar Ar” "H OSEM o
9-ds F . DD N-OSEM pp N
_— Ph-B(OH),
ot TT T T T : Pld | CD3 E—— | CD3
! O/ 1 L 88
;Ar = ' Ar Ar
1 MeO 1
M O H 27-d;
Scheme 32

T —DERMES AT a-4 Y TRt F oL 23 OBED FRRICHERITEETH Y, H T
F v PEfEfE F o BAKHR H B FEEOHECH 7o F L LIt wWied T I AT oy A
HHOEBPMAN, ZORBRE=ZANT VT LFE G &I L7z 33 O 2%k H—ER) &
LTHz272bDEFE 2 515 (Scheme 33), b+ ¥ 4 23 DEAED AR 2RO LY % H—Th5
Z72DiE, AV T e A BEOVIREEDREIC X ) ZROERBELELZbDELZLNS,

OMe
TFA L OSEM N-OSEM
- Ar-B(OH), [
\-OSEM he N-OSEM TFAPdL \ OSEM / N —_— 100
PA(TFA), | TFA & Lt L, -HE
—_— Pd — Haj:ik G 33
-TFA L - o HP
Hb Hb BRI OMe
23 F EN N-OSEM
,,,,,,,,,,,,,,,,,,,,,, TFA Ar—B(OH)
; - Pd/:ik __________ 2 N,OSEM
! oo oo > 0
~e O L
! MeO ‘ H |

,,,,,,,,,,,,,,,,,,,,,,,

Scheme 33
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%6 fi ARV OEIY ) ¥ VA~ DIGH

T, a, B-AREMA * > 22 ARAEAE LCHW 2 ) Y vy AGEORESHE L L L.
o, B-REMAF L LETAF Y EH W0 Y LB [442] LG X 3 &Ry ) v od
LD CMEINTW B3, 22T, KETHABIEZMEL L7z ALICkRA T ) — VB2
T3 a,f-FEAA F o LFFEARABEL Y Y O v 0 SRETEA L L CIiEF R3] L 72 (Table
15), £9., filliE oYY LFEE T, CHT UV —MLic X W AR L 72 o, B-FfafIA ¥ > Lz —
TN YT 2= NTRFLVE AT VERETT 24 FEEMEGERL 7225, EHO
2,3,4,5,6-HiEfar ) v 83 & 2% DI TH 272 38, A F v L —F 125 D SEM E%
BF3:OEt2 iC X W RE L 72 A F & 4 82 10 L CTHEBRD S CTRIGZE T2 & 25, 3 KT
JEATERE LHBID Y 2 v 83 28 80%DINE TEF LTz,

Table 15. a,f-AEAIA F > L2 w ) O VFFEED AR

on ®

N Rh(PPh3)sCl (5 mol %) O
i NS
MeO (1.2 eq) reflux, time O
BF;-OFt, [— R =SEM(2 MeO 83
quant. R =H (82)
R time result
SEM 24 h 32%
H 3h 80%

TDOXHIC, RETHBIEEZMWLL 7 a,f-FEMAF > 20 BTV —biFIZERY )~
VB O GHTE AR L L CIEHVEETH 5 T L AEFETE 7z,
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57 KSR

KETIE, AFA VNI L GERR e VIR VT a, B-FEIHIA ¥ o 20 BA0E
R T7 V) =AML RIGDRFIC DO W Tiki R 7z, i E Ta, B-REAIA F > 20 B Lo RKEHEE
ERHLZBRECILER I N TO ARl o728, hF AV AT Yy LflERBTRIGH & LT
AWz Z2ick b a,B-TafAF v 20 Ik REFIICERRE(LT 2 2 & ic¥lo TRIIL 72,

SRR T 2B T, FA T - T AFERORINIC L Y ISR ZEL T 2 2 L2 RL,
Z oG sl 35 2 L ic X ) OGN Z RIBRYICH L3423 2 e AR TER, £, RV V¥
J VEREROTINC LY 8T VT A X 2 BISOGAIH X B L v ) BEEGHIR S S5
NTw 2, ROCHIBIENT O, REOCITEEE - Re6 L BloEEcEfTLTw a2 b0 ¥
Ao, WFAVHAT VY LFEIC K ZRE TN C-HEBRE LA SUEIETH 2 LHEEL 7=,
HIKFEIEAREROFR S C OHEESICHIEZ 3R 3 2 b D TH o 7228, SUCHIEDOMRIHICIZ 5%
TORIMADVETH 2, RECHBIERMLL 72 BIICHA LTV -1V EE2ET 3 a, -
BIRA F & LFERIIE ) v DAL LT, Br—AR2 2T Ty 8RB X)) M [yt Fy
=B R D~T u EEFERICEY O GRATEME L LCEREETH 2 2L h b, RFEIISHE

AL OREICEH ST 5 b 0 L HfF & 5 (Figure 12),

B-aryl substituted
a,B-unsaturated oximes

hv
N~ |N
R2 ! ™ R2 ! -
pyrrol furan qumol/ne /soxazole pyridine

Figure 12. a, B -AEIAIA ¥ > 2 O G EHTER A & L < D& FH
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F 28 a,p-AENAF LD LALERNT AT = MAURISEZHR L 28 e ) &
v A IIE DREFE

FH1ET R

IO FREEDFICIIEERERIREE T2 VOMSEHET S, BEOWEIC X 5 Lk
E FDA 2KGRL 2B GO 5 b EEFERRMELH T2 D DD 59%ICETDIT 2%, 7z
2019 MR O EIEFE L 30 fIUAN 0BG D 5 5 9 BT oL G Ic G ERERRIE TN
22Ehbb, BEREERILAYOERMNDIFICE T 2 HHMERERL LT3 (Figure 13),

/
O
N N
\
0 Q” %\}
N
Eliquis (Apixaban) Revlimid (Lenalidomide) Imbruvica (Ibrutinib)
$ 12.1 Billion $ 9.3 Billion $ 8.0 Billion
CN

Cl

— CF
é% (} gj% ’
S
N
H Y
HN™ ~O O. N N o
N } YTJVI i

N X ¥

O 7
A k¢M+ o F

Xarelto (Rivaroxaban) Ibrance (Palbociclib) Xtandi (Enzalutamide)

$ 6.8 Billion $ 4.9 Billion $ 4.3 Billion

Figure 13. &EFREREMNGE Z A 3 2 K0T EEH M

IR L CREEFERBRUAY PR A I ATV 2 ET L L Tid, X ofL
HEIcEEIN 2 BREFOME & BEEICER L T % (Figure 14), ERFEF KRR TFL D D

RN K E COTHRATENWE XD o A

TN A ISR & % TE AT HE 72 A7 26 1 ﬁ\)(\b versus Q versus O/
FHL TS Lhb, KEEOBLRTIEL acyclic N-heterocyclic carbocyclic
WREZ A LT3 308, Z2al-0, EERE Figure 14
FELAVRIRFBEBRCAM LY SENIAA AT <A T ) 7 4 CEWHRIFIER) 278 3wl RENE:
D T E DRI I NS —H e R oTw 3, —77, BRIRRE I3 & BlHE 2 fRE 5
% 2 LT, 2 OLEYAEY 15 5 ARRE D B HEEAIEERIRME & N CHIIR S N 2 720, Aff
47



WERFE v e v —WICHER A EZ ST 2 Z L3 ifF T & 2 %69,
BEFEFRNMAYO T, FICEEAEF— 7L LT ) P v bns, KEFDA
DGR L 7Ky FERESOFMAED 5 b, ROFHOGERERFERICI VY THL LW
5 WEEHIRNT 7 — & D35S S T T b 36 2019 D T o ESH 72 EE 200 #5340 5 5 10 8
M B ) Y VRERSEIEICED L 2L AT To v ) Y v FEEOH M
FIEIN T, LTI ) Y viiEz A3 280 FERMEZR LY, Z20% R Vv
B Rcke A BB A B L CT\w 3 2 L abd 3 (Figure 15),

Cl o) F
O
N NUi OH
I : :
= OH OH OH O

Bepotastine Cerivastatin
Cl A N
Cl N /\ |
i;j;p /NﬁC)w HN
NS
F AN @) Cl
o G | _ F 0]
HoN N Fib
Crizotinib Roflumilast Nexium /

Figure 15. &' 1) & v BHlE & A 5 (54 T

D XHic, vY Y VFHERIIAFCE ST A AMMED s eV TH b 2 e b, B
vl Yy OaBEDORRITARIL A TR ERBLEED TE Y, 2 E THRAICHIE T
bINTE, Y)Y vEKROEHHPTIEE LT, Hantzsch ¥V ¥ v &k*% % Bohlmann-Rahtz v
Y YEEN R ET NV F = ARG~ A T ARG & BEE U 72 B FE R 72 B BGE ST & T
DH, AEATREZR E ) ¥ VEEER O E N X — v CE L O B I IREN TH 5 (Scheme 34),

Hantzsch Pyridine Synthesis:

R3
i HAO i o RO O R® O
1 1 +
R O)i ZJ\OR H*, A R1OWOR1 [O] R1OWOR1
R2 SO 0~ "R? P
NH R2 ” R2 R2 N R2
3

Bohimann-Rahtz Pyridine Synthesis:

R2
EWG It EWG. A\ A EWG o~
R — J ° »
HoN™ R 0” "R H,N" R R' "N” "R2?
Scheme 34
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INDERRIZAERT 7 —F L LTld, EFREMEZH V= IrETALF VLD
[2+2+2]fHMBLIc X 2 v ) O Vv ABESFE I N TW 22, ZoFETIR, v Y VBB
INEEIICHEFT 3 5 —J7 C. BRI RE 2 FE O FEMEIC Kl IR 28 % % (Scheme 35), £ 0 X 9 i, fEKik
THRATRERER Y ) O Y OBEIRRONT Vw20, FTEOEI A X2 — v 2G5 ) YV
R EIRIC A TR R FEOAENE E N T & 1,

[2 +2 +2] cycloaddition :
=z
4 —
2 N ——R2 N R2 X Q
R2 |‘| or X + Metal catalyst | N or X | N
" F —=R* R RZ Y R 7R
Scheme 35

AR, o, B-AEIMA I v 2 ARETEMA L LT E Y Y & v OREERI & BGE DR
BHEHZED T3, 2008 4£IC Bergman & Ellman 513, a,f-AfIHIAf IvETALF DN
U L[4+ 2] B ROGIC X B iER Y ) O v DA E R L 72* (Scheme 36), ARIGIE, C-H
WEHEALEOGZ o, B-AEIFIA 2 v D BACEREEMLICEM T 2 2 & THEWA Y ) & v 3K ATRET
H25Z LR LIEHN G TH Y. COWMEURE, vy afillic X2 C-HIEMHLZFIML 72
B Y OV ORKIEPBE CREINTE 2,

Bergman and Ellman:

R1 R1 R1

~ .Bn 1) [Rh(coe)Cly] Bn 2) Pd/C .

N (DMAPh)-PEt AN toluene/TFE, 0 °C N
" ;47/R2 toluene, 100°C 1S no 3)He(tatm), R ! i
74
R2 R2 R2
15 examples
32-86%
Scheme 36

FRIC a, B-AEIRIA ¥ o 2 2 A RGHTMAE L LCHW Y v ERIEORESHEZ L, =
Uy Ll 72 [442] B OGIC X B EL Y ) O v oS IESBE S IREIhTn B 8L,
2008 4FIC Cheng H %, 1ffiowm &y LA V2 Z 21X Y o, -FfIMAF L LT LF v
PHEBBEE) Y UREKARETH L L EREL TEY M, Zok, TESICL->T3fliory
v LT b FIRED KBS AIRET H 3 & 23S X 372 31 (Scheme 37),
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Cheng:
R? =Y
(k\N -OH Rh(PPhs)sCl %N

Rnir R2 toluene, 130 °C RHV »
= R

R2 R2
11 examples
Chiba: 62-94%
R1 R R1

~. .OH [RhCp*Cly]p
7N’ CsOPiv %\N %\N
Rar RS MeOH,60°C Py R
% R3 R2

R2 R2 R3
1.5:1-23:1rr
26 examples
40-88%

Scheme 37

¥ 7z Bergman & Ellman H1&, 20w Yy AfMEZ w2 FEICRFET VX v 2#EHT 5L 5
MBI ) v AR L TRONDE 2L ZHE L T3 31<(Scheme 38), L2»L, WINDEK
FicBWTH ZEHIENHRT L v 2 725G G FAEDERE ORI 2N EEcH V| A7 E R
DREVPRONDE Z L3 EI N TV B,

Bergman and Ellman:

;
T oy [Anlcoe)Cyl 1 A
(kN* P(OPY); N %\N

Ror THF, 135 °C an * o Rag e
= 5 R?
R? R2
>20:1-16:11rr
17 examples
20-89%

Scheme 38

2011 4FIC Rovis 13, v v L[4+ 2|BL S v B FERL T O FRET 24T v, AR IS
i\ Cp? (di-tert-butyl cyclopentadieny) Befiz 1% F\» % & frEh &R M L3 2 2 & # RINL C
% 314 (Scheme 39), L2 L 726, SEEERIIEEINEDFRBICIIE > T,

Rovis:
1 1 1
T on  [RACOCLL R R
el s
noi 3 o n = + n o
AL o T o
RZ : Cpt= H R2 RS
L g Sy | 1:1-10:1
e e - 18 examples
45-95%
Scheme 39
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DX Rl ) v ERONEERMEICE T 23 ICH L Rovis HiE. o, B-ARIFIA F
YAEEMALT AT v EvCr Yy A C-H 7 A7 = UL ZAT S L., 6 ffiElfie ) v v
DiE O EDEIRE TS 545 © & 2 L2 (Scheme 40), AFE T, LT A7 v 2
WAl 6 MLER Y Y OV AERERNIC AR ATRE T H 2 72O IER IR TH 525, —T7 T,
TAFATANT DX RIHEHALT AT v el GE IS frEfy ) o v L oREYE 5
25T EHMEL TS,

Rovis:
R1

R1 R1
2 ~ : [Rth*Clzlz R2
RTK\N’OPN AgOAG RQ\@\I\ . = !\j
o s N
DCE/AcOH

g CE/AcOH, 85 °C N R3 z

R3

R3 = EWG, aryl > 20 : 1 regioselectivity

18 examples
33-95%

Me

Me Me
. [RhCp*Cl,] M
MGTH\\N,OPIV AgOAgz Me\@,\t € /lN
+
DCE/ACOH, 85 °C N Hex N
Hex

ZHex
1:1.3 1, 72% yield
Scheme 40

Rovis 513X o1, a,B-AREMANVFRVIEEOCEE & LTHGW S & a,f-REEf4F 2 L0
plicu sy LM EREE S v 7V v I EIT L. 5 AL e ) OV RRERIICERTE S L
LT 5% (Scheme 41), AFETIE, ALK VBEO R VY Lfif#ii~O BN 2 FIHT 2
& CHAIEER ORI AIREL 72 0 . Z OFFR S MLICEEZH T 5 v Y & VISR Z IERIC
AEAIRE L 72 o T2,

Rovis:

1 1 !
re N opy IPCECH: 5
\[ﬁ\N' AgOTS, KQS208 R Z\| . Me Me Cp*: R = Me
~_COH HFIP, 58 °C g 5 Me):;R “Me cpCFe: R = CFy
5 I
RS/\/ 2

> 20 : 1 regioselectivity
16 examples
37-82%

Scheme 41
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ZoXohu Yy afiiic X3 CHIEMEISZH W2FEICL Y, a, B-TEIMA F > Lh

B ) O SE A EERE CORATREIC o TE 2, — 7. BILICEMELZHET S a,p-
TFIAF o L TAT v e DRIGETIE, C-HIEEL D SKISHEDRBEEF UK T35 2 L2350 h o> T
V%% (Scheme 42), L7=23»> T, v 7 Affillia V72 FiECid, 4 ficiEfdk 25920 ¥
VIR EERNICER T 2 L IR CH B, UEo XS, o, B-FEEMIAF LD LS X
B ICHEARE RN T 4 v 77 ay I bfEOBEHA A2 -V 2350 ) Yy 2 BECE
KT % FEIERZMEL I N Tninn,

Me Me Me
[RhCp*Cl,], (2.5 mol %)
| Sy-OMe AgX or CuX (2.1 eq.) 2 N 2 N
----------------------- > | + |
Ph" g solvent, temp. Ph 2" R Ph A
various conditions R

R = CO,Et or Ph not observed not observed

Scheme 42

ZZTEFHI, MBEICCHBE LA T A v AT Yy Ll EZ T o, B-AEOHIA F 2 200
BRLT V=M URS%E . BALT M7 = MURISICFE S £ 5 2 L3 CENTHROEI Y ) v v
HBHEE 725 b D LE 272 (Scheme 43), Thbb, HIETHWAT ) —rRe VEEORD Y IC
TNANT ViFEEBEE Ny Ty = F— L LCHEHAT B2 8T, a,B-ARIAAF 2 LD B AL
TC-HT7AT = MU LT 1-TH ) v AER L., BuaE T ERIRKIG & N-O #Eé Db
WaRES HEAPEGIGETT 2 22 ik v e ) P vbEEERME LT 23 L& 2T,
RFEPEHTCENZL, TAT vEEREH Wz 0y A X 2 GGE IR SRR EEC
HbANER Y ) YV OERNEHELE VS5, LEALAEXDL, THETIC NI VY Ll
7 CHIEMALRIGIC L Y a, B-FEAIA F o ahb v ) Vv~ 25 L 72 JOGHNIZ ST 5
52 Lhb, KRJCORFEZIER ICHRIBTH 5,

R? R2 R2
Z wOR OR
/\)l | N -ROH = IN
RT™ ™ e/ectroph/l/c RITY electro RN - aromatization g1TX"~.
: C-H alkenylation cyclization ! !
Scheme 43
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F28 RIuktF ot

8 1IH  RChL T ofet

REIGOBR RIS 2 1CH72 0 PIHIBGITHOREE L LTIV v ) Ty TE Y2 bk
EH[HE/R A F 2 LT — T L 84 %N L 72 (Scheme 44), BiEE CTOMGHER S L. BALICEHIE %
A5 a,B-FEAAFL LTEAFL LEDD E/ZEMLBET LTV E VI HAERELN
T3 70, E/Z BEERICKRK T 2184 X 2Bk 2 B <, Wit ¥ L 84 ZROGEE L L
TEIRL 72, ABAF L84 TTHROY Ry YTV TRbvE O-AFLreFaFo LT IV
225 1 LRECHBARETH . ERWITRE MR E L TR 517z (Scheme 44),

.OMe
0 H,NOMe-HCI N
X % pyridine X =
® D tonn () ®
84
Scheme 44

FF NP F—FL T4 VL TIT 7 I AEEAT V@5 %, AL MY 74 o FERER
OBIEICRAIETOT Y — A LRIGCRIBETH > 72 A FH v EH G, BT 27 LFE T,
90°CT 24 WFEIMERIE L2 25, EAHovr ) v 86 2MEINE 28 515 5 72 (Scheme 45),
BB a,f-AEAF S LD BB T T = ALI NI BRI 8T IIHER T E b ol 2 e b,
ARLEL-THFEPY Ty o) Y vER~OBRLERE ILE L »IGETT 2 2 L 8RB I e, K
RIGIC B0 B EER Z RS, Przy, 1,2-¥7anxky, DMF, HFIP %o El %
BRI L7223, WIihd KSRV EMILT 2 DHTH 57,

)COQMG
~ 85 (3 eq.
_OMe (3eq. GOzMe I CO,Me
N Pd(OAc), (10 mol %) AN : OMe
& _ AgTFA (2.5 eq.) | 2N
X = '
O O dioxane S
84 90 °C, 24 h 86 : o7
17% L 0%

Scheme 45

RiT, BALTOMEI 2175 2 b Lk, B 1 ECOMGIHRIR» o, @Y R T 233 %
LItk oy afiic ks C-H BReEALAEI NS L wH AR EZB/ WD T, BhiT
DENINC X B[R D SOCIEERN R 2 Wi L 72,
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AR, X T VY Ll AR 724 ¥ v 23FERO C-H 7A7 = MERIGOFINA & LTl
CUBHNTH B EBME TN TWBY, 2019 FiC i bl ST Yy ARV O-2F
ARy )FT)FF D C-HT AT = MURKIBICE T, 40 mol %O v Y ¥ v 2T % L
ICEBEICE E$ 5 2 & & L7z Y (Scheme 46), 724 v F— 4 F o LAFERICHT 2
[FERDRIGICHENTH 20 Y EO Y ¥ VORI RIGOETICHMHEATH S Z L 2HEL T 5
b, Y Y DIRIGIRICEE S 2 FEl 8 FOCHREREIT T b T d DD, WIFho KIGIC
BFOUTHEI IV ERMLACEAETEELCINEMET LTS 2 enb, ¥ Y YORINIC
£ B RISEER RATEE RN TV B

Ji:

Pd(QAc)z (10 mol %) O

pyridine (40 mol %)
AgTFA (1.5 eq.)

- A N
AcOH I
110°C, 20 h N
(2 0eq.) Q S

69%
(without pyridine: <10% )

F

Pd(OAc), (10 mol %) O

pyridine (20 eq.)

Phop /\@\ AgsPO,4 (1.5 eq.) . NN
HFIP P

110 °C, 20 h Ph-N

(2.0 eq.) O

79%
(without pyridine: <10% )

Scheme 46

ZDXRJibIk3WMELD Lic, ¥ P Ve ZOFERDOFMBAIGIC O ENTH 5
ZMEEL 72 (Table 16), £ Y YV (L19) K 2,6-LF ¥ v (L20) 2N L TG 2T R o 72 &
A, TRICK L TKEAHES L, Ehov) vV 86 I FobNar o7, —/ T, YV
D 2fre 6 f7ic Bulkz 9 2 v ViR L21 ® L22 ORISRl OGtEs m L,
Hyovr )y v 86 xxNZN 47%& 44%ThH 2 7=,
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Table 16. vV ¥ v B FDRES

COgMe
/ 85 (3 eq.)

Pd(OAc), (10 mol %) CO,Me
ligand (30 mol % / N

AgTFA (2.5 eq.)
=
dioxane
90 °C, 24 h

ligand
N
none | U | =
= — pZ
L19 22
17% 0% 0% 47% 44%
MeO N\ OMe >(O N\ O\K MeO T >( T
o o U U
L23
29% 32% 14% 25%
N_OMe N O\f: N O\(gigx [::ﬂjfj/o
T T QT J T
L29 L30
21% 32% 40% 38%
L31
50% 23% 26%

K E) VR BICETHEGHEOm T ra X v EEH T2 26- 7 vaF o) Vv 1238
°L24 BRI L2, KISt EixAbhiarorz, 22T, IVBETHGEOH Y T F
VT I EERET LYY Y VR 125 ® 126 MR L7208, RICHSIHE KN Lz, 2o X
IR ) PVERE~DT I EEANCK ZICRE T oMb e LT, EHRIckoT Y
Y VBENDOERE T ORCARED RO b, fillfiFe L CEHLCL oA 2 e FKRTH S L
Eibhd,
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XV VEBBRORMR AR L, 2- X XX ) v (L27) TIRRIGHEDZAL IR

bhiadro/zbon, ERFE N IC, ¥/ ) vo2fic Xk VEEEREZEALZF ) Y v
FEARTIPCER M LT 2R ko, FRC1-THA~ VY &2 ) =L %BAL L L29, RU2-TX
~ VR —AEEAL L0 TIEBEEFICRIGHERm EL, Z2hE i 40% & 38%DINHE TEHARD
vy 86 LN, IRLOBREHER,2 L, ) Y v ENOERE T O AR R
DRIGH I ZE R 52 TWb T EARB I N, £ 2 THAZIER Licrd, X b EmEmoEis
HAEGT2C) S VvFHEARL LT 1-7X~ Yy FAFFOHEEZ2OEAL 2 ) ¥ ViFER L3
EFRHOWCHBRO KIS Z {To7z8 2 A, MR L7280 G2 E L, 50%0 I ¢ HIY 235
Niz. B YubiC ko THFEI N, ATV v L% w7 C-HBERRELRIGTHEMTH 5 C
LAMEINTHE XY VLT L32Y 2 3BT 2 U U v (L33)50 LREL 7245, KD
EN TN (0N

—MRANCHEE X7 Vv L LT ) Y RS L, Y VYT Uy L 21 AR
mm&om»ﬁ%ﬁénfﬁﬁmiécaﬁﬂ&nfwém1nr@m1t8@%%wﬁﬁg%
A3 20 ) Y VFRRZRML 561, ERETRLOAREEIC X o TRIGHED &V ECALT
RZVY L HASKROTFERANEZ 2 L EZ LN, DR, KE T C-H L2
HEINzboLFEEL T2 (Figure 16),

DN BN >
S »

N ¢+ AdO ITJ OAd L31 AdO”™ 'N° "OAd _ococF

| !
AcO-Pd-OAc | FiC000-Pd-0COCF; —— FsCOCO-Pd-0COCF,

L,[PdOCOCF,]*

N 1 AdO_ _N_ OAd monomeric cationic

~ | U L31-Pd complex palladium spieces
N ! N

Py,Pd(OAc), L31,Pd(TFA),

(unreactive) (unreactive)

Figure 16. vV & VEfLF DEIIRIR

2009 4EIC Yu H i, TV AfiEE OB AR T L —v D C-H 7 A7 = LKIGIC
WL @b E ) YV ERER L34 ORINC X ) RGO EIICETI NS 2 L G L2, o
KIGH ., RO IC X o THBE I N T w337 Yy Al A w2 A& GO CH 7Aoo =
L & B D KB T R CEIT LT3 b D EHE 2 5% 19 (Scheme 47),

Yu:
Pd(OAc), (10 mol %) :
CFs L34 (20 mol %) CFs | Bu_Et Et_Bu
+ > i AN
/ O, (1atm) = ! |

FsC o FsC CO,Et | _
90 °C, 24 h 3 2 .
(20 eq.) (1.0 eq.) .

52% ' L34

Scheme 47
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FOCHEREfAT OF5 R, EmuiEiikzH 32 v ) O VELLT L34 OFRINIC X Y B F-8F >
7 L 1:1 A L34Pd(OAC): & % @ 2 BIA[L34Pd(OAC).], DFTEEIA A 2 % Z L 55 NMR
FEERICL VRSN TE Y, IhoISEERELE &5 2 L cKRE TN C-H 77 = ALIG
DM X iz b D & E 2 b3 (Figure 17),

Bu | AN Bu By N Bu
~ | _
= N Bt 134 FEt N Et
AcO-Pd-OAc — " AO-Pd-OAc ~ ~—=— [L34Pd(OAcy)L
Et N Et L34Pd(OAC), (reactive)
- | (reactive)
Bu X Bu
L34,Pd(OAc),
(unreactive)

Figure 17. vV ¥ VELNL T L34 ORI X 2 EALT--57 27 L 1.1 AR DK
Yu I X3 ZoEBERIE, EEne ) Y yFER L31 Ol X - TR F-37 Y v 4

1:1 &K L31PA(TFA), DEEEI G238 L 7= F558R. KRBT C-H iEHALMEtE X sz & v
IEFHORIEX RIS 0TH D,
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B2 8T Yy Ll L AL ORRET

RIT, X7 V7 Lt & BRACA O] % 1778 o 7z (Table 17), BEfE- Y7 ¥ v 2 0fUb b icifift
NIV LEMCTRIGETR > 725RR3IC R CGET L b o 7225, Y 7 A v iR~ 7
VU LEHCTRIGE TR/ 2 A, IWERM EL 7z (entry 2,3), BE{LAIE LT AgTFA ofX
D YIC AgOAc 72 & 2 AR DBEE KT 234 b v, AgTFA Z I L 7 wWEeth T b B
BEL G o722 &b, KKICDETICIE AgTFA BSHMETH 5 T L2393 - 7= (entry
4,5),

Table 17. »¥ 7 27 LMl & BRACAH] O Bt

OMe Pd cat. (10 mol %) CO,Me
N’ COM L21 (30 mol %) SN
N pZ + 2lVie oxidant (2.5 eq.) |
A , s
dioxane
90°C, 24 h
84 85 86
entry Pd cat. oxidant yield
1 Pd(OAc), AgTFA 47%
2 PdCl, AgTFA 0%
3 Pd(TFA), AgTFA 53%
4 Pd(TFA), AgOAc trace
5 Pd(OAC)2 - 0%

2D XD ICARKIGOMEITICITEE E D AgTFA AUETH 3 Z Lo, RIGENEIZRIGEN
THA L7z PA(TFA), ik T2 F A v TPy LETH Y. a,B-FREHA F 2 20D B AL
TRETFOICKIET L2 ICEW IV EEFYE L TEZTWEbDEEZ 55 (Scheme
48),

Pd(OAc), .OMe
N CO,Me
lAgTFA oAb, P CO.Me
84 TFAPdLn N‘OMe 85 2
Pd(TFA), == [PdOCOCF,]* > — > ~N
TFA -H P Ny P NN,
86
Scheme 48
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% 3 Hi MICHEE ORET

% 1IH 4% o AR Lo EE OGS

v Y VEEAOTIMC L o TINEDRH ELZD DD, O-AF At F L 84 ZHEL LCH
W7 S HRET C IR ARG D FRI MRS BB L CT\w3 2 &b, IGHTERT 2 AT IC illtss 5%
LTRIBMEIEL T2 & FE 2 bz, RRIGIE, BFERRICOHZO © ) ¥ VIR O BRE <
I ¥ LD N-O BEEORZICH N A P F O EABEHEL LTl 2o, KIEENICHHE -
MeOH 23 ROGE R IC R % 5. 2 T\ 2 AIBEM: A3 S 5 (Scheme 49),

COQMe
oMe Z 88 COMe CO,Me CO,Me
/\)'\Jl\/\ [PdOCOCF,]* Yz N,OMe 61T | N,OMe 2SN
_—— E— —_— I
Ph Ph Ph X~ ppy o AN ppy MEOH AN
84 86
Scheme 49

Z T, B s A F o raz—TAyoOERRELTE L E Lz, TIHIDIC
REDA X L 87T CRICEITo72L 25, EHhov ) vy 86 1z HONT, 3 THNTERILK
IEET LA VA FH ) — ik 88 % 5 % 72 (Scheme 50), Rovis H 1T X % v 277 A filifit % FH v
e ) VAR OBEHERETH RO RSB O N T D 2 b M BEEOF F v L
2L ) Y VBREEMIG X Y b o NBRILRISHER S 5 2 L2300 o 72,

N

N

=

L21(30 mol %) CO,Me
Pd(OAc), (10 mol %)

/
~ AgTFA 2 5eq.) AN
dioxane X RN
90°C, 24 h 86
42% , 0%

Rovis: COZEt

OH / (1.2eq.)
N [RhCp*Cl,], (2.5 moI %)
AgOAc (2.1 eq.) '
TFE, 78 °C

35%

Scheme 50
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RiT, BA2 A F L L AT AV TORIGERE L 72(Table 18), £3° O-7 & F 4 F  2(89)
EFHOCTRIEE{TR-272 25, HO Y Y Y v 86 RaLEonT. 0 THERILKIGAET L
A VA XYV =k 88 DAERDMER S Nz, TORRIZ, T FAREDBKICHEHNTHRE S
THMREA F L@DBERL T E e ZRBL TS, 22T, XWBiR#ELZZTIC WA
FULIATNLELT O-¥Nu A A XL L000)%METLzE 25, fEFIHE N DD,
RIED 4 TS TR EGFE T 2 DA TH o7z, RICTV Y AFF v LFEEKREMGTI LAz 25,
OTBS A% > 2D TEHMYEBRONTA VA FH Y — A1k 88 DAERDBMHERINLEDATH
o7, TR, KIERWNTH Y VAL SMETT L 2R TH B2 L E 2z, 22T, X W EBMESNS
ittt D & 2 TIPS #% TBDPS MG L 2R DOMERTH o 72720, v I AFF o LFHE
RIFARIEEMETIESR T U MEEITS 2 2 & 230D o T2,

Table 18. # ¥ v AMEHE F O EHIE DG

N
| N
CO,Me =
85 / 2 OR L21(30 mol %) CO,Me
N’ Pd(OAc), (10 mol %) 2NN
N — AgTFA (2.5 eq.) |
_ P
O O dioxane
90 °C, 24 h
86
OR
OY o§)< “si” Ph\Sli,Ph
.-OH .0 .0 .0 .0
87 89 90 91 92
0% 0% 0% 0% 0%
F F
~ F F F F NP !
X
Si< F F F g
.0 e .0 F .0 -7
93 94 95 96 97
0% 0% 0% 0% 20%
NP
| H
Si \|/
| o hd 0
.0 .0 .0 e r
.0
84 98 99 100 101
47% 41% 0% 69% trace
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RICEFRIERETHL P ) 7rAr 7 2 =i O@)L Y 7Artnx vy o952 HT 2
T ¥ LEREILES, BRIEGFET 204 THo7z, UEOKHELS, B REIMEEZEDA
FULATEARKIGITET LRI LB 0h o7, Pd fillltix X 0 FEHDIRFICH 2FEL LI
KO OGEZ ETERnheF 2, A F v AENICRRIE~ DR EZET 2 2-v) I
AFNEHEEDHE 96 ZRHT L 7203, KIGIE 2 ET LD o7, O-MOM A F & 4 97 D8
DHEAMDE Y Vv 86 DEMEMER L 72D DD, ZDINFHKIL 20%TH - 7=,

RICAFAEIVES G OTAFIAFAF LI —FTAZRE L, FPIAFATYALRXF L
BEAxH3 2HE 98 TIE 41%DIEECHIYMEONd DD, O-Bu A F > 4(99) TG
L ETRTERDEFE T 20ATH > 72, ZhiFEE L Bu o AREIC X > Gl s vz
2, KIBHOEL ATV T LI e TERVILRRERNTHZ2E L, 22T O
PrAFo 2100 ICEHL-L ZA, IED 69%F CTHELE, RiZIC, AIETO C-HT Y —
MU G CHEE R GHED [ L3 A bz O-SEM A4 F 2 4101 2T L7z & 2 A, MIGRBE
MALL, HWROHNYZE2DARTH -7, ZHUTMEIEIESIEIC X 31 SEM {Lici2H$ 2 Hi
RISHJERTIEOE T # [/t FEx b b,

FELLOMEET FoOBEREY [ Y Fu e Aic s 32 L TEAO ) Vv EKY O
A 69%% T EL720T, < OME % H-CHEE 5 K40 (& 45 7 (Table 19),
BERELZ 2 ic, v ¥ VRN L21 OfNb VI L31 AW CHERO K% TR o7& &5, UL
KA 69%720> 5 76% % Tl EL7z(entry 2), 22T, W3RN 1% L31 ICHEE L T FmAl
PRI Y7 &R MR IO L 2R, AgTFA O MR E2RH23 2 LTI R LT 2 2 L
BHy DY | KIS AgTFA % 5 MEHCHI®F 2 210 X ) IS 85% % Tl | L 7z (entry 3,4),
L E ORGSR b v ) Y YRR T & LT L3 2V, 5 4RO AgTFA %S 2 SIG4MH
Bl TH B Lo T

Table 19. ¥ Y & ¥ Bfir T & BRALAI 0 %kt o B!

COzMe
Y =~ 85 MeO. _O
o Pd(OAc), (10 mol %)
N’ ligand (30 mol %) Z>N
S _ AgTFA (x equiv) S | _
O O dioxane O O
90 °C, 24 h
100 86
; AgTFA '
entry ligand (x equiv) result | | Ny
' %
1 L21 25 69%
L21
2 L31 25 76%

' AdO N_OAd

3 L31 4.0 7% |
=

4 L31 5.0 85% -
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5528 fiA OBk o A ¥ o 4 0RO BRE

BB ICSMEEZRET D EBTE DT, RIC a, B-FEHIA F > 2 0w HE % BT L
72o T 2HEH X, WICT 2 a,B-FfaMI7 by EZe Furdo AT Ivefiag L, £LCA4F
LT AY T R oi#ET S Z Lk ) FELL 72 (Scheme 51),

0 HoNOH-HCI OH NaH hd
\)l pyridine N 2-iodopropane B
. \] ) MeOH, 60 °C ”Q*/J‘~ DMF, rt /Q§/ﬂ\

102-116,132-137

Scheme 51

9 a,B-FEAAF 2 LD BHADON V¥ VB EOBEIEZ % 1T - 7= (Table 20), ~v+¥ v
BROANTAUCA FAER A P X U R OB HEGHEREELF T 200054 F & L TRIGZIT -
el ZH WMETHEY Y NT MO USHBENEN 1% & 85%DIKTIFONTZ, £/ 7 v
REER LD TS VETRETRIMDO P ) 7t u A FAREETREELHFA SN, WG
Toe) Y BSHREOICKTHE LN (119-121), AKISIZIERNIRZ a, -+ F > L TH
7  SOCSEFT L, WIGT 2 2,4,6-=iEHie ) v v % REFRIE T 2 72 (122-126), K<,
VRYSFFT 2 VRANN) = AR ED~TuEEREET S o, B-AEEAAF L 2 E2H T
FIGxATR o7 2AH, HTORIGHEDIK T 2L LNz DD, EHOVY Y v 127 KU 128 23
ZNZFN 48% L 55%DICKTEL Nz, RICY 7 uxy X ) VEFEERD LB RE R B4 *
CLEME L L A FFICEIEHET L, WIS$ % 2,3,4,6-PUidii e’ ) 22 129 238 83% D IX
KefFohi, hbplioxv¥ ViR EICEFRGHEO X * o ECE RO 7 nn ey
TRERRAF > L THRELR S IEAET L, EAOMEK LY ) v 130 LU 131 2 EIEETh

Z 77,
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Table 20. a, B -FEAIA ¥ o 2O EIRB WA

\:g/ Pd(OAC), (10 mol %) COMe .
. L31 (30 mol %) !
\Yﬂ 1_/j:ozlvle AQTFA (5.0 eq) 7N EMO|N\CMd
TN Z dioxane N : U
! 90 °C, 24 h !
: L31
100,102-116 86,117-131
CO,Me CO,Me
2 R = H: 86, 85% 2
Z N R =Me: 117, 91% Z N R=H:122,68%
~ | _ R = OMe: 118, 85% ~ | R = Me: 12’3, 80%
R=F:119, 65% R = OMe: 124, 75%
R = Cl: 120, 70% R = Cl: 125, 64%
R R R=CF;:121,66% R
COZMe COzMe COzMe
~ "N
g
Cl
126, 64% 127, 48% 128, 55%
COsMe COsMe COoMe
ZSN Z N ~ N
NS J N ! NS !
MeO Cl
129, 83% 130, 70% 131,91%

CDXIICARE ) P VYEKICE TS BREOBRRA* v AB8@mn 2/ T2 2 L2300 -
725, —HT6 BRI T BEOBRAF L A 132 KU 133 ZHWTKIGE{T-o72 & 25, MG
FVEMELERNO ) O v ide Ao kb o7z (Table 21), ¥/ afic A FAEEET2IE
BUKA F o 240134 TIRHRISIZEETE T, BRBEREST 205 TH o7z, ZOX IR 2-RVv Y
V7 vy ray T i F e AREEOECRIGHEIL. 2 OBEEIC X Y HEES o Ptk B
EINTWEZ EICERLTW5 &FZ b, &SSO FliltES ARG OETICHEMN R vk
A—vavThsifflilang,

FBnT 7 a~FOARERCRYINAAF R L LEDOTAFARTEIBI N «, B - EIF]
AF 4135 KO 136 TSGR K ETE T, BB = A CEII N o, B - EIRIA F
A 13T TREIGEPEMLT 2DATH o722 Lo, ARICOEHEMIZBALIcT Y —rdk
ET S a,f-FRMAF S LICRENTH 3 2 LBRBINT,
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Table 21. a,B -FEAIA * o 2 OB WA

Y Pd(OAC), (10 mol %)

o L31 (30 mol %)
COzMe N~ AgTFA (5.0 eq.)
A ' \)
SN s dioxane
: 90 °C, 24 h
132-137

~ ~

N,O N,O
00 OO
MeO MeO
132 133

complex mixture complex mixture

o Y
N .0
Ph \/OM
135 136 MeO
no reaction no reaction

134

no reaction

137
complex mixture
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FIW Ty BRI O et

KIS T VT v AR OB #HIPA % 5T L 72 (Table 22), FFF By ULHE X F v
IFAEEETZT 7V AVBEHER L IR o, B-FEMA XL L EDRIGEITR>T28 2 5,
PR ICSOCSETT L, EAo e Y v 138, 139 KU 140 2 Z 24 86%. 79%. 93% DI T
527 2D T 7 ) VEEFHERIZIENT R a, B-ABIRIA F 2 L0 L DRIGIC B W T #ES A
RECTH 2 LR TE, MIGT Y ¥ v i RIFRINETE 2 7-(141-143), FIRZEW Z &I,
Av7Trerier o~ TV FARRLEDERGOTAIALEEST 2T 27UV
B AR WG E I ROSHE O BEE i L R o, SRS 2 €Y ¥ v 2 I T4 2 72 (144-
146), RICT 7 VN7 c =AM ORIGEMET L2 A, XIET 2 Y ¥V 147 DL RUITER
TERDo272bDD AV 7B EVNIRTAZET LYY ¥ ViFEA 144 23 48% DINFETH L 1L
2o THIIAERLZEY Y T D7 2NV ZATAREE RIGRNTER L 724 Y Fus) —n
ORI T AT ALKHSIGIMET LSRR, 4V 7a e AT 270 144 2 EERYIE LCE A7
boLEzZLND,

RICT 7 IYNT I FFEREDRIEERA Lz, RV EVERECATFARERY 7 nnikr T
a,B-REMNAFLLESAFATZIATIFEREEERLE A, NWREIETEFLED
DD, LADE Y Y 148 KU 149 % Z N Z 1N 43% & 62% DR TH 2 72, RO KE % Bk
FF eI Ro & 2A RIGIEFRBICGETT L. XSS 5 2,34,6-MEH e Y v 150 )
151 B2 NZ I 88% & 94% DGR TIF bz,
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Table 22. 7V v 8K o FH & PH D 5

Y Pd(OAc), (10 mol %) R
L31 (30 mol %)
N,O . )R AgTFA (5.0 eq.) NN
. . = dioxane |
‘ Q§T/u ) 90 °C, 24 h N
138-151
EtO.__O BnO.__O Meo/\/o (@)
~ "N ~Z "N ~Z N
\l/ \l/ \l/
138, 86% 139, 79% 140, 93%

RO__O \TO o) 0._0
NN R=Et141,80% NN [::j/,/

| R =Bn: 142, 70% | |

A R = CH,CH,OMe: 143, 66% AN A
144, 95% 145, 94%
I |

Ad .0_0O ©/O 0] N_O _N_O
Z N Z N = IN =z |N
< s N XN

R R
146, 83% 147, 0% (144, 48%) R = Me: 148, 43% R = OMe: 150, 88%
R = Cl: 149, 62% R = Cl: 151, 94%

DX BRENERIGHEZET 55 BEAF 2 4 115 KU 116 % UGB ICH G 7ZBo T A7
VIHEBAROBHEICHKE S b kAR T 27 VAT I FIFERE O KIGE RS L 72 (Table 23),
TFNELENLFY JEEET LT 7 IAT I FEOMIGTIEFEICKICHSET L, MIET 5 v
Vv 152 K153 2 Zh 84% L 0% DINKTH X7z —J7 T, 7=z=AT 7 YAT IF
% Weinreb 7 I FiFEAREZHW25EE, H TOCHEOETHRALNIZD DD, WMIET 5 Y
UV 154 RO 155 AR REDOIE T A7, KIC, 5 BRAF L L AFL Y e DRIEEBETL
P2l A RNER A B OHBR TN IBUONECHIGT €Y v 156 BMFb iz, hk= ok
RIRFAMSE EOBETRNEREAET 2 2F L v b ARIGICIFATRETH ), FHc d-F ) 70
FHRAFARFL YRRV ZTIAA B 7 2= L ZAF LV %0 7BRIC I RS SRR i -
L7-2(157-160), 7 0 ufZ2H T35 BERAFL LN LRV A TALF B T2 A RAF LV EDK
JG b FRBICGAHETT Ly 93%DIETHIGT 2 Y v 161 25 2 72,
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Table 23. 77 v AR o j6 FH i PH O W5t

\\T/ Pd(OACc), (10 mol %) R
0 L31 (30 mol %)
N’ R AgTFA (5.0 eq.) = N
+
X / dioxane N
90°C,24h
X X
X =0OMe: 115 152-163
X=Cl: 116
o N 0 H N__O
(0] Ph’N (0] MeO"
Z N Z N ~ "N
. | “ | . |
MeO MeO
152, 84% 153, 90% 154, 58% 155, 48%
N02 COzMe CF3
~ "N ~ "N ~ "N ~ "N
saclonclNc RN RS
MeO MeO MeO MeO
156, 33% 157, 46% 158, 56% 159, 89%
\ O
COzMe N
MeO,C SN o] SN
N ! X j
MeO MeO
162, 36% 163, 52%

160, 91% 161, 93%

RZIC L2- 2@\ T 7 VAR Y ) ¥ v ERICHEIGATRETH 2 2R L 72, BIRA ¥+ 4 115
LR VLA VIEY AFULEDRISEBRTI L7282 A ARINEZR LI T 5 gy ) ¥ v 162 23
oz, £72~vL 4 I FFEERS RRISICHEIGATRETH V. WMIGT 2 AEHY Y ¥ v 163 28
52D CFE LNz, FHIHTORRZL I, a,B-FHAAFLLETALFVICEZ Y
v LA W AEE Y ) YV OSKICET MBS D 0D, a,B-AEAAFL LD
NV LA CHEBR Y Y O v AL IR REAWDTTH B,
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a,B-AEMAF L 115 XV ZTAARZRF LY EDOIG%E 1.0 mmol 27— Tfi7xo
722 A, RIGT Y V160 2 74%D IR T 5 172 (Scheme 52), 2D X 51, K )y
BEEZAT AT vy 7ERICO T 252 BE®ROE WKIGTH 5 2 & BEITE 72,

1.0 mmol scale synthesis:

Pd(OAc), (10 mol %)
L31 30 mol %)

AgTFA (5.0 eq.)
dioxane \
90 °C, 24 h
MeO

115 (3.0eq.) 160, 74%
(1.0 mmol)

Scheme 52
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o5 A ROCHERE

I WREEEER

KRGO RICHERE & LCld, T Yy Afiliic X 3 o, B-FEIFIAF 2 L0 C-H T A7 =t
FOGICE D 1-TH PV v BAERK L, fitd 7H-6x-BFERIISE N-O oA Z S HHE
fLicx vl ¥ v FEERIAR T 28 %2 2 7E L T % (Scheme 53),

R2 R2 R2 R2 R2
2 NPT b N, WOPr A OPr en N-OPr SN
e = — , |
Rr\l)l\ R;‘I/“\ R1J</“x R1Q\ -PrOH R1Q\
s-trlans s-cis | I
aza-6mn-electrocyclization
Scheme 53

7 F-6x -BFBRKICIEH S 25N T2~V BRKIGD 1 2TH 2, 1-THFI TV
25 OBBL D JIGH & LTIE, v R-Y 1/ vAF o L% 160 °CT 18 BEEmMEEEd 2 &
T -6 -FEFERIRISHAHET L, B BAKIC X b v ) & VBB 25%DICRTHRLNDE T &
DL X T 553 (Scheme 54),

Ph Ph Ph
~ NOH 160°C | N-OH SN
N ! 18 h Pz =

25%
Scheme 54

2001 FEICHE S X, B-AAKRY v Tarhof FEOEEKICEWT, 1-7H ) vkl

HrY 7oy REd 180 ‘CTIMEHEIET 2 L AW ABFEBRIRKISSEIT L, B-AAF
Y UIEIEREERRETH B T & B L T 5% (Scheme 55), % Dk, M4 BREFAELHL A 1T S
LIS Y B-AAKRY Y TAAEA FChHS Pyridindolol & % DREHGIAD R4 Ak % 7K L

77
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Hibino:

OMOM OMOM OH
.OH
“ IN o-dichlorobenzene ~ |N - ~ ’\l
N 180 °C, 40 min S N oH
M ) N NH OH
oM 98% MOM

(R)-(—)-Pyridindolol
Scheme 55

¥ 72 2007 4EIC Trost bt a,B,y, 06 -AEMT AT FICHL, v Fr¥o L7 I v L
FrIvLERHCTYA 70y =7 PIEMEHF T2 22tk Y, VR bTw ) oy
LIEARETH B T L A HE LT 3% (Scheme 56), THIET AT E Rt F v A~DEHA
& e { BFERISAEFINCHEIT L72d D e FEZINE, TOXHIICL-THF I I ZvhbDE
BIRKISIC X 2 € ) ¥ VBRIEBKICOMEEH 2 D DD, 7 -6 1 - BT EIRKIC D HEFT I 13—
7712 100 "CLA Lo A R O SOGK A HETH 5 & I NTWv 5,

Trost:
0 H,NOH-HClI
MeO,C Y NaOAc MeO,C | SN
MeO,C EtOH, mw  MeO,C Z>ph
\ 150 °C, 1 h
Ph 98%
Scheme 56

FEOLDOINETOMRITTIR. o, B-AHIAF 2 D BT AT = AbiRD B IZMERTE
TRV ERL ELEL-TH )TV o0BFERRKICPEL 2 ICHETTLTWE DL
bbb, TNE1-TH YT v 4 f7oEik R O KES ORZCETERRRKIGICHF] 7%
scisTCEZILY W IR L T3 & 2 72(Scheme 53), % T, B EELED a, B
-REIFIA ¥ > L 164 IV CRBRO I ZRET L7z & & A, ROGKHEA 4 R 0356 i3t
THEVY 165 DEMIZELMHERTES., o, B-AHEMAF T 20 BT VT = ALK 166 23
36%DIETE LN B HER & 72 o 72 (Table 24, entry 1), ZaBE o NT=T V7 = ALK 166 13 B/ Z
DREFBEAMTHY, 2D B/ ZOHKIZ13:1THho7=,
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Table 24. B -#EEHA F o L 164 % F\ > 7= MRESEER

CO,Et
CO,Et
\o/ A (30eq) 2 \o/
N Pd(OAc), (10 mol %) = |N N’
L31 (30 mol %) N P
AgTFA (5.0 eq.) + EtO,C7 "%
dioxane
90 °C, time
Cl Cl Cl
164 165 166
entry time 165 166
1 4h 0% 36% (E/1Z=1.3/1)
2 36 h 28% 11% (E-isomer only)

Kic, JOCKE%Z 36 R IE L CRRDRICZ TR o272 25, MGT Y TV 165 &
BELT v = ALK 166 % 2 Z i 28% L 11%DICKTH 2 72 (entry 2), hEBARELGETHE LN
72 BOLT VT = bR ERDBTH o722 e h 6, ) ¥ vy ~DEHIT 2k HE L CHEST
L7zbD&F 2 505 (Scheme 57), L EDOKEHC L Y, RRIGCOEBYITH 5 Y ¥ v iFEK
o, BRI % & 5o BT A7 = MUK L TAR LT3 2 L ARIE X N,

~ CO,Et hd
NO A N©
[Pd] Et0,C7 "X L
Cl Cl
164 (E)-166 (Z2)-166 165
Scheme 57

Kic, BRLT AT = ALE Do v Y & v ~DEMDB B R G TH 5 2 & 2R T <L, 556
N7z 1-THFFV TV 166 D ZIRD K% T4 X3 v O0°CTHEMEIEL 2L 2 A, PRLZ@EY
B e B TERINRICET L, EADE Y ¥V 165 28 84% DK TfF 5 1172 (Scheme 58), 7k
—H DRI B/ ZIREAEME LTRINE 2 &2 b, B/ ZDREABIEASET CHETL T3
LRI Tz,
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COEt Y~ CO,Et N

AN N’O = l’\l N,O
N N Et0,C7 "
dioxane
90 °C, 36 h
Cl Cl Cl
(2)-166 165, 84% 166, 10% (E/Z = 3/1)
Scheme 58

— 17 BELT VT = ALtk 166 D EfR % AR DS ICIR L7z 2 A, v ) Y VLAY 165 ~D
ZHaRIT 18%ICE X V. JFEITH 3 (B)-166 DAD T3%DICETH LAY L L CTRINE iz
(Scheme 59), T b DFEEFERIZ, vV I VBERS 1-TH ) v h b 0B FERKKIGIC X
DHETTL TR Z LM FFT2bDTH 2, b ERDBEZMASH TR L 725E1Cd ¥
VU VEEERDERATER I T 2 e h b IEGEHIC X 0 BPALASEIT L CTEL 7 2R 5 D
BTBRIRSIGETL 72 D & #E 2 51 3 (Scheme 57),

~ CO,Et

o)

N’ /P
™
EtO,C” X7 : + 73% recovery
dioxane
90 °C, 36 h
Cl Cl
(E)-166 165, 18%
Scheme 59

R ERFCE SR 175 o oo o, B-FEIRIA % & 1 114 % BERE-dy % N L 72 KOSt T
T 36 BEMASHRL 22 & 22, A % v L0 BRUKKOTARLSBIIME fu, £ OFARK R
61%T% 7= (Scheme 60). 73577 2% LA 75\ SeHEC D B0 BUKSRALH 1 10%
BHol-Z b, a,B-AEHAFY LD BAIKEN TV T LI X - TiEHL I TA L
=HB ST Oy LRSS, KIGRNOEERE-d, I X > T 7 a b LT3 2 & CTHEAKELHHE
ZiIcHllznzbDLEZONS, TOERREIZ. X7V LMBHICX 2 o, f-ARIMIA F
LD BALDOTEPEALBRS IR cH 5 L 2R LT 5,
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cf.

Pd(OAc), (10 mol %)
L31 (30 mol %)
AgTFA(5.0eq.)

dioxane/CD3CO,D (10:1
90°C, 36 h

dioxane/CD3CO,D (10:1)
90 °C, 36 h

Scheme 60

{

61% D
ap N©
§ H/D
H/D
88% D
114-d,
10% D \o(
HD N
H/D
H/D
23% D
114-d,

BB, a,f-AEEMA XY LD afiAF L VvESOENKEBENICEAL T, AF v 2ERTDT
o b ALl afKEDBBBEREY S04 L v-TF I VI X VETLTVU b0 e EA bR

% (Scheme 61),

h

D+
\:N,

-
-

O
CD4CO,D
—_—

h

D‘N"O

Scheme 61
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FH20H YA 2

BEEEFROFER S O, REIGIZ-XT7 27 LI X 3 o, B-FERIAF L 20 BRLT VT =0
fbRIG e 7H -6 -BFERIRICEGDUTO XS BRICHEMECETL T2 b0 L HEEL %
(Figure 18), T 7abbH, RIGRNTELZ MY ZAF a7 Vv L5 a, B-AEIFIA > L
D BALERKEFINCTEMT 2 2 LT ARV Y LRI AERT 2, i, A7 4 v
DEREFOL~ENLT 5 C & TaEAERI RZEKL 21, X7V v LEOEBIEAIC X 2 ik
K DA E Zhicki B-/KEMBEEICXY 1-7THF M) v 4T 5, 2ok, FickhEL
7o s-cis WD 1-7H b ) v h o T H-6x -ETERIRIE L N-O Kty OBHZ % 5 35 &L H%E
BN ETT 2 2 LT ) Y VB BERPERTE2DDEHE X £ 1-TH PV VD 461D T
Y —AHEDVRERIC X Y s-cis BABED 3 vk A—v a VB L, BRI IEEX N
TWw3bDLEZOLND, HBRITMWBEEHC X VAL 297 Y7 4(0)I13#{LHl<dH 5 AgTFA I
X o T PA(TFA), ICTHIE(L 415 & & TS 4 7 V23 5EHET %,

3

.O'Pr
Pd(OAc) N
AgTFA 1 N
d(TFA), '
CF3;CO,H
Ag(l)
reoxidation C-H activation
TFA. Pd N-OPr
R1J\)l <
S
CF5;CO.H
srme reductive olefin /
elimination coordination
R2
/) TFA oipr
TFA-Pd-H L/Pd N
[B-hydride migratory R \
ehmmatlon insertion J

Jj\/u .O'Pr
R1 N
RZ
\ N .O'Pr Q .OPr 6rr J:; O'Pr @
\ — |
R1 : N R S ’PrOH -

s-trans s-Cis

Figure 18. filifi4 4 7 v
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o5 5 Hii #efh

KRETE, AFAVvEANTO T LI X % a, B-ABMAF 2 LD BALT VT = MMURIG %
FIALZHH Y O v EBIEDORFIC O W Tl X7z, REIGIE, o, -FEMAF L TAT
VERERE STV A A CGERE X 45 CH T Ay LIS, LA 1-7F F Y
IVH DT H-6x -BTERIRRICHHERINCET S 2 TR TH 5, RIGSM 2 Rl s 2
WRETY Y Y VRO X ) S eI NE Z L2 /RN L, ZofdrmEtss 2L
CX O RIEINEZEL QM EX#25 2 LICHIIL 72, kA REBARRICICEHAECH 2 Z &
ZMERAL CTH Y, WY RREEZESR L CHRGEREZE T2 ) O ViR ARz BRI ICA K
T EDARETH D, F I RICHEREMRIT O, © ) o VBB OB IZEN 72 7 ¥ -6 7 -E
BRROSIC X O HEFTT 2 T L PO D CTn o7, SRR L7287 00 Lfililil 2 v 7z 5y )
VYABIER, {Ckow Yy AR V2 FETIE o, f-REA F LT AT VR LAK
T LBREETH -7 ATEL Y Y ¥ v BRI OIBIRNICA K TRETH 5,
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o

!

RESCE (A F ATy L E V72 a, B-AEIRIA ¥ & 200 B LB B RERLIK
JGORAFE] L. a,B-ARIHIA F o L OALEERW B REEALICBI 3 2 Hi SOSHFE Ic D W» T
R~ 7z,

MR TIE, AFFVENT VY LR 7z a, B-AEIRIA ¥ 2 L0 BALEIRI T Y
— MEBIGDBAFEIC DWW TRz, RIGSEFZ BT 28T, Ry V¥ VgL T4 T —
TN FOTIC X 0 KIGHEAZ T 2 L2 AL, zofErild 2 Lic X h KIG
IR % FREERY I X85 2 LIl L7z, ARRISOBERHEM A, BRA 72 o, B -AFIHITA F
YAET V=R u VEEEATRETH 5 2 LSS T T o T OCHEREIENT O RS T, ARG
EAFA ATy LI X BRETA CH BB L2 EDEBcEIT LT3 D Lt
FE LTz AR L7724 F Y LEERIIEEL h~T o B{LAY ~FETRE R LT A v /T 0y 7T
HbZ b, SBROABICEIHOREICHELGT2bDLWMFFI NG, TGS IC

DR L 72T AT —FTVERMNT &Ry F 7 VEALTIC X 2 RICIEERNRIZ. 2 b OFHFER
ERLERCTHEERANRTH ) BHERCHORNMBRTH 22 L5 H%D T VY Ll C-
HERECCORREICHFLS T30 eliffans,

REH —E T, o, B-FEHA F 2 20 BALERN T V7 = MUIEE R L 7288l e Y &
YEBGEORFICOWTIHR R, ARG TR, 7 VT Ll E AW Ca, B-AEMAF L LL
T iR EERE S5 CH 7 A7 = bIG e ER L 1-7H ) = ks o o
BFERRBOCSEGICHET T2 2 ick ), v VEFERZERY & L ThH 2, RIGSENT
BEIoRER, €V Y VR TFORIMIC XY ICHEIZA T2 2 L2 R L. % ofdE % sodft 3
B2k RIGINEAZE L A L322 2 LIcK L 72, RICHEIERITORER, vy v
BiE 1-7 9 ) = D S BN R T -6 1 - T EIRKGIC X VT 5 2 L L T
rolz, SEIRM L@ ) & v EIEIE, ECRDFIETIE a, f-FEMA F > 200 AHT
52 LHRNEETH o7 ANIEEY Y O v ZBRRIICAKARETH 5, v Y ¥ VERIZAIEELAE DB
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General Methods

'H and 3C NMR spectra were recorded with JEOL JNM-ECZ400S or BRUKER AV300M
spectrometer at room temperature, with tetramethylsilane (6 = 0) as an internal standard (CDCl3
solution). Chemical shifts were expressed in ppm, and coupling constants (J) in Hz. Infrared
(IR) spectra were recorded with Shimadzu FTIR-8200A spectrometer and Shimadzu IR Spirit.
Mass spectra were recorded on JEOL JMS-700 and JMS-T100LP spectrometers. Melting
points were determined by using a Yanaco melting point apparatus MP-S3. Merck silica gel 60
(1.09385) and Kanto Chemical silica gel 60 (spherical) NH, were used for column
chromatography. Merck silica gel 60 F254 and Wako NH: silica gel 60 F254 were used for
thin layer chromatography (TLC).
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Representative procedure for reaction optimization using «,f-unsaturated
oxime ether 1

Pd(OAc), (10 mol %)
AgTFA (40 mol %)

Ag,CO,, DMBQ 0 .0

N© . O/ BOH2  \afPO, - 12H,0 - N N
Yk MeO (3.0 eq)) dioxane, 90 °C, 2 h /@/\HJ\ M
MeO MeO
1 2 3 4
33%
3:4=11:1)

To a solution of (£)-3-methylbut-3-en-2-one O-butyl oxime 1 (30 mg, 0.19 mmol, 1.0 eq.), 4-
methoxyphenyl boronic acid (58 mg, 3.0 eq.), Ag2COs (105 mg, 2.0 eq.), AgTFA (17 mg, 40
mol %), Na,HPO4 - 12H>0 (102 mg, 1.5 eq.), 2,6-dimethyl-1,4-benzoquinone (26 mg, 1.0 eq.)

in dioxane (2 mL) was added Pd(OAc), (4.3 mg, 10 mol %) at room temperature. After

resulting mixture was stirred at 90 °C (silicon oil bath) for 2 h, the reaction mixture was filtered
through a Celite® pad (rinsed with AcOEt) and the filtrate was concentrated in vacuo. The crude
product was purified by flash column chromatography on silica gel (hexane : AcOEt =30 : 1)
to afford the arylation products 3 and 4 (colorless oil, 22 mg, 33% yield,3 : 4=1.1:1)as
inseparable mixture.

(2E,3E)-4-(4-methoxyphenyl)-3-methylbut-3-en-2-one O-butyl
Kr oxime (3): Colorless oil. IR (KBr) 2958, 1606, 1509, 1275, 1258,

e 1037, 750 cm™'; "H NMR (300 MHz, CDCls) § 7.27 (d, 2H, J =

N 8.7 Hz), 6.90 (d, 2H, J = 8.7 Hz), 6.78 (s, 1H), 4.14 (t, 2H, J =

et M 6.6 Hz), 3.83 (s, 3H), 2.09 (s, 3H), 2.08 (s, 3H), 1.69 (m, 2H),
3 1.42 (m, 2H), 0.96 (¢, 3H, J = 7.2 Hz); 3C{'H} NMR (75 MHz,

CDCl) 6 158.5, 156.7, 133.8, 130.7, 130.1, 129.5, 113.6, 73.9, 55.3, 31.4, 19.3, 14.3, 14.0,
10.9; HRMS (EI-quadrupole) m/z: [M]* Calcd for Ci6H22NO2, 260.1651; found, 260.1655.
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Colorless oil. IR (KBr) 2957, 1612, 1510, 1463, 1246, 1176,

N-© 1039, 901, 750 cm™'; 'H NMR (300 MHz, CDCL3) § 7.13 (d, 2H,

m‘\ J=8.7Hz), 6.81 (d, 2H, J = 8.7 Hz), 5.39 (s, 1H), 5.09 (s, 1H),
oo 4.10 (t, 2H, J = 6.6 Hz), 3.77 (s, 3H), 3.62 (s, 2H), 1.96 (s, 3H),
1.62 (m, 2H), 1.36 (m, 2H), 0.92 (t, 3H, J = 7.2 Hz); BC{'H}
NMR (75 MHz, CDCL) & 157.8, 154.0, 145.8, 132.4, 1302, 116.6, 113.5, 73.9, 55.2, 37.4,

31.3, 19.2, 13.9, 10.9; HRMS (EI-quadrupole) m/z: [M]* Calcd for CisH23NO>, 261.1729;
found, 261.1715.

H/ (E)-3-(4-methoxybenzyl)but-3-en-2-one  O-butyl oxime (4):

Preparation of Thioether Ligands

Ligands L1, L2, L3, .10, L.15, L17 and L.18 were purchased from commercially sources and
used without further purification. Ligands L4, LS, L6, L7, L8, L9, L11, L12, L.13, .14 and

L.16 were synthesized according to the following procedures.

Synthesis of alkyl aryl thioether ligands

KOH Etl
MeOH rt

4-(tert-butyl)phenyl ethyl sulfane (LL5): To a solution of 4-tert-butyl benzenethiol (341 mg, 2.1
mmol, 1.0 eq.) in MeOH (6 mL) were added KOH (118 mg, 1.0 eq.) and iodoethane (0.17 mL,
1.0 eq.). After the resulting mixture was stirred at room temperature for 12 h, the reaction was
quenched with water. The aqueous layer was extracted with AcOEt and the combined organic
layers were washed with brine, dried over Na>SOs, filtered and concentrated in vacuo to afford
the title compound (400 mg, 98% yield) as colorless oil. IR (KBr) 2963, 2868, 1497, 1458,
1362, 1267, 1121, 1013, 821, 749, 547 cm™'; 'TH NMR (300 MHz, CDCl3) $ 7.31 (d, 2H, J =
9.0 Hz), 7.27 (d, 2H, J = 9.0 Hz), 2.91 (q, 2H, J= 7.2 Hz), 1.30 (t, 3H, J = 7.2 Hz), 1.30 (s,
9H); BC{'H} NMR (75 MHz, CDCl3) & 149.1, 133.0, 129.3, 125.8, 34.4, 31.3, 28.1, 14.5;
HRMS (EI-quadrupole) m/z: [M]* Calcd for Ci.HisS, 194.1129; found, 194.1129.
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SH  KOH. Mel S

—_—
MeOH, rt

L6
4-(tert-butyl)phenyl methyl sulfane (L.6): To a solution of 4-fert-butyl benzenethiol (100 mg,

0.62 mmol, 1.0 eq.) in MeOH (2 mL) were added KOH (45 mg, 1.3 eq.) and iodomethane (0.05
mL, 1.3 eq.). After the resulting mixture was stirred at room temperature for 12 h, the reaction
was quenched with water. The aqueous layer was extracted with AcOEt and the combined
organic layers were washed with brine, dried over Na,SOs, filtered and concentrated in vacuo
to afford the title compound (411 mg, quant.) as colorless oil. IR (KBr) 2962, 1274, 1121, 817,
750, 545, 419 cm™!; '"H NMR (300 MHz, CDCl3) 6 7.31 (d, 2H, J = 8.6 Hz), 7.21 (d, 2H, J =
8.6 Hz), 2.46 (s, 3H), 1.30 (s, 9H); C{'H} NMR (75 MHz, CDCl3) & 148.3, 134.8, 126.8,
125.8,34.3,31.3, 16.2; HRMS (EI-quadrupole) m/z: [M]" Calcd for Ci1Hi6S, 180.0973; found,
180.0969.

KOH
1- |odobutane

MeOH rt

butyl-4-(tert-butyl)phenyl sulfane (L8): To a solutlon of 4-tert-butyl benzenethiol (200 mg,
1.23 mmol, 1.0 eq.) in MeOH (4 mL) were added KOH (90 mg, 1.3 eq.) and 1-iodobutane
(0.18 mL, 1.3 eq.). After the resulting mixture was stirred at room temperature for 12 h, the
reaction was quenched with water. The aqueous layer was extracted with AcOEt and the
combined organic layers were washed with brine, dried over Na,SOys, filtered and concentrated
in vacuo to afford the title compound (270 mg, quant.) as colorless oil. IR (KBr) 2959, 1503,
1463, 1395, 1363, 1260, 1120, 1013, 817, 749, 551, 439 cm™!; 'H NMR (300 MHz, CDCI3) §
7.28 (m, 4H), 2.90 (t, 2H, J= 7.2 Hz), 1.61 (td, 2H, J=8.1, 7.2 Hz), 1.44 (dd, 2H, J=8.1, 7.2
Hz), 1.30 (s, 9H), 0.92 (t, 3H, J = 7.2 Hz); *C{'H} NMR (75 MHz, CDCls) § 148.9, 133.4,
129.1, 125.8, 34.4, 33.7, 31.34, 31.28, 21.9, 13.6; HRMS (EI-quadrupole) m/z: [M]" Calcd for
CiaH2:S, 222.1442; found, 222.1445.

Br\O K2C03 \O
DMF, 100 °C

4-(tert-butyl)phenyl cyclohexyl sulfane (LL9): To a solution of 4-tert-buty1 benzenethiol (200
mg, 1.23 mmol, 1.0 eq.) in DMF (5 mL) were added K2CO;3 (340 mg, 2.0 eq.) and cyclohexyl
bromide (300 mg, 1.5 eq.). After the resulting mixture was stirred at 100 °C (silicon oil bath)
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for 18 h, the reaction was quenched with water. The aqueous layer was extracted with AcOEt
and the combined organic layers were washed with brine, dried over Na;SOs, filtered and
concentrated in vacuo. The crude product was purified by flash column chromatography on
silica gel (hexane : AcOEt = 30 : 1) to afford the title compound (287 mg, 66% yield) as
colorless oil. IR (KBr) 2929, 2852, 2489, 1448, 1266, 1120, 1013, 827, 749, 557 cm™!; 'TH NMR
(300 MHz, CDCl3) & 7.28-7.20 (m, 4H), 2.98 (m, 1H), 1.92-1.88 (m, 2H), 1.71-1.66 (m, 2H),
1.55-1.52 (m, 1H), 1.30-1.16 (m, 5H), 1.30 (s, 9H); *C{'H} NMR (75 MHz, CDCl3)  149.9,
132.1,131.4, 125.7,46.8, 34.5, 33.4,31.3, 26.1, 25.8; HRMS (EI-quadrupole) m/z: [M]" Calcd
for Ci6H24S, 248.1599; found, 248.1598.

SH . Br KZCOS
DMF, 100 °C

Cyclohexyl phenyl sulfane (L11): To a solution of benzenethiol (100 mg, 0.91 mmol, 1.0 eq.)
in DMF (4 mL) were added K>COs (252 mg, 2.0 eq.) and cyclohexyl bromide (223 mg, 1.5
eq.). After the resulting mixture was stirred at 100 °C (silicon oil bath) for 21 h, the reaction
was quenched with water. The aqueous layer was extracted with AcOEt and the combined
organic layers were washed with brine, dried over Na>SOyg, filtered and concentrated in vacuo.
The crude product was purified by flash column chromatography on silica gel (hexane : AcOEt
=30 : 1) to afford the title compound (121 mg, 69% yield) as colorless oil. IR (KBr) 2929,
2852, 1583, 1479, 1447, 1263, 1090, 1024, 997, 749, 691, 497 cm™'; 'H NMR (300 MHz,
CDCl3) 6 7.40 (d, 2H, J = 8.1 Hz), 7.38-7.20 (m, 3H), 3.10 (m, 1H), 2.02-1.95 (m, 2H), 1.79—
1.74 (m, 2H), 1.64-1.60 (m, 1H), 1.43-1.25 (m, 5H); 3C{'H} NMR (75 MHz, CDCl3) & 135.2,
131.8, 128.7, 126.5, 46.5, 33.3, 26.0, 25.7, HRMS (EI-quadrupole) m/z: [M]" Calcd for
Ci2Hi6S, 192.0973; found, 192.0970.

SH Br K,COs S
Meo/©/ ! \O DMF, 100 °C Me0/©/ \O
L12
Cyclohexyl 4-methoxyphenyl sulfane (L.12): To a solution of 4-methoxybenzenethiol (200 mg,
1.43 mmol, 1.0 eq.) in DMF (6 mL) were added K>CO3 (395 mg, 2.0 eq.) and cyclohexyl
bromide (350 mg, 1.5 eq.). After the resulting mixture was stirred at 100 °C (silicon oil bath)
for 24 h, the reaction was quenched with water. The aqueous layer was extracted with AcOEt

and the combined organic layers were washed with brine, dried over Na;SOs, filtered and

concentrated in vacuo. The crude product was purified by flash column chromatography on
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silica gel (hexane : AcOEt = 20 : 1) to afford the title compound (228 mg, 72% yield) as
colorless oil. IR (KBr) 2929, 2852, 1591, 1492, 1448, 1284, 1243, 1171, 1032, 827, 748, 641,
529 cm™!; 'H NMR (300 MHz, CDCls) & 7.38 (d, 2H, J = 6.6 Hz), 6.83 (d, 2H, J = 6.6 Hz),
3.80 (s, 3H), 2.89 (m, 1H), 1.96-1.90 (m, 2H), 1.76-1.71 (m, 2H), 1.62-1.57 (m, 1H), 1.40—
1.21 (m, 5H); BC{'H} NMR (75 MHz, CDCl3) 8 159.3, 135.6, 125.0, 114.2, 55.3, 47.9, 33.3,
26.1,25.7, HRMS (EI-quadrupole) m/z: [M]" Calcd for Ci13H130S, 222.1078; found, 222.1080.

[ j \[ j KZCOS [ j/ \[ ]
Cl F,100° Cl
L13

4-chlorophenyl cyclohexyl sulfane (L.13): To a solution of 4-chlorobenzenthiol (200 mg, 1.38
mmol, 1.0 eq.) in DMF (4 mL) were added KxCOs (381 mg, 2.0 eq.) and cyclohexyl bromide
(338 mg, 1.5 eq.). After the resulting mixture was stirred at 100 °C (silicon oil bath) for 24 h,
the reaction was quenched with water. The aqueous layer was extracted with AcOEt and the
combined organic layers were washed with brine, dried over Na,SOys, filtered and concentrated
in vacuo. The crude product was purified by flash column chromatography on silica gel
(hexane : AcOEt =30 : 1) to afford the title compound (283 mg, 91% yield) as colorless oil.
IR (KBr) 2930, 2852, 1475, 1448, 1388, 1263, 1201, 1094, 1012, 997, 886, 819, 746, 550, 495
cm!; 'TH NMR (300 MHz, CDCls) & 7.31 (d, 2H, J = 8.7 Hz), 7.24 (d, 2H, J = 8.7 Hz), 3.08
(m, 1H), 2.00-1.90 (m, 2H), 1.80-1.70 (m, 2H), 1.65-1.55 (m, 1H), 1.38-1.30 (m, 5H);
BC{'H} NMR (75 MHz, CDCl3) § 133.6, 133.2, 132.7, 128.9, 46.9, 33.2, 26.0, 25.7; HRMS
(EI-quadrupole) m/z: [M]" Calcd for Ci2H;5CIS, 226.0583; found, 226.0580.

|:2C03
FsCJ[j [ ] DMF, 100 °C 30/[> [ j
L14

Cyclohexyl-4-trifluoromethylphenyl sulfane (L14): To a solution of 4-trifluoromethyl
benzenethiol (200 mg, 1.12 mmol, 1.0 eq.) in DMF (3 mL) were added K>COs (310 mg, 2.0
eq.) and cyclohexyl bromide (274 mg, 1.5 eq.). After the resulting mixture was stirred at 100 °C
(silicon oil bath) for 24 h, the reaction was quenched with water. The aqueous layer was
extracted with AcOEt and the combined organic layers were washed with brine, dried over
NazS0q, filtered and concentrated in vacuo. The crude product was purified by flash column
chromatography on silica gel (hexane : AcOEt =30 : 1) to afford the title compound (258 mg,
88% yield) as colorless oil. IR (KBr) 2933, 2855, 1606, 1449, 1401, 1325, 1263, 1163, 1124,
1095, 1063, 1013, 824, 749 cm™!; 'H NMR (300 MHz, CDCl3) & 7.51 (d, 2H, J = 8.1 Hz), 7.41
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(d, 2H, J= 8.1 Hz), 3.26 (m, 1H), 2.10-1.98 (m, 2H), 1.81-1.77 (m, 2H), 1.67-1.63 (m, 1H),
1.50-1.30 (m, 5H); "*C{'H} NMR (75 MHz, CDCls) § 141.2, 129.7, 125.6, 125.5, 45.6, 33.1,
25.9,25.7, HRMS (EI-quadrupole) m/z: [M]* Calcd for Ci3HisF3S, 260.0847; found, 260.0844.

Synthesis of L4

S\/\NH2 ACzo, NEtS S\/\”,AC
CH,Clo, 1t

L4

N-(2-((4-(tert-butyl)phenyl)thio)ethyl)acetamide (L4): To a solution of 2-((4-(tert-butyl)
phenyl)thio)ethan-1-amine®® (100 mg, 0.48 mmol, 1.0 eq.) in CH>Cl> (2.5 mL) were added
NEt; (0.14 mL, 2.0 eq.) and Ac,0 (80 mg, 1.6 eq.). After stirring at room temperature overnight,
the reaction mixture was concentrated in vacuo, and the resulting residue was purified by flash
column chromatography on silica gel (hexane : AcOEt =3 : 1) to afford the title compound (61
mg, 50% yield) as white solid. mp 57-58 °C; IR (KBr) 3465, 2360, 1651, 1557, 1275, 750 cm™
I; THNMR (300 MHz, CDCl3) 6 7.33 (s, 4H), 5.88 (br, 1H), 3.45 (m, 2H), 3.03 (t, 2H, J = 6.0
Hz), 1.93 (s, 3H), 1.30 (s, 9H); 3C{'H} NMR (75 MHz, CDCl3) § 170.1, 150.1, 131.2, 130.2,
126.2, 38.7, 34.5, 34.1, 31.2, 23.2; HRMS (EI-quadrupole) m/z: [M]" Calcd for C14H21NOS,
251.1344; found, 251.1335.

Synthesis of L7

S OH oxalyl chloride
N _ DMF, CH,Cly _ ESH
0 then HFIP T TFA 100°C

6-(tert-butyl)thiochromane (L7): To a solution of 4-(fert-butyl)phenylthiolpropanoic acid®’
(100 mg, 0.42 mmol, 1.0 eq.) in CH2Cl> (2 mL) were added oxalyl chloride (0.08 mL, 2.0 eq.)
and catalytic DMF. After the resulting mixture was stirred at room temperature for 30 min, the
reaction mixture was concentrated in vacuo. The resulting residue was dissolved in HFIP and
stirred at room temperature overnight. After completion, the solvent was removed in vacuo and
the crude product was purified by flash column chromatography on silica gel (hexane : AcOEt
=5 : 1) to afford 6-(zert-butyl)thiochroman-4-one®’ (90 mg, 98% yield) as white solid. 'H NMR
(300 MHz, CDCl3) 6 8.15 (d, 1H, J=2.4 Hz), 7.44 (dd, 1H, J= 8.1, 2.4 Hz), 7.22 (d, 1H, J =
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8.1 Hz), 3.22 (m, 2H), 2.98 (m, 2H), 1.31 (s, 9H); BC{'H} NMR (75 MHz, CDCl3) § 194.4,
148.3, 138.9, 131.0, 130.5, 127.4, 125.7, 39.8, 34.6, 31.1, 26.6; HRMS (EI-quadrupole) m/z:
[M]* Caled for Ci3H;60S, 220.0922; found, 220.0930.

To a solution of 6-(tert-butyl)thiochroman-4-one (90 mg, 0.26 mmol, 1.0 eq.) in TFA (1.4 mL)
was added Et3SiH (91 mg, 3.0 eq.). After stirring at 100 °C (silicon oil bath) for 2 h, the reaction
mixture was concentrated in vacuo. The resulting residue was purified by flash column
chromatography on silica gel (hexane : AcOEt = 30 : 1) to afford the title compound (54 mg,
63% yield) as colorless oil. IR (KBr) 2958, 1482, 1361, 1275, 1262, 1120, 1061, 815, 749 cm™
! 'TH NMR (300 MHz, CDCl5) 8 7.10 (dd, 1H, J = 8.4, 2.4 Hz), 7.03 (s, 1H), 7.01 (d, 1H, J =
8.4 Hz), 3.01 (m, 2H), 2.81 (m, 2H), 2.10 (m, 2H), 1.28 (s, 9H); *C{'H} NMR (75 MHz,
CDCl3) ¢ 147.0, 133.2, 129.4, 127.0, 126.2, 123.7, 34.2, 31.3, 30.0, 27.5, 23.1; HRMS (EI-
quadrupole) m/z: [M]" Calcd for Ci3HisS, 206.1129; found, 206.1127.

Synthesis of L.16

S 1
IDROE. IO Re
| o
C CHClL, 0°C

1-chloro-4-(cyclohexylsulfinyl)benzene (L.16): To a solution of L.13 (100 mg, 0.44 mmol, 1.0
eq.) in CH2Cl; (4.5 mL) was added mCPBA (76 mg, 1.0 eq.) at 0 °C. After the reaction mixture
was stirred at 0 °C for 15 min, the reaction was quenched with saturated NaHCOs aq. The
aqueous layer was extracted with CHCI3 and the combined organic layers were washed with
brine, dried over Na,SOs, filtered and concentrated in vacuo. The crude product was purified
by flash column chromatography on silica gel (hexane : AcOEt = 1 : 1) to afford the title
compound (97 mg, 91% yield) as white solid. mp 94-96 °C; IR (KBr) 3463, 2932, 2855, 1644,
1474, 1450, 1390, 1275, 1078, 1041, 1010, 825, 749, 527 cm™'; 'H NMR (300 MHz, CDCls)
3 7.50 (m, 4H), 2.55 (m, 1H), 1.90-1.76 (m, 4H), 1.70-1.60 (m, 1H), 1.50-1.17 (m, 5H);
BC{'H} NMR (75 MHz, CDCI3) 8 140.4, 137.0, 129.2, 126.3, 63.2, 26.2, 25.5, 25.3, 23.8;
HRMS (EI-quadrupole) m/z: [M]" Caled for Ci2Hi5CIOS, 242.0532; found, 242.0536.
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Representative procedure for ligand optimization using «,f-unsaturated
oxime 1

To a solution of a,f-unsaturated oxime 1 (31 mg, 0.2 mmol, 1.0 eq.), 4-methoxyphenyl boronic
acid (0.6 mmol, 3.0 eq.), Ag>CO3 (0.4 mmol, 2.0 eq.), AgTFA (0.08 mmol, 40 mol %),
Na;HPO4-12H,0 (0.3 mmol, 1.5 eq.), 2,6-dimethyl-1,4-benzoquinone (0.2 mmol, 1.0 eq.), L13
(0.06 mmol, 30 mol %) in dioxane (2 mL) was added Pd(OAc) (0.02 mmol, 10 mol %) at
room temperature. After the resulting mixture was stirred at 90 °C (silicone oil bath) for 2 h,
the reaction mixture was filtered through a Celite pad (rinsed with AcOEt) and the filtrate was
concentrated in vacuo. The crude product was purified by flash column chromatography on
silica gel (hexane : AcOEt = 30 : 1) to afford the desired arylation products 3 (14.1 mg, 27%
yield), 4 (21.4 mg, 41% yield), and 5 (11.8 mg, 16% yield).

J e S B S

Pd(OAC), (10 mol %)

ligand, DMBQ N N N
AGTFA, AgCO; AN . . O
ﬁ)\ Na;HPO, - 12H,0 oo MeO O
3 4 5 OMe

1 dioxane, 90 °C, 2 h

ligand
S/
S~ S s
NHAc ~
AC\’\I(OH AC\I\I;)H AC\N/q/OH
H o H o H o
L1 L2 L3 L4
32% 46% 43% 58% 71% 49%
(3:4:5 = 55:45:0) (55:45:0) (38:62:0) (55:45:0) (33:43:23) (38:46:15)
MU CACISSACRCACENGAS
>(E>/\J >(©/ >‘/©/ >(©/ MeO
L10 L11 L12
33% 73% 81 % 45% 66% 56%
(3:4:5 = 36:50:14) (38:50:12) (38:42:19) (45:45:9) (37:44:19) (30:42:27)
0
/©/ C F3C ©/ \O cl” : i cl” i
L15 L16 L17 L18
84% 70% 19% 17% 0% 32%
(3:4:5 = 32:48:19) (36:46:18) (53:47:0) (48:52:0) (38:50:12)
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en-2-one O-butyl oxime (5). Colorless oil. IR (KBr) 2956,

0 1606, 1509, 1247, 1176, 1035, 750, 420 cm™!; 'H NMR

(300 MHz, CDCl3) 6 7.24 (d, 2H, J = 8.7 Hz), 7.09 (d, 2H,

O N J=9.0Hz), 6.97 (s, 1H), 6.84 (d, 2H, J = 8.7 Hz), 6.80 (d,

MeO O 2H, J=9.0 Hz), 4.02 (t, 2H, J = 6.6 Hz), 3.93 (s, 2H), 3.79

OMe (s, 3H), 3.78 (s, 3H), 2.08 (s, 3H), 1.50 (m, 2H), 1.28 (m,

2H), 0.86 (t, 3H, J = 7.2 Hz); “C{'H} NMR (75 MHz,

CDCl3) & 158.8, 157.5, 155.2, 136.3, 133.0, 131.0, 130.2, 129.6, 129.1, 113.8, 113.6, 73.8,

55.24, 55.22, 32.3, 31.3, 19.1, 13.9, 11.3; HRMS (EI-quadrupole) m/z: [M]" Calcd for
C23H20NO3, 367.2147; found, 367.2144.

H/ (2E,3E)-3-(4-methoxybenzyl)-4-(4-methoxyphenyl)but-3-

5

Preparation of substrates

Synthesis of a,f-unsaturated oxime 1

o HoNOH - HCI \-OH NaH N-C

Na,CO4 . 1-iodobutane
MeOH, 80 °C \‘)k DMF, 0 °C

(E)-3-methylbut-3-en-2-one O-butyl oxime (1): To a solution of 3-methyl 3-butene-2-one (1.0
g, 12 mmol, 1.0 eq.) in MeOH (12 mL) were added hydroxylamine hydrochloride (993 mg, 1.2

eq.) and NaxCOs (1.52 g, 1.2 eq.). After the reaction mixture was stirred at 80 °C (silicon oil
bath) for 1 h, the reaction was quenched with water. The aqueous layer was extracted with
AcOEt and the combined organic layers were washed with brine, dried over Na>SQg, filtered
and concentrated in vacuo. The resulting residue was dissolved in DMF (24 mL) and cooled to
0 °C. After the addition of NaH (63% dispersion in mineral oil, 950 mg, 2.0 eq.) and stirring
for 10 min, 1-iodobutane (1.4 mL, 1.0 eq.) was added and the reaction mixture was stirred at 0
°C for 30 min. After completion, the reaction was quenched with water. The aqueous layer was
extracted with AcOEt and the combined organic layers were washed with brine, dried over
NazS0q, filtered and concentrated in vacuo. The crude product was purified by flash column
chromatography on silica gel (hexane : AcOEt = 30 : 1) to afford the title compound (577 mg,
31% yield) as colorless oil. IR (KBr) 2991, 1275, 750 cm™!; 'TH NMR (300 MHz, CDCls) §
5.30 (s, 1H), 5.20 (s, 1H), 4.11 (t, 2H, J = 6.6 Hz), 1.98 (s, 3H), 1.94 (s, 3H), 1.65 (m, 2H),
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1.41 (m, 2H), 0.94 (t, 3H, J = 7.2 Hz); '*C{'H} NMR (75 MHz, CDCls) § 155.2, 141.7, 115.9,
73.8, 31.3, 19.2, 19.1, 13.9, 10.4; HRMS (EI-quadrupole) m/z: [M]* Calcd for CoHsNO,
155.1310; found, 155.1302.

Synthesis of ¢ B-unsaturated oxime ethers 6 and 79

H,C=0

piperidine H>NOMe - HCI
AcOH NaOAc
MeOH 80 °C EtOH H,O
80 °C

3-(4-methoxybenzyl)but-3-en-2-one O-methyl oxime (6, 79): To a solution of 4-(4-
methoxyphenyl)butan-2-one (500 mg, 2.8 mmol, 1.0 eq.) in MeOH (4 mL) were added CH,=0O
(37% aqueous solution, 2.2 mL, 10 eq.), piperidine (50 mg, 0.2 eq.), and AcOH (34 mg, 0.2
eq.). After the resulting mixture was stirred at 80 °C (silicon oil bath) for 24 h, the reaction
mixture was quenched with water. The aqueous layer was extracted with AcOEt and the
combined organic layers were washed with brine, dried over Na,SOys, filtered and concentrated
in vacuo. The crude product was purified by flash column chromatography on silica gel
(hexane : AcOEt =10 : 1) to afford 3-(4-methoxyphenyl)but-3-en-2-one (yellow oil, 120 mg)
with inseparable impurities. The obtained product was used in the next step without further
purification.

To a solution of 3-(4-methoxybenzyl)but-3-en-2-one (120 mg, 0.63 mmol, 1.0 eq.) in EtOH (3
mL) and H>O (0.3 mL) were added O-methyl hydroxylamine hydrochloride (68 mg, 1.3 eq.)
and NaOAc (52 mg, 1.0 eq.). After the reaction mixture was stirred at 80 °C (silicon oil bath)
for 30 min, the reaction was quenched with water. The aqueous layer was extracted with AcOEt
and the combined organic layers were washed with brine, dried over Na;SOs, filtered and
concentrated in vacuo. The crude product was purified by flash column chromatography on
silica gel (hexane : AcOEt =10 : 1) to afford the title compound 6 (colorless oil, 121 mg, 87%
yield) with a small amount of Z-isomer 79 (colorless oil, 16 mg, 12% yield).
(E)-3-(4-methoxybenzyl)but-3-en-2-one O-methyl oxime (6): IR (KBr) 2936, 2833, 1611,
1584, 1510, 1463, 1440, 1299, 1246, 1176, 1125, 1051, 900, 820, 749, 641, 522 cm™!; 'H NMR
(300 MHz, CDCls) 6 7.14 (d, 2H, J = 8.7 Hz), 6.81 (d, 2H, J = 8.7 Hz), 5.40 (s, 1H), 5.08 (s,
1H), 3.91 (s, 3H), 3.78 (s, 3H), 3.62 (s, 2H), 1.95 (s, 3H); 3C{'H} NMR (75 MHz, CDCl3) §
157.8, 154.5, 145.6, 132.3, 130.3, 117.0, 113.5, 61.8, 55.2, 37.3, 10.8; HRMS (EI-quadrupole)
m/z: [M]" Calcd for C13H17NOz, 219.1259; found, 219.1251.
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(£)-3-(4-methoxybenzyl)but-3-en-2-one O-methyl oxime (79): IR (KBr) 2952, 1606, 1505,
1248, 1105, 997, 835, 750 cm™!; "H NMR (300 MHz, CDCls) 8 7.09 (d, 2H, J = 8.7 Hz), 6.82
(d, 2H, J= 8.7 Hz), 5.09 (s, 1H), 5.03 (s, 1H), 3.84 (s, 3H), 3.79 (s, 3H), 3.57 (s, 2H), 1.78 (s,
3H); BC{'H} NMR (75 MHz, CDCls) 8 158.2, 156.2, 145.7, 130.6, 130.0, 115.1, 113.7, 61.5,
55.2, 40.1, 21.7; HRMS (EI-quadrupole) m/z: [M]" Calcd for Ci3Hi7NO>, 219.1259; found,
219.1251.

Synthesis of ¢ S-unsaturated oxime ether 7

.OH .OMOM
@) N OoMO

NaH, MOMCI
—_—

DMF, rt

MeO MeO 7

(E)-3-(4-methoxybenzyl)but-3-en-2-one O-methoxymethyl oxime (7): To a solution of a,f-
unsaturated oxime (100 mg, 0.49 mmol, 1.0 eq.) in DMF (4 mL) were added NaH (63%
dispersion in mineral oil, 24 mg, 1.2 eq.) and chloromethyl methyl ether (42 mg, 1.1 eq.). After
the resulting mixture was stirred at room temperature for 30 min, the reaction was quenched
with water. The aqueous layer was extracted with AcOEt and the combined organic layers were
washed with brine, dried over Na>SQOs, filtered and concentrated in vacuo. The crude product
was purified by flash column chromatography on silica gel (hexane : AcOEt =10 : 1) to afford
the title compound (84 mg, 69% yield) as colorless oil. IR (KBr) 2937, 1510, 1246, 1158, 1001,
891, 750 cm™!; '"H NMR (300 MHz, CDCl3) 8 7.13 (d, 2H, J = 8.7 Hz), 6.81 (d, 2H, J = 8.7
Hz), 5.47 (s, 1H), 5.15 (s, 2H), 5.13 (s, 1H), 3.77 (s, 3H), 3.64 (s, 2H), 3.40 (s, 3H), 2.03 (s,
3H); BC{'H} NMR (75 MHz, CDCl3) § 157.8, 156.1, 145.4, 132.0, 130.2, 117.8, 113.5, 98.7,
56.5, 55.2, 37.3, 11.2; HRMS (EI-quadrupole) m/z: [M]" Caled for Ci4sH19NO3, 249.1365;
found, 249.1361.
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Synthesis of ¢ S-unsaturated oxime ether 8

OH O._TMs

NaH, TMSCH,CI
DMF. it

MeO MeO 8

(E)-3-(4-methoxybenzyl)but-3-en-2-one O-((trimethylsilyl)methyl) oxime (8): To a solution of
a,f-unsaturated oxime (100 mg, 0.49 mmol, 1.0 eq.) in DMF (4 mL) were added NaH (63%
dispersion in mineral oil, 24 mg, 1.2 eq.) and (chloromethyl)trimethylsilane (0.12 mL, 1.6 eq.).
After the resulting mixture was stirred at room temperature for 1.5 h, the reaction was quenched
with water. The aqueous layer was extracted with AcOEt and the combined organic layers were
washed with brine, dried over Na>SQOs, filtered and concentrated in vacuo. The crude product
was purified by flash column chromatography on silica gel (hexane : AcOEt = 20 : 1) to afford
the title compound (138 mg, 96% yield) as colorless oil. IR (KBr) 2955, 1612, 1510, 1437,
1246, 1176, 1037, 932, 859, 763, 701 cm™'; "TH NMR (300 MHz, CDCl3) 8 7.14 (d, 2H, J = 8.7
Hz), 6.82 (d, 2H, J= 8.7 Hz), 5.39 (s, 1H), 5.03 (s, 1H), 3.89 (s, 2H), 3.78 (s, 3H), 3.62 (s, 2H),
1.96 (s, 3H), 0.09 (s, 9H); 3C{'H} NMR (75 MHz, CDCl3) § 157.8, 154.3, 145.7, 132.3, 130.3,
116.6, 113.5, 68.3, 55.2, 37.2, 10.7, -2.75; HRMS (EI-quadrupole) m/z: [M]" Calcd for
Ci6H25sNO2Si, 291.1655; found, 291.1648.

Synthesis of ¢ S-unsaturated oxime ether 9

.OH .OSEM
N

NaH, SEMCI

_—
DMF, rt

MeO MeO 9

(E)-3-(4-methoxybenzyl)but-3-en-2-one O-((2-(trimethylsilyl)ethoxy)methyl) oxime (9): To a
solution of a,f-unsaturated oxime (280 mg, 1.36 mmol, 1.0 eq.) in DMF (5 mL) were added
NaH (63% dispersion in mineral oil, 67 mg, 1.2 eq.) and 2-(trimethylsilyl)ethoxymethyl
chloride (0.26 mL, 1.1 eq.). After the resulting mixture was stirred at room temperature for 1
h, the reaction was quenched with water. The aqueous layer was extracted with AcOEt and the
combined organic layers were washed with brine, dried over Na,SOys, filtered and concentrated

in vacuo. The crude product was purified by flash column chromatography on silica gel
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(hexane : AcOEt =20 : 1) to afford the title compound (430 mg, 94% yield) as colorless oil.
IR (KBr) 2952, 1612, 1510, 1463, 1246, 1176, 1105, 1038, 999, 893, 857, 835, 751 cm™!; 'H
NMR (300 MHz, CDCl3) & 7.14 (d, 2H, J = 8.7 Hz), 6.82 (d, 2H, J = 8.7 Hz), 5.46 (s, 1H),
5.22 (s, 2H), 5.12 (s, 1H), 3.78 (s, 3H), 3.70 (m, 2H), 3.65 (s, 2H), 2.02 (s, 3H), 0.95 (m, 2H),
0.02 (s, 9H); 3C{'H} NMR (75 MHz, CDCl3) § 157.8, 155.7, 145.5, 132.1, 130.2, 117.6, 113.5,
97.2, 66.4, 55.1, 37.3, 18.1, 11.2, —1.44; HRMS (EIl-quadrupole) m/z: [M]" Calcd for
Ci1sH290NO38Si, 335.1917; found, 335.1911.

Synthesis of & S-unsaturated oxime ether 10

_.OH _.OMEM
N N
NaH, MEMCI
—_—
DMF, rt
MeO MeO 10

(E)-3-(4-methoxybenzyl)but-3-en-2-one O-((2-methoxyethoxy)methyl) oxime (10): To a
solution of a,f-unsaturated oxime (60 mg, 0.29 mmol, 1.0 eq.) in DMF (2.4 mL) were added
NaH (63% dispersion in mineral oil, 15 mg, 1.2 eq.) and 2-methoxyehoxymethyl chloride (39
mg, 1.1 eq.). After the resulting mixture was stirred at room temperature for 30 min, the
reaction was quenched with water. The aqueous layer was extracted with AcOEt and the
combined organic layers were washed with brine, dried over Na,SOys, filtered and concentrated
in vacuo. The crude product was purified by flash column chromatography on silica gel
(hexane : AcOEt =5 : 1) to afford the title compound (72 mg, 83% yield) as colorless oil. IR
(KBr) 2930, 1661, 1510, 1462, 1246, 1175, 1107, 1000, 893, 851, 750, 515 cm™!; 'H NMR
(300 MHz, CDCls) 6 7.12 (d, 2H, J = 8.7 Hz), 6.80 (d, 2H, J = 8.7 Hz), 5.47 (s, 1H), 5.25 (s,
2H), 5.17 (s, 1H), 3.78 (s, 3H), 3.66 (m, 2H), 3.48 (m, 2H), 3.37 (s, 3H), 2.02 (s, 3H); 3C{'H}
NMR (75 MHz, CDCl3) 6 157.8, 155.8, 145.2, 132.1, 130.0, 118.0, 113.5, 97.9, 71.7, 68.4,
59.0, 55.1, 37.5, 11.2; HRMS (EI-quadrupole) m/z: [M]" Caled for Ci6H23NOa4, 293.1627,;
found, 293.1624.
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Synthesis of & S-unsaturated oxime ester 11

N,OH N,OPlv

PivCl, NEt,
—_—

CHJCl,, 0 °C
MeO MeO 1

(E)-3-(4-methoxybenzyl)but-3-en-2-one O-pivaloyl oxime (11): To a solution of a,f-
unsaturated oxime (40 mg, 0.16 mmol, 1.0 eq.) in CH>Cl> (3.0 mL) were added pivaloyl
chloride (25 mg, 1.3 eq.) and NEt; (32 mg, 2.0 eq.). After the resulting mixture was stirred at
0 °C for 30 min, the reaction was quenched with water. The aqueous layer was extracted with
AcOEt and the combined organic layers were washed with brine, dried over Na>SQg, filtered
and concentrated in vacuo. The crude product was purified by flash column chromatography
on silica gel (hexane : AcOEt = 10 : 1) to afford the title compound (32 mg, 69% yield) as
colorless oil. IR (KBr) 2968, 1758, 1511, 1275, 1105, 750 cm™!; 'H NMR (300 MHz, CDCls)
0 7.19 (d, 2H, J = 8.7 Hz), 6.83 (d, 2H, J = 8.7 Hz), 5.62 (s, 1H), 5.26 (s, 1H), 3.78 (s, 3H),
3.72 (s, 2H), 2.12 (s, 3H), 1.31 (s, 9H); 3C{'H} NMR (75 MHz, CDCl3) & 174.9, 162.6, 158.0,
145.3, 131.2, 130.6, 120.7, 113.6, 55.1, 38.8, 37.3, 27.2, 12.6; HRMS (EI-quadrupole) m/z:
[M]" Calcd for C17H23NO3, 289.1678; found, 289.1682.

General procedure for a f-unsaturated oxime SEM ether synthesis

N,OH N,OSEM

NaH, SEMCI
DMF, rt

To a solution of «,3-unsaturated oxime (1.0 eq.) in DMF (1.0 M) were added NaH (63%
dispersion in mineral oil, 1.5 eq.) and 2-(trimethylsilyl)ethoxymethyl chloride (1.3 eq.). After
the resulting mixture was stirred at room temperature for 30 min, the reaction was quenched
with water. The aqueous layer was extracted with AcOEt and the combined organic layers were
washed with brine, dried over Na>SQOs, filtered and concentrated in vacuo. The crude product
was purified by flash column chromatography on silica gel to afford the desired oS-

unsaturated oxime SEM ethers.
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N,OSEM

O I OMe
MeO 19

(E)-2-(4-methoxybenzyl)-5-(4-methoxyphenyl)pent-1-en-3-oneO-((2-(trimethylsilyl)ethoxy)
methyl) oxime (19): Following the general procedure for o S-unsaturated oxime SEM ether
synthesis with «,3-unsaturated oxime (65 mg, 0.20 mmol), purification by flash column
chromatography on silica gel (hexane : AcOEt = 10 : 1) afforded the title compound (colorless
oil, 90 mg, quant.). IR (KBr) 2951, 1612, 1511, 1246, 1176, 1105, 1037, 997, 835, 750, 518
cm!; TH NMR (300 MHz, CDCl3) 6 7.12 (d, 2H, J= 8.7 Hz), 7.09 (d, 2H, J= 9.0 Hz), 6.81 (d,
2H, J= 8.7 Hz), 6.80 (d, 2H, J= 9.0 Hz), 5.45 (s, 1H), 5.21 (s, 2H), 5.13 (s, 1H), 3.79 (s, 6H),
3.69 (m, 2H), 3.62 (s, 2H), 2.81-2.65 (m, 4H), 0.96 (m, 2H), 0.01 (s, 9H); 3C{'H} NMR (75
MHz, CDCls) & 158.8, 157.9, 157.8, 144.4, 133.7, 132.1, 130.3, 129.2, 117.6, 113.8, 113.5,
97.3,66.4,55.3,55.2,37.5,31.9, 27.8, 18.1, —-1.40; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for
C26H37NNaO4Si, 478.2389; found, 478.2377.

N,OSEM

20

(E)-3-benzylbut-3-en-2-one O-((2-(trimethylsilyl)ethoxy)methyl) oxime (20): Following the
general procedure for a,-unsaturated oxime SEM ether synthesis with «,3-unsaturated oxime
(50 mg, 0.29 mmol), purification by flash column chromatography on silica gel (hexane :
AcOEt=30: 1) afforded the title compound (colorless oil, 85 mg, 97% yield). IR (KBr) 2988,
2956, 1275, 1105, 1005, 862, 837, 750, 702, 408 cm™!; '"H NMR (300 MHz, CDCl3) & 7.28—
7.16 (m, SH), 5.47 (s, 1H), 5.19 (s, 2H), 5.12 (s, 1H), 3.69 (s, 2H), 3.67 (m, 2H), 2.01 (s, 3H),
0.93 (m, 2H), 0.00 (s, 9H); BC{'H} NMR (75 MHz, CDCls) § 155.7, 145.2, 140.1, 129.3,
128.1, 125.8, 117.9, 97.2, 66.4, 38.2, 18.1, 11.2, —1.42; HRMS (EI-quadrupole) m/z: [M]*
Calcd for C17H27NO:Si, 305.1811; found, 305.1806.
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.OSEM
NOS

21

(E)-3-methyleneheptan-2-one O-((2-(trimethylsilyl)ethoxy)methyl) oxime (21): Following the
general procedure for a,-unsaturated oxime SEM ether synthesis with «,3-unsaturated oxime
(165 mg, 1.17 mmol), purification by flash column chromatography on silica gel (hexane :
AcOEt =30 : 1) afforded the title compound (colorless oil, 257 mg, 81% yield). IR (KBr) 2955,
1260, 1105, 1001, 835, 750, 442, 417 cm™'; 'TH NMR (300 MHz, CDCl3) & 5.35 (s, 1H), 5.22
(s, 1H), 5.21 (s, 2H), 3.72 (m, 2H), 2.35 (td, 2H, J= 7.2, 0.9 Hz), 2.00 (s, 3H), 1.44 (m, 2H),
1.32 (m, 2H), 0.98 (m, 2H), 0.95 (t, 3H, J = 8.4 Hz), 0.00 (s, 9H); *C{'H} NMR (75 MHz,
CDCl3) 6 156.1, 146.0, 115.8,97.1, 66.6, 32.0, 30.9, 22.5, 18.2, 14.0, 11.2,-1.46; HRMS (ESI-
TOF) m/z: [M+Na]" Calcd for C14H20NNaO>Si, 294.1865; found, 294.1857.

.OSEM
NOS

g

23

(E)-4-methyl-3-methylenepentan-2-one  O-((2-(trimethylsilyl)ethoxy)methyl) oxime (23):
Following the general procedure for a,3-unsaturated oxime SEM ether synthesis with a,(-
unsaturated oxime (50 mg, 0.39 mmol), purification by flash column chromatography on silica
gel (hexane : AcOEt = 30 : 1) afforded the title compound (colorless oil, 82 mg, 82% yield).
IR (KBr) 2957, 1260, 1104, 1000, 898, 836, 750 cm™!; '"H NMR (300 MHz, CDCI3) & 5.33 (s,
1H), 5.22 (s, 1H), 5.21 (s, 2H), 3.72 (m, 2H), 3.02 (m, 1H), 2.01 (s, 3H), 1.07 (d, 6H, J = 6.6
Hz), 0.95 (m, 2H), 0.00 (s, 9H); *C{'H} NMR (75 MHz, CDCl3) 8 156.1, 152.4, 113.1, 97.1,
66.5, 28.6, 22.3, 18.2, 11.9, —1.47, HRMS (EI-quadrupole) m/z: [M]" Caled for Ci3H27NO3S,
257.1811; found, 257.1820.
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N,OSEM

35
OMe

(E)-3-(4-methoxyphenyl)but-3-en-2-one O-((2-(trimethylsilyl)ethoxy)methyl) oxime (35):
Following the general procedure for a,3-unsaturated oxime SEM ether synthesis with a,(-
unsaturated oxime (90 mg, 0.51 mmol), purification by flash column chromatography on silica
gel (hexane : AcOEt =20 : 1) afforded the title compound (colorless oil, 128 mg, 78% yield).
IR (KBr) 2952, 1608, 1510, 1248, 1176, 1102, 998, 902, 834, 750 cm™!; '"H NMR (300 MHz,
CDCl3) 6 7.25 (d, 2H, J= 8.7 Hz), 6.83 (d, 2H, J = 8.7 Hz), 5.44 (s, 1H), 5.38 (s, 1H), 5.20 (s,
2H), 3.79 (s, 3H), 3.69 (m, 2H), 2.02 (s, 3H), 0.94 (m, 2H), 0.00 (s, 9H); *C{'H} NMR (75
MHz, CDCI3) 6 159.3, 157.7, 145.8, 131.0, 129.2, 116.1, 113.4, 97.1, 66.5, 55.2, 18.2, 13.8, —
1.44; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for Ci17H27NNaOsSi, 344.1658; found, 344.1653.

.OSEM
NOS

36
F

(E)-3-(4-fluorophenyl)but-3-en-2-one  O-((2-(trimethylsilyl)ethoxy)methyl) oxime (36):
Following the general procedure for a,3-unsaturated oxime SEM ether synthesis with a,(-
unsaturated oxime (80 mg, 0.45 mmol), purification by flash column chromatography on silica
gel (hexane : AcOEt = 20 : 1) afforded the title compound (colorless oil, 142 mg, quant.). IR
(KBr) 2953, 1509, 1260, 1104, 997, 835, 750 cm™!; 'H NMR (300 MHz, CDCl3) & 7.29 (dd,
2H, J= 8.7, 5.4 Hz), 6.98 (dd, 2H, J = 9.0, 8.7 Hz), 5.54 (s, 1H), 5.42 (s, 1H), 5.18 (s, 2H),
3.68 (m, 2H), 2.05 (s, 3H), 0.94 (m, 2H), 0.00 (s, 9H); *C{'H} NMR (75 MHz, CDCl3)  164.1,
160.8, 157.1, 145.5, 134.8, 129.9, 117.8, 115.0, 114.7, 97.2, 66.6, 18.1, 13.3, —1.46; HRMS
(ESI-TOF) m/z: [M+Na]" Calcd for C16H24FNNaO»8Si, 332.1458; found, 332.1448.
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N,OSEM

37
Cl
(E)-3-(4-chlorophenyl)but-3-en-2-one  O-((2-(trimethylsilyl)ethoxy)methyl) oxime (37):

Following the general procedure for a,3-unsaturated oxime SEM ether synthesis with a,(-
unsaturated oxime (300 mg, 1.53 mmol), purification by flash column chromatography on
silica gel (hexane : AcOEt = 10 : 1) afforded the title compound (colorless oil, 425 mg, 85%
yield). IR (KBr) 2952, 1490, 1248, 1094, 997,907, 833, 750 cm™!; 'H NMR (300 MHz, CDCls)
0 7.27-7.25 (m, 4H), 5.57 (s, 1H), 5.44 (s, 1H), 5.18 (s, 2H), 3.67 (m, 2H), 2.05 (s, 3H), 0.93
(m, 2H), 0.00 (s, 9H); 3C{'H} NMR (75 MHz, CDCls) 8 156.8, 145.5, 137.3, 133.6, 129.6,
128.1, 118.2, 97.2, 66.7, 18.1, 13.2, —1.46; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for
Ci16H24CINNaO;Si, 348.1163; found, 348.1150.

.OSEM
NOS

38
Br

(E)-3-(4-bromophenyl)but-3-en-2-one  O-((2-(trimethylsilyl)ethoxy)methyl) oxime (38):
Following the general procedure for a,3-unsaturated oxime SEM ether synthesis with a,(-
unsaturated oxime (100 mg, 0.42 mmol), purification by flash column chromatography on
silica gel (hexane : AcOEt = 10 : 1) afforded the title compound (colorless oil, 153 mg, 98%
yield). IR (KBr) 2953, 1487, 1377, 1248, 1105, 996, 938, 859, 834, 750, 693 cm™!; 'H NMR
(300 MHz, CDCl3) & 7.44 (d, 2H, J = 8.7 Hz), 7.20 (d, 2H, J = 8.7 Hz), 5.58 (s, 1H), 5.46 (s,
1H), 5.18 (s, 2H), 3.67 (m, 2H), 2.06 (s, 3H), 0.94 (m, 2H), 0.01 (s, 9H); *C{'H} NMR (75
MHz, CDCl) 6 156.8, 145.5, 137.8, 131.1, 130.0, 121.8, 118.3, 97.2, 91.5, 66.7, 18.2, 13.2, —
1.44; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for CisH24BrNNaO,Si, 392.0657, 394.0637;
found, 392.0645, 394.0618.
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(E)-3-(3-(trifluoromethyl)phenyl)but-3-en-2-one O-((2-(trimethylsilyl)ethoxy)methyl) oxime
(39): Following the general procedure for «,3-unsaturated oxime SEM ether synthesis with
a,f-unsaturated oxime (150 mg, 0.65 mmol), purification by flash column chromatography on
silica gel (hexane : AcOEt = 10 : 1) afforded the title compound (colorless oil, 220 mg, 94%
yield). IR (KBr) 2954, 1671, 1437, 1329, 1275, 1250, 1167, 1128, 1073, 996, 912, 859, 835,
801, 749, 700, 417 cm™'; "H NMR (300 MHz, CDCl3) 8 7.61-7.40 (m, 4H), 5.68 (s, 1H), 5.53
(s, IH), 5.18 (s, 2H), 3.67 (m, 2H), 2.11 (s, 3H), 0.94 (m, 2H), 0.00 (s, 9H); *C{'H} NMR (75
MHz, CDCl3) 6 156.4, 145.5, 139.8, 131.8, 130.5, 130.1, 128.3, 125.4, 124.3, 119.2, 97.3, 66.7,
18.1, 12.8, —1.50; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C17H24F3NNaO,Si, 382.1426;
found, 382.1410.

Synthesis of a,f-unsaturated oxime 18

0 H,NOH - HCI N-OH N-OSEM
NaQCO3 _ NaH, SEMC|‘
MeOH, 80 °C \[)k DMF, 0 °C \‘)k
18

(E)-3-methylbut-3-en-2-one O-((2-(trimethylsilyl)ethoxy)methyl) oxime (18): To a solution of
3-methyl-3-butene-2-one (500 mg, 5.94 mmol, 1.0 eq.) in MeOH (6 mL) were added
hydroxylamine hydrochloride (495 mg, 1.2 eq.) and Na,COs (758 mg, 1.2 eq.). After the
resulting mixture was stirred at 80 °C (silicon oil bath) for 1 h, the reaction was quenched with
water. The aqueous layer was extracted with AcOEt and the combined organic layers were
washed with brine, dried over Na,SOs, filtered and concentrated in vacuo. The resulting residue
was dissolved in DMF (6 mL) and cooled to 0 °C. After the addition of NaH (63% dispersion
in mineral oil, 476 mg, 2.0 eq.) and 2-(trimethylsilyl)ethoxymethyl chloride (990 mg, 1.0 eq.),
the reaction mixture was stirred at 0 °C for 30 min. After completion, the reaction was
quenched with water. The aqueous layer was extracted with AcOEt and the combined organic
layers were washed with brine, dried over Na>SQg, filtered and concentrated in vacuo. The
crude product was purified by flash column chromatography on silica gel (hexane : AcOEt =
20 : 1) to afford the title compound (848 mg, 62% yield) as colorless oil. IR (KBr) 2984, 1275,
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750 cm™'; "H NMR (300 MHz, CDCL3) & 5.34 (s, 1H), 5.24 (m, 1H), 5.21 (s, 2H), 3.73 (m, 2H),
2.01 (s, 3H), 1.94 (s, 3H), 0.95 (m, 2H), 0.00 (s, 9H); 3C{'H} NMR (75 MHz, CDCls) § 156.7,
141.4, 116.8, 97.1, 66.5, 19.1, 18.1, 10.7, —1.48; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for
C11H23NNaO;Si, 252.1396; found, 252.1393.

Synthesis of « S-unsaturated oxime SEM ether 22

OSEM

H,C=0
piperidine HoNOH - HCI NaH
AcOH yr|d|ne SEMCI
DMF, 80 °C MeOH 60 °C DMF 0°C

(E)-5-(benzyloxy)-3-methylenepentan-2-one-O-((2-(trimethylsilyl)ethoxy)methyl) oxime
(22): To a solution of 5-(benzyloxy)pentan-2-one®® (500 mg, 2.6 mmol, 1.0 eq.) in DMF (4
mL) were added CH,=0 (37% aqueous solution, 0.6 mL, 2.0 eq.), piperidine (44 mg, 0.2 eq.),
and AcOH (31 mg, 0.2 eq.). After the resulting mixture was stirred at 80 °C (silicon oil bath)
for 24 h, the reaction mixture was quenched with water. The aqueous layer was extracted with
AcOEt and the combined organic layers were washed with brine, dried over Na>SQg, filtered
and concentrated in vacuo. The crude product was purified by flash column chromatography
on silica gel (hexane : AcOEt =5 : 1) to afford the desired a,5-unsaturated ketone (yellow oil,
75 mg) with inseparable impurities. The obtained product was used in the next step without
further purification.

To a solution of a,B-unsaturated ketone (75 mg, 1.0 eq.) in MeOH (3.5 mL) were added
hydroxylamine hydrochloride (47 mg, 2.0 eq.) and pyridine (81 mg, 3.0 eq.). After the resulting
mixture was stirred at 60 °C (silicon oil bath) for 2 h, the reaction was quenched with saturated
NH4Cl aq. The aqueous layer was extracted with AcOEt and the combined organic layers were
washed with brine, dried over NaSQOs, filtered and concentrated in vacuo. The obtained crude
product was used in the next step without further purification.

To a solution of crude residue in DMF (3.0 mL) were added NaH (63% dispersion in mineral
oil, 14 mg, 1.5 eq.) and 2-(trimethylsilyl)ethoxymethyl chloride (0.05 mL, 1.3 eq.). After the
resulting mixture was stirred at room temperature for 30 min, the reaction was quenched with
water. The aqueous layer was extracted with AcOEt and the combined organic layers were
washed with brine, dried over Na>SQOs, filtered and concentrated in vacuo. The crude product
was purified by flash column chromatography on silica gel (hexane : AcOEt =10 : 1) to afford
the title compound 22 (118 mg, 13% yield, 3 steps) as colorless oil.
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IR (KBr) 2953, 1722, 1275, 1107, 994, 835, 750 cm™'; "H NMR (300 MHz, CDCLs) & 7.33—
7.24 (m, SH), 5.45 (s, 1H), 5.34 (s, 1H), 5.18 (s, 2H), 4.51 (s, 2H), 3.69 (m, 2H), 3.63 (t, 2H, J
= 6.9 Hz), 2.71 (td, 2H, J = 6.9, 0.9 Hz), 2.00 (s, 3H), 0.93 (m, 2H,), 0.00 (s, 9H); 3C{'H}
NMR (75 MHz, CDCls) § 155.8, 142.3, 138.6, 128.3, 127.5, 127.4, 117.9, 97.2, 72.6, 69.3,
66.5, 32.8, 18.1, 11.0, —1.42; HRMS (ESI-TOF) m/z: [M+Na]* Caled for CioH3NNaO;Si,
372.1971; found, 372.1969.

Synthesis of aﬁ-unsaturated oxime SEM ether 24
O
H,C=0 H>NOH - HCI NaH
plperldme Na2C03 SEMCI
ACOH 90 °C MeOH 80 °C DMF, 0 °C
24

(E)-2-methylenecycloheptan-1-one O-((2-(trimethylsilyl)ethoxy)methyl) oxime (24): To a
solution of cycloheptanone (1.42 g, 12.7 mmol, 1.0 eq.) in AcOH (5 mL) were added CH,=0O

.OSEM
NOS

(37% aqueous solution, 3.8 mL, 2.0 eq.) and piperidine (220 mg, 0.2 eq.). After the resulting
mixture was stirred at 90 °C (silicon oil bath) for 4 h, the reaction was quenched with saturated
NaHCOs aq. The aqueous layer was extracted with AcOEt and the combined organic layers
were washed with brine, dried over Na>SQOs, filtered and concentrated in vacuo. The crude
product was used in the next step without further purification.

To a solution of crude residue in MeOH (6.0 mL) were added hydroxylamine hydrochloride
(883 mg, 1.0 eq.) and Na>,COs (1.35 g, 1.0 eq.). After the resulting mixture was stirred at 80 °C
(silicon oil bath) for 2 h, the reaction was quenched with water. The aqueous layer was
extracted with AcOEt and the combined organic layers were washed with brine, dried over
NaxSOq, filtered and concentrated in vacuo. The crude product was purified by flash column
chromatography on silica gel (hexane : AcOEt =5 : 1) to afford the desired a,3-unsaturated
oxime** (pale yellow oil, 140 mg) with inseparable impurities. The obtained product was used
in the next step without further purification.

To a solution of a,f-unsaturated oxime (140 mg, 1.0 eq.) in DMF (5.0 mL) were added NaH
(63% dispersion in mineral oil, 56 mg, 1.5 eq.) and 2-(trimethylsilyl)ethoxymethyl chloride
(0.2 mL, 1.3 eq.). After the resulting mixture was stirred at room temperature for 30 min, the
reaction was quenched with water. The aqueous layer was extracted with AcOEt and the
combined organic layers were washed with brine, dried over Na,SOys, filtered and concentrated
in vacuo. The crude product was purified by flash column chromatography on silica gel
(hexane : AcOEt =30 : 1) to afford the title compound (183 mg, 5% yield, 3 steps) as colorless
oil.
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IR (KBr) 2926, 1451, 1248, 1142, 1101, 1001, 890, 859, 835, 750, 420 cm™'; '"H NMR (300
MHz, CDCI3) 8 5.31 (s, 1H), 5.18 (s, 2H), 4.93 (s, 1H), 3.71 (m, 2H), 2.58 (m, 2H), 2.34 (m,
2H), 1.61 (m, 6H), 0.95 (m, 2H), 0.00 (s, 9H); '*C{'H} NMR (75 MHz, CDCl3) & 163.8, 146.0,
114.5, 96.8, 66.2, 35.3, 31.0, 29.8, 27.7, 25.6, 18.1, —1.45; HRMS (ESI-TOF) m/z: [M+Na]*
Calcd for Ci14H27NNaO»S1, 292.1708; found, 292.1699.

General procedure for Pd-catalyzed f-Arylation of o -unsaturated oxime
ethers

N,OR Pd cat. (10 mol %) N,OR N’OR

B(OH), L13, DMBQ
ﬁ)l\ + /©/ AgTFA, Ag,COg4 mj\ + M
) MeO NaHPO,- 12H,0 1oy - MeO -

dioxane, 90 °C

General Procedure A: To a solution of a,f-unsaturated oxime (0.1 mmol), arylboronic acid
(3.0 eq.), Ag2COs3 (2.0 eq.), AgTFA (0.4 eq.), NaHPO4- 12 H>O (1.5 eq.), L13 (30 mol %),
2,6-dimethyl-1,4-benzoquinone (30 mol %) in dioxane (2.0 mL) was added Pd(OAc)> (10
mol %). After stirring at 90 °C (silicon oil bath) for 2 h, the reaction mixture was diluted with
AcOEt and filtered through a Celite® pad (rinsed with AcOEt). The filtrate was concentrated

in vacuo, and the crude product was purified by flash column chromatography on silica gel.

General Procedure B: To a solution of «,8-unsaturated oxime (0.1 mmol), arylboronic acid
(3.0 eq.), Ag2COs3 (2.0 eq.), Na2HPO4- 12 H2O (1.5 eq.), L13 (30 mol %), 2,6-dimethyl-1,4-
benzoquinone (30 mol %) in dioxane (2.0 mL) was added Pd(TFA) (10 mol %). After stirring
at 90 °C (silicon oil bath) for 1 h, the reaction mixture was diluted with AcOEt and filtered
through a Celite® pad (rinsed with AcOEt). The filtrate was concentrated in vacuo, and the

crude product was purified by flash column chromatography on silica gel.
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Oxime Ether Optimization

_.OMe eO

N M
oA oA
MeO O MeO O
12 OMe 80 OMe

(2E,3E)-3-(4-methoxybenzyl)-4-(4-methoxyphenyl)but-3-en-2-one O-methyl oxime (12)
(2Z,3E)-3-(4-methoxybenzyl)-4-(4-methoxyphenyl)but-3-en-2-one O-methyl oxime (80)

"N

:Following the General Procedure A with a,3-unsaturated oxime 6 (30 mg, 0.14 mmol),
purification by flash column chromatography on silica gel (hexane : AcOEt = 10 : 1) afforded
the title compound 12 with a small amount of Z-isomer 80 (colorless oil, 32 mg, 70% yield,
E/Z isomer ratio was 2.6 : 1).

12: IR (KBr) 3466, 2358, 1608, 1509, 1275, 1259, 1176, 1044, 750 cm™'; 'H NMR (300 MHz,
CDCl3) 6 7.24 (d, 2H, J= 8.4 Hz), 7.10 (d, 2H, J = 8.7 Hz), 6.98 (s, 1H), 6.83 (d, 2H, J = 8.4
Hz), 6.81 (d, 2H, J= 8.4 Hz), 3.94 (s, 2H), 3.83 (s, 3H), 3.78 (s, 3H), 3.77 (s, 3H), 2.07 (s, 3H);
BC{'H} NMR (75 MHz, CDCls) & 158.8, 157.6, 155.7, 135.9, 132.7, 131.2, 130.2, 129.4,
129.1, 113.8, 113.6, 61.8, 55.20, 55.16, 32.2, 11.3; HRMS (EI-quadrupole) m/z: [M]* Calcd
for C20H23NO3, 325.1678; found, 325.1679.

80: IR (KBr) 3500, 2358, 1607, 1509, 1463, 1275, 1256, 1175, 1044, 749 cm™!; 'TH NMR (300
MHz, CDCl3) 6 7.18 (d, 2H, J = 9.0 Hz), 7.15 (d, 2H, J = 9.0 Hz), 6.84 (d, 2H, J = 9.0 Hz),
6.81 (d, 2H, J = 9.0 Hz), 6.35 (s, 1H), 3.90 (s, 3H), 3.793 (s, 3H), 3.787 (s, 3H), 3.64 (s, 2H),
1.62 (s, 3H); BC{'H} NMR (75 MHz, CDCl3) § 158.8, 158.1, 157.5, 137.4, 131.1, 130.2, 129.9,
129.4, 129.2, 113.7, 113.6, 61.6, 55.22, 55.21, 43.6, 15.9; HRMS (EI-quadrupole) m/z: [M]*
Calcd for C20H23NO3, 325.1678; found, 325.1684.

N ’O\/\/

l OMe

(2E,3E)-3-(4-methoxybenzyl)-4-(4-methoxyphenyl)but-3-en-2-one-O-butyl ~ oxime  (5):

N
MeO

5

Following the General Procedure A with a,5-unsaturated oxime 4 (29 mg, 0.11 mmol),
purification by flash column chromatography on silica gel (hexane : AcOEt = 30 : 1) afforded
the title compound (colorless oil, 32 mg, 79% yield).
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N,OMOM

I OMe

(2E,3E)-3-(4-methoxybenzyl)-4-(4-methoxyphenyl)but-3-en-2-one-O-methoxymethyl oxime

®h
MeO

13

(13): Following the General Procedure A with «,S-unsaturated oxime 7 (30 mg, 0.12 mmol),
purification by flash column chromatography on silica gel (hexane : AcOEt = 5 : 1) afforded
the title compound (colorless oil, 19.5 mg, 48% yield). IR (KBr) 2932, 1606, 1509, 1462, 1246,
1177, 1154, 1086, 1033, 999, 892, 749, 535 cm™!; 'TH NMR (300 MHz, CDCI3) & 7.25 (d, 2H,
J=16.6 Hz), 7.09 (d, 2H, J = 8.7 Hz), 7.04 (s, 1H), 6.84 (d, 2H, J = 8.7 Hz), 6.79 (d, 2H, J =
8.7 Hz), 5.08 (s, 2H), 3.95 (s, 2H), 3.79 (s, 3H), 3.77 (s, 3H), 3.27 (s, 3H), 2.14 (s, 3H); BC{'H}
NMR (75 MHz, CDCl3) 8 159.0, 157.6, 157.1, 135.6, 132.6, 132.1, 130.3, 129.3, 129.0, 113.8,
113.7, 98.8, 56.7, 55.3, 55.2, 32.3, 11.7, HRMS (El-quadrupole) m/z: [M]* Calcd for
C21H25NOy4, 355.1784; found, 355.1775.

N0~ TMS

I OMe

(2E,3E)-3-(4-methoxybenzyl)-4-(4-methoxyphenyl)but-3-en-2-one-O-((trimethylsilyl)

methyl) oxime (14): Following the General Procedure A with a ,f-unsaturated oxime 8 (29 mg,

N
MeO

14

0.10 mmol), purification by flash column chromatography on silica gel (hexane : AcOEt =30 :
1) afforded the title compound (colorless oil, 18.2 mg, 46% yield). IR (KBr) 3453, 2360, 1607,
1509, 1275, 1260, 1035, 859, 750 cm™!; '"H NMR (300 MHz, CDCls) 6 7.23 (d, 2H, J = 8.7
Hz), 7.11 (d, 2H, J = 8.7 Hz), 6.97 (s, 1H), 6.83 (d, 2H, J= 8.7 Hz), 6.81 (d, 2H, J= 8.7 Hz),
3.94 (s, 2H), 3.82 (s, 2H), 3.790 (s, 3H), 3.788 (s, 3H), 2.07 (s, 3H), 0.03 (s, 9H); BC{'H}
NMR (75 MHz, CDCl3) 6 158.8, 157.5, 155.4, 135.9, 132.7, 131.0, 130.2, 129.6, 129.1, 113.7,
113.6, 68.2, 55.2, 32.1, 11.2, -2.77; HRMS (ESI-TOF) m/z: [M+Na]® Calcd for
C23H31NNaOsSi, 420.1971; found, 420.1965.
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N

®h
MeO O
15 OMe

(2E,3E)-3-(4-methoxybenzyl)-4-(4-methoxyphenyl)but-3-en-2-one O-((2-(trimethylsilyl)
ethoxy) methyl) oxime (15)

:Following the General Procedure A with a,3-unsaturated oxime 9 (30 mg, 0.09 mmol),
purification by flash column chromatography on silica gel (hexane : AcOEt =30 : 1) afforded
the title compound (colorless oil, 38 mg, 97% yield).

:Following the General Procedure B on 0.09 mmol scale, purification by flash column
chromatography on silica gel (hexane : AcOEt =30 : 1) afforded the title compound (colorless
oil, 36.3 mg, 92% yield).

Scale up synthesis: Following the General Procedure B on 1.0 mmol scale, purification by flash
column chromatography on silica gel (hexane : AcOEt =30 : 1) afforded the title compound
(colorless oil, 355 mg, 80% yield).

IR (KBr) 2951, 1607, 1509, 1463, 1247, 1176, 1105, 1035, 997, 894, 858, 835, 750, 539 cm™*;
'"H NMR (300 MHz, CDCl3) 6 7.24 (d, 2H, J = 8.7 Hz), 7.10 (d, 2H, J = 8.7 Hz), 7.03 (s, 1H),
6.85 (d, 2H, J= 8.7 Hz), 6.80 (d, 2H, J= 8.7 Hz), 5.14 (s, 2H), 3.96 (s, 2H), 3.79 (s, 3H), 3.78
(s, 3H), 3.59 (m, 2H), 2.14 (s, 2H), 0.88 (m, 2H), —0.01 (s, 9H); BC{'H} NMR (75 MHz,
CDCl3) 6 158.9, 157.6, 156.8,135.7,132.6, 131.9,130.2, 129.3, 129.1, 113.8, 113.7,97.2, 66.5,
55.2,55.1,32.2,18.1, 11.6,—1.43; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C25sH3sNNaO4Si,
464.2233; found, 464.2211.

.OMEM
N

(-
MeO O
16 OMe

(2E,3E)-3-(4-methoxybenzyl)-4-(4-methoxyphenyl)but-3-en-2-one-O-((2-methoxyethoxy)

methyl) oxime (16): Following the General Procedure A with a,(-unsaturated oxime 10 (29
mg, 0.10 mmol), purification by flash column chromatography on silica gel (hexane : AcOEt
=3 : 1) afforded the title compound (colorless oil, 21.7 mg, 56% yield). IR (KBr) 2930, 1606,
1509, 1462, 1247, 1176, 1107, 1032, 998, 894, 750, 536 cm™!; 'H NMR (300 MHz, CDCl3) §
7.26 (d, 2H, J=8.7 Hz), 7.10 (s, 1H), 7.06 (d, 2H, J = 6.3 Hz), 6.84 (d, 2H, J = 8.7 Hz), 6.79
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(d, 2H, J= 6.3 Hz), 5.17 (s, 2H), 3.94 (s, 2H), 3.79 (s, 3H), 3.77 (s, 3H), 3.45 (m, 2H), 3.36—
3.33 (m, 2H), 3.33 (s, 3H), 2.14 (s, 3H); 3C{'H} NMR (75 MHz, CDCl3) 8 159.0, 157.6, 156.7,
135.4,132.7,132.3, 130.2, 129.2, 129.0, 113.8, 113.6, 97.9, 71.7, 68.5, 58.9, 55.3, 55.2, 32.3,
11.6; HRMS (EI-quadrupole) m/z: [M]" Calcd for C23H29NOs, 399.2046; found, 399.2046.

.OPi
N iv

®h
MeO O
17 OMe

(2E,3E)-3-(4-methoxybenzyl)-4-(4-methoxyphenyl)but-3-en-2-one O-pivaloyl oxime (17):
Following the General Procedure A with «,S-unsaturated oxime 11 (20 mg, 0.07 mmol),
purification by flash column chromatography on silica gel (hexane : AcOEt = 5 : 1) afforded
the title compound (colorless oil, 4.3 mg, 14% yield). IR (KBr) 2917, 1752, 1604, 1509, 1245,
1176, 1105, 1028, 750 cm™!; 'H NMR (300 MHz, CDCI3) 8 7.28 (d, 2H, J = 9.0 Hz), 7.18 (s,
1H), 7.15 (d, 2H, J = 8.7 Hz), 6.86 (d, 2H, J = 8.7 Hz), 6.82 (d, 2H, J = 9.0 Hz), 4.00 (s, 2H),
3.80 (s, 3H), 3.77 (s, 3H), 2.16 (s, 3H), 1.28 (s, 9H); 1*C{'H} NMR (75 MHz, CDCl3) 6 174.9,
164.7, 159.3, 157.8, 134.8, 134.5, 131.5, 130.5, 130.4, 129.4, 128.7, 113.9, 113.8, 55.2, 38.8,

32.5, 29.7, 27.3, 13.4; HRMS (EI-quadrupole) m/z: [M]* Calcd for C24H29NOas, 395.2097;
found, 395.2096.
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a f-Unsaturated Oxime Ether Scope

PA(TFA), (10 mol %)
\-OSEM 113 (30 mo! 55 | -OSEM \-OSEM

ﬁ)km /@ BOH). DMBQ A92003
R2 NazHPO4 12H20

dioxane, 90 °C, 1 h

18-24 2 9,15,25-34
OSEM OSEM
9:R=H
15: R = 4-methoxyphenyl 15: R= CHj3, 92%
88% 26:R= CH2CH2C6H4(p-OMe), 96%

(25:9:15 = 30:36:33)

N,OSEM N,OSEM N,OSEM
_OSEM N
(™ I ' '
MeO O MeO MeO
27
96% 53%
(27:28 = 49:51) (29:30 = 91:9)
OSEM OSEM
\-OSEM
OSEM
\
Ph 31 Ph 32
87% 33, 25% 4, 39%
(31:32 = 93:7)

Reaction conditions: a,5-unsaturated oxime (0.1 mmol, 1.0 eq.), 2 (3.0 eq.), Pd(TFA), (10 mol %), L13
(30 mol %), Ag,COs (2.0 eq.), NaaHPO4* 12H,0 (1.5 eq.), 2,6-dimethyl-1,4-benzoquinone (30 mol %),
dioxane (2.0 mL), 90 °C, 1 h. Isolated yield.
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MeO
MeO
25 MeO 9 15 OMe

(2E,3E)-4-(4-methoxyphenyl)-3-methylbut-3-en-2-one O-((2-(trimethylsilyl)ethoxy)methyl)
oxime (25)

(E)-3-(4-methoxybenzyl)but-3-en-2-one O-((2-(trimethylsilyl)ethoxy)methyl) oxime (9)
(2E,3E)-3-(4-methoxybenzyl)-4-(4-methoxyphenyl)but-3-en-2-one O-((2-(trimethylsilyl)
ethoxy) methyl) oxime (15)

:Following the General Procedure B with a,3-unsaturated oxime 18 (30 mg, 0.13 mmol),
purification by flash column chromatography on silica gel (hexane : AcOEt =30 : 1) afforded
the title compounds 25 (colorless oil, 11.7 mg, 27% yield), 9 (colorless oil, 14.3 mg, 32% yield)
and 15 (colorless oil, 17 mg, 29% yield).

25: IR (KBr) 2953, 1607, 1509, 1466, 1250, 1178, 1104, 998, 893, 859, 835, 750, 531 cm};
'"H NMR (300 MHz, CDCl3) 6 7.26 (d, 2H, J = 9.0 Hz), 6.88 (d, 2H, J = 9.0 Hz), 6.81 (s, 1H),
5.23 (s, 2H), 3.80 (s, 3H), 3.74 (m, 2H), 2.11 (s, 3H), 2.08 (s, 3H), 0.96 (m, 2H), 0.00 (s, 9H);
BC{'H} NMR (75 MHz, CDCl3) 6 158.6, 158.2, 133.4, 130.7, 130.3, 129.8, 113.6, 97.0, 66.5,
55.2, 18.1, 14.3, 11.2, —1.45; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for CisH20NNaOsSi,
358.1814; found, 358.1810.

(2E,3E)-3-(4-methoxybenzyl)-4-(4-methoxyphenyl)but-3-en-2-one-O-((2-(trimethylsilyl)

ethoxy)methyl) oxime (26): Following the General Procedure B with a,3-unsaturated oxime
19 (32 mg, 0.07 mmol), purification by flash column chromatography on silica gel (hexane :
AcOEt =5 : 1) afforded the title compound (colorless oil, 39.6 mg, 96% yield). IR (KBr) 2952,
1607, 1509, 1463, 1246, 1177, 1105, 1035, 997, 834, 750 cm™!; 'H NMR (300 MHz, CDCI3) &
7.26-7.12 (m, 6H), 6.97 (s, 1H), 6.88—6.80 (m, 6H), 5.16 (s, 2H), 3.94 (s, 2H), 3.81 (s, 6H),
3.79 (s, 3H), 3.62 (m, 2H), 2.91-2.87 (m, 2H), 2.81-2.77 (m, 2H), 0.90 (m, 2H), 0.00 (s, 9H);
BC{'H} NMR (75 MHz, CDCls) & 159.8, 158.9, 158.0, 157.6, 134.6, 133.7, 132.6, 132.0,
130.6,130.3, 129.9, 129.3, 129.1, 129.0, 113.8, 113.6, 97.3, 66.4, 55.25, 55.22,55.1, 32.2, 32.0,

105



27.8, 18.1, —1.40; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C33H43NNaOsSi, 584.2808;
found, 584.2790.

N
MeO

27

(2E,3E)-3-benzyl-4-(4-methoxyphenyl)but-3-en-2-one  O-((2-(trimethylsilyl)ethoxy)methyl)
oxime (27)

(2E,3E)-3-(4-methoxybenzyl)-4-phenylbut-3-en-2-one  O-((2-(trimethylsilyl)ethoxy)methyl)
oxime (28)

:Following the General Procedure B with a,3-unsaturated oxime 20 (30 mg, 0.10 mmol),
purification by flash column chromatography on silica gel (hexane : AcOEt =30 : 1) afforded
the title compounds 27 (colorless oil, 18.9 mg, 46% yield) and 28 (colorless oil, 20.7 mg, 50%
yield).

27: IR (KBr) 1606, 1509, 1248, 1105, 997, 835, 750 cm™!; 'H NMR (300 MHz, CDCl3) & 7.26—
7.10 (m, 7H), 7.06 (s, 1H), 6.84 (d, 2H, J = 9.0 Hz), 5.11 (s, 2H), 4.02 (s, 2H), 3.79 (s, 3H),
3.55 (m, 2H), 2.14 (s, 3H), 0.85 (m, 2H), 0.02 (s, 9H); *C{'H} NMR (75 MHz, CDCl3)  158.9,
156.8, 140.7, 135.4, 132.1, 130.2, 129.3, 128.2, 128.1, 125.6, 113.8,97.2, 66.5, 55.2, 33.2, 18.1,
11.6, —1.40; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C24H33NNaO3Si, 434.2127; found,
434.2115.

28: IR (KBr) 1605, 1509, 1275, 1259, 1178, 1103, 997, 835, 764, 750 cm™!; 'H NMR (300
MHz, CDCl3) & 7.30-7.08 (m, 7H), 7.09 (s, 1H), 6.81 (d, 2H, J= 9.0 Hz), 5.16 (s, 2H), 3.96 (s,
2H), 3.79 (s, 3H), 3.60 (m, 2H), 2.15 (s, 3H), 0.89 (m, 2H), 0.00 (s, 9H); *C{'H} NMR (75
MHz, CDCls) & 157.6, 156.7, 137.5, 136.9, 132.6, 132.2, 129.1, 128.8, 128.3, 127.4, 113.6,
97.2, 66.5, 55.1, 32.2, 18.1, 11.7, —1.42; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for
C24H33NNaOs3Si, 434.2127; found, 434.2115.
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N,OSEM N,OSEM

MeO MeO

29 30

(E)-3-((E)-4-methoxybenzylidene)heptan-2-one  O-((2-(trimethylsilyl)ethoxy)methyl) oxime
(29)

(2E,3E)-3-(4-methoxybenzyl)hept-3-en-2-one  O-((2-(trimethylsilyl)ethoxy)methyl) oxime
(30)

:Following the General Procedure B with a3-unsaturated oxime 21 (41 mg, 0.15 mmol),
purification by flash column chromatography on silica gel (hexane : AcOEt =30 : 1) afforded
the title compounds 29 (colorless oil, 27.1 mg, 48% yield) and 30 (colorless oil, 2.7 mg, 5%
yield).

29: IR (KBr) 2956, 2363, 1509, 1250, 1176, 1105, 1000, 834, 749, 671, 428 cm™!; '"H NMR
(300 MHz, CDCl3) & 7.25 (d, 2H, J = 8.7 Hz), 6.90 (d, 2H, J = 8.7 Hz), 6.75 (s, 1H), 5.25 (s,
2H), 3.83 (s, 3H), 3.75 (m, 2H), 2.55 (m, 2H), 2.11 (s, 3H), 1.53 (m, 2H), 1.36 (m, 2H), 0.98
(m, 2H), 0.94 (t, 3H, J= 5.7 Hz), 0.02 (s, 9H); *C{'H} NMR (75 MHz, CDCl3) § 158.6, 157.4,
138.7, 130.2, 129.9, 129.8, 113.7, 97.2, 66.5, 55.2, 31.5, 27.2, 23.0, 18.2, 13.9, 11.7, —1.41;
HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C21H3sNNaOsSi, 400.2284; found, 400.2275.

30: IR (KBr) 2955, 2360, 1638, 1509, 1259, 1105, 998, 835, 750 cm™!; "H NMR (300 MHz,
CDCl3) & 7.11 (d, 2H, J = 8.7 Hz), 6.76 (d, 2H, J = 8.7 Hz), 5.99 (t, 1H, J = 7.2 Hz), 5.15 (s,
2H), 3.76 (s, 3H), 3.72 (s, 2H), 3.63 (m, 2H), 2.23 (m, 2H), 1.99 (s, 3H), 1.44 (m, 2H), 0.95—
0.87 (m, 5H), —0.02 (s, 9H); BC{'H} NMR (75 MHz, CDCl3) 6 157.5, 156.6, 136.3, 133.9,
133.0, 129.2, 113.5, 97.1, 66.3, 55.2, 31.3, 30.8, 22.6, 18.1, 13.9, 11.4, —1.44; HRMS (ESI-
TOF) m/z: [M+Na]* Calcd for C21H3sNNaO;Si, 400.2284; found, 400.2294.

N _OSEM N _OSEM
AN
.\ |
MeO MeO
° °
Ph Ph
31 32

(E)-5-(benzyloxy)-3-((E)-4-methoxybenzylidene)pentan-2-one  O-((2-(trimethylsilyl)ethoxy)
methyl) oxime (31)
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(2E,3E)-5-(benzyloxy)-3-(4-methoxybenzyl)pent-3-en-2-one  O-((2-(trimethylsilyl)ethoxy)
methyl) oxime (32)

:Following the General Procedure B with a,3-unsaturated oxime 22 (30 mg, 0.09 mmol),
purification by flash column chromatography on silica gel (hexane : AcOEt = 5 : 1) afforded
the title compounds 31 and 32 (colorless oil, 34 mg, 87% yield, 31 : 32 =93 : 7) as inseparable
mixture. IR (KBr) 2952, 1606, 1509, 1251, 1178, 1100, 998, 835, 750 cm™!; 'H NMR (300
MHz, CDCls, detectable signals from 32 are marked with an asterisk.) 6 7.37-7.32 (m, 7H),
7.07* (d, 2H, J = 8.7 Hz), 6.89 (s, 1H), 6.88 (d, 2H, J = 8.7 Hz), 6.77* (d, 2H, J = 8.7 Hz),
6.16* (m, 1H), 5.22 (s, 2H), 5.17* (s, 2H), 4.52 (s, 2H), 4.27* (d, 1H, J = 6.0 Hz), 3.83 (s, 3H),
3.76-3.69 (m, 4H), 2.96 (t, 2H, J = 7.2 Hz), 2.11 (s, 3H), 2.01* (s, 3H), 0.96 (m, 2H), 0.02 (s,
9H); 13C{'H} NMR (75 MHz, CDCls) 6 158.8, 157.1, 138.8, 134.3, 132.3, 130.5, 129.3, 128.3,
127.5, 127.4, 113.7, 97.3, 72.6, 69.3, 66.5, 55.3, 28.0, 18.2, 11.4, —1.44; HRMS (ESI-TOF)
m/z: [M+Na]" Calcd for C26H37NNaO4Si, 478.2390; found, 478.2375.

OMe

_OSEM
NOS

33
(E)-3-((£)-4-methoxybenzylidene)-4-methylpentan-2-one O-((2-(trimethylsilyl)ethoxy)
methyl) oxime (33)
:Following the General Procedure B with a,3-unsaturated oxime 23 (31 mg, 0.12 mmol),
purification by flash column chromatography on silica gel (hexane : AcOEt = 5 : 1) afforded
the title compound (colorless oil, 10.5 mg, 25% yield). IR (KBr) 2957, 1607, 1509, 1254, 1177,
1103, 1002, 858, 835, 750 cm™!; "H NMR (300 MHz, CDCls) 8 7.21 (d, 2H, J = 8.4 Hz), 6.80
(d, 2H, J = 8.4 Hz), 6.33 (s, 1H), 5.24 (s, 2H), 3.79 (s, 3H), 3.73 (m, 2H), 2.69 (m, 1H), 1.84
(s, 3H), 1.14 (d, 6H, J= 6.9 Hz), 0.96 (m, 2H), 0.01 (s, 9H); 3C{'H} NMR (75 MHz, CDCls)
0 159.4,158.6, 143.6, 129.8, 129.6, 125.6, 113.6, 96.8, 66.1, 55.2, 35.7,21.5, 18.2, 16.9, —1.43;
HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C20H33NNaOsSi, 386.2127; found, 386.2123.
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_.OSEM
NOS

MeO

34
(E)-2-((E)-4-methoxybenzylidene)cycloheptan-1-one  O-((2-(trimethylsilyl)ethoxy)methyl)

oxime (34)

:Following the General Procedure B with a,5-unsaturated oxime 24 (28 mg, 0.11 mmol),
purification by flash column chromatography on silica gel (hexane : AcOEt = 5 : 1) afforded
the title compound (colorless oil, 16 mg, 39% yield). IR (KBr) 2925, 1509, 1275, 1259, 1001,
835, 750 cm!; '"H NMR (300 MHz, CDCl3) 8§ 7.29 (d, 2H, J = 8.7 Hz), 6.87 (d, 2H, J = 8.7
Hz), 6.72 (s, 1H), 5.23 (s, 2H), 3.81 (s, 3H), 3.75 (m, 2H), 2.66-2.50 (m, 4H), 1.70-1.60 (m,
6H), 0.99 (m, 2H), 0.01 (s, 9H); *C{'H} NMR (75 MHz, CDCl3) 6 165.7, 158.5, 137.2, 130.4,
129.7, 127.9, 113.7, 113.6, 96.8, 66.2, 55.2, 30.5, 29.9, 28.3, 27.7, 25.0, 18.1, —1.39; HRMS
(ESI-TOF) m/z: [M+Na]" Calcd for C21H33NNaO3Si, 398.2127; found, 398.2121.

Pd(TFA), (10 mol %) N-OSEM

L13 (30 mol %)

B(OH), DMBQ, Ag,CO3 J@ \
+ /©/ ™ MeO =
MeO

Na2HPO4' 12H20 |

dioxane, 90 °C, 1 h ,;/*
2 40-44
N,OSEM N,OSEM N,OSEM
o o o
MeO MeO MeO
OMe F Cl
40, 90% 41, 85% 42, 88%
(E:Z2=1.3:1) (E:Z2=1.6:1) (E:Z=12.0:1)
N,OSEM N,OSEM
2 o
MeO MeO
F5C
Br 8
43, 72% 44, 72%
(E:Z2=2.1:1) (E:Z=1.9:1)

Reaction conditions: a,5-unsaturated oxime (0.1 mmol, 1.0 eq.), 2 (3.0 eq.), Pd(TFA), (10 mol %), L13
(30 mol %), Ag,COs (2.0 eq.), NaaHPO4* 12H,0 (1.5 eq.), 2,6-dimethyl-1,4-benzoquinone (30 mol %),
dioxane (2.0 mL), 90 °C, 1 h. Isolated yield.
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OMe OMe

(E)-40 (2)-40
(2E,3E)-3,4-bis(4-methoxyphenyl)but-3-en-2-one O-((2-(trimethylsilyl)ethoxy)methyl)
oxime (E)-40
(2E,37)-3,4-bis(4-methoxyphenyl)but-3-en-2-one O-((2-(trimethylsilyl)ethoxy)methyl)
oxime (Z£)-40

:Following the General Procedure B with a,3-unsaturated oxime 35 (29 mg, 0.09 mmol),
purification by flash column chromatography on silica gel (hexane : AcOEt = 5 : 1) afforded
the title compounds (£)-40 (colorless oil, 19.2 mg, 50% yield) and (£)-40 (colorless oil, 15.3
mg, 40% yield).

(E)-40: IR (KBr) 2952, 1606, 1511, 1462, 1248, 1177, 1099, 1034, 998, 833, 750 cm™!; 'H
NMR (300 MHz, CDCl3) & 7.09 (d, 2H, J = 8.7 Hz), 6.93 (d, 2H, J = 8.7 Hz), 6.86 (s, 1H),
6.85 (d, 2H, J= 8.7 Hz), 6.66 (d, 2H, J = 8.7 Hz), 5.21 (s, 2H), 3.82 (s, 3H), 3.74 (s, 3H), 3.69
(m, 2H), 1.98 (s, 3H), 0.96 (m, 2H), 0.03 (s, 9H); *C{'H} NMR (75 MHz, CDCl3) § 159.5,
158.8, 158.7, 136.4, 131.3, 131.1, 129.8, 129.0, 114.0, 113.4, 97.1, 66.6, 55.13, 55.10, 18.2,
13.3, —1.39; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C24H33NNaO4Si, 450.2077; found,
450.2060.

(2)-40: TR (KBr) 2954, 1602, 1509, 1275, 1259, 1172, 1105, 1037, 999, 834, 750 cm™'; 'H
NMR (300 MHz, CDCls) 6 7.38 (d, 2H, J= 8.7 Hz), 7.35 (d, 2H, J = 8.7 Hz), 6.88 (d, 2H, J =
8.7 Hz), 6.86 (s, 1H), 6.84 (d, 2H, J = 8.7 Hz), 5.25 (s, 2H), 3.82 (s, 3H), 3.81 (s, 3H), 3.69 (m,
2H), 2.02 (s, 3H), 0.96 (m, 2H), 0.00 (s, 9H); BC{'H} NMR (75 MHz, CDCl3) § 159.3, 158.9,
157.8,135.5,132.3, 130.2, 129.3, 128.0, 127.8, 113.9, 113.8, 97.0, 66.2, 55.3, 55.2, 18.2, 16.4,
—1.42; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C24H33NNaO4Si, 450.2077; found, 450.2057.
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(E)-41 (2)-41
(2E,3E)-3-(4-fluorophenyl)-4-(4-methoxyphenyl)but-3-en-2-one O-((2-(trimethylsilyl)
ethoxy) methyl) oxime (E)-41
(2E,3Z)-3-(4-fluorophenyl)-4-(4-methoxyphenyl)but-3-en-2-one O-((2-(trimethylsilyl)
ethoxy) methyl) oxime (Z)-41
:Following the General Procedure B with a,3-unsaturated oxime 36 (31 mg, 0.10 mmol),
purification by flash column chromatography on silica gel (hexane : AcOEt = 10 : 1) afforded
the title compounds (E£)-41 (colorless oil, 21.5 mg, 53% yield) and (Z)-41 (colorless oil, 13.1
mg, 32% yield).

(E)-41: IR (KBr) 2952, 1603, 1509, 1253, 1101, 997, 834, 750 cm™!; '"H NMR (300 MHz,
CDCl) 6 7.15 (dd, 2H, J = 8.7, 5.7 Hz), 7.02 (dd, 2H, J = 8.7, 8.7 Hz), 6.93 (s, 1H), 6.88 (d,
2H, J=8.7 Hz), 6.66 (d, 2H, J= 8.7 Hz), 5.17 (s, 2H), 3.74 (s, 3H), 3.65 (m, 2H), 2.03 (s, 3H),
0.92 (m, 2H), 0.01 (s, 9H); BC{'H} NMR (75 MHz, CDCl3) & 163.7, 160.4, 158.95, 158.89,
135.9,133.6,131.7,131.6,131.3, 130.8, 128.6, 115.6, 115.4, 113.5,97.2, 66.7,55.1, 18.2, 12.8,
—1.41; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for Cy3H3FNNaOs3Si, 438.1877; found,
438.1864.

(2)-41: IR (KBr) 2953, 1603, 1509, 1275, 1258, 1179, 1102, 997, 834, 750 cm™!; "TH NMR (300
MHz, CDCl3) 6 7.41 (dd, 2H, J=9.0, 5.7 Hz), 7.35 (d, 2H, J = 8.4 Hz), 7.03 (dd, 2H, J= 8.7,
8.7 Hz), 6.86 (d, 2H, J=9.0 Hz), 6.83 (s, 1H), 5.24 (s, 2H), 3.81 (s, 3H), 3.68 (m, 2H), 2.01 (s,
3H), 0.95 (m, 2H), 0.00 (s, 9H); *C{'H} NMR (75 MHz, CDCl3) § 164.1, 160.8, 159.2, 157.6,
136.0, 135.0,130.3, 129.6, 128.9, 128.3, 128.2, 115.5, 115.2, 113.8, 97.0, 66.3, 55.2, 18.2, 16.3,
—1.43; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for Ci3H3FNNaOsSi, 438.1877; found,
438.1857.
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MeO O

Cl
(E)-42 (2)-42
(2E,3E)-3-(4-chlorophenyl)-4-(4-methoxyphenyl)but-3-en-2-one O-((2-(trimethylsilyl)
ethoxy) methyl) oxime (E)-42
(2E,3Z)-3-(4-chlorophenyl)-4-(4-methoxyphenyl)but-3-en-2-one O-((2-(trimethylsilyl)
ethoxy) methyl) oxime (Z)-42

:Following the General Procedure B with a,3-unsaturated oxime 37 (29 mg, 0.09 mmol),
purification by flash column chromatography on silica gel (hexane : AcOEt = 10 : 1) afforded
the title compounds (£)-42 (colorless oil, 23.1 mg, 59% yield) and (Z£)-42 (colorless oil, 11.4
mg, 29% yield).

(E)-42: IR (KBr) 2953, 1605, 1509, 1489, 1301, 1249, 1174, 1093, 997, 859, 833, 749 cm™!;
'"H NMR (300 MHz, CDCl3) & 7.26 (d, 2H, J = 8.7 Hz), 7.09 (d, 2H, J = 8.7 Hz), 6.91 (d, 2H,
J = 8.7 Hz), 6.86 (s, 1H), 6.66 (d, 2H, J = 8.7 Hz), 5.15 (s, 2H), 3.73 (s, 3H), 3.63 (m, 2H),
2.02 (s, 3H), 0.92 (m, 2H), 0.00 (s, 9H); *C{'H} NMR (75 MHz, CDCl3) § 159.0, 158.7, 136.3,
135.8, 133.1, 131.5, 131.3, 130.9, 128.7, 128.4, 113.5, 97.2, 66.8, 55.1, 18.2, 12.8, —1.41;
HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C23H30CINNaO;Si, 454.1581; found, 454.1561.
(2)-42: 1R (KBr) 2952, 1605, 1509, 1249, 1174, 1093, 997, 833, 749 cm™!; 'H NMR (300 MHz,
CDCl3) 6 7.40-7.28 (m, 6H), 6.87 (s, 1H), 6.86 (d, 2H, J = 8.7 Hz), 5.24 (s, 2H), 3.81 (s, 3H),
3.68 (m, 2H), 2.01 (s, 3H), 0.95 (m, 2H), 0.00 (s, 9H); *C{'H} NMR (75 MHz, CDCl3)  159.3,
157.5,138.4,134.8, 133.5, 130.4, 130.1, 128.8, 128.6, 127.9, 113.8, 97.0, 66.3, 55.2, 18.2, 16.3,
—1.43; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C3H3oCINNaOsSi, 454.1581; found,
454.1559.
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MeO ‘ +

Br Br
(E)-43 (2)-43

(2E,3E)-3-(4-bromophenyl)-4-(4-methoxyphenyl)but-3-en-2-one O-((2-(trimethylsilyl)
ethoxy) methyl) oxime (E)-43
(2E,3Z)-3-(4-bromophenyl)-4-(4-methoxyphenyl)but-3-en-2-one O-((2-(trimethylsilyl)
ethoxy) methyl) oxime (Z)-43

:Following the General Procedure B with a,5-unsaturated oxime 38 (40 mg, 0.11 mmol),
purification by flash column chromatography on silica gel (hexane : AcOEt = 10 : 1) afforded
the title compounds (£)-43 (colorless oil, 25.4 mg, 48% yield) and (Z)-43 (colorless oil, 12.4
mg, 24% yield).

(E)-43: IR (KBr) 2952, 1605, 1509, 1275, 1257, 1178, 1102, 997, 828, 750 cm™!; 'TH NMR (300
MHz, CDCls) 6 7.44 (d, 2H, J = 8.4 Hz), 7.04 (d, 2H, J = 8.4 Hz), 6.93 (s, 1H), 6.89 (d, 2H, J
=8.7 Hz), 6.67 (d, 2H, J= 8.7 Hz), 5.16 (s, 2H), 3.75 (s, 3H), 3.65 (m, 2H), 2.03 (s, 3H), 0.93
(m, 2H), 0.01 (s, 9H); BC{'H} NMR (75 MHz, CDCls) 8 159.0, 158.6, 136.8, 135.8, 131.8,
131.7,131.3,130.9, 128.4, 121.3, 113.5,97.2, 66.8, 55.2, 18.2, 12.8, —1.40; HRMS (ESI-TOF)
m/z: [M+Na]" Calcd for C23H30BrNNaOsSi, 498.1076; found, 498.1054.

(2)-43: IR (KBr) 2952, 1605, 1509, 1275, 1259, 1174, 1102, 997, 831, 750,474 cm™'; '"H NMR
(300 MHz, CDCl3) & 7.44 (d, 2H, J = 8.4 Hz), 7.35 (d, 2H, J = 8.4 Hz), 7.32 (d, 2H, J = 8.4
Hz), 6.87 (s, 1H), 6.86 (d, 2H, J = 8.7 Hz), 5.24 (s, 2H), 3.82 (s, 3H), 3.68 (m, 2H), 2.01 (s,
3H), 0.95 (m, 2H), 0.01 (s, 9H); *C{'H} NMR (75 MHz, CDCl3) & 159.3, 157.4, 138.9, 134.9,
131.6, 130.5, 130.2, 128.8, 128.2, 121.6, 113.9, 97.0, 66.3, 55.2, 18.2, 16.3, —1.43; HRMS
(ESI-TOF) m/z: [M+Na]" Calcd for C23H30BrNNaOsSi, 498.1076; found, 498.1065.
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(2E,3E)-4-(4-methoxyphenyl)-3-(3-(trifluoromethyl)phenyl)but-3-en-2-one O-((2-
(trimethylsilyl) ethoxy)methyl) oxime (£)-44
(2E,3Z)-4-(4-methoxyphenyl)-3-(3-(trifluoromethyl)phenyl)but-3-en-2-one O-((2-
(trimethylsilyl) ethoxy)methyl) oxime (Z)-44

:Following the General Procedure B with a,3-unsaturated oxime 39 (36 mg, 0.10 mmol),
purification by flash column chromatography on silica gel (hexane : AcOEt = 20 : 1) afforded
the title compounds (£)-44 (colorless oil, 25.4 mg, 47% yield) and (Z)-44 (colorless oil, 11.5
mg, 25% yield).

(E)-44: IR (KBr) 2954, 1605, 1509, 1325, 1275, 1257, 1163, 1127, 994, 835, 750 cm™'; 'H
NMR (300 MHz, CDCls) 6 7.54 (d, 1H, J= 7.8 Hz), 7.46-7.33 (m, 3H), 6.99 (s, 1H), 6.83 (d,
2H, J=17.8 Hz), 6.65 (d, 2H, J= 7.8 Hz), 5.14 (s, 2H), 3.74 (s, 3H), 3.62 (m, 2H), 2.08 (s, 3H),
0.91 (m, 2H), 0.00 (s, 9H); BC{'H} NMR (75 MHz, CDCls) & 159.2, 158.3, 138.7, 135.6,
133.6, 131.6, 131.3, 128.8, 128.1, 127.1, 124.0, 113.6, 97.3, 66.8, 55.2, 18.1, 12.6, —1.43;
HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C24H30F3NNaQO;3Si, 488.1845; found, 488.1868.
(2)-44: IR (KBr) 2952, 1602, 1509, 1330, 1259, 1168, 1127, 997, 835, 750 cm™!; "TH NMR (300
MHz, CDCl3) 6 7.70 (s, 1H), 7.64-7.40 (m, 3H), 7.37 (d, 2H, J = 8.7 Hz), 6.93 (s, 1H), 6.87
(d, 2H, J = 8.7 Hz), 5.25 (s, 2H), 3.83 (s, 3H), 3.70 (m, 2H), 2.03 (s, 3H), 0.96 (m, 2H), 0.00
(s, 9H); BC{'H} NMR (75 MHz, CDCIl3) & 159.5, 157.3, 140.8, 134.7, 131.3, 130.6, 129.9,
128.9, 128.6, 124.2, 123.3, 113.9, 97.0, 66.3, 55.2, 18.2, 16.4, —1.47; HRMS (ESI-TOF) m/z:
[M+Na]" Calcd for C24H30F3NNaOsSi, 488.1845; found, 488.1847.
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Boronic Acid Scope

R
N-OSEM Pd(TFA), (10 mol %) \-OSEM S
L13 (30 mol %) Pz N,OSEM
Q ©OH), DMBQ, A92003 SN
NazHPO4 12H2O // |
dioxane, 90 °C, 1 h
2,45-60

N,OSEM _OSEM MeO
o o
MeO O MeO O +
OMe OMe OMe
15, 92% 61 MeO
79%
(61:62 = 45:55)
LOSEM
N R = Me: 92% (63:64 = 50:50)

R =H: 78% (28:27 = 45:55)
R =Ph: 74% (65:66 = 42:58)
R =Cl: 87% (67:68 = 42:58)
R = Br: 45% (69:70 = 45:55)
R = CF3: 63% (71:72 = 33:67)

OSEM OSEM OSEM |
OSEM
O )
Cl MeO
OMe OMe
MeO
73
42% R=Cl, 24% (75:76= 26:74)
(73:74 = 83:17) R=F, 51% (77:78 = 25: 75)

? B(OH); B(OH); B(OH),
ol T ST T

B(OH)2

55, trace 56, 0% 57, 0% 58, 0% 59, 0% 60, 0%

Reaction conditions: 9 (0.1 mmol, 1.0 eq.), arylboronic acid (3.0 eq.), Pd(TFA), (10 mol %), L13 (30
mol %), Ag:CO; (2.0 eq.), NaaHPO4+ 12H,0O (1.5 eq.), 2,6-dimethyl-1,4-benzoquinone (30 mol %),
dioxane (2.0 mL), 90 °C, 1 h. Isolated yield.
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61 MeO

(2E,3E)-3-(4-methoxybenzyl)-4-(3,4,5-trimethoxyphenyl)but-3-en-2-one O-((2-
(trimethylsilyl) ethoxy)methyl) oxime (61)
(2E,3E)-4-(4-methoxyphenyl)-3-(3,4,5-trimethoxybenzyl)but-3-en-2-one O-((2-
(trimethylsilyl) ethoxy)methyl) oxime (62)

:Following the General Procedure B with «,3-unsaturated oxime 9 (30 mg, 0.09 mmol) and
3.,4,5-trimethoxyphenylboronic acid (45), purification by flash column chromatography on
silica gel (hexane : AcOEt =3 : 1) afforded the title compounds 61 (colorless oil, 16.1 mg, 36%
yield) and 62 (colorless oil, 19.4 mg, 43% yield).

61: IR (KBr) 1579, 1509, 1275, 1128, 999, 835, 750 cm™!; 'TH NMR (300 MHz, CDCl3) & 7.09
(d, 2H, J= 8.7 Hz), 7.03 (s, 1H), 6.79 (d, 2H, J = 8.7 Hz), 6.50 (s, 2H), 5.15 (s, 2H), 3.99 (s,
2H), 3.83 (s, 3H), 3.76 (s, 3H), 3.63 (s, 6H), 3.60 (m, 2H), 2.17 (s, 3H), 0.87 (m, 2H), —0.03 (s,
9H); BC{'H} NMR (75 MHz, CDCl3) & 157.6, 156.7, 152.9, 137.4, 136.7, 132.6, 132.34,
132.25, 130.3, 128.9, 113.7, 106.1, 97.3, 66.6, 60.9, 55.8, 55.2, 32.5, 18.1, 11.6, —1.44; HRMS
(ESI-TOF) m/z: [M+Na]" Calcd for C27H390NNaOeSi, 524.2444; found, 524.2420.

62: IR (KBr) 2952, 1605, 1588, 1509, 1455, 1420, 1328, 1249, 1179, 1128, 999, 894, 835, 750,
529 cm™!'; '"H NMR (300 MHz, CDCl3) § 7.28 (d, 2H, J= 9.0 Hz ), 7.06 (s, 1H), 6.88 (d, 2H, J
=9.0 Hz), 6.42 (s, 2H), 5.18 (s, 2H), 3.96 (s, 2H), 3.82 (s, 3H), 3.81 (s, 3H), 3.80 (s, 6H), 3.65
(m, 2H), 2.16 (s, 2H), 0.90 (m, 2H), 0.00 (s, 9H); *C{'H} NMR (75 MHz, CDCl3) & 159.0,
157.0,153.0, 136.3, 135.9, 135.6, 132.2, 130.2, 129.3, 113.8, 105.1, 97.2, 66.4, 60.8, 55.9, 55.3,
33.2,18.0, 11.7,—1.44; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C27H30NNaOsSi, 524.2444;
found, 524.2421.
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63
(2E,3E)-3-(4-methoxybenzyl)-4-(p-tolyl)but-3-en-2-one O-((2-(trimethylsilyl)ethoxy)methyl)
oxime (63)

(2E,3E)-4-(4-methoxyphenyl)-3-(4-methylbenzyl)but-3-en-2-one O-((2-(trimethylsilyl)
ethoxy)methyl) oxime (64)

:Following the General Procedure B with a,(-unsaturated oxime 9 (30 mg, 0.09 mmol) and 4-
methylphenylboronic acid (46), purification by flash column chromatography on silica gel
(hexane : AcOEt =30 : 1) afforded the title compounds 63 (colorless oil, 17.6 mg, 46% yield)
and 64 (colorless oil, 17.6 mg, 46% yield).

63: IR (KBr) 1509, 1275, 1105, 998, 835, 750 cm™!'; 'H NMR (300 MHz, CDCl3) & 7.21 (d,
2H, J=8.1 Hz), 7.12 (d, 2H, J= 8.1 Hz), 7.10 (s, 1H), 7.06 (d, 2H, J = 8.7 Hz), 6.79 (d, 2H, J
=8.7Hz), 5.13 (s, 2H), 3.94 (s, 2H), 3.77 (s, 3H), 3.59 (m, 2H), 2.33 (s, 3H), 2.13 (s, 3H), 0.87
(m, 2H), —0.02 (s, 9H); *C{'H} NMR (75 MHz, CDCls) & 157.5, 156.8, 137.2, 136.7, 133.9,
132.7, 132.2, 129.08, 129.07, 128.8, 113.6, 97.2, 66.5, 55.1, 32.3, 21.2, 18.1, 11.7, —1.41;
HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C2sH3sNNaOsSi, 448.2284; found, 448.2270.

64: IR (KBr) 2952, 1606, 1509, 1275, 1257, 1178, 1104, 998, 895, 835, 750 cm™!; '"H NMR
(300 MHz, CDCls) 6 7.25 (d, 2H, J = 8.7 Hz), 7.06 (s, 4H), 7.04 (s, 1H), 6.84 (d, 2H, J = 8.7
Hz), 5.12 (s, 2H), 3.98 (s, 2H), 3.79 (s, 3H), 3.57 (m, 2H), 2.30 (s, 3H), 2.13 (s, 3H), 0.85 (m,
2H), -0.02 (s, 9H); 3C{'H} NMR (75 MHz, CDCl3)  158.9, 156.8, 137.5, 135.6, 134.9, 131.9,
130.2, 129.4, 129.0, 128.0, 113.8, 97.2, 66.5, 55.2,32.7, 21.0, 18.1, 11.7, —1.42; HRMS (ESI-
TOF) m/z: [M+Na]" Calcd for C25H3sNNaO3Si, 448.2284; found, 448.2273.
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(2E,3E)-3-(4-methoxybenzyl)-4-phenylbut-3-en-2-one  O-((2-(trimethylsilyl)ethoxy)methyl)
oxime (28)

(2E,3E)-3-benzyl-4-(4-methoxyphenyl)but-3-en-2-one  O-((2-(trimethylsilyl)ethoxy)methyl)
oxime (27)

:Following the General Procedure B with «,3-unsaturated oxime 9 (30 mg, 0.09 mmol) and
phenylboronic acid (47), purification by flash column chromatography on silica gel (hexane :
AcOEt = 30 : 1) afforded the title compounds 28 (colorless oil, 13.1 mg, 35% yield) and 27
(colorless oil, 16.1 mg, 43% yield).

(2E,3E)-4-([1,1'-biphenyl]-4-yl)-3-(4-methoxybenzyl)but-3-en-2-one  O-((2-(trimethylsilyl)
ethoxy) methyl) oxime (65)
(2E,3E)-3-([1,1'-biphenyl]-4-ylmethyl)-4-(4-methoxyphenyl)but-3-en-2-one O-((2-
(trimethylsilyl)ethoxy)methyl) oxime (66)

:Following the General Procedure B with a,-unsaturated oxime 9 (30 mg, 0.09 mmol) and 4-
biphenylboronic acid (48), purification by flash column chromatography on silica gel (hexane :
AcOEt = 10 : 1) afforded the title compounds 65 (colorless oil, 14.4 mg, 33% yield) and 66
(colorless oil, 17.8 mg, 41% yield).

65: IR (KBr) 2951, 1606, 1509, 1486, 1275, 1259, 1104, 997, 835, 750 cm™!; "H NMR (300
MHz, CDCl3) 6 7.62-7.24 (m, 9H), 7.15-7.07 (m, 3H), 6.86 (d, 2H, J = 8.7 Hz), 5.14 (s, 2H),
4.07 (s, 2H), 3.64 (s, 3H), 3.60 (m, 2H), 2.18 (s, 3H), 0.88 (m, 2H), —0.04 (s, 9H); *C{'H}
NMR (75 MHz, CDCls) 8 157.6, 156.7, 140.5, 140.1, 137.5, 135.8, 132.5, 131.8, 129.3, 129.1,
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128.8, 127.4, 127.0, 113.4, 97.2, 66.5, 55.1, 32.4, 18.1, 11.7, —1.41; HRMS (ESI-TOF) m/z:
[M+Na]" Calcd for C30H37NNaO3Si, 510.2440; found, 510.2415.

66: IR (KBr) 1605, 1509, 1487, 1275, 1259, 1178, 1105, 997, 895, 835, 751, 698 cm™'; 'H
NMR (300 MHz, CDCl3) 6 7.58 (d, 2H, J = 8.1 Hz), 7.49 (d, 2H, J = 8.1 Hz), 7.42-7.23 (m,
7H), 7.08 (s, 1H), 6.86 (d, 2H, J = 9.0 Hz), 5.13 (s, 2H), 4.06 (s, 2H), 3.80 (s, 3H), 3.58 (m,
2H), 2.17 (s, 3H), 0.84 (m, 2H), —0.05 (s, 9H); 3C{'H} NMR (75 MHz, CDCl3) 8 159.0, 156.7,
141.1, 139.9, 138.4, 135.3, 132.2, 130.3, 129.3, 128.7, 128.5, 126.95, 126.90, 113.9, 97.3, 66.5,
55.3, 32.8, 18.0, 11.6, —1.42; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C3oH37NNaOsSi,
510.2440; found, 510.2422.

N,OSEM

®h *
= C
OMe

67 MeO
(2E,3E)-4-(4-chlorophenyl)-3-(4-methoxybenzyl)but-3-en-2-one O-((2-(trimethylsilyl)

ethoxy) methyl) oxime (67)

(2E,3E)-3-(4-chlorobenzyl)-4-(4-methoxyphenyl)but-3-en-2-one O-((2-(trimethylsilyl)
ethoxy) methyl) oxime (68)

:Following the General Procedure B with a,(-unsaturated oxime 9 (30 mg, 0.09 mmol) and 4-
chlorophenylboronic acid (49), purification by flash column chromatography on silica gel
(hexane : AcOEt =10 : 1) afforded the title compounds 67 (colorless oil, 13.0 mg, 32% yield)
and 68 (colorless oil, 22.0 mg, 55% yield) as inseparable mixture. IR (KBr) 1606, 1509, 1248,
1177, 1095, 997, 896, 835, 750 cm™'; 'H NMR (300 MHz, CDCl;, signals from the minor
isomer 67 are marked with an asterisk.) 6 7.28-7.19* (m, 4H), 7.21-7.18 (m, 4H), 7.09 (d, 2H,
J=28.4 Hz), 7.06 (s, 1H), 7.05* (d, 2H, J = 8.7 Hz), 7.00* (s, 1H), 6.85 (d, 2H, J = 8.7 Hz),
6.79* (d, 2H, J= 8.7 Hz), 5.16* (s, 2H), 5.12 (s, 2H), 3.99 (s, 2H), 3.92* (s, 2H), 3.81 (s, 3H),
3.79* (s, 3H), 3.58* (m, 2H), 3.54 (m, 2H), 2.16 (s, 3H), 2.14* (s, 3H), 0.88 (m, 2H), 0.87* (m,
2H), 0.00 (s, 9H), —0.00* (s, 9H); *C{'H} NMR (75 MHz, CDCls, inseparable mixture of 67
and 68.) 0 159.1, 157.7, 156.5, 156.4, 139.3, 138.1, 135.3, 135.0, 133.2, 132.5, 132.2, 131.2,
130.8, 130.2, 130.17, 130.12 129.5, 129.1, 129.0, 128.5, 128.3, 113.9, 113.7, 97.3, 66.49, 66.44,
55.2, 55.1, 32.5, 32.2, 18.0, 11.7, 11.4, —1.43; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for
C24H32CINNaOs3Si, 468.1738; found, 468.1729.
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(2E,3E)-4-(4-bromophenyl)-3-(4-methoxybenzyl)but-3-en-2-one O-((2-(trimethylsilyl)
ethoxy) methyl) oxime (69)

(2E,3E)-3-(4-bromobenzyl)-4-(4-methoxyphenyl)but-3-en-2-one O-((2-(trimethylsilyl)
ethoxy) methyl) oxime (70)

:Following the General Procedure B with a,(-unsaturated oxime 9 (30 mg, 0.09 mmol) and 4-
bromophenylboronic acid (50), purification by flash column chromatography on silica gel
(hexane : AcOEt =30 : 1) afforded the title compounds 69 (colorless oil, 13.0 mg, 16% yield)
and 70 (colorless oil, 12.9 mg, 29% yield) as inseparable mixture. IR (KBr) 2951, 1509, 1275,
1259, 1103, 998, 897, 836, 764, 750 cm™'; 'H NMR (300 MHz, CDCls, signals from the minor
isomer 69 are marked with an asterisk.) 6 7.39* (d, 2H, J = 8.1 Hz), 7.32 (d, 2H, J = 8.7 Hz),
7.20 (d, 2H, J=9.0 Hz), 7.15* (d, 2H, J=8.1 Hz), 7.07 (s, 1H), 7.06* (d, 2H, J= 8.7 Hz), 7.05
(d, 2H, J=8.7 Hz), 6.98* (s, 1H), 6.84 (d, 2H, J=9.0 Hz), 6.79* (d, 2H, J = 8.7 Hz), 5.14* (s,
2H), 5.10 (s, 2H), 3.95 (s, 2H), 3.90* (s, 2H), 3.80 (s, 3H), 3.77* (s, 3H), 3.56* (m, 2H), 3.53
(m, 2H), 2.14 (s, 3H), 2.12* (s, 3H), 0.87* (m, 2H), 0.84 (m, 2H), —0.00* (s, 9H), —0.02 (s,
9H); BC{'H} NMR (75 MHz, CDCls, inseparable mixture of 69 and 70.) § 159.1, 157.7, 156.5,
156.4,139.9, 138.2, 135.7, 134.9, 132.5,132.2, 131.5, 131.3, 130.9, 130.4, 130.2, 129.9, 129.1,
129.0, 121.4,119.3, 113.9, 113.7, 97.3, 66.50, 66.46, 55.26, 55.16, 32.6, 32.2, 18.0, 11.7, 11.4,
—1.42; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C4sH3BrNNaOsSi, 512.1233; found,
512.1227.
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(2E,3E)-3-(4-methoxybenzyl)-4-(4-(trifluoromethyl)phenyl)but-3-en-2-one O-((2-
(trimethylsilyl) ethoxy)methyl) oxime (71)
(2E,3E)-4-(4-methoxyphenyl)-3-(4-(trifluoromethyl)benzyl)but-3-en-2-one O-((2-
(trimethylsilyl) ethoxy)methyl) oxime (72)

:Following the General Procedure B with a,(-unsaturated oxime 9 (30 mg, 0.09 mmol) and 4-
trifluoromethylphenylboronic acid (51), purification by flash column chromatography on silica
gel (hexane : AcOEt = 30 : 1) afforded the title compounds 71 (colorless oil, 9.0 mg, 21%
yield) and 72 (colorless oil, 18.0 mg, 42% yield).

71: IR (KBr) 2953, 1614, 1509, 1323, 1275, 1246, 1165, 1126, 1067, 997, 835, 764, 750 cm™!;
"H NMR (300 MHz, CDCl3) 6 7.56 (d, 2H, J = 9.0 Hz), 7.38 (d, 2H, J = 9.0 Hz), 7.07 (s, 1H),
7.05 (s, 2H, J=8.7 Hz), 6.79 (d, 2H, J = 8.7 Hz), 5.15 (s, 2H), 3.91 (s, 2H), 3.77 (s, 3H), 3.59
(m, 2H), 2.14 (s, 3H), 0.88 (m, 2H), —0.02 (s, 9H); *C{'H} NMR (75 MHz, CDCls) § 157.7,
156.3, 140.5, 139.4, 132.0, 130.5, 129.03, 128.98, 125.3, 125.2, 113.8, 97.3, 66.5, 55.2, 32.3,
18.1, 11.8, —1.42; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C,sH3F3NNaOs3Si, 502.2001;
found, 502.1976.

72: IR (KBr) 2954, 1607, 1509, 1324, 1253, 1161, 1123, 1066, 998, 898, 835, 750 cm™!; 'H
NMR (300 MHz, CDCl3) é 7.50 (d, 2H, J = 8.1 Hz), 7.28 (d, 2H, J=9.0 Hz), 7.20 (d, 2H, J =
8.7 Hz), 7.10 (s, 1H), 6.85 (d, 2H, J=9.0 Hz), 5.09 (s, 2H), 4.06 (s, 2H), 3.80 (s, 3H), 3.53 (m,
2H), 2.16 (s, 3H), 0.82 (m, 2H), —0.03 (s, 9H); *C{'H} NMR (75 MHz, CDCl3) 8 159.1, 156.3,
145.2,134.6, 132.8, 130.1, 129.0, 128.4, 125.2, 125.1, 113.9, 97.3, 66.4, 55.3, 33.1, 18.0, 11.3,
—1.47; HRMS (ESI-TOF) m/z: [M+Na]® Calcd for CisH3F3NNaOsSi, 502.2001; found,
502.1976.
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73 74
(2E,3E)-4-(2,6-dichlorophenyl)-3-(4-methoxybenzyl)but-3-en-2-one  O-((2-(trimethylsilyl)
ethoxy) methyl) oxime (73)
(2E,3E)-3-(2,6-dichlorobenzyl)-4-(4-methoxyphenyl)but-3-en-2-one  O-((2-(trimethylsilyl)
ethoxy) methyl) oxime (74)

:Following the General Procedure B with «,3-unsaturated oxime 9 (30 mg, 0.09 mmol) and
2,6-dichlorophenylboronic acid (52), purification by flash column chromatography on silica
gel (hexane : AcOEt = 30 : 1) afforded the title compounds 73 (colorless oil, 15.5 mg, 36%
yield) and 74 (colorless oil, 2.5 mg, 6% yield).

73: IR (KBr) 2952, 1611, 1510, 1428, 1275, 1246, 1176, 1105, 1037, 998, 895, 857, 835, 764,
750 cm™!; 'TH NMR (300 MHz, CDCls) & 7.34 (d, 2H, J = 7.8 Hz), 7.18 (m, 1H), 6.94 (d, 2H,
J=28.7 Hz), 6.68 (s, 1H), 6.67 (d, 2H, J = 8.7 Hz), 5.19 (s, 2H), 3.72 (s, 3H), 3.64 (m, 2H),
3.58 (s, 2H), 2.12 (s, 3H), 0.92 (m, 2H), 0.00 (s, 9H); 3C{'H} NMR (75 MHz, CDCl3) § 157.5,
155.4, 142.0, 135.03, 134.99, 131.9, 129.7, 129.0, 127.9, 125.9, 113.2, 97.3, 66.4, 55.1, 33.4,
18.1, 11.8, —1.41; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C24H31CI:NNaOsSi, 502.1348;
found, 502.1335.

74: IR (KBr) 2918, 1509, 1435, 1249, 997, 835, 750 cm™!; 'TH NMR (300 MHz, CDCl3) & 7.25
(d,2H,J=9.0Hz), 7.13 (d, 2H, J= 7.8 Hz), 6.95 (t, 1H, J= 7.8 Hz), 6.89 (s, 1H), 6.86 (d, 2H,
J=9.0 Hz), 5.04 (s, 2H), 4.21 (s, 2H), 3.81 (s, 3H), 3.55 (m, 2H), 2.04 (s, 3H), 0.87 (m, 2H),
0.00 (s, 9H); BC{'H} NMR (75 MHz, CDCl3) 8 158.6, 156.7, 136.7, 136.0, 134.7, 131.9, 130.2,
129.5, 128.0, 127.1, 113.6, 97.1, 66.0, 55.3, 31.3, 18.1, 12.3, —1.34; HRMS (ESI-TOF) m/z:
[M+Na]" Calcd for C24H3;C12NNaOsSi, 502.1348; found, 502.1327.
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(2E,3E)-4-(6-chloropyridin-3-yl)-3-(4-methoxybenzyl)but-3-en-2-one O-((2-(trimethylsilyl)
ethoxy) methyl) oxime (75)
(2E,3E)-3-((6-chloropyridin-3-yl)methyl)-4-(4-methoxyphenyl)but-3-en-2-one O-((2-
(trimethylsilyl)ethoxy)methyl) oxime (76)

:Following the General Procedure B with a,(-unsaturated oxime 9 (30 mg, 0.09 mmol) and 2-
chloropyridine-5-boronic acid (53), purification by flash column chromatography on silica gel
(hexane : AcOEt = 10 : 1) afforded the title compounds 75 (colorless oil, 2.2 mg, 5% yield)
and 76 (colorless oil, 7.8 mg, 19% yield) as inseparable mixture. IR (KBr) 2917, 2358, 1606,
1509, 1457, 1275, 1257, 1177, 1105, 997, 896, 835, 750 cm™!; 'H NMR (300 MHz, CDCls,
signals from the minor isomer 75 are marked with an asterisk.) 6 8.31* (d, 1H, J = 2.4 Hz),
8.17 (d, 1H, J=2.1 Hz), 7.52* (dd, 1H, J = 8.4, 2.4 Hz), 7.44 (dd, 1H, J= 8.4, 2.1 Hz), 7.23*
(s, IH), 7.18 (s, 1H), 7.17 (d, 2H, J= 8.7 Hz), 7.08 (s, 1H), 7.03* (d, 2H, J = 8.7 Hz), 6.95* (s,
1H), 6.88 (d, 2H, J = 8.7 Hz), 6.78* (d, 2H, J = 8.7 Hz), 5.15%* (s, 2H), 5.10 (s, 2H), 3.95 (s,
2H), 3.90* (s, 2H), 3.81 (s, 3H), 3.77* (s, 3H), 3.60* (m, 2H), 3.57 (m, 2H), 2.13 (s, 3H), 2.13*
(s, 3H), 0.90* (m, 2H), 0.88 (m, 2H), —0.01 (s, 9H), —0.02* (s, 9H); 1*C{'H} NMR (75 MHz,
CDCls, inseparable mixture of 75 and 76.) & 159.2, 157.9, 156.2, 156.1, 149.9, 149.7, 148.6,
140.5, 138.6, 138.4, 135.5, 134.4,133.0, 131.5, 130.0, 128.9, 128.8, 126.8, 123.8, 123.7, 114.0,
113.9, 97.3, 66.4, 55.3, 32.3, 29.7, 18.1, 18.0, 11.7, 11.2, —1.42; HRMS (ESI-TOF) m/z:
[M+Na]" Calcd for C23H3;CIN2NaO;3Si, 469.1690; found, 469.1689.
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(2E,3E)-4-(6-fluoropyridin-3-yl)-3-(4-methoxybenzyl)but-3-en-2-one O-((2-(trimethylsilyl)
ethoxy) methyl) oxime (77)
(2E,3E)-3-((6-fluoropyridin-3-yl)methyl)-4-(4-methoxyphenyl)but-3-en-2-one O-((2-
(trimethylsilyl)ethoxy)methyl) oxime (78)

:Following the General Procedure B with a,(-unsaturated oxime 9 (30 mg, 0.09 mmol) and 2-
fluoropyridine-5-boronic acid (54), purification by flash column chromatography on silica gel
(hexane : AcOEt =10 : 1) afforded the title compounds 77 (colorless oil, 5 mg, 13% yield) and
78 (colorless oil, 14.8 mg, 38% yield) as inseparable mixture. IR (KBr) 2917, 1595, 1509, 1482,
1395, 1275, 1259, 1178, 1105, 998, 835, 764, 750 cm™!; 'H NMR (300 MHz, CDCl;, signals
from the minor isomer 77 are marked with an asterisk.) é 8.13* (d, 1H, J = 2.1 Hz), 7.98 (d,
1H, J=2.1 Hz), 7.66* (dd, 1H, J = 8.4, 2.1 Hz), 7.56 (dd, 1H, J= 8.4, 2.1 Hz), 7.19 (d, 2H, J
=8.7Hz), 7.07 (s, 1H), 7.03* (d, 2H, J= 8.7 Hz), 6.97* (s, 1H), 6.87 (d, 2H, J = 8.7 Hz), 6.89—
6.84* (m, 1H), 6.79 (d, 1H, J = 8.4 Hz), 6.78* (d, 2H, J = 8.7 Hz), 5.15%* (s, 2H), 5.11 (s, 2H),
3.96 (s, 2H), 3.89* (s, 2H), 3.81 (s, 3H), 3.77* (s, 3H), 3.58 (m, 2H), 3.58* (m, 2H), 2.14* (s,
3H), 2.13 (s, 3H), 0.90* (m, 2H), 0.88 (m, 2H), —0.01 (s, 9H), —0.02* (s, 9H); 3C{'H} NMR
(75 MHz, CDCl3, inseparable mixture of 77 and 78.) 6 163.6, 160.5, 159.2, 157.8, 156.2, 156.1,
147.9, 147.7, 147.2, 147.0, 141.0, 140.9, 139.8, 134.7, 134.0, 133.9, 132.9, 131.6, 130.1, 128.9,
128.8, 126.9, 114.0, 113.9, 109.4, 109.0, 108.9, 108.5, 97.3, 97.2, 66.5, 66.4, 55.3, 55.2, 32.2,
29.7, 29.5, 18.0, 11.7, 11.2, —1.44;, HRMS (ESI-TOF) m/z: [M+Na]® Calcd for
C23H31FN2NaOsSi, 453.1986; found, 453.1981.

124



Control Experiments

In the absence of DMBQ (entry 4), trace amount of 4-chloro-4'-methoxy-1,1'-biphenyl (81)
and cyclohexyl(4-methoxyphenyl)thioether (L12) were isolated, suggesting that the cross-
coupling reaction with .13 and 4-methoxyphenyboronic acid (2) proceeded. Recently, silver-
mediated palladium catalyzed liebeskind-Srogl coupling with arylboronic acid was reported.*°

The addition of DMBQ may suppress side reactions involving Pd(0) species.

A0

_OSEM L13 (30 mol %)
N B(OH), PA(OAC); (10 mol %) N-OSEM
/@/ DMBQ (30 mol %)
AgTFA, Ag,CO A
MeO 99 O
Na2HPO4 . 12H2O Meo O
dioxane, 90 °C, 2 h
entry conditions result *|solated byproducts
1 standard conditions 97% ClOMe
9 without AGTFA 5% 81
S
3 Pd(TFA), used in place of Pd(OAc), and AgTFA 92% O \O
MeO

4* without DMBQ 81% L12

Mechanistic Experiments

Conversion from compound 4 to 5:

Following the General Procedure B with the mixture of «,-unsaturated oximes 3 and 4 (40
mg, 0.15 mmol, 3 : 4 =1 : 1.4), purification by flash column chromatography on silica gel
(hexane : AcOEt = 30 : 1) afforded the diarylation product 5 (31.5 mg, 98% yield calculated
from 4) and compound 3 (16.2 mg, 100% recovery).

B(OH)2

{ k] S S
Pd(TFA), (10 mol %)
.0 .0

L13 (30 mol %)

DMBQ Ag,CO4 N . N
dioxane, 90 °C,2h pMeO MeO O
3 5 OMe

(100% recovery) (98% from 4)
3:4=1:14 3:5=1:14
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Arylation reaction with Z-oxime 79

Following the General Procedure B with «,3-unsaturated oxime 79 (14 mg, 0.064 mmol),
purification by flash column chromatography on silica gel (hexane : AcOEt = 10 : 1) afforded
the arylation product 80 (colorless oil, 14 mg, 67% yield).

MeO\N MeO.
BOH), PA(TFA)z (10 mol %) N
2 L13 (30 mol %) N
+ MeO DMBQ, AQQCO3 _ O
o -
50 Na,HPO,-12H,0  MeO O
OMe eq.) dioxane, 90 °C, 1 h OMe
79 2 80
67%
cf.
N‘OMe N—OMe

Pd(TFA), (10 mol %)

B(OH), L13 (30 mol %) X
. DMBQ, Ag,CO;g O
MeO " MeO

NazHPO4 . 12H20 O
OMe (3.0 eq.) dioxane, 90 °C, 1 h OMe
6 2 12
70%

We examined whether the reaction was an oxime-directed C-H functionalization that was
triggered by coordination of the Pd catalyst to the nitrogen atom of the a,f-unsaturated oxime.
As a result, even the Z-isomer of O-methyl oxime 79 afforded the arylated product 80 in 67%
yield, comparable to the yield of the E-isomer (70%), with retention of Z-geometry of the oxime
moiety. This result indicates that the coordination of the Pd catalyst to the oxime nitrogen is

not essential for this Pd-catalyzed C-H arylation reaction.

Preparation of Deuterated a,f-unsaturated oxime

o D,C=0 D O p NOSEM
viperidine . 1) H,NOH - HCI
AcOH D CDj pyridine, MeOH DTN CD,4
DMF/D,0O 2) NaH, SEMCI
MeO 80°C,20h MeO DMF, rt MeO
9-ds

(E)-3-(4-methoxybenzyl)but-3-en-2-one-1,1,1,4,4-d;  O-((2-(trimethylsilyl) ethoxy)methyl)
oxime-1,1,1,4,4-d, (9-ds)

:To a solution of 4-(4-methoxyphenyl)butan-2-one (1.0 g, 5.6 mmol, 1.0 eq.) in DMF (4 mL)
were added CD,=0O (37% solution in D20, 1.1 mL, 1.2 eq.), piperidine (95 mg, 0.2 eq.), and
AcOH (67 mg, 0.2 eq.). After the resulting mixture was stirred at 80 °C (silicon oil bath) for
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24 h, the reaction was quenched with water. The aqueous layer was extracted with AcOEt and
the combined organic layers were washed with brine, dried over Na;SOs, filtered and
concentrated in vacuo. The crude product was purified by flash column chromatography on
silica gel (hexane : AcOEt = 10 : 1) to afford the desired «,-unsaturated ketone (pale yellow
oil, 268 mg) with inseparable impurities. The obtained product was used in the next step
without further purification.

To a solution of a,-unsaturated ketone (268 mg, 1.0 eq.) in MeOH (3.0 mL) were added
hydroxylamine hydrochloride (145 mg, 1.5 eq.) and pyridine (220 mg, 2.0 eq.). After the
resulting mixture was stirred at 60 °C (silicon oil bath) for 1 h, the reaction was quenched with
saturated NH4ClI aq. The aqueous layer was extracted with AcOEt and the combined organic
layers were washed with brine, dried over Na>SQg, filtered and concentrated in vacuo. The
obtained crude product was used in the next step without further purification.

To a solution of crude residue in DMF (6.0 mL) were added NaH (63% dispersion in mineral
oil, 84 mg, 1.5 eq.) and 2-(trimethylsilyl)ethoxymethyl chloride (0.32 mL, 1.3 eq.). After the
resulting mixture was stirred at room temperature for 30 min, the reaction was quenched with
water. The aqueous layer was extracted with AcOEt and the combined organic layers were
washed with brine, dried over Na>SQOs, filtered and concentrated in vacuo. The crude product
was purified by flash column chromatography on silica gel (hexane : AcOEt = 20 : 1) to afford
the title compound (470 mg, 25% yield, 3 steps) as colorless oil.

Isotope Labeling Experiment

OSEM

Pd(TFA), (10 mol %)

(OH), L13 (30 mol %)

@ DMBQ, Ag,COs

Na,HPO, - 12H,0

(3.0 eq.) dioxane, 90 °C, 1 h

67%
9-d5 47

Isotope labeling experiment was performed following the General Procedure B on 0.09 mmol
scale. Purification by flash column chromatography on silica gel (hexane : AcOEt =10 : 1)
afforded the arylation products 28-dy and 27-ds (colorless oil, 25.1 mg, 67% yield, 28-d; : 27-

ds =12 : 88) as inseparable mixture.
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Conversion of f-arylated «,f-unsaturated oxime to multi-substituted

pyridine
®
N Rh(PPh3)5Cl (5 mol %) ‘
SRRt <
i A
MeO (1.2 eq.) reflux, time O
BF; - OFt, [ R = SEM (25) MeO 83
quant. R=H (82)
R time result
SEM 24 h 32%
H 3h 80%

:To a solution of $-arylated «,3-unsaturated oxime ether 25 (20 mg, 0.06 mmol, 1.0 eq.) and
diphenylacetylene (13 mg, 1.2 eq.) in toluene (2 mL) was added Rh(PPh3);Cl1 (2.8 mg, 5 mol %).
After the resulting mixture was stirring at reflux for 24 h, the reaction mixture was diluted with
AcOEt and filtered through a Celite® pad (rinsed with AcOEt). The filtrate was concentrated
in vacuo, and the crude product was purified by flash column chromatography on silica gel
(hexane : AcOEt =5 : 1) to afford the desired pyridine 83 (7.0 mg, 32% yield) as pale yellow
solid.

:To a solution of S-arylated «.,3-unsaturated oxime 82 (30 mg, 0.15 mmol, 1.0 eq.) and
diphenylacetylene (32 mg, 1.2 eq.) in toluene (2 mL) was added Rh(PPh3)3Cl1 (6.9 mg, 5 mol %).
After the resulting mixture was stirring at reflux for 3 h, the reaction mixture was diluted with
AcOEt and filtered through a Celite® pad (rinsed with AcOEt). The filtrate was concentrated
in vacuo, and the crude product was purified by flash column chromatography on silica gel
(hexane : AcOEt =5 : 1) to afford the desired pyridine 83 (43 mg, 80% yield) as pale yellow
solid.

4-(4-methoxyphenyl)-2,3-dimethyl-5,6-diphenylpyridine (83): mp 116—118 °C; IR (KBr) 3450,
1636, 1275, 1261, 750 cm™!; 'TH NMR (300 MHz, CDCl3) 8 7.25-7.23 (m, 2H), 7.15-7.12 (m,
3H), 7.00-6.94 (m, 3H), 6.86 (d, 2H, J = 8.7 Hz), 6.84—6.78 (m, 2H), 6.73 (d, 2H, J = 8.7 Hz),
3.75 (s, 3H), 2.68 (s, 3H), 2.11 (s, 3H); 3C{'H} NMR (75 MHz, CDCl3) 6 158.2, 156.0, 154.3,
149.6, 141.1, 138.8, 133.2, 131.2, 131.1, 130.6, 129.9, 128.5, 127.5, 127.2, 126.9, 125.9, 113.2,
55.1, 23.6, 16.8; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C26H23NO, 365.1780; found,
365.1744.
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Ligand Optimization

General procedure for ligand optimization using a,f-unsaturated oxime ether 84: To a
solution of a B-unsaturated oxime 84 (0.2 mmol, 1.0 eq.), methyl acrylate (0.6 mmol, 3.0 eq.),
AgTFA (0.5 mmol, 2.5 eq.), ligand (0.06 mmol, 30 mol %) in dioxane (2.0 mL) was added
Pd(OAc), (0.02 mmol, 10 mol %). After stirring at 90 °C (silicone oil bath) for 24 h, the
reaction mixture was diluted with AcOEt and filtered through a Celite® pad (rinsed with
AcOEt). The filtrate was concentrated in vacuo, and the crude product was purified by flash
column chromatography on NH: silica gel (hexane : AcOEt = 3 : 1) to afford the desired

pyridine 86.
COQMG
# 85 (3eq.)

Pd(OAc), (10 mol %) CO,Me
ligand ( 30 mol %

.OMe
N y N
A _ AgTFA (2.5 eq.)
%
O O dioxane
84 90 °C, 24 h

ligand
N
N N N N
N N N |

none | U | =
= — =

L19 L20 L21 L22

17% 0% 0% 47% 44%

MeO._ _N_ _OMe

"
U XO\LN;/OK MGOU W >‘/ \RNJ/NW

L23
29% 32% 14% 25%
N_OMe N 07< Ny o\@ @Nj/o
U AUt QU J QL
L27
21% 32% 40% 38%
N_O
Dopr@ OO0 o
S |
Ty / /
=
L31 L32 L33
50% 23% 26%
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CO,Me methyl (£)-4-phenyl-6-styrylpicolinate (86): White solid. mp

Z>N 100-101 °C; IR (KBr) 2950, 1717, 1593, 1546, 1496, 1357, 1237,

A = 1142, 969, 889, 759, 690, 625, 551 cm™!; 'H NMR (CDCl;, 300

O 86 O MHz) 6 8.23 (d, 1H, J=1.5 Hz), 7.85 (d, 1H, J= 1.5 Hz), 7.76—
7.69 (m, 2H), 7.67-7.58 (m, 3H), 7.57-7.45 (m, 3H), 7.44-7.28

(m, 4H), 4.06 (s, 3H). BC{'H} NMR (CDCl;, 75 MHz) § 166.0, 156.8, 150.1, 148.4, 137.4,
136.3, 134.3, 129.5, 129.2, 128.8, 128.6, 127.6, 127.3, 127.1, 122.1, 121.5, 53.0; HRMS (EI-

quadrupole) m/z: [M]+ Calcd for C21H17NO2, 315.1259; found, 315.1247.

Representative procedure for reaction optimization using a,f-unsaturated
oxime ether 84

To a solution of a,-unsaturated oxime 84 (0.2 mmol, 1.0 eq.), methyl acrylate (0.6 mmol, 3.0
eq.), oxidant (0.5 mmol, 2.5 eq.), L21 (0.06 mmol, 30 mol %) in dioxane (2.0 mL) was added
Pd cat. (0.02 mmol, 10 mol %). After stirring at 90 °C (silicone oil bath) for 24 h, the reaction
mixture was diluted with AcOEt and filtered through a Celite® pad (rinsed with AcOEt). The
filtrate was concentrated in vacuo, and the crude product was purified by flash column

chromatography on NHz silica gel (hexane : AcOEt =3 : 1) to afford the desired pyridine 86.

OMe Pd cat. (10 mol %) CO,Me
N’ CoMe L2130 mol %)
2VI€  oxidant (2.5 eq.) |

N =
+ / - > X =
dioxane
90 °C, 24 h

84 85 86
entry Pd cat. oxidant yield

1 Pd(OAc), AgTFA 47%

2 PdCl, AgTFA 0%

3 Pd(TFA), AgTFA 53%

4 Pd(TFA), AgOAc trace

5 Pd(OAc), - 0%
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Oxime Ether Optimization

General procedure for oxime ether optimization: To a solution of «,3-unsaturated oxime
(0.2 mmol, 1.0 eq.), methyl acrylate (0.6 mmol, 3.0 eq.), AgTFA (0.5 mmol, 2.5 eq.), L21 (0.06
mmol, 30 mol %) in dioxane (2.0 mL) was added Pd(OAc), (0.02 mmol, 10 mol %). After
stirring at 90 °C (silicone oil bath) for 24 h, the reaction mixture was diluted with AcOEt and
filtered through a Celite® pad (rinsed with AcOEt). The filtrate was concentrated in vacuo, and
the crude product was purified by flash column chromatography on NH silica gel (hexane :

AcOEt =3 : 1) to afford the desired pyridine 86.

N\
|
CO,Me Z
85 . 2 OR L21 (30 mol %) COzMe
N’ Pd(OAc), (10 mol %) A N
X — AgTFA (2.5 eq.) |
S =
O O dioxane
90°C, 24 h
86
OR
OY o§)< s Ph\sli.Ph
.-OH .0 .0 .0 o)
87 89 920 91 92
0% 0% 0% 0% 0%
F F
~ F F F F NP !
x
Si4< F F F O(
.0 .0 .0 F e -7
93 94 95 96 97
0% 0% 0% 0% 20%
&
¢ g
i
] O .0 r
.0
84 98 99 100 101
47% 41% 0% 69% trace
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Representative procedure for reaction optimization using «,f-unsaturated
oxime ether 100

To a solution of a 3-unsaturated oxime 100 (0.2 mmol, 1.0 eq.), methyl acrylate (0.6 mmol,
3.0 eq.), AgTFA (x eq.), ligand (0.06 mmol, 30 mol %) in dioxane (2.0 mL) was added
Pd(OAc): (0.02 mmol, 10 mol %). After stirring at 90 °C (silicone oil bath) for 24 h, the
reaction mixture was diluted with AcOEt and filtered through a Celite® pad (rinsed with
AcOEt). The filtrate was concentrated in vacuo, and the crude product was purified by flash

column chromatography on NH: silica gel (hexane : AcOEt = 3 : 1) to afford the desired

pyridine 86.
CO,Me
Y ~ 85 MeO O
0 Pd(OACc), (10 mol %)
N~ ligand (30 mol _%) Z>N
S _ AgTFA (x equiv) ~ I _
O 70 e, OO0
90°C, 24 h
100 86
. AgTFA :
entry ligand (X equiv) result | N
: Pz
1 L21 25 69%
L21
2 L31 25 76%

' AdO N._OAd

3 L31 4.0 7% |
E =

4 L31 5.0 85% L31
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Preparation of Ligands

Ligands L.19, 1.20, L.21, L.22, 1.23, L.27, L.32 and L33 were purchased from commercially sources and
used without further purification. L24, L25 and L28 were prepared as previously reported.*’ 126, L29,

L.30 and L.31 were synthesized according to the following procedures.

Synthesis of L.26
S (.
o
L26

6-(tert-butoxy)-N,N-diethylpyridin-2-amine (L26): To a solution of 2-(fert-butoxy)-6-
chloropyridine (100 mg, 0.54 mmol, 1.0 eq.), diethylamine (0.11 mL, 1.1 mmol, 2.0 eq.),
RuPhos (25 mg, 0.054 mmol, 10 mol %), Cs>COs3 (528 mg, 1.6 mmol, 3.0 eq.) in toluene (3.0
mL) and ‘BuOH (0.3 mL) was added Pd(OAc)> (12 mg, 0.054 mmol, 10 mol %). After stirring
at 100 °C (silicone oil bath) for 21 h, the reaction mixture was diluted with AcOEt and filtered
through a Celite® pad (rinsed with AcOEt). The filtrate was concentrated in vacuo, and the
crude product was purified by flash column chromatography on silica gel (hexane : AcOEt =
20 : 1) to afford the title compound (95 mg, 80% yield) as colorless oil. IR (KBr) 2974, 2929,
1589, 1573, 1490, 1434, 1397, 1360, 1297, 1247, 1179, 1156, 1078, 1046, 898, 775, 722 cm™
I; TH NMR (CDCls, 300 MHz) & 7.28 (dd, 1H, J= 8.1, 7.8 Hz), 5.95 (d, 1H, J = 8.1 Hz), 5.87
(d, 1H, J = 7.8 Hz), 3.46 (q, 4H, J = 6.9 Hz), 1.57 (s, 9H), 1.16 (t, 6H, J = 6.9 Hz). BC{'H}
NMR (CDCl3, 75 MHz) 6 163.0, 156.2, 139.3, 98.5, 96.3, 78.0, 42.4, 29.0, 13.1; HRMS (EI-
quadrupole) m/z: [M]+ Calcd for C3H,,N20, 222.1732; found, 222.1731.

Synthesis of L.29

pastl
|\

=
L29

2-(((3s,5s,7s)-adamantan-1-yl)oxy)quinoline (L.29): To a solution of 1-adamantanol (371 mg,
2.4 mmol, 2.0 eq.) in DMF (3 mL) were added NaH (63% dispersion in mineral oil, 146 mg,
3.6 mmol, 3.0 eq.) and 2-chloroquinoline (200 mg, 1.2 mmol, 1.0 eq.). After stirring at 80 °C
(silicone oil bath) for 1 h, the reaction was quenched with water. The aqueous layer was

extracted with AcOEt and the combined organic layers were washed with brine, dried over
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Na,SO,, filtered and concentrated in vacuo. The crude product was purified by flash column
chromatography on silica gel (hexane : AcOEt = 10 : 1) to afford the title compound (231 mg,
67% yield) as white solid. mp 156157 °C; IR (KBr) 2902, 1603, 1568, 1502, 1472, 1392,
1300, 1273, 1257, 1241, 1058, 973, 897, 823, 752 cm™!; '"H NMR (CDCl;, 300 MHz) 8 7.91
(d, 1H, J=8.7 Hz), 7.79 (d, 1H, J= 8.4 Hz), 7.66 (dd, 1H, /= 8.1, 1.2 Hz), 7.57 (ddd, 1H, J =
8.4,8.1, 1.2 Hz), 7.33 (ddd, 1H, J = 8.4, 8.1, 1.2 Hz), 6.80 (d, 1H, J = 8.7 Hz), 2.42-2.40 (m,
6H), 2.24-2.22 (m, 3H), 1.80-1.60 (m, 6H). 3C{'H} NMR (CDCls, 75 MHz) & 161.8, 146.4,
138.0, 129.0, 127.5, 127.2, 124.6, 123.6, 115.3, 80.2, 41.9, 36.5, 31.1; HRMS (EI-quadrupole)
m/z: [M]+ Calcd for C,9H,;NO, 279.1623; found, 279.1619.

Synthesis of L30

N\ @)
O T
L30

2-(((1r,3r,57,7r)-adamantan-2-yl)oxy)quinoline (L.30): To a solution of 2-adamantanol (371
mg, 2.4 mmol, 2.0 eq.) in DMF (3 mL) were added NaH (63% dispersion in mineral oil, 146
mg, 3.6 mmol, 3.0 eq.) and 2-chloroquinoline (200 mg, 1.2 mmol, 1.0 eq.). After stirring at
80 °C (silicone oil bath) for 1 h, the reaction was quenched with water. The aqueous layer was
extracted with AcOEt and the combined organic layers were washed with brine, dried over
Na,SO,, filtered and concentrated in vacuo. The crude product was purified by flash column
chromatography on silica gel (hexane : AcOEt = 10 : 1) to afford the title compound (340 mg,
quant.) as white solid. mp 105-106 °C; IR (KBr) 2901, 2850, 1604, 1428, 1276, 1003, 823,
751 cm™!; 'H NMR (CDCls, 300 MHz) & 7.96 (d, 1H, J = 9.0 Hz), 7.79 (d, 1H, J = 8.4 Hz),
7.68 (dd, 1H, J=7.8, 1.2 Hz), 7.58 (ddd, 1H, J= 8.4, 8.1, 1.2 Hz), 7.34 (ddd, 1H, J= 8.4, 8.1,
1.2 Hz), 6.92 (d, 1H, J=9.0 Hz), 3.87 (s, 1H), 2.30-2.00 (m, 4H), 2.00-1.50 (m, 10H). *C{'H}
NMR (CDCl;, 75 MHz) 6 161.7, 146.7, 138.4, 129.2, 127.3, 127.2, 124.9, 123.6, 113.9, 74.5,
37.6, 36.5, 34.5, 31.6, 27.5, 27.0; HRMS (EI-quadrupole) m/z: [M]+ Calcd for Ci9H,;NO,
279.1623; found, 279.1622.
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Synthesis of L31

HF oy

2,6-bis(((3S5,58,7S)-adamantan-1-yl)oxy)pyridine (L.31): To a solution of 1-adamantanol (927
mg, 6.1 mmol, 3.5 eq.) in DMF (4 mL) were added NaH (63% dispersion in mineral oil, 278
mg, 7.0 mmol, 4.0 eq.) and 2,6-difluoropyridine (200 mg, 1.7 mmol, 1.0 eq.). After the reaction
mixture was stirred at 70 °C (silicone oil bath) for 22 h, the reaction was quenched with water.
The aqueous layer was extracted with AcOEt and the combined organic layers were washed
with brine, dried over Na,SQO,, filtered and concentrated in vacuo. The crude product was
purified by flash column chromatography on silica gel (hexane : AcOEt = 30 : 1) to afford the
title compound (440 mg, 69% yield) as white solid. mp 155-156 °C; IR (KBr) 2911, 1573,
1428, 1329, 1300, 1228, 1076, 1057, 1025, 969, 931, 784, 721 cm™!; "H NMR (CDCl;, 300
MHz) 6 7.37 (t, 1H, J = 7.8 Hz), 6.24 (d, 2H, J = 7.8 Hz), 2.24-2.21 (m, 18H), 1.68-1.66 (m,
12H). BC{'H} NMR (CDCl;, 75 MHz) § 161.6, 140.0, 105.6, 78.6, 42.0, 36.3, 30.9; HRMS
(EI-quadrupole) m/z: [M]+ Calcd for C,5H33NO», 379.2511; found, 379.2513.

Preparation of Substrates

Synthesis of symmetrical a,f-unsaturated oxime ethers

(1E,4E)-1,5-diphenylpenta-1,4-dien-3-one O-methyl oxime (84): To a solution of O-methyl
hydroxylamine hydrochloride (1.4 g, 16.6 mmol, 1.3 eq.) and NaOAc (1.1 g, 12.8 mmol, 1.0
eq.) in EtOH (64 mL) and H>O (6.4 mL) was added trans,trans-dibenzalacetone (3.0 g, 12.8
mmol, 1.0 eq.). After the reaction mixture was stirred at 80 °C (silicone oil bath) for 20 h, the
reaction was quenched with water. The aqueous layer was extracted with AcOEt and the
combined organic layers were washed with brine, dried over Na,SOys, filtered and concentrated

in vacuo. The crude product was recrystallized from hexane to afford the title compound (2.59
g, 79% yield) as white solid. mp 104—105 °C; IR (KBr) 2938, 1493, 1448, 1355, 1040, 962,
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877, 861, 757, 690, 522, 477 cm™!; 'TH NMR (CDCls, 300 MHz) & 7.55-7.46 (m, 4H), 7.42—
7.28 (m, 6H), 7.27 (d, 1H, J = 16.8 Hz), 7.13 (d, 1H, J = 16.8 Hz), 7.06 (d, 1H, J = 16.8 Hz),
6.89 (d, 1H, J=16.8 Hz), 4.02 (s, 3H). 3C{'H} NMR (CDCl;, 75 MHz) 6 154.1, 137.1, 136.5,
136.2, 134.9, 128.9, 128.74, 128.69, 128.4, 127.3, 127.0, 122.3, 117.4, 62.3; HRMS (EI-
quadrupole) m/z: [M]+ Calcd for C,3H;7NO, 263.1310; found, 263.1318.

(@)
by

¢

89
(1E,4E)-1,5-diphenylpenta-1,4-dien-3-one O-acetyl oxime (89): To a solution of (1E,4F)-1,5-
diphenylpenta-1,4-dien-3-one oxime®® (300 mg, 1.20 mmol, 1.0 eq.) in THF (6 mL) were added
NaH (63% dispersion in mineral oil, 96 mg, 2.40 mmol, 2.0 eq.) and acetyl chloride (0.22 mL,
1.80 mmol, 1.5 eq.). After the reaction mixture was stirred at room temperature for 30 min, the
reaction was quenched with 1M NaOH aq. The aqueous layer was extracted with AcOEt and
the combined organic layers were washed with brine, dried over Na;SOs, filtered and
concentrated in vacuo. The crude product was purified by flash column chromatography on
silica gel (hexane : acetone = 5 : 1) to afford the title compound (388 mg, 96% yield) as white
solid. mp 90-91 °C; IR (KBr) 3025, 1765, 1637, 1577, 1494, 1448, 1365, 1194, 1000, 968,
884, 757,693,472 cm!; 'H NMR (CDCls, 300 MHz) § 7.60-7.47 (m, 4H), 7.46-7.30 (m, 7H),
7.25 (d, 1H, J=16.2 Hz), 7.13 (d, 1H, J = 16.5 Hz), 6.99 (d, 1H, J = 16.2 Hz), 2.27 (s, 3H).
BC{'H} NMR (CDCl;, 75 MHz) & 168.5, 160.4, 140.0, 139.0, 135.7, 135.4, 129.8, 129.2,

128.9, 128.8, 127.6, 127.3, 120.7, 116.9, 19.8; HRMS (EI-quadrupole) m/z: [M]+ Calcd for
Ci9H17NO2, 291.1259; found, 291.1263.

(1E,4E)-1,5-diphenylpenta-1,4-dien-3-one O-pivaloyl oxime (90): To a solution of (1E,4E)-
1,5-diphenylpenta-1,4-dien-3-one oxime (300 mg, 1.20 mmol, 1.0 eq.) in THF (6 mL) were
added NaH (63% dispersion in mineral oil, 96 mg, 2.40 mmol, 2.0 eq.) and pivaloyl chloride
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(0.22 mL, 1.80 mmol, 1.5 eq.). After the reaction mixture was stirred at room temperature for
30 min, the reaction was quenched with 1M NaOH aq. The aqueous layer was extracted with
AcOEt and the combined organic layers were washed with brine, dried over Na>SQg, filtered
and concentrated in vacuo. The crude product was purified by flash column chromatography
on silica gel (hexane : AcOEt =4 : 1) to afford the title compound (388 mg, 96% yield) as pale
yellow solid. mp 105-106 °C; IR (KBr) 2973, 1754, 1636, 1577, 1478, 1448, 1343, 1273, 1202,
1105, 1026, 970, 923, 878, 755, 693 cm™!; "H NMR (CDCls, 300 MHz) § 7.55-7.51 (m, 4H),
7.45-7.29 (m, 7H), 7.23 (d, 1H, J=16.5 Hz), 7.19 (d, 1H, J=16.5 Hz), 7.03 (d, 1H, J = 16.2
Hz), 1.34 (s, 9H). *C{'H} NMR (CDCl;, 75 MHz) 6 174.9, 161.1, 139.8, 138.9, 135.8, 135.4,
129.7,129.2,129.0, 128.8, 127.4, 127.3, 120.9, 116.8, 38.9, 27.3; HRMS (EI-quadrupole) m/z:
[M]+ Calcd for C,,H,3NO», 333.1729; found, 333.1716.

(1E,4E)-1,5-diphenylpenta-1,4-dien-3-one O-(tert-butyldimethylsilyl) oxime (91): To a
solution of (1E,4F)-1,5-diphenylpenta-1,4-dien-3-one oxime (200 mg, 0.80 mmol, 1.0 eq.) in
CH2CIL> (3 mL) were added fert-butyldimethylchlorosilane (133 mg, 0.88 mmol, 1.1 eq.),
DMAP (10 mg, 0.08 mmol, 0.1 eq.) and imidazole (109 mg, 1.60 mmol, 2.0 eq.). After the
reaction mixture was stirred at room temperature for 1.5 h, the reaction was quenched with
saturated NH4Cl aq. The aqueous layer was extracted with CHCI3 and the combined organic
layers were washed with brine, dried over Na>SQg, filtered and concentrated in vacuo. The
crude product was purified by flash column chromatography on silica gel (hexane : AcOEt =
20 : 1) to afford the title compound (233 mg, 80% yield) as colorless oil. IR (KBr) 2928, 2856,
1448, 1251, 967, 835, 752, 691 cm™!; 'TH NMR (CDCl;, 300 MHz) 8 7.57-7.45 (m, 4H), 7.41—
7.25 (m, 7H), 7.14 (d, 1H, J = 16.8 Hz), 7.09 (d, 1H, J = 16.8 Hz), 6.93 (d, 1H, J = 16.2 Hz),
1.00 (s, 9H), 0.26 (s, 6H). 1*C{'H} NMR (CDCls, 75 MHz) & 158.3, 136.7, 136.60, 136.56,
134.5,128.82,128.77,128.6, 128.3,127.2,127.0, 122.8, 117.7, 26.2, 18.2,-5.13; HRMS (ESI-
TOF) m/z: [M+H]" Calcd for C23H30NOSI, 364.2097; found, 364.2092.
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(1E,4E)-1,5-diphenylpenta-1,4-dien-3-one O-(tert-butyldimethylsilyl) oxime (92): To a
solution of (1E,4F)-1,5-diphenylpenta-1,4-dien-3-one oxime (100 mg, 0.40 mmol, 1.0 eq.) in
THF (2 mL) were added NaH (63% dispersion in mineral oil, 24 mg, 0.60 mmol, 1.5 eq.) and
tert-butyldiphenylchlorosilane (220 mg, 0.80 mmol, 2.0 eq.). After the reaction mixture was
stirred at room temperature overnight, the reaction was quenched with water. The aqueous layer
was extracted with AcOEt and the combined organic layers were washed with brine, dried over
NazS0q, filtered and concentrated in vacuo. The crude product was purified by flash column
chromatography on silica gel (hexane : AcOEt = 10 : 1) to afford the title compound (201 mg,
quant.) as colorless oil. IR (KBr) 3071, 2931, 2857, 1471, 1428, 1262, 1113, 969, 832, 754,
695, 610, 560, 505 cm™!; 'TH NMR (CDCls, 300 MHz) & 7.80-7.75 (m, 4H), 7.65-7.56 (m, 3H),
7.50-7.22 (m, 14H), 7.18 (d, 1H, J=16.8 Hz), 7.10 (d, 1H, J=16.8 Hz), 6.92 (d, 1H, J=16.2
Hz), 1.16 (s, 9H). *C{'H} NMR (CDCl;, 75 MHz) 6 159.0, 137.1, 136.6, 136.5, 135.5, 135.1,
133.6, 129.6, 129.0, 128.9, 128.7, 128.4, 127.6, 127.3, 127.0, 122.7, 117.6, 27.2, 19.5; HRMS
(ESI-TOF) m/z: [M+Na]" Calcd for C33H33NNaOSi, 510.2229; found, 510.2216.

Y
5
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93
(1E,4E)-1,5-diphenylpenta-1,4-dien-3-one O-triisopropylsilyl oxime (93): To a solution of
(1E,4E)-1,5-diphenylpenta-1,4-dien-3-one oxime (200 mg, 0.80 mmol, 1.0 eq.) in CH>CL (3
mL) were added triisopropylsilyl chloride (170 mg, 0.88 mmol, 1.1 eq.), DMAP (10 mg, 0.08
mmol, 0.1 eq.) and imidazole (109 mg, 1.60 mmol, 2.0 eq.). After the reaction mixture was
stirred at room temperature for 1.5 h, the reaction was quenched with saturated NH4Cl aq. The
aqueous layer was extracted with CHCI3 and the combined organic layers were washed with
brine, dried over Na,SOs, filtered and concentrated in vacuo. The crude product was purified

by flash column chromatography on silica gel (hexane : AcOEt = 20 : 1) to afford the title
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compound (241 mg, 74% yield) as pale yellow oil. IR (KBr) 3026, 2943, 2865, 1635, 1493,
1462, 1448, 1345, 1260, 1200, 967, 882, 826, 754, 690, 460 cm™!; "H NMR (CDCls, 300 MHz)
0 7.60-7.49 (m, 4H), 7.45-7.28 (m, 7H), 7.13 (d, 1H, J=16.2 Hz), 7.10 (d, 1H, J = 16.8 Hz),
6.93 (d, 1H, J=16.2 Hz), 1.40-1.20 (m, 3H), 1.13 (d, 18H, J= 6.9 Hz). *C{'H} NMR (CDCl;,
75 MHz) & 157.9, 136.8, 136.7, 136.2, 134.1, 128.8, 128.7, 128.2, 127.2, 126.9, 123.0, 117.7,
18.0, 11.9; HRMS (ESI-TOF) m/z: [M+H]" Calcd for C26H3sNOSI, 406.2566; found, 406.2560.

F
F F
F F
.0
N
SARA®
94

(1E,4E)-1,5-diphenylpenta-1,4-dien-3-one O-pentafluorophenyl oxime (94): To a solution of
(1E,4E)-1,5-diphenylpenta-1,4-dien-3-one oxime (100 mg, 0.40 mmol, 1.0 eq.) in DMF (3 mL)
were added NaH (63% dispersion in mineral oil, 32 mg, 0.60 mmol, 1.5 eq.) and
hexafluorobenzene (0.1 mL, 0.80 mmol, 2.0 eq.). After the reaction mixture was stirred at room
temperature for 1 h, the reaction was quenched with water. The aqueous layer was extracted
with AcOEt and the combined organic layers were washed with brine, dried over Na>SOg,
filtered and concentrated in vacuo. The crude product was purified by flash column
chromatography on silica gel (hexane : AcOEt = 10 : 1) to afford the title compound (133 mg,
80% yield) as pale yellow solid. mp 103—-104 °C; IR (KBr) 3027, 1634, 1577, 1515, 1465,
1448, 1344, 1201, 996, 969, 874, 854, 755, 691, 521 cm™!; 'TH NMR (CDCl;, 300 MHz) § 7.65—
7.30 (m, 11H), 7.23 (d, 1H, J=15.9 Hz), 7.19 (d, 1H, J = 16.8 Hz), 6.86 (d, 1H, J=15.9 Hz).
BC{'H} NMR (CDCl;, 75 MHz) & 159.4, 140.0, 138.1, 135.8, 135.5, 129.8, 129.2, 128.9,

128.8, 127.7, 127.3, 119.6, 116.1; HRMS (EI-quadrupole) m/z: [M]+ Calcd for C,3H 4FsNO,
415.0996; found, 415.0987.
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(1E,4E)-1,5-diphenylpenta-1,4-dien-3-one O-(pentafluorophenyl)metyl oxime (95): To a
solution of O-(pentafluorobenzyl)hydroxylamine hydrochloride (57 mg, 0.23 mmol, 1.1 eq.)
and pyridine (42 mg, 0.53 mmol, 2.5 eq.) in MeOH (2 mL) was added trans,trans-
dibenzalacetone (50 mg, 0.21 mmol, 1.0 eq.). After the reaction mixture was stirred at room
temperature overnight, the reaction was quenched with saturated NH4Cl aq. The aqueous layer
was extracted with AcOEt and the combined organic layers were washed with brine, dried over
NaxSOq, filtered and concentrated in vacuo to afford the title compound (89 mg, 99% yield) as
white solid. mp 122—123 °C; IR (KBr) 1655, 1521, 1506, 1448, 1305, 1127, 1025, 962, 941,
755, 692 cm™!; 'TH NMR (CDCls, 300 MHz) § 7.53-7.46 (m, 4H), 7.44-7.30 (m, 6H), 7.19 (d,
1H, J=16.8 Hz), 7.12 (d, 1H, J = 16.2 Hz), 7.04 (d, 1H, J = 16.8 Hz), 6.83 (d, 1H, J=16.2
Hz), 5.30 (s, 2H). *C{'H} NMR (CDCls, 75 MHz) 6 155.2, 137.7, 136.3, 136.0, 135.5, 129.0,
128.8, 128.7, 128.6, 127.4, 127.2, 127.0, 126.9, 121.8, 117.0, 111.0, 63.0; HRMS (EI-
quadrupole) m/z: [M]+ Calcd for Co4H 4FsNO, 429.1152; found, 429.1151.

(1E,4E)-1,5-diphenylpenta-1,4-dien-3-one O-(pyridin-2-yl)methyl oxime (96): To a solution
of (1E,4F)-1,5-diphenylpenta-1,4-dien-3-one oxime (300 mg, 1.20 mmol, 1.0 eq.) in DMF (6
mL) were added NaH (63% dispersion in mineral oil, 120 mg, 3.0 mmol, 2.5 eq.) and 2-
(bromomethyl)pyridine hydrobromide (364 mg, 1.4 mmol, 1.2 eq.). After the reaction mixture
was stirred at room temperature for 2.5 h, the reaction was quenched with water. The aqueous
layer was extracted with AcOEt and the combined organic layers were washed with brine, dried
over NaxSOs, filtered and concentrated in vacuo. The crude product was purified by flash

column chromatography on silica gel (hexane : AcOEt = 3 : 1) to afford the title compound
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(329 mg, 80% yield) as pale yellow solid. mp 56-57 °C; IR (KBr) 3024, 1590, 1493, 1435,
1356, 1098, 1059, 969, 899, 754, 692 cm™!; 'H NMR (CDCls, 300 MHz) & 8.60 (dd, 1H, J =
3.9, 1.8 Hz), 7.70 (ddd, 1H, J= 7.8, 7.8, 1.8 Hz), 7.57-7.26 (m, 12H), 7.23-7.18 (m, 1H), 7.13
(d, IH,J=16.2 Hz), 7.11 (d, I1H, J=16.5 Hz), 6.89 (d, IH, J= 16.2 Hz), 5.40 (s, 2H). 3C{'H}
NMR (CDCl;, 75 MHz) & 158.3, 155.0, 149.2, 137.4, 136.6, 136.4, 136.2, 135.2, 129.0, 128.8,

128.7,128.5,127.3, 127.0, 122.4, 122.2, 121.7, 117.4, 77.0; HRMS (EI-quadrupole) m/z: [M]+
Calcd for C,3H,0N20, 340.1576; found, 340.1581.

(1E,4E)-1,5-diphenylpenta-1,4-dien-3-one O-methoxymethyl oxime (97): To a solution of
(1E,4E)-1,5-diphenylpenta-1,4-dien-3-one oxime (200 mg, 0.80 mmol, 1.0 eq.) in DMF (3 mL)
were added NaH (63% dispersion in mineral oil, 38 mg, 0.96 mmol, 1.2 eq.) and chloromethyl
methyl ether (0.12 mL, 1.60 mmol, 2.0 eq.). After the reaction mixture was stirred at room
temperature for 1 h, the reaction was quenched with water. The aqueous layer was extracted
with AcOEt and the combined organic layers were washed with brine, dried over Na>SOg,
filtered and concentrated in vacuo. The crude product was purified by flash column
chromatography on silica gel (hexane : AcOEt = 5 : 1) to afford the title compound (162 mg,
69% yield) as colorless oil. IR (KBr) 2933, 1634, 1576, 1494, 1448, 1392, 1345, 1209, 1154,
1086, 997, 970, 924, 896, 855, 755, 692 cm™'; 'H NMR (CDCl;, 300 MHz) 8 7.60-7.49 (m,
4H), 7.40-7.29 (m, 7H), 7.17 (d, 1H, J=16.2 Hz), 7.08 (d, 1H, /= 16.8 Hz), 6.92 (d, 1H, J =
16.2 Hz), 5.24 (s, 2H), 3.50 (s, 3H). BC{'H} NMR (CDCls, 75 MHz) & 155.7, 137.6, 136.4,
136.1, 135.6, 129.1, 128.8, 128.7, 128.5, 127.3, 127.0, 122.2, 117.4, 98.8, 56.4; HRMS (EI-

quadrupole) m/z: [M]+ Calcd for C,9H;9yNO», 293.1416; found, 293.1415.

(1E,4E)-1,5-diphenylpenta-1,4-dien-3-one O-(trimethylsilyl)methyl oxime (98): To a solution
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of (1E,4F)-1,5-diphenylpenta-1,4-dien-3-one oxime (150 mg, 0.60 mmol, 1.0 eq.) in THF (3
mL) were added NaH (63% dispersion in mineral oil, 36 mg, 0.90 mmol, 1.5 eq.) and
chloromethyl trimethylsilane (0.17 mL, 1.20 mmol, 2.0 eq.). After the reaction mixture was
stirred at 70 °C (silicone oil bath) for 21 h, the reaction was quenched with water. The aqueous
layer was extracted with AcOEt and the combined organic layers were washed with brine, dried
over Na;SOs, filtered and concentrated in vacuo. The crude product was purified by flash
column chromatography on silica gel (hexane : AcOEt = 10 : 1) to afford the title compound
(183 mg, 92% yield) as pale yellow oil. IR (KBr) 2955, 1633, 1494, 1448, 1248, 1027, 968,
854,754,691 cm™!; "TH NMR (CDCls, 300 MHz) 8 7.55-7.45 (m, 4H), 7.39-7.22 (m, 7H), 7.12
(d, 1H,J=16.2 Hz), 7.09 (d, 1H, /= 16.8 Hz), 6.87 (d, 1H, J=16.2 Hz), 4.02 (s, 2H), 0.15 (s,
9H). 3C{'H} NMR (CDCls, 75 MHz) & 153.6, 136.8, 136.7, 136.5, 134.3, 128.83, 128.78,

128.7,128.3, 127.1, 126.9, 122.7, 117.4, 69.1, —2.68; HRMS (EI-quadrupole) m/z: [M]+ Calcd
for C,,H,sNOSI, 335.1705; found, 335.1703.

(1E,4E)-1,5-diphenylpenta-1,4-dien-3-one O-(tert-butyl) oxime (99): To a solution of O-(tert-
butyl)hydroxylamine hydrochloride (208 mg, 1.66 mmol, 1.3 eq.) and NaOAc (138 mg, 1.66
mmol, 1.3 eq.) in EtOH (5 mL) and H>O (0.5 mL) was added trans,trans-dibenzalacetone (300
mg, 1.28 mmol, 1.0 eq.). After the reaction mixture was stirred at 80 °C (silicone oil bath) for
24 h, the reaction was quenched with water. The aqueous layer was extracted with AcOEt and
the combined organic layers were washed with brine, dried over Na,SOs, filtered and
concentrated in vacuo. The crude product was purified by flash column chromatography on
silica gel (hexane : CH>Cl, =2 : 1) to afford the title compound (140 mg, 36% yield) as white
solid. mp 65-66 °C; IR (KBr) 2973, 1634, 1493, 1448, 1358, 1187, 992, 969, 894, 687 cm™!;
'"H NMR (CDCls, 300 MHz) § 7.56-7.47 (m, 4H), 7.42-7.24 (m, 7H), 7.10 (d, 1H, J = 16.2
Hz), 7.06 (d, 1H, J=16.8 Hz), 6.92 (d, 1H, J = 16.2 Hz), 1.39 (s, 9H). 3C{'H} NMR (CDCls,
75 MHz) & 152.5, 136.9, 136.7, 136.1, 133.4, 128.7, 128.6, 128.1, 127.2, 126.9, 123.7, 118.0,
79.5,27.7; HRMS (EI-quadrupole) m/z: [M]+ Calcd for C,;H,3NO, 305.1780; found, 305.1782.
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(1E,4E)-1,5-diphenylpenta-1,4-dien-3-one O-isopropyl oxime (100): To a solution of (1E,4E)-
1,5-diphenylpenta-1,4-dien-3-one oxime (100 mg, 0.40 mmol, 1.0 eq.) in DMF (2 mL) were
added NaH (63% dispersion in mineral oil, 32 mg, 0.80 mmol, 2.0 eq.) and 2-iodopropane (167
mg, 1.0 mmol, 2.5 eq.). After the reaction mixture was stirred at room temperature for 1 h, the
reaction was quenched with water. The aqueous layer was extracted with AcOEt and the
combined organic layers were washed with brine, dried over Na,SOs, filtered and concentrated
in vacuo. The crude product was purified by flash column chromatography on silica gel
(hexane : AcOEt =20 : 1) to afford the title compound (85 mg, 73% yield) as white solid. mp
56-57 °C; IR (KBr) 2973, 1634, 1493, 1448, 1358, 1187, 992, 969, 894, 687 cm™!; 'H NMR
(CDCl3, 300 MHz) 6 7.52-7.47 (m, 4H), 7.39-7.24 (m, 7H), 7.12 (d, 1H, J= 16.2 Hz), 7.06 (d,
1H, J=16.5 Hz), 6.90 (d, 1H, J = 16.2 Hz), 4.48 (m, 1H), 1.34 (d, 6H, J = 6.3 Hz). BC{'H}
NMR (CDCl;, 75 MHz) 8 153.3, 136.7, 136.6, 136.5, 134.2, 128.8, 128.7, 128.2, 127.2, 126.9,

123.0, 117.8, 76.4, 21.8; HRMS (EI-quadrupole) m/z: [M]+ Calcd for C,0H,NO, 291.1623;
found, 291.1624.

(1E,4E)-1,5-diphenylpenta-1,4-dien-3-one O-((2-(trimethylsilyl)ethoxy)methyl) oxime (101):
To a solution of (1E,4F)-1,5-diphenylpenta-1,4-dien-3-one oxime (200 mg, 0.80 mmol, 1.0
eq.) in DMF (4 mL) were added NaH (63% dispersion in mineral oil, 48 mg, 1.20 mmol, 1.5
eq.) and 2-(chloromethoxy)ethyltrimethylsilane (267 mg, 1.6 mmol, 2.0 eq.). After the reaction
mixture was stirred at room temperature for 1 h, the reaction was quenched with water. The
aqueous layer was extracted with AcOEt and the combined organic layers were washed with
brine, dried over Na,SOs, filtered and concentrated in vacuo. The crude product was purified
by flash column chromatography on silica gel (hexane : AcOEt = 20 : 1) to afford the title
compound (260 mg, 85% yield) as colorless oil. IR (KBr) 2952, 1448, 1248, 1104, 995, 857,
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835, 754,692 cm™!; "TH NMR (CDCls, 300 MHz) 8 7.55-7.45 (m, 4H), 7.39-7.24 (m, 7H), 7.14
(d, 1H, J=16.2 Hz), 7.05 (d, 1H, J=16.8 Hz), 6.90 (d, 1H, J = 16.2 Hz), 5.27 (s, 2H), 3.79—
3.73 (m, 2H), 1.02-0.95 (m, 2H), 0.00 (s, 9H). *C{'H} NMR (CDCl;, 75 MHz) § 155.3, 137.3,
136.4, 136.1, 135.4,129.2, 128.9, 128.7, 128.5, 127.8, 127.5, 122.2, 117.5, 97.3, 66.4, 18.0, —
1.44; HRMS (EI-quadrupole) m/z: [M]+ Calcd for Cy3H,9NO»Si, 379.1968; found, 379.1964.

h
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(1E,4E)-1,5-di-p-tolylpenta-1,4-dien-3-one O-isopropyl oxime (102): To a solution of
hydroxylamine hydrochloride (318 mg, 4.58 mmol, 1.5 eq.) and pyridine (483 mg, 6.10 mmol,
2.0 eq.) in MeOH (30 mL) was added trans,trans-bis(4-methylbenzal)acetone (800 mg, 3.05
mmol, 1.0 eq.). After the reaction mixture was stirred at 60 °C (silicone oil bath) for 16 h, the
reaction was quenched with saturated NH4Cl aq. The aqueous layer was extracted with AcOEt
and the combined organic layers were washed with brine, dried over Na;SOs, filtered and
concentrated in vacuo. The resulting residue was dissolved in DMF (30 mL) and cooled to 0
°C. After the addition of NaH (63% dispersion in mineral oil, 244 mg, 6.10 mmol, 2.0 eq.) and
2-iodopropane (663 mg, 3.97 mmol, 1.3 eq.) at 0 °C, the reaction mixture was stirred at room
temperature for 1 h and quenched with water. The aqueous layer was extracted with AcOEt
and the combined organic layers were washed with brine, dried over Na;SOs, filtered and
concentrated in vacuo. The crude product was purified by flash column chromatography on
silica gel (hexane : CH2Cl, = 10 : 1) to afford the title compound (465 mg, 48% yield) as white
solid. mp 63-64 °C; IR (KBr) 1606, 1510, 1149, 1122, 965, 803 cm™!; 'H NMR (CDCl;, 300
MHz) § 7.45-7.36 (m, 4H), 7.24-7.12 (m, 5H), 7.08 (d, 1H, J=16.2 Hz), 7.03 (d, 1H, J=16.8
Hz), 6.85 (d, 1H, J = 16.2 Hz), 4.46 (m, 1H), 2.36 (s, 3H), 2.35 (s, 3H), 1.33 (d, 6H, J = 6.3
Hz). BC{'H} NMR (CDCl;, 75 MHz) & 153.6, 138.8, 138.2, 136.6, 134.1, 134.0, 133.8, 129.4,

129.3, 127.2, 126.8, 122.0, 116.9, 76.2, 21.8, 21.3, 21.2; HRMS (EI-quadrupole) m/z: [M]+
Calcd for C,,H,5NO, 319.1936; found, 319.1940.
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(1E,4E)-1,5-bis(4-methoxyphenyl)penta-1,4-dien-3-one O-isopropyl oxime (103): To a
solution of hydroxylamine hydrochloride (248 mg, 3.57 mmol, 1.5 eq.) and pyridine (377 mg,
4.76 mmol, 2.0 eq.) in MeOH (12 mL) was added trans,trans-bis(4-methoxybenzal)acetone
(700 mg, 2.38 mmol, 1.0 eq.). After the reaction mixture was stirred at room temperature for
24 h, the reaction was quenched with saturated NH4Cl aq. The aqueous layer was extracted
with AcOEt and the combined organic layers were washed with brine, dried over Na>SOg,
filtered and concentrated in vacuo. The resulting residue was dissolved in DMF (20 mL) and
cooled to 0 °C. After the addition of NaH (63% dispersion in mineral oil, 190 mg, 4.76 mmol,
2.0 eq.) and 2-iodopropane (525 mg, 3.09 mmol, 1.3 eq.) at 0 °C, the reaction mixture was
stirred at room temperature for 30 min and quenched with water. The aqueous layer was
extracted with AcOEt and the combined organic layers were washed with brine, dried over
NazS0q, filtered and concentrated in vacuo. The crude product was purified by flash column
chromatography on silica gel (hexane : AcOEt = 10 : 1) to afford the title compound (326 mg,
39% yield) as pale yellow solid. mp 56-57 °C; IR (KBr) 2974, 1603, 1509, 1419, 1304, 1294,
1247, 1171, 1025, 976, 827, 773, 543, 506 cm™'; '"H NMR (CDCl;, 300 MHz) § 7.52-7.42 (m,
4H), 7.17 (d, 1H, J=16.8 Hz), 7.06 (d, 1H, J=16.2 Hz), 7.01 (d, 1H, J=16.8 Hz), 6.92-6.73
(m, 4H), 6.76 (d, 1H, J = 16.2 Hz), 4.46 (m, 1H), 3.83 (s, 3H), 3.82 (s, 3H), 1.33 (d, 6H, J =
6.3 Hz). *C{'H} NMR (CDCls, 75 MHz) & 160.2, 159.7, 153.7, 136.1, 133.7, 129.6, 129.3,
128.6, 128.2, 120.8, 115.9, 114.13, 114.07, 76.1, 55.31, 55.28, 21.8; HRMS (EI-quadrupole)
m/z: [M]+ Calcd for C,,H,5NO3, 351.1834; found, 351.1838.
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(1E,4E)-1,5-bis(4-fluorophenyl)penta-1,4-dien-3-one O-isopropyl oxime (104): To a solution
of hydroxylamine hydrochloride (270 mg, 3.89 mmol, 1.5 eq.) and pyridine (410 mg, 5.18
mmol, 2.0 eq.) in MeOH (13 mL) was added trans,trans-bis(4-fluorobenzal)acetone (700 mg,

2.59 mmol, 1.0 eq.). After the reaction mixture was stirred at room temperature for 24 h, the
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reaction was quenched with saturated NH4Cl aq. The aqueous layer was extracted with AcOEt
and the combined organic layers were washed with brine, dried over Na;SOs, filtered and
concentrated in vacuo. The resulting residue was dissolved in DMF (20 mL) and cooled to 0
°C. After the addition of NaH (63% dispersion in mineral oil, 207 mg, 5.18 mmol, 2.0 eq.) and
2-iodopropane (573 mg, 3.37 mmol, 1.3 eq.) at 0 °C, the reaction mixture was stirred at room
temperature for 30 min and quenched with water. The aqueous layer was extracted with AcOEt
and the combined organic layers were washed with brine, dried over Na;SOs, filtered and
concentrated in vacuo. The crude product was purified by flash column chromatography on
silica gel (hexane : AcOEt = 30 : 1) to afford the title compound (400 mg, 47% yield) as
colorless oil. IR (KBr) 2974, 1600, 1505, 1413, 1369, 1224, 1157, 1119, 966, 820, 525, 497
cm!; 'TH NMR (CDCl;, 300 MHz) 8 7.55-7.42 (m, 4H), 7.20 (d, 1H, J= 16.5 Hz), 7.10-6.98
(m, 6H), 6.80 (d, 1H, J = 16.2 Hz), 4.47 (m, 1H), 1.33 (d, 6H, J = 6.3 Hz). BC{'H} NMR
(CDCl3, 75 MHz) 6 164.5,161.2, 152.9, 135.3,132.9, 132.8, 132.6, 128.9, 128.5, 122.6, 117.5,
115.9, 115.6, 76.5, 21.8; HRMS (EI-quadrupole) m/z: [M]+ Calcd for C,oH,4F,NO, 327.1435;
found, 327.1436.
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(1E,4E)-1,5-bis(4-chlorophenyl)penta-1,4-dien-3-one O-isopropyl oxime (105): To a solution
of hydroxylamine hydrochloride (206 mg, 2.97 mmol, 1.5 eq.) and pyridine (313 mg, 3.96
mmol, 2.0 eq.) in MeOH (30 mL) was added trans,trans-bis(4-chlorobenzal)acetone (600 mg,
1.98 mmol, 1.0 eq.). After the reaction mixture was stirred at 60 °C (silicone oil bath) for 1 h,
the reaction was quenched with saturated NH4Cl aq. The aqueous layer was extracted with
AcOEt and the combined organic layers were washed with brine, dried over Na>SQg, filtered
and concentrated in vacuo. The resulting residue was dissolved in DMF (30 mL) and cooled to
0 °C. After the addition of NaH (63% dispersion in mineral oil, 158 mg, 3.96 mmol, 2.0 eq.)
and 2-iodopropane (437 mg, 2.57 mmol, 1.3 eq.) at 0 °C, the reaction mixture was stirred at
room temperature for 30 min and quenched with water. The aqueous layer was extracted with
AcOEt and the combined organic layers were washed with brine, dried over Na>SQg, filtered
and concentrated in vacuo. The crude product was purified by flash column chromatography
on silica gel (hexane : AcOEt = 30 : 1) to afford the title compound (288 mg, 40% yield) as
pale yellow solid. mp 70-71 °C; IR (KBr) 2976, 1489, 1404, 1368, 1344, 1325, 1147, 1115,
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1089, 1010, 703, 485 cm™!; '"H NMR (CDCls, 300 MHz) & 7.48-7.38 (m, 4H), 7.37-7.29 (m,
4H), 7.23 (d, 1H, J = 16.2 Hz), 7.04 (d, 1H, J=16.2 Hz), 6.99 (d, 1H, J = 16.2 Hz), 6.84 (d,
1H, J = 16.2 Hz), 4.48 (m, 1H), 1.34 (d, 6H, J = 6.0 Hz). *C{'H} NMR (CDCl;, 75 MHz) &
152.7, 135.2, 135.1, 134.9, 134.6, 134.0, 132.8, 128.9, 128.4, 128.1, 123.4, 118.2, 76.6, 21.8;
HRMS (EI-quadrupole) m/z: [M]+ Calcd for C,0H9Cl,NO, 359.0844, 361.0814; found,
359.0841, 361.0821.
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(1E,4E)-1,5-bis(4-(trifluoromethyl)phenyl)penta-1,4-dien-3-one O-isopropyl oxime (106): To
a solution of hydroxylamine hydrochloride (141 mg, 2.03 mmol, 1.5 eq.) and pyridine (214 mg,
2770 mmol, 2.0 eq) in MeOH (14 mL) was added trans,trans-bis(4-
trifluoromethylbenzal)acetone (500 mg, 1.35 mmol, 1.0 eq.). After the reaction mixture was
stirred at room temperature for 24 h, the reaction was quenched with saturated NH4Cl aq. The
aqueous layer was extracted with AcOEt and the combined organic layers were washed with
brine, dried over Na>SQs, filtered and concentrated in vacuo. The resulting residue was
dissolved in DMF (20 mL) and cooled to 0 °C. After the addition of NaH (63% dispersion in
mineral oil, 108 mg, 2.70 mmol, 2.0 eq.) and 2-iodopropane (300 mg, 1.76 mmol, 1.3 eq.) at 0
°C, the reaction mixture was stirred at room temperature for 30 min and quenched with water.
The aqueous layer was extracted with AcOEt and the combined organic layers were washed
with brine, dried over NaxSOg, filtered and concentrated in vacuo. The crude product was
purified by flash column chromatography on silica gel (hexane : AcOEt = 30 : 1) to afford the
title compound (292 mg, 50% yield) as pale yellow solid. mp 4849 °C; IR (KBr) 2983, 1613,
1321, 1160, 1106, 966, 825, 619, 492 cm™!; 'TH NMR (CDCls, 300 MHz) & 7.64-7.60 (m, 8H),
7.33 (d, 1H, J=16.8 Hz), 7.13 (d, 1H, J=16.2 Hz), 7.08 (d, 1H, J= 16.8 Hz), 6.98 (d, 1H, J
= 16.2 Hz), 4.51 (m, 1H), 1.35 (d, 6H, J= 6.0 Hz). 3C{'H} NMR (CDCl;, 75 MHz) § 152.2,
140.0, 135.0, 132.5, 130.7, 130.3, 127.4,127.0, 125.8, 125.7, 125.6, 125.2, 122.3, 122.2, 119.9,
77.0, 21.7; HRMS (EI-quadrupole) m/z: [M]+ Calcd for C,H oF¢NO, 427.1371; found,
427.1373.
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General procedure for unsymmetrical «,f-unsaturated oxime ether
synthesis

H,NOH - HC| \sOH NaH hd

\j pyridine 2-iodopropane N,O
T Y MeOH,60°C \)l DMF it \)l

To a solution of a,B-unsaturated ketone (1.0 eq.) in MeOH (0.5 M) were added hydroxylamine
hydrochloride (1.5 eq.) and pyridine (2.0 eq.). After the reaction mixture was stirred at 60 °C
(silicone oil bath) for 1 h, the reaction was quenched with saturated NH4Cl aq. The aqueous
layer was extracted with AcOEt and the combined organic layers were washed with brine, dried
over NaxSQy, filtered and concentrated in vacuo. The resulting residue was dissolved in DMF
(0.3 M) and cooled to 0 °C. After the addition of NaH (63% dispersion in mineral oil, 2.0 eq.)
and 2-iodopropane (1.3 eq.) at 0 °C, the reaction mixture was stirred at room temperature for
30 min and quenched with water. The aqueous layer was extracted with AcOEt and the
combined organic layers were washed with brine, dried over Na,SOys, filtered and concentrated
in vacuo. The crude product was purified by flash column chromatography on silica gel to

afford the desired O-isopropyl a,-unsaturated oxime ethers.
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(2E,3E)-4-phenylbut-3-en-2-one O-isopropyl oxime (107): Following the general procedure
for unsymmetrical a,f-unsaturated oxime ether synthesis with (£)-4-phenylbut-3-en-2-one (1.0
g, 6.84 mmol), purification by flash column chromatography on silica gel (hexane : CH2Cl, =
3 : 1) afforded the title compound (colorless oil, 622 mg, 45% yield). IR (KBr) 2973, 1495,
1450, 1368, 1324, 1148, 1120, 961, 861, 828, 746, 689, 575, 474 cm™!; 'H NMR (CDCls, 300
MHz) 6 7.50-7.44 (m, 2H), 7.37-7.25 (m, 3H), 6.90-6.75 (m, 2H), 4.39 (m, 1H), 2.07 (s, 3H),
1.29 (d, 6H, J = 6.3 Hz). *C{'H} NMR (CDCl;, 75 MHz) & 154.9, 136.7, 132.2, 128.7, 128.1,

126.7, 126.6, 75.7, 21.8, 10.3; HRMS (EI-quadrupole) m/z: [M]+ Calcd for C;3H;7NO,
203.1310; found, 203.1307.
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(2E,3E)-4-(p-tolyl)but-3-en-2-one O-isopropyl oxime (108): Following the general procedure
for unsymmetrical a,f-unsaturated oxime ether synthesis with ((£)-4-(p-tolyl)but-3-en-2-one
(2.49 g, 15.5 mmol), purification by flash column chromatography on silica gel (hexane :
AcOEt = 30 : 1) afforded the title compound (white solid, 1.13 g, 34% yield). mp 4647 °C;
IR (KBr) 2971, 1510, 1321, 1149, 1123, 1019, 970, 807, 545 cm™!; 'H NMR (CDCl;, 300 MHz)
0 7.35(d, 2H, J= 8.1 Hz), 7.14 (d, 2H, J = 8.1 Hz), 6.81-6.80 (m, 2H), 4.38 (m, 1H), 2.34 (s,
3H), 2.06 (s, 3H), 1.28 (d, 6H, J = 6.3 Hz). 3C{'H} NMR (CDCl;, 75 MHz) § 155.0, 138.1,

133.9, 132.1, 129.4, 126.6, 125.6, 75.6, 21.7, 21.2, 10.3; HRMS (EI-quadrupole) m/z: [M]+
Calcd for C,4H4NO, 217.1467; found, 217.1469.
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(2E,3E)-4-(4-methoxyphenyl)but-3-en-2-one O-isopropyl oxime (109): Following the general
procedure for unsymmetrical a,f-unsaturated oxime ether synthesis with (£E)-4-(4-
methoxyphenyl)but-3-en-2-one (2.74 g, 14.4 mmol), purification by flash column
chromatography on silica gel (hexane : CH2Cl> = 4 : 1) afforded the title compound (white
solid, 1.47 g, 44% yield). mp 68-69 °C; IR (KBr) 2968, 2919, 1601, 1509, 1366, 1326, 1248,
1176, 1146, 1025, 962, 858, 823 cm™!; 'H NMR (CDCls, 300 MHz) & 7.40 (d, 2H, J = 8.8 Hz),
6.87 (d, 2H, J = 8.8 Hz), 6.77-6.74 (m, 2H), 4.38 (m, 1H), 3.81 (s, 3H), 2.05 (s, 3H), 1.28 (d,
6H, J= 6.3 Hz). BC{'H} NMR (CDCls, 75 MHz) § 159.6, 155.1, 131.7, 129.4, 128.0, 124.4,
114.1, 75.5, 55.3, 21.7, 10.3; HRMS (El-quadrupole) m/z: [M]+ Calcd for C4H;9oNO>,
233.1416; found, 233.1419.
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(2E,3E)-4-(4-chlorophenyl)but-3-en-2-one O-isopropyl oxime (110): Following the general
procedure for unsymmetrical a,f-unsaturated oxime ether synthesis with (£E)-4-(4-
chlorophenyl)but-3-en-2-one (700 mg, 3.88 mmol), purification by flash column
chromatography on silica gel (hexane : CH2Cl> = 5 : 1) afforded the title compound (white
solid, 461 mg, 50% yield). mp 47-48 °C; IR (KBr) 2979, 1589, 1489, 1368, 1325, 1147, 1120,
1087, 961, 858, 811, 698, 540, 481 cm™!; '"H NMR (CDCl;, 300 MHz) & 7.38 (d, 2H, J = 6.6
Hz), 7.30 (d, 2H, J = 6.6 Hz), 6.83 (d, 1H, J = 16.5 Hz), 6.75 (d, 1H, J = 16.5 Hz), 4.39 (m,
1H), 2.05 (s, 3H), 1.28 (d, 6H, J = 6.3 Hz). BC{'H} NMR (CDCls, 75 MHz) & 154.6, 135.2,
133.7, 130.7, 128.9, 127.8, 127.3, 75.8, 21.7, 10.3; HRMS (EI-quadrupole) m/z: [M]+ Calcd
for C13H16CINO, 237.0920, 239.0891; found, 237.0923, 239.0887.
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(1E,3E)-1-(4-chlorophenyl)hex-1-en-3-one O-isopropyl oxime (111): Following the general
procedure for unsymmetrical a,f-unsaturated oxime ether synthesis with (£)-1-(4-
chlorophenyl)hex-1-en-3-one (1.67 g, 8.0 mmol), purification by flash column
chromatography on silica gel (hexane : CH2Cl> = 5 : 1) afforded the title compound (colorless
oil, 197 mg, 9% yield). IR (KBr) 2969, 1490, 1465, 1324, 1120, 1090, 1012, 807, 501 cm™!;
'"H NMR (CDCls, 300 MHz) 6 7.38 (d, 2H, J = 8.7 Hz), 7.30 (d, 2H, J = 8.7 Hz), 6.75 (s, 2H),
4.37 (m, 1H), 2.54 (t, 2H, J = 7.2 Hz), 1.62—1.53 (m, 2H), 1.27 (d, 6H, J= 6.3 Hz), 0.98 (t, 3H,
J=7.2Hz). BC{'H} NMR (CDCls, 75 MHz) 6 158.4, 135.3, 133.6, 130.4, 128.8, 127.8, 126.7,

75.7, 26.5, 21.7, 20.1, 14.3; HRMS (EI-quadrupole) m/z: [M]+ Calcd for Ci5H20CINO,
265.1233; found, 265.1232.
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(2E,3E)-4-(dibenzo[ b,d|thiophen-3-yl)but-3-en-2-one O-isopropyl oxime (112): Following the
general procedure for unsymmetrical a,f-unsaturated oxime ether synthesis with (E)-4-
(dibenzo[b,d]thiophen-3-yl)but-3-en-2-one (505 mg, 2.0 mmol), purification by flash column
chromatography on silica gel (hexane : AcOEt = 30 : 1) afforded the title compound (white
solid, 461 mg, 59% yield). mp 90-91 °C; IR (KBr) 2973, 1466, 1429, 1368, 1226, 1151, 1114,
958, 796, 756, 726, 608 cm™!; 'TH NMR (CDCls, 300 MHz) & 8.20 (d, 1H, J = 1.5 Hz), 8.15—
8.10 (m, 1H), 7.85-7.81 (m, 1H), 7.77 (d, 1H, J= 8.4 Hz), 7.55 (dd, 1H, J=8.1, 1.5 Hz), 7.47—
7.42 (m, 2H), 6.98 (s, 2H), 4.42 (m, 1H), 2.11 (s, 3H), 1.31 (d, 6H, J= 6.0 Hz). *C{'H} NMR
(CDCl3, 75 MHz) 6 154.9, 139.8, 139.2, 136.0, 135.3, 133.3, 132.0, 126.9, 126.4, 125.3, 124.5,

122.9,121.5,119.7, 75.8, 21.8, 10.3; HRMS (EI-quadrupole) m/z: [M]+ Calcd for C19oH19NOS,
309.1187; found, 309.1198.

Y

— v
N O A
O 13
(2E,3E)-4-(9-ethyl-9H-carbazol-2-yl)but-3-en-2-one O-isopropyl oxime (113): Following the
general procedure for unsymmetrical a,f-unsaturated oxime ether synthesis with (E)-4-(9-
ethyl-9H-carbazol-2-yl)but-3-en-2-one (3.0 g, 8.96 mmol), purification by flash column
chromatography on silica gel (hexane : AcOEt = 10 : 1) afforded the title compound (white
solid, 1.0 g, 35% yield). mp 88-89 °C; IR (KBr) 2976, 1738, 1622, 1598, 1333, 1233, 1116,
809, 747 cm!; '"H NMR (CDCl;, 300 MHz) $ 8.19 (d, 1H, J = 1.5 Hz), 8.07 (d, 1H, J=7.5
Hz), 7.61 (dd, 1H, J = 8.4, 1.5 Hz), 7.50-7.32 (m, 3H), 7.23 (ddd, 1H, J = 8.4, 8.1, 1.5 Hz),
7.04 (d, 1H, J = 16.2 Hz), 6.92 (d, 1H, J = 16.2 Hz), 4.41 (m, 1H), 4.33 (q, 2H, J = 7.2 Hz),
2.12 (s, 3H), 1.42 (t,3H,J="7.2 Hz), 1.31 (d, 6H, J= 6.3 Hz). 3C{'H} NMR (CDCl;, 75 MHz)
0 155.4,140.3, 140.0, 133.3, 127.8, 125.9, 124.6, 123.8, 123.3, 122.9, 120.4, 119.1, 108.6, 75.5,

37.6, 21.8, 13.8, 10.3; HRMS (EI-quadrupole) m/z: [M]+ Calcd for C21H24N20, 320.1889;
found, 320.1893.
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(E)-2-((E)-benzylidene)cyclopentan-1-one O-isopropyl oxime (114): Following the general
procedure for unsymmetrical a,f-unsaturated oxime ether synthesis with (E)-2-
benzylidenecyclopentan-1-one (2.89 g, 16.8 mmol), purification by flash column
chromatography on silica gel (hexane : AcOEt = 20 : 1) afforded the title compound (white
solid, 2.50 g, 65% yield). mp 69-70 °C; IR (KBr) 2972, 1488, 1445, 1345, 1327, 1146, 1118,
1038, 969, 746, 696, 516 cm™!; "H NMR (CDCl;, 300 MHz) § 7.43-7.30 (m, 4H), 7.26-7.21
(m, 2H), 4.41 (m, 1H), 2.77 (td, 2H, J = 7.5, 2.7 Hz), 2.57 (t, 2H, J = 7.5 Hz), 1.83 (tt, 2H, J =
7.5, 7.5 Hz), 1.29 (d, 6H, J= 6.3 Hz). *C{'H} NMR (CDCl;, 75 MHz) 8 161.5, 137.4, 137.3,

129.2, 128.3, 127.0, 122.2, 75.5, 31.4, 27.5, 22.6, 21.9; HRMS (EI-quadrupole) m/z: [M]+
Calcd for Ci1sHi9NO, 229.1467; found, 229.1464.
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(E)-2-((E)-4-methoxybenzylidene)cyclopentan-1-one O-isopropyl oxime (115): Following the
general procedure for unsymmetrical a,f-unsaturated oxime ether synthesis with (E)-2-(4-
methoxybenzylidene)cyclopentan-1-one (1.0 g, 4.94 mmol), purification by flash column
chromatography on silica gel (hexane : AcOEt = 30 : 1) afforded the title compound (white
solid, 738 mg, 58% yield). mp 7576 °C; IR (KBr) 2973, 1603, 1463, 1419, 1346, 1253, 1176,
1146, 1118, 1028, 899, 827, 528 cm™!; 'H NMR (CDCl;, 300 MHz) § 7.36 (d, 2H, J = 8.7 Hz),
7.18-7.16 (m, 1H), 6.89 (d, 2H, J = 8.7 Hz), 4.40 (m, 1H), 3.82 (s, 3H), 2.75 (td, 2H, J= 7.5,
2.7 Hz), 2.56 (t, 2H, J= 7.5 Hz), 1.83 (tt, 2H, J= 7.5, 7.5 Hz), 1.29 (d, 6H, J= 6.3 Hz). 3C{'H}
NMR (CDCl;, 75 MHz) 6 161.8, 158.7, 135.0, 130.6, 130.2, 121.8, 113.8, 75.4, 55.2, 31.3,

27.5, 22.6, 21.9; HRMS (EI-quadrupole) m/z: [M]+ Calcd for Ci6H21NO2, 259.1572; found,
259.1568.
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(E)-2-((E)-4-chlorobenzylidene)cyclopentan-1-one O-isopropyl oxime (116): Following the
general procedure for unsymmetrical a,f-unsaturated oxime ether synthesis with (E)-2-(4-
chlorobenzylidene)cyclopentan-1-one (0.98 g, 4.74 mmol), purification by flash column
chromatography on silica gel (hexane : AcOEt = 30 : 1) afforded the title compound (white
solid, 645 mg, 52% yield). mp 49-50 °C; IR (KBr) 2967, 1489, 1366, 1344, 1149, 1116, 1090,
965, 888, 828, 816, 512 cm™!; 'THNMR (CDCls, 300 MHz) 8 7.35-7.30 (m, 4H), 7.17-7.14 (m,
1H), 4.41 (m, 1H), 2.73 (td, 2H, J=17.5, 2.4 Hz), 2.57 (t, 2H, J= 7.5 Hz), 1.84 (tt, 2H, J= 7.5,
7.5 Hz), 1.29 (d, 6H, J= 6.3 Hz). *C{'H} NMR (CDCl;, 75 MHz) § 161.3, 137.9, 135.9, 132.7,

130.3, 128.5, 120.9, 75.7, 31.3, 27.5, 22.6, 21.9; HRMS (EI-quadrupole) m/z: [M]+ Calcd for
Ci5H13CINO, 263.1077; found, 263.1078.

(E)-2-((E)-4-methoxybenzylidene)cyclohexan-1-one O-isopropyl oxime (132): Following the
general procedure for unsymmetrical a,f-unsaturated oxime ether synthesis with (E£)-2-((E)-4-
methoxybenzylidene)cyclohexan-1-one oxime (1.10 g, 5.09 mmol), purification by flash
column chromatography on silica gel (hexane : AcOEt = 10 : 1) afforded the title compound
(white solid, 1.13 g, 81% yield). mp 76-77 °C; IR (KBr) 2971, 2933, 2835, 1605, 1509, 1463,
1367, 1301, 1250, 1177, 1146, 1122, 1035, 969, 889, 835, 749, 531 cm™'; 'H NMR (CDCl;,
300 MHz) 6 7.26 (d, 2H, J= 8.4 Hz), 6.88 (s, 1H), 6.86 (d, 2H, J= 8.4 Hz), 4.45-4.35 (m, 1H),
3.81 (s, 3H), 2.70-2.60 (m, 2H), 2.59-2.56 (m, 2H), 1.70-1.58 (m, 4H), 1.29 (d, 6H, J = 6.0
Hz). *C{'H} NMR (CDCl;, 75 MHz) & 159.0, 158.5, 133.5, 131.1, 129.8, 126.6, 113.4, 75.1,

55.2, 29.0, 25.8, 24.9, 23.3, 21.9; HRMS (EI-quadrupole) m/z: [M]+ Calcd for C17H23NOo,
273.1729; found, 273.1728.
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(1E)-2-(4-methoxybenzylidene)cycloheptan-1-one O-isopropyl oxime (133): Following the
general procedure for unsymmetrical a,f-unsaturated oxime ether synthesis with (E£)-2-((E)-4-
methoxybenzylidene)cycloheptan-1-one oxime (1.31 g, 5.69 mmol), purification by flash
column chromatography on silica gel (hexane : AcOEt = 30 : 1) afforded the title compound
(colorless oil, 916 mg, 56% yield). IR (KBr) 2971, 2928, 2854, 1606, 1573, 1509, 1455, 1368,
1301, 1251, 1176, 1150, 1123, 1035, 969, 888, 828, 750, 532 cm™'; 'H NMR (CDCl;, 300 MHz,
signals from the minor isomer are marked with an asterisk.) & 8.00* (s, 1H), 7.52* (d, 2H, J =
8.7 Hz), 7.30 (d, 2H, J = 8.4 Hz), 6.89* (d, 2H, J = 8.7 Hz), 6.87 (d, 2H, J = 8.4 Hz), 6.67 (s,
1H), 4.45-4.40 (m, 1H), 4.45-4.40* (m, 1H), 3.82 (s, 3H), 3.81* (s, 3H), 2.65-2.57 (m, 4H),
2.65-2.57* (m, 4H), 1.70-1.65 (m, 6H), 1.70-1.65* (m, 6H), 1.29 (d, 6H, J = 6.0 Hz), 1.27*
(d, 6H, J=6.0 Hz). BC{'H} NMR (CDCl;, 75 MHz) 4 163.9, 160.7, 158.3, 147.5, 138.0, 130.4,
129.9, 128.3, 127.3, 125.4, 114.1, 113.5, 75.4, 74.9, 55.3, 55.2, 30.5, 30.0, 28.1, 27.7, 24.9,

21.9,21.7; HRMS (EI-quadrupole) m/z: [M]+ Calcd for C1sH25sNO», 287.1885; found, 287.1886.
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(2E,3E)-3-methyl-4-phenylbut-3-en-2-one O-isopropyl oxime (134): Following the general
procedure for unsymmetrical a,f-unsaturated oxime ether synthesis with (2E,3E)-3-methyl-4-
phenylbut-3-en-2-one oxime (200 mg, 1.25 mmol), purification by flash column
chromatography on silica gel (hexane : AcOEt =30 : 1) afforded the title compound (colorless
oil, 230 mg, 85% yield). IR (KBr) 2973, 1440, 1370, 1324, 1276, 1150, 1124, 1019, 975, 915,
857, 742, 698, 579, 506 cm™!; 'TH NMR (CDCls, 300 MHz) & 7.40-7.24 (m, 5H), 6.83 (s, 1H),
4.44-4.35 (m, 1H), 2.10 (s, 3H), 2.09 (s, 3H), 1.28 (d, 6H, J = 6.3 Hz). 3C{'H} NMR (CDCls,
75 MHz) 6 155.9, 137.6, 135.6, 129.6, 129.3, 128.1, 126.8, 75.4, 21.7, 14.2, 10.9; HRMS (EI-
quadrupole) m/z: [M]+ Calcd for Ci14sH19NO, 217.1467; found, 217.1468.
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(2E,3E)-4-cyclohexylbut-3-en-2-one O-isopropyl oxime (135): Following the general
procedure for unsymmetrical a,f-unsaturated oxime ether synthesis with (2E,3E)-4-
cyclohexylbut-3-en-2-one oxime (500 mg, 3.28 mmol), purification by flash column
chromatography on silica gel (hexane : CH2Cl2 = 4 : 1) afforded the title compound (colorless
oil, 326 mg, 48% yield). IR (KBr) 2973, 2925, 2852, 1448, 1369, 1323, 1150, 1123, 965, 750,
581 cm™!; 'TH NMR (CDCl;, 300 MHz) & 6.10 (dd, 1H, J = 16.2, 1.8 Hz), 5.95 (dd, 1H, J =
16.2, 6.6 Hz), 4.36-4.27 (m, 1H), 2.15-2.00 (m, 1H), 1.92 (s, 3H), 1.80—1.60 (m, 5H), 1.40—
1.10 (m, 5H), 1.24 (d, 6H, J= 6.3 Hz). 3C{'H} NMR (CDCl;, 75 MHz) § 155.0, 140.8, 125.5,

75.2,40.9,32.6,26.1,25.9,21.7, 10.2; HRMS (EI-quadrupole) m/z: [M]+ Calcd for C13H23NO,
209.1780; found, 209.1779.

(2E,3E)-5-(benzyloxy)pent-3-en-2-one O-isopropyl oxime (136): Following the general
procedure for unsymmetrical o,f-unsaturated oxime ether synthesis with (2E,3E)-5-
(benzyloxy)pent-3-en-2-one oxime (1.05 g, 5.52 mmol), purification by flash column
chromatography on silica gel (hexane : AcOEt = 30 : 1) afforded the title compound (pale
yellow oil, 461 mg, 34% yield). IR (KBr) 2974, 1455, 1369, 1274, 1120, 970, 749, 698 cm™*;
"H NMR (CDCls, 300 MHz) & 7.40-7.28 (m, 5H), 6.37 (dd, 1H, J=16.2, 1.5 Hz), 6.09 (td, 1H,
J=16.2,6.0 Hz), 4.53 (s, 3H), 4.36—4.30 (m, 1H), 4.14 (dd, 1H, J = 6.0, 1.5 Hz), 1.95 (s, 3H),
1.25 (d, 6H, J= 6.0 Hz). *C{'H} NMR (CDCl;, 75 MHz) & 154.0, 138.1, 130.4, 130.0, 128.4,

127.7, 127.6, 75.5, 72.3, 70.3, 21.7, 10.2; HRMS (EI-quadrupole) m/z: [M]+ Calcd for
Ci15H21NO», 247.1572; found, 247.1577.
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(2E,3E,5E)-6-(4-methoxyphenyl)hexa-3,5-dien-2-one O-isopropyl oxime (137): Following the
general procedure for unsymmetrical a,f-unsaturated oxime ether synthesis with (2E,3E,5E)-
6-(4-methoxyphenyl)hexa-3,5-dien-2-one oxime (1.08 g, 5.33 mmol), purification by flash
column chromatography on silica gel (hexane : AcOEt = 10 : 1) afforded the title compound
(pale yellow solid, 605 mg, 44% yield). mp 85-86 °C; IR (KBr) 2968, 2927, 1599, 1511, 1457,
1367, 1257, 1151, 1120, 1027, 990, 971, 840, 818, 806, 749, 539, 516 cm™!; 'TH NMR (CDCl;,
300 MHz) 6 7.36 (d, 2H, J= 8.7 Hz), 6.86 (d, 2H, J = 8.7 Hz), 6.80-6.58 (m, 3H), 6.36 (d, 1H,
J=15.6 Hz), 4.39-4.30 (m, 1H), 3.81 (s, 3H), 2.00 (s, 3H), 1.27 (d, 6H, J = 6.3 Hz). 3C{'H}
NMR (CDCl;, 75 MHz) 6 159.5, 155.0, 133.8, 133.0, 129.8, 129.3, 127.8, 126.7, 114.1, 75.6,

55.3, 21.7, 10.3; HRMS (EI-quadrupole) m/z: [M]+ Calcd for Ci6H21NO2, 259.1572; found,
259.1575.
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(E)-3-(4-chlorophenyl)but-3-en-2-one O-isopropyl oxime (164): To a solution of «o.5-
unsaturated oxime (270 mg, 1.38 mmol, 1.0 eq.) in DMF (7 mL) were added NaH (63%
dispersion in mineral oil, 110 mg, 2.76 mmol, 2.0 eq.) and 2-iodopropane (282 mg, 1.66 mmol,
1.2 eq.) at 0 °C. After the reaction mixture was stirred at room temperature for 1 h, the reaction
was quenched with water. The aqueous layer was extracted with AcOEt and the combined
organic layers were washed with brine, dried over Na,SQOy,, filtered and concentrated in vacuo.
The crude product was purified by flash column chromatography on silica gel (hexane : AcOEt
=10 : 1) to afford the title compound (203 mg, 62% yield) as colorless oil. IR (KBr) 2974,
1490, 1368, 1120, 1092, 1013, 962, 902, 828, 757, 723, 662, 593 cm™!; "H NMR (CDCls, 300
MHz) 6 7.30-7.25 (m, 4H), 5.52 (d, 1H, J = 0.9 Hz), 5.41 (d, 1H, J = 0.9 Hz), 4.40-4.28 (m,
1H), 2.02 (s, 3H), 1.22 (d, 6H, J = 6.0 Hz). BC{'H} NMR (CDCls, 75 MHz) & 154.7, 146.1,
137.8, 133.4, 129.8, 128.0, 117.3, 75.5, 21.7, 12.8; HRMS (EI-quadrupole) m/z: [M]+ Calcd
for C13H16CINO, 237.0920; found, 237.0921.
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General Procedure for Pyridine Synthesis

Y Pd(OAc), (10 mol %) R
o L31 (30 mol %)
N~ + R AgTFA (5.0 eq.) ZaIN
,,\)l\ / dioxane S | N
| 90°C, 24 h . , )

General Procedure A : To a solution of a,5-unsaturated oxime (1.0 eq.), alkene (3.0 eq.),
AgTFA (5.0 eq.), L31 (30 mol %) in dioxane (2.0 mL) was added Pd(OAc). (10 mol %). After
stirring at 90 °C (silicone oil bath) for 24 h, the reaction mixture was diluted with AcOEt and
filtered through a Celite® pad (rinsed with AcOEt). The filtrate was concentrated in vacuo, and
the crude product was purified by flash column chromatography on NH; silica gel.

General Procedure B : To a solution of a,5-unsaturated oxime (1.0 eq.), alkene (1.5 eq.),
AgTFA (5.0 eq.), L31 (30 mol %) in dioxane (2.0 mL) was added Pd(OAc)> (10 mol %). After
stirring at 90 °C (silicone oil bath) for 24 h, the reaction mixture was diluted with AcOEt and
filtered through a Celite® pad (rinsed with AcOEt). The filtrate was concentrated in vacuo, and

the crude product was purified by flash column chromatography on NH silica gel.
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methyl (E)-4-phenyl-6-styrylpicolinate (86): Following the general procedure A for pyridine
synthesis with a,5-unsaturated oxime 100 (50 mg, 0.17 mmol) and methyl acrylate,
purification by flash column chromatography on NHo silica gel (hexane : AcOEt =5 : 1)
afforded the title compound (white solid, 46 mg, 85% yield). mp 100-101 °C; IR (KBr) 2950,
1717, 1593, 1546, 1496, 1357, 1237, 1142, 969, 889, 759, 690, 625, 551 cm™!; 'TH NMR (CDCl;,
300 MHz) 6 8.23 (d, 1H, J= 1.5 Hz), 7.85 (d, 1H, J = 1.5 Hz), 7.76-7.69 (m, 2H), 7.67-7.58
(m, 3H), 7.57-7.45 (m, 3H), 7.44-7.28 (m, 4H), 4.06 (s, 3H). *C{'H} NMR (CDCl;, 75 MHz)
3 166.0, 156.8, 150.1, 148.4, 137.4, 136.3, 134.3, 129.5, 129.2, 128.8, 128.6, 127.6, 127.3,

127.1, 122.1, 121.5, 53.0; HRMS (EI-quadrupole) m/z: [M]+ Calcd for C21H17NO2, 315.1259;
found, 315.1247.
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methyl (E)-6-(4-methylstyryl)-4-(p-tolyl)picolinate (117): Following the general procedure A
for pyridine synthesis with a,-unsaturated oxime 102 (64 mg, 0.20 mmol) and methyl acrylate,
purification by flash column chromatography on NHo silica gel (hexane : AcOEt =4 : 1)
afforded the title compound (white solid, 63 mg, 91% yield). mp 121-122 °C; IR (KBr) 2950,
1710, 1591, 1542, 1442, 1354, 1254, 1150, 979, 820, 808, 477 cm™!; "H NMR (CDCl;, 300
MHz) 6 8.20 (d, 1H, J= 1.8 Hz), 7.82 (d, 1H, J = 1.8 Hz), 7.70-7.61 (m, 3H), 7.52 (d, 2H, J =
8.1 Hz), 7.35-7.27 (m, 3H), 7.20 (d, 2H, J = 7.8 Hz), 4.05 (s, 3H), 2.43 (s, 3H), 2.37 (s, 3H).
BC{'H} NMR (CDCl;, 75 MHz) & 166.1, 156.9, 149.9, 148.4, 139.7, 138.7, 134.5, 134.1,
133.6,129.9,129.5,127.2,126.9,126.8, 121.7,121.1,53.0, 21.3, 21.2; HRMS (EI-quadrupole)
m/z: [M]+ Calcd for C23H21NO», 343.1572; found, 343.1559.
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118
methyl (£)-4-(4-methoxyphenyl)-6-(4-methoxystyryl)picolinate (118): Following the general
procedure A for pyridine synthesis with a ,3-unsaturated oxime 103 (70 mg, 0.20 mmol) and
methyl acrylate, purification by flash column chromatography on NHo silica gel (hexane :
AcOEt = 3 : 1) afforded the title compound (pale yellow solid, 64 mg, 85% yield). mp 133—
134 °C; IR (KBr) 2952, 1716, 1596, 1540, 1510, 1441, 1361, 1294, 1247, 1171, 1140, 1020,
968, 828, 538, 507 cm™!; 'TH NMR (CDCls, 300 MHz) 6 8.17 (d, 1H, J= 1.8 Hz), 7.77 (d, 1H,
J=1.8 Hz), 7.69 (d, 2H, J = 8.7 Hz), 7.63 (d, 1H, J = 16.5 Hz), 7.56 (d, 2H, J = 8.7 Hz), 7.21
(d, 1H, J=16.5 Hz), 7.04 (d, 2H, J = 8.7 Hz), 6.93 (d, 2H, J = 8.7 Hz), 4.05 (s, 3H), 3.88 (s,
3H), 3.84 (s, 3H). *C{'H} NMR (CDCl;, 75 MHz) § 166.2, 160.8, 160.1, 157.1, 149.4, 148.3,
133.7, 129.7, 129.1, 128.6, 128.3, 125.6, 121.2, 120.6, 114.6, 114.2, 55.4, 55.3, 53.0; HRMS

(EI-quadrupole) m/z: [M]+ Calcd for C23H21NO4, 375.1471; found, 375.1467.
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methyl (E)-4-(4-fluorophenyl)-6-(4-fluorostyryl)picolinate (119): Following the general
procedure A for pyridine synthesis with a ,3-unsaturated oxime 104 (65 mg, 0.20 mmol) and
methyl acrylate, purification by flash column chromatography on NHo silica gel (hexane :
AcOEt=3:1) afforded the title compound (pale yellow oil, 45 mg, 65% yield). IR (KBr) 2953,
1721, 1597, 1544, 1509, 1441, 1357, 1228, 1158, 970, 834, 786, 650, 556, 495 cm™!; 'H NMR
(CDCl3, 300 MHz) 6 8.18 (d, 1H, J= 1.5 Hz), 7.77 (d, 1H, J = 1.5 Hz), 7.74-7.63 (m, 3H),
7.61-7.55 (m, 2H), 7.28-7.18 (m, 3H), 7.13-7.05 (m, 2H), 4.06 (s, 3H). *C{'H} NMR (CDCl,,
75 MHz) & 165.9, 165.4, 164.6, 162.0, 161.3, 156.7, 149.1, 148.6, 133.5, 133.3, 132.5, 132.4,
129.0, 128.9, 128.8, 127.2, 122.0, 121.3, 116.5, 116.2, 116.0, 115.7, 53.1; HRMS (EI-

quadrupole) m/z: [M]+ Calcd for C21H15F2NO2, 351.1071; found, 351.1058.
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120
methyl (E)-4-(4-chlorophenyl)-6-(4-chlorostyryl)picolinate (120): Following the general
procedure A for pyridine synthesis with a ,3-unsaturated oxime 105 (43 mg, 0.12 mmol) and
methyl acrylate, purification by flash column chromatography on NHo silica gel (hexane :
AcOEt = 3 : 1) afforded the title compound (pale yellow solid, 33 mg, 70% yield). mp 75—
76 °C; IR (KBr) 2921, 1722, 1600, 1542, 1490, 1445, 1359, 1253, 1147, 1093, 1012, 971, 823,
774 cm™!; 'H NMR (CDCls, 300 MHz) & 8.19 (d, 1H, J = 1.5 Hz), 7.77 (d, 1H, J = 1.5 Hz),
7.71-7.63 (m, 3H), 7.57-7.48 (m, 4H), 7.36 (d, 2H, J= 8.4 Hz), 7.30 (d, 1H, J=16.2 Hz), 4.06
(s, 3H). BC{'H} NMR (CDCl;, 75 MHz) & 165.8, 156.6, 149.0, 148.7, 135.9, 135.8, 134.7,
134.5, 133.2, 129.5, 129.0, 128.4, 128.3, 127.9, 122.1, 121.3, 53.1; HRMS (EI-quadrupole)

m/z: [M]+ Calcd for C21H15C1:NO2, 383.0480; found, 383.0487.
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methyl  (E)-4-(4-(trifluoromethyl)phenyl)-6-(4-(trifluoromethyl)styryl)picolinate ~ (121):
Following the general procedure A for pyridine synthesis with a,3-unsaturated oxime 106 (43
mg, 0.10 mmol) and methyl acrylate, purification by flash column chromatography on NH>
silica gel (hexane : AcOEt = 3 : 1) afforded the title compound (pale yellow solid, 30 mg, 66%
yield). mp 49-50 °C; IR (KBr) 1724, 1599, 1545, 1319, 1254, 1163, 1109, 1063, 1016, 840,
825, 750, 625, 589 cm™!'; 'H NMR (CDCls, 300 MHz) 6 8.26 (d, 1H, J = 1.8 Hz), 7.85-7.63
(m, 10H), 7.42 (d, 1H, J = 16.2 Hz), 4.08 (s, 3H). *C{'H} NMR (CDCl;, 75 MHz) & 165.6,
156.3,148.9, 140.8, 139.6, 133.2,131.8, 131.4, 130.6, 130.2, 129.5, 127.6, 127.4, 126.3, 126.2,

125.8, 122.8, 122.0, 53.2; HRMS (EI-quadrupole) m/z: [M]+ Calcd for CxHisFeNO2,
451.1007; found, 451.1020.

122
methyl 6-methyl-4-phenylpicolinate (122): Following the general procedure A for pyridine
synthesis with a,5-unsaturated oxime 107 (41 mg, 0.20 mmol) and methyl acrylate,
purification by flash column chromatography on NH; silica gel (hexane : AcOEt =3 : 1)
afforded the title compound (pale yellow oil, 31 mg, 68% yield). IR (KBr) 2950, 1717, 1599,
1553, 1436, 1344, 1143, 1079, 1008, 757, 694, 633 cm™!; '"H NMR (CDCls, 300 MHz) & 8.21
(d, 1H, J= 1.2 Hz), 7.68 (dd, 2H, J = 9.0, 1.5 Hz), 7.58-7.40 (m, 4H), 4.03 (s, 3H), 2.73 (s,
3H). BC{'H} NMR (CDCl;, 75 MHz) & 166.1, 159.5, 149.7, 148.0, 137.3, 129.4, 129.1, 127.0,

124.5, 120.6, 53.0, 24.7; HRMS (EI-quadrupole) m/z: [M]+ Calcd for C14H13NOz, 227.0946;
found, 227.0951.
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methyl 6-methyl-4-(p-tolyl)picolinate (123): Following the general procedure A for pyridine
synthesis with a,5-unsaturated oxime 108 (43 mg, 0.20 mmol) and methyl acrylate,
purification by flash column chromatography on NH; silica gel (hexane : AcOEt =3 : 1)
afforded the title compound (pale yellow solid, 39 mg, 80% yield). mp 72-73 °C; IR (KBr)
2950, 1720, 1602, 1546, 1515, 1438, 1384, 1341, 1250, 1140, 1073, 818, 786, 535, 484 cm™*;
'"H NMR (CDCls, 300 MHz) § 8.20 (d, 1H, J = 1.8 Hz), 7.59 (d, 2H, J = 8.1 Hz), 7.55 (d, 1H,
J=1.8 Hz), 7.30 (d, 2H, J = 8.1 Hz), 4.03 (s, 3H), 2.71 (s, 3H), 2.42 (s, 3H). BC{'H} NMR
(CDCl3, 75 MHz) 6 166.1, 159.4, 149.6, 148.0, 139.6, 134.4, 129.9, 126.8, 124.2, 120.4, 52.9,
24.7,21.2; HRMS (EI-quadrupole) m/z: [M]+ Calcd for C15HisNO», 241.1103; found, 241.1096.
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methyl 4-(4-methoxyphenyl)-6-methylpicolinate (124): Following the general procedure A for
pyridine synthesis with o ,f-unsaturated oxime 109 (41 mg, 0.20 mmol) and methyl acrylate,
purification by flash column chromatography on NH; silica gel (hexane : AcOEt =2 : 1)
afforded the title compound (pale yellow solid, 39 mg, 75% yield). mp 69-70 °C; IR (KBr)
2957, 1710, 1604, 1515, 1344, 1290, 1248, 1180, 1144, 1026, 831, 787, 580, 506 cm™!; 'H
NMR (CDCl;, 300 MHz) 6 8.17 (d, 1H, J=1.2 Hz), 7.64 (d, 2H, J = 8.7 Hz), 7.52 (d, 1H, J =
1.2 Hz), 7.02 (d, 2H, J=8.7 Hz), 4.03 (s, 3H), 3.87 (s, 3H), 2.70 (s, 3H). *C{'H} NMR (CDCls,
75 MHz) 6 166.2, 160.7, 159.3, 149.1, 147.9, 129.5, 128.2, 123.7, 120.0, 114.5, 55.3, 52.9,
24.7; HRMS (EI-quadrupole) m/z: [M]+ Calcd for Ci5sHisNOs3, 257.1052; found, 257.1057.
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methyl 4-(4-chlorophenyl)-6-methylpicolinate (125): Following the general procedure A for
pyridine synthesis with o ,3-unsaturated oxime 110 (48 mg, 0.20 mmol) and methyl acrylate,
purification by flash column chromatography on NHo silica gel (hexane : AcOEt =1 : 1)
afforded the title compound (white solid, 34 mg, 64% yield). mp 82—-83 °C; IR (KBr) 2949,
1707, 1606, 1498, 1386, 1342, 1254, 1146, 1095, 1012, 823, 787, 768 cm™!; 'TH NMR (CDCl;,
300 MHz) 6 8.17 (d, 1H, J=1.2 Hz), 7.62 (d, 2H, J = 8.7 Hz), 7.53 (d, 1H, J = 1.2 Hz), 7.48
(d, 2H, J= 8.7 Hz), 4.03 (s, 3H), 2.73 (s, 3H). 3C{'H} NMR (CDCl;, 75 MHz)  165.9, 159.7,
148.5, 148.2, 135.8, 135.7,129.4, 128.3, 124.2, 120.4, 53.0, 24.7; HRMS (EI-quadrupole) m/z:
[M]+ Calcd for C14H12CINO», 261.0557, 263.0527; found, 261.0562, 263.0522.
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methyl 4-(4-chlorophenyl)-6-propylpicolinate (126): Following the general procedure A for
pyridine synthesis with «,3-unsaturated oxime 111 (53 mg, 0.20 mmol) and methyl acrylate,
purification by flash column chromatography on NHx silica gel (hexane : AcOEt = 10 : 1)
afforded the title compound (white solid, 37 mg, 64% yield). mp 45-46 °C; IR (KBr) 2950,
1722, 1603, 1546, 1495, 1448, 1359, 1337, 1245, 1146, 1093, 1012, 988, 828, 787, 768, 489,
474 cm™!'; 'TH NMR (CDCls, 300 MHz) 6 8.17 (d, 1H, J= 1.2 Hz), 7.62 (d, 2H, J = 8.7 Hz),
7.51(d, 1H, J= 1.2 Hz), 7.48 (d, 2H, J = 8.7 Hz), 4.03 (s, 3H), 2.94 (t, 2H, J= 8.1 Hz), 1.87—
1.78 (m, 2H), 1.02 (t, 3H, J = 7.5 Hz). 3C{'H} NMR (CDCl;, 75 MHz) & 166.1, 163.7, 148.4,
148.3, 136.0, 135.7, 129.4, 128.3, 123.5, 120.6, 53.0, 40.5, 23.4, 13.9; HRMS (EI-quadrupole)
m/z: [M]+ Calcd for CisH16CINO,, 289.0870; found, 289.0871.
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methyl 4-(dibenzo[b,d]thiophen-3-yl)-6-methylpicolinate (127): Following the general
procedure A for pyridine synthesis with a,8-unsaturated oxime 112 (62 mg, 0.20 mmol) and
methyl acrylate, purification by flash column chromatography on NHo silica gel (hexane :
AcOEt = 2 : 1) afforded the title compound (pale yellow solid, 32 mg, 48% yield). mp 42—
43 °C; IR (KBr) 2950, 1715, 1600, 1432, 1342, 1140, 1076, 1062, 872, 730 cm™!; 'H NMR
(CDCl3, 300 MHz) 6 8.42 (d, 1H, J= 1.5 Hz), 8.32 (d, 1H, J = 1.5 Hz), 8.29-8.22 (m, 1H),
7.96 (d, 1H, J = 8.4 Hz), 7.92-7.85 (m, 1H), 7.75 (dd, 1H, J = 8.4, 1.8 Hz), 7.67 (d, 1H, J =
1.8 Hz), 7.55-7.47 (m, 2H), 4.06 (s, 3H), 2.77 (s, 3H). *C{'H} NMR (CDCl;, 75 MHz) §
166.1, 159.6, 149.7, 148.1, 140.7, 139.9, 136.3, 135.1, 133.8, 127.3, 125.4, 124.7, 124.6, 123.5,

123.0, 121.7, 120.7, 120.0, 53.0, 24.8; HRMS (EI-quadrupole) m/z: [M]+ Calcd for
C20H15NO:2S, 333.0823; found, 333.0824.
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methyl 4-(9-ethyl-9H-carbazol-2-yl)-6-methylpicolinate (128): Following the general
procedure A for pyridine synthesis with a,3-unsaturated oxime 113 (64 mg, 0.20 mmol) and
methyl acrylate, purification by flash column chromatography on NHa silica gel (hexane :
AcOEt = 3 : 1) afforded the title compound (yellow oil, 38 mg, 55% yield). IR (KBr) 2950,
1717, 1594, 1378, 1345, 1228, 1142, 875, 786, 747, 730 cm™!; 'H NMR (CDCl;, 300 MHz) &
8.44 (d, 1H, J = 1.5 Hz), 8.35 (d, 1H, J= 1.5 Hz), 8.18 (d, 1H, J = 7.8 Hz), 7.81 (dd, 1H, J =
8.7, 1.8 Hz), 7.70 (d, 1H, J = 1.5 Hz), 7.56-7.43 (m, 3H), 7.29 (td, 1H, J = 8.7, 1.5 Hz), 4.41
(g, 2H, J=17.2 Hz), 4.06 (s, 3H), 2.75 (s, 3H), 1.47 (t, 3H, J = 7.2 Hz).'*C{'H} NMR (CDCl;,
75 MHz) & 166.4, 159.3, 150.6, 147.9, 140.6, 140.5, 127.9, 126.3, 124.7, 124.3, 123.7, 122.9,

120.6, 119.5, 119.2, 109.0, 108.8, 53.0, 37.8, 24.8, 13.8; HRMS (EI-quadrupole) m/z: [M]+
Calcd for C22H20N203, 344.1525; found, 344.1520.
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methyl 4-phenyl-6,7-dihydro-5H-cyclopenta[b]pyridine-2-carboxylate (129): Following the
general procedure A for pyridine synthesis with a.3-unsaturated oxime 114 (46 mg, 0.20
mmol) and methyl acrylate, purification by flash column chromatography on NHo silica gel
(hexane : AcOEt =1 : 1) afforded the title compound (white solid, 42 mg, 83% yield). mp 137—
138 °C; IR (KBr) 2947, 1721, 1579, 1502, 1432, 1240, 996, 774, 730, 622 cm!; 'H NMR
(CDCl3, 300 MHz) & 8.03 (s, 1H), 7.60-7.40 (m, 5H), 4.02 (s, 3H), 3.12 (t, 2H, J = 7.5 Hz),
3.10 (t,2H,J=7.5 Hz), 2.16 (tt, 2H, J= 7.5, 7.5 Hz). BC{'H} NMR (CDCl;, 75 MHz) § 167.4,
166.3, 146.6, 145.9, 139.0, 137.8, 128.7, 128.2, 123.0, 52.8, 34.6, 31.1, 23.6; HRMS (EI-
quadrupole) m/z: [M]+ Calcd for CisH15sNO>, 253.1103; found, 253.1104.
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methyl  4-(4-methoxyphenyl)-6,7-dihydro-5H-cyclopenta[b]pyridine-2-carboxylate  (130):
Following the general procedure A for pyridine synthesis with « -unsaturated oxime 115 (52
mg, 0.20 mmol) and methyl acrylate, purification by flash column chromatography on NH>
silica gel (hexane : AcOEt =1 : 1) afforded the title compound (white solid, 40 mg, 70% yield).
mp 115-116 °C; IR (KBr) 2931, 1703, 1607, 1512, 1378, 1362, 1290, 1247, 1177, 1123, 1026,
988, 833, 788, 640, 575, 512 cm™!; 'TH NMR (CDCl;, 300 MHz) 6 8.01 (s, 1H), 7.48 (d, 2H, J
=9.0 Hz), 7.01 (d, 2H, J=9.0 Hz), 4.01 (s, 3H), 3.87 (s, 3H), 3.17 (t, 2H, J= 7.5 Hz), 3.10 (t,
2H, J=7.5Hz), 2.15 (tt, 2H, J= 7.5, 7.5 Hz). 3C{'H} NMR (CDCl;, 75 MHz) § 167.3, 166.4,
160.0, 146.5, 145.5, 138.5, 130.0, 129.5, 122.7, 114.1, 55.3, 52.8, 34.6, 31.3, 23.6; HRMS (EI-

quadrupole) m/z: [M]+ Calcd for C17H17NOs3, 283.1208; found, 283.1210.
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methyl  4-(4-chlorophenyl)-6,7-dihydro-5H-cyclopenta[b]pyridine-2-carboxylate ~ (131):
Following the general procedure A for pyridine synthesis with «,3-unsaturated oxime 116 (53
mg, 0.20 mmol) and methyl acrylate, purification by flash column chromatography on NH>
silica gel (hexane : AcOEt =5 : 1) afforded the title compound (white solid, 53 mg, 91% yield).
mp 108-109 °C; IR (KBr) 2950, 1707, 1586, 1494, 1377, 1357, 1245, 1090, 1013, 833, 787,
740, 488, 475 cm!; 'TH NMR (CDCls, 300 MHz) § 7.99 (s, 1H), 7.50-7.40 (m, 4H), 4.02 (s,
3H), 3.18 (t, 2H, J = 7.8 Hz), 3.07 (t, 2H, J = 7.5 Hz), 2.17 (tt, 2H, J = 7.8, 7.5 Hz). 3C{'H}
NMR (CDCl;, 75 MHz) 8 167.5, 166.1, 146.7, 144.7, 138.8, 136.1, 134.9, 129.5, 129.0, 122.6,

52.8, 34.5, 31.0, 23.5; HRMS (EI-quadrupole) m/z: [M]+ Calcd for Ci6H14CINO2, 287.0713,
289.0684; found, 287.0721, 289.0690.
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ethyl (£)-6-(4-methylstyryl)-4-(p-tolyl)picolinate (138): Following the general procedure A for
pyridine synthesis with a,f-unsaturated oxime 102 (32 mg, 0.10 mmol) and ethyl acrylate,
purification by flash column chromatography on NH; silica gel (hexane : AcOEt =5 : 1)
afforded the title compound (pale yellow oil, 31 mg, 86% yield). IR (KBr) 2921, 1717, 1594,
1540, 1515, 1235, 1134, 1033, 971, 817, 748, 484 cm™!; '"H NMR (CDCl;, 300 MHz) § 8.18
(d, 1H, J= 1.5 Hz), 7.81 (d, 1H, J= 1.5 Hz), 7.67 (d, 1H, J = 15.6 Hz), 7.63 (d, 2H, J = 7.8
Hz), 7.52 (d, 2H, J = 8.1 Hz), 7.35-7.27 (m, 3H), 7.20 (d, 2H, J= 8.1 Hz), 4.52 (q, 2H, J=7.2
Hz), 2.44 (s, 3H), 2.38 (s, 3H), 1.48 (t, 3H, J = 7.2 Hz). *C{'H} NMR (CDCls, 75 MHz) §
165.6, 156.9, 149.8, 148.7, 139.6, 138.7, 134.6, 134.1, 129.9, 129.8, 129.5, 127.2, 127.1, 126.9,

121.6,121.0, 62.0,21.32,21.27, 14.4; HRMS (EI-quadrupole) m/z: [M]+ Calcd for C24H23NO»,
356.1729; found, 356.1718.
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benzyl (E)-6-(4-methylstyryl)-4-(p-tolyl)picolinate (139): Following the general procedure B
for pyridine synthesis with a,-unsaturated oxime 102 (32 mg, 0.10 mmol) and benzyl acrylate,
purification by flash column chromatography on NH; silica gel (hexane : AcOEt =5 : 1)
afforded the title compound (pale yellow solid, 33 mg, 79% yield). mp 74-75 °C; IR (KBr)
2919, 1711, 1596, 1537, 1513, 1376, 1349, 1238, 1139, 978, 821, 807, 749, 696, 489 cm™!; 'H
NMR (CDCl;, 300 MHz) & 8.16 (d, 1H, J= 1.5 Hz), 7.79 (d, 1H, J= 1.5 Hz), 7.68 (d, 1H, J =
16.2 Hz), 7.61 (d, 2H, J= 8.1 Hz), 7.55-7.47 (m, 4H), 7.45-7.26 (m, 6H), 7.20 (d, 2H, J= 7.8
Hz), 5.50 (s, 2H), 2.43 (s, 3H), 2.38 (s, 3H). 3C{'H} NMR (CDCl;, 75 MHz) § 165.4, 157.0,
149.9, 148.5, 139.6, 138.7, 135.8, 134.6, 134.2, 133.6, 129.9, 129.5, 128.6, 128.4, 128.3, 127.2,

126.9, 126.8, 121.8, 121.2, 67.4, 21.3, 21.2; HRMS (EI-quadrupole) m/z: [M]+ Calcd for
C29H25NO», 419.1885; found, 419.1872.
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2-methoxyethyl (E)-6-(4-methylstyryl)-4-(p-tolyl)picolinate (140): Following the general
procedure B for pyridine synthesis with o ,f-unsaturated oxime 102 (32 mg, 0.10 mmol) and
2-methoxyethyl acrylate, purification by flash column chromatography on NH; silica gel
(hexane : AcOEt =4 : 1) afforded the title compound (pale yellow solid, 36 mg, 93% yield).
mp 80-81 °C; IR (KBr) 2876, 1708, 1596, 1542, 1515, 1443, 1371, 1237, 1150, 1124, 979,
818, 805, 783, 741 cm™'; 'TH NMR (CDCls, 300 MHz) 6 8.11 (d, 1H, J= 1.5 Hz), 7.72 (d, 1H,
J=1.5Hz),7.61 (d, 1H, J=16.2 Hz), 7.55 (d, 2H, J= 8.1 Hz), 7.44 (d, 2H, /= 8.1 Hz), 7.26—
7.21 (m, 3H), 7.13 (d, 2H, J = 8.1 Hz), 4.54 (t, 2H, J = 4.8 Hz), 3.74 (t, 2H, J = 4.8 Hz), 3.39
(s, 3H), 2.36 (s, 3H), 2.31 (s, 3H). C{!H} NMR (CDCl;, 75 MHz) & 165.5, 157.0, 149.9,
148.3, 139.6, 138.7, 134.6, 134.1, 133.6, 129.9, 129.5, 127.2, 126.9, 126.8, 121.8, 121.2, 70.4,

64.7, 59.1, 21.3, 21.2; HRMS (EI-quadrupole) m/z: [M]+ Calcd for CzsH25sNOs, 387.1834;
found, 387.1826.
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ethyl 6-methyl-4-(p-tolyl)picolinate (141): Following the general procedure A for pyridine
synthesis with a,3-unsaturated oxime 108 (43 mg, 0.20 mmol) and ethyl acrylate, purification
by flash column chromatography on NH; silica gel (hexane : AcOEt =15 : 1) afforded the title
compound (white solid, 40 mg, 80% yield). mp 52-53 °C; IR (KBr) 2976, 2933, 1712, 1601,
1547, 1399, 1338, 1247, 1142, 1075, 1015, 818, 787, 739, 481 cm™!; '"H NMR (CDCl;, 300
MHz) ¢ 8.17 (d, 1H, J= 1.5 Hz), 7.58 (d, 2H, J = 8.1 Hz), 7.53 (d, 1H, J = 1.5 Hz), 7.30 (d,
2H, J= 8.1 Hz), 4.51 (q, 2H, J= 7.2 Hz), 2.71 (s, 3H), 2.42 (s, 3H), 1.45 (t, 3H, J = 7.2 Hz).
BC{'H} NMR (CDCl;, 75 MHz) & 165.6, 159.4, 149.5, 148.3, 139.5, 134.5, 129.8, 126.8,

124.0, 120.3, 61.9, 24.7, 21.2, 14.3; HRMS (EI-quadrupole) m/z: [M]+ Calcd for C16H17NO>,
255.1259; found, 255.1268.

142

benzyl 6-methyl-4-(p-tolyl)picolinate (142): Following the general procedure B for pyridine
synthesis with «,3-unsaturated oxime 108 (43 mg, 0.20 mmol) and benzyl acrylate, purification
by flash column chromatography on NH; silica gel (hexane : AcOEt =15 : 1) afforded the title
compound (white solid, 43 mg, 70% yield). mp 80-81 °C; IR (KBr) 3404, 2923, 1715, 1603,
1547, 1453, 1338, 1143, 1075, 955, 820, 786, 747, 695, 501, 478 cm™!; "H NMR (CDCls, 300
MHz) 6 8.15 (d, 1H, J= 1.2 Hz), 7.58-7.48 (m, 5H), 7.40-7.26 (m, 5H), 5.48 (s, 2H), 2.71 (s,
3H), 2.41 (s, 3H). *C{'H} NMR (CDCl;, 75 MHz) & 165.4, 159.5, 149.6, 148.1, 139.6, 135.9,
134.5,129.9, 128.5, 128.3, 126.9, 124.2, 120.5, 67.4, 24.7, 21.2; HRMS (EI-quadrupole) m/z:
[M]+ Calcd for C21H19NO», 317.1416; found, 317.1420.
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2-methoxyethyl 6-methyl-4-(p-tolyl)picolinate (143): Following the general procedure B for
pyridine synthesis with a,3-unsaturated oxime 108 (43 mg, 0.20 mmol) and 2-methoxyethyl
acrylate, purification by flash column chromatography on NHz silica gel (hexane : AcOEt=3:
1) afforded the title compound (colorless oil, 38 mg, 66% yield). IR (KBr) 2925, 1715, 1600,
1549, 1516, 1338, 1237, 1149, 1124, 817, 786, 744, 478 cm™!; 'TH NMR (CDCl;, 300 MHz) §
8.09 (d, 1H, J=1.5Hz), 7.50 (d, 2H, J= 8.1 Hz), 7.45 (d, 1H, J= 1.5 Hz), 7.22 (d, 2H, J = 8.1
Hz), 4.51 (t, 2H, J = 4.8 Hz), 3.71 (t, 2H, J = 4.8 Hz), 3.36 (s, 3H), 2.63 (s, 3H), 2.34 (s, 3H).
BC{'H} NMR (CDCl;, 75 MHz) & 165.5, 159.5, 149.6, 147.9, 139.5, 134.5, 129.8, 126.9,

124.3,124.1, 120.5, 120.4, 70.3, 64.5, 59.0, 58.9, 24.7, 21.2; HRMS (EI-quadrupole) m/z: [M]+
Calcd for C;17H19NO3, 285.1365; found, 285.1368.
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isopropyl 6-methyl-4-(p-tolyl)picolinate (144): Following the general procedure B for pyridine
synthesis with «,3-unsaturated oxime 108 (43 mg, 0.20 mmol) and isopropyl acrylate,
purification by flash column chromatography on NH; silica gel (hexane : AcOEt =3 : 1)
afforded the title compound (white solid, 51 mg, 95% yield). mp 94-95 °C; IR (KBr) 2978,
1711, 1601, 1547, 1378, 1354, 1254, 1103, 1075, 909, 818, 787, 488, 421 cm™'; 'H NMR
(CDCl3, 300 MHz) & 8.11 (d, 1H, J = 1.5 Hz), 7.57 (d, 2H, J= 7.8 Hz), 7.51 (d, 1H, J = 1.5
Hz), 7.30 (d, 2H, J = 7.8 Hz), 5.40-5.30 (m, 1H), 2.71 (s, 3H), 2.42 (s, 3H), 1.43 (d, 6H, J =
6.3 Hz). *C{'H} NMR (CDCls, 75 MHz) & 165.0, 159.4, 149.5, 148.6, 139.4, 134.6, 129.8,

126.9, 123.9, 120.1, 69.4, 24.7, 21.8, 21.2; HRMS (EI-quadrupole) m/z: [M]+ Calcd for
Ci17H19NO3, 269.1416; found, 269.1418.
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cyclohexyl 6-methyl-4-(p-tolyl)picolinate (145): Following the general procedure B for
pyridine synthesis with o ,3-unsaturated oxime 108 (43 mg, 0.20 mmol) and cyclohexyl
acrylate, purification by flash column chromatography on NHz silica gel (hexane : AcCOEt =4 :
1) afforded the title compound (colorless oil, 59 mg, 94% yield). IR (KBr) 2934, 2857, 1710,
1600, 1549, 1516, 1341, 1146, 1012, 817, 787, 743 cm™!; '"H NMR (CDCls, 300 MHz) & 8.10
(d, 1H, J=1.5Hz), 7.57 (d, 2H, J=8.1 Hz), 7.50 (d, 1H, J= 1.5 Hz), 7.30 (d, 2H, J= 8.1 Hz),
5.14-5.05 (m, 1H), 2.71 (s, 3H), 2.42 (s, 3H), 2.15-2.00 (m, 2H), 1.90-1.75 (m, 2H), 1.70-
1.20 (m, 6H). C{'H} NMR (CDCls, 75 MHz) & 164.8, 159.4, 149.4, 148.7, 139.4, 134.7,

129.8,126.8, 123.9, 120.1, 74.2, 31.6, 25.4,24.7,23.9, 21.2; HRMS (EI-quadrupole) m/z: [M]+
Calcd for C20H23NO3, 309.1729; found, 309.1732.
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(3s,5s,7s)-adamantan-1-yl  6-methyl-4-(p-tolyl)picolinate (146): Following the general
procedure B for pyridine synthesis with o ,5-unsaturated oxime 108 (43 mg, 0.20 mmol) and
adamantan-1-yl acrylate, purification by flash column chromatography on NH: silica gel
(hexane : AcOEt =4 : 1) afforded the title compound (colorless oil, 60 mg, 83% yield). IR
(KBr) 2909, 1731, 1708, 1600, 1549, 1516, 1344, 1150, 1053, 815, 787, 756, 477 cm™'; 'H
NMR (CDCl;, 300 MHz) 6 8.04 (d, 1H, J= 1.5 Hz), 7.55 (d, 2H, J= 7.8 Hz), 7.48 (d, 1H, J =
1.5 Hz), 7.29 (d, 2H, J= 7.8 Hz), 2.69 (s, 3H), 2.42 (s, 3H), 2.35-2.30 (m, 6H), 2.25-2.20 (m,
3H), 1.80-1.60 (m, 6H). 3C{'H} NMR (CDCl;, 75 MHz)  164.0, 159.3, 149.5, 149.4, 139.3,
134.8, 129.8, 126.9, 123.6, 119.9, 82.1, 41.2, 36.2, 30.9, 24.7, 21.2; HRMS (EI-quadrupole)
m/z: [M]+ Calcd for C24H27NO2, 361.2042; found, 361.2037.
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N,N,6-trimethyl-4-(p-tolyl)picolinamide (148): Following the general procedure B for pyridine
synthesis with «,-unsaturated oxime 108 (43 mg, 0.20 mmol) and N,N-dimethylacrylamide,
purification by flash column chromatography on NH; silica gel (AcOEt only) afforded the title
compound (colorless oil, 22 mg, 43% yield). IR (KBr) 2924, 1633, 1599, 1549, 1449, 1260,
1163, 814, 759, 673 cm™!; 'TH NMR (CDCl;, 300 MHz) & 7.60 (d, 1H, J= 1.5 Hz), 7.55 (d, 2H,
J=28.1Hz),7.39 (d, 1H, J= 1.5 Hz), 7.28 (d, 2H, J = 8.1 Hz), 3.15 (s, 3H), 3.08 (s, 3H), 2.63
(s, 3H), 2.41 (s, 3H). BC{!H} NMR (CDCl;, 75 MHz) & 169.5, 157.9, 154.5, 149.6, 139.4,

134.8, 129.8, 126.8, 121.4, 118.0, 39.0, 35.6, 24.5, 21.2; HRMS (EI-quadrupole) m/z: [M]+
Calcd for Ci6Hi1sN20O, 254.1419; found, 254.1418.

Cl 149

4-(4-chlorophenyl)-N,N,6-trimethylpicolinamide (149): Following the general procedure B for
pyridine synthesis with «,3-unsaturated oxime 110 (24 mg, 0.10 mmol) and N,N-
dimethylacrylamide, purification by flash column chromatography on NH; silica gel (AcOEt
only) afforded the title compound (colorless oil, 17 mg, 62% yield). IR (KBr) 2927, 1631, 1601,
1493, 1398, 1260, 1119, 1092, 1075, 1012, 827, 805, 774, 669, 477 cm™!; 'H NMR (CDCls,
300 MHz) 6 7.58 (d, 2H, J=8.7 Hz), 7.57 (d, 1H, J = 1.2 Hz), 7.46 (d, 2H, J = 8.7 Hz), 7.37
(d, 1H, J = 1.2 Hz), 3.15 (s, 3H), 3.10 (s, 3H), 2.64 (s, 3H). *C{'H} NMR (CDCls, 75 MHz)
0169.2, 158.1, 154.7, 148.5, 136.3, 135.5, 129.3, 128.3, 121.4, 118.2, 39.0, 35.7, 24.5; HRMS
(EI-quadrupole) m/z: [M]+ Calcd for C15sH15CIN2O, 274.0873; found, 274.0869.
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4-(4-methoxyphenyl)-N,N-dimethyl-6,7-dihydro-5 H-cyclopenta[ b]pyridine-2-carboxamide
(150): Following the general procedure B for pyridine synthesis with « 3-unsaturated oxime
115 (26 mg, 0.10 mmol) and N,N-dimethylacrylamide, purification by flash column
chromatography on NHa silica gel (AcOEt only) afforded the title compound (colorless oil, 26
mg, 88% yield). IR (KBr) 2936, 1631, 1581, 1512, 1399, 1250, 1177, 1105, 1028, 833, 568
cm!; TH NMR (CDCl;, 300 MHz) & 7.46 (d, 2H, J= 8.7 Hz), 7.41 (s, 1H), 6.99 (d, 2H, J = 8.7
Hz), 3.86 (s, 3H), 3.14 (s, 3H), 3.11 (s, 3H), 3.10-3.05 (m, 4H), 2.20-2.10 (m, 2H). 3C{'H}
NMR (CDCl;, 75 MHz) 6 169.7, 165.4, 159.9, 152.9, 145.7, 135.1, 130.4, 129.4, 120.0, 114.1,

55.3, 39.1, 35.6, 34.4, 31.1, 23.5; HRMS (EI-quadrupole) m/z: [M]+ Calcd for CigH20N20»,
296.1525; found, 296.1523.

Cl 151

4-(4-chlorophenyl)-N,N-dimethyl-6,7-dihydro-5H-cyclopenta[b]pyridine-2-carboxamide

(151): Following the general procedure B for pyridine synthesis with o ,5-unsaturated oxime
116 (26 mg, 0.10 mmol) and N,N-dimethylacrylamide, purification by flash column
chromatography on NH; silica gel (hexane : AcOEt = 2 : 1) afforded the title compound
(colorless oil, 28 mg, 94% yield). IR (KBr) 2933, 1630, 1492, 1396, 1364, 1258, 1167, 1107,
1087, 1012, 905, 830, 750, 474 cm™'; '"H NMR (CDCls, 300 MHz) § 7.44 (s, 4H), 7.41 (s, 1H),
3.14 (s, 3H), 3.11 (s, 3H), 3.11-3.00 (m, 4H), 2.19-2.13 (m, 2H). *C{'H} NMR (CDCl;, 75
MHz) 6 169.4, 165.7, 153.1, 144.9, 136.5, 135.4, 134.7, 129.4, 128.9, 120.2, 39.1, 35.7, 34.4,

30.8, 23.4; HRMS (EI-quadrupole) m/z: [M] Caled for Ci7H7CIN,O, 300.1029, 302.1000;
found, 300.1017, 302.0986.
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N-butyl-4-(4-methoxyphenyl)-6,7-dihydro-5H-cyclopenta[ b]pyridine-2-carboxamide  (152):
Following the general procedure B for pyridine synthesis with «,3-unsaturated oxime 115 (26
mg, 0.10 mmol) and N-butyl acrylamide, purification by flash column chromatography on NH»
silica gel (hexane : AcOEt = 3 : 1) afforded the title compound (colorless oil, 27 mg, 84%
yield). IR (KBr) 2930, 1667, 1609, 1510, 1291, 1247, 1176, 1029, 831,572, 514 cm™!; 'TH NMR
(CDCl3, 300 MHz) 6 8.15-8.05 (br, 1H), 8.05 (s, 1H), 7.49 (d, 2H, J=9.0 Hz), 6.99 (d, 2H, J
=9.0 Hz), 3.87 (s, 3H), 3.48 (q, 2H, J=7.2 Hz), 3.11-3.02 (m, 4H), 2.18-2.10 (m, 2H), 1.70-
1.64 (m, 2H), 1.50-1.40 (m, 2H), 0.97 (t, 3H, J = 7.2 Hz). ¥ C{'H} NMR (CDCl;, 75 MHz) §
165.4,164.9,159.9, 148.8, 145.7,137.1, 130.4, 129.6, 119.3, 114.0, 55.3, 39.1, 34.2, 31.8, 31.2,

23.7, 20.2, 13.8; HRMS (EI-quadrupole) m/z: [M]+ Calcd for C20H24N20,, 324.1838; found,
324.1835.

MeO 153

(4-(4-methoxyphenyl)-6,7-dihydro-5H-cyclopenta[ b]pyridin-2-yl)(morpholino)methanone
(153): Following the general procedure B for pyridine synthesis with « ,3-unsaturated oxime
115 (26 mg, 0.10 mmol) and 4-acryloylmorpholine, purification by flash column
chromatography on NHa silica gel (AcOEt only) afforded the title compound (colorless oil, 30
mg, 90% yield). IR (KBr) 2909, 2852, 1630, 1609, 1581, 1513, 1432, 1291, 1247, 1177, 1112,
1029, 833, 563 cm™'; 'H NMR (CDCls, 300 MHz) § 7.46 (d, 2H, J= 8.7 Hz), 7.45 (s, 1H), 6.99
(d, 2H, J = 8.7 Hz), 3.86 (s, 3H), 3.85-3.75 (m, 4H), 3.75-3.60 (m, 4H), 3.15-3.04 (m, 4H),
2.20-2.09 (m, 2H). 3C{'H} NMR (CDCl;, 75 MHz) 6 168.2, 165.6, 159.9, 152.0, 145.8, 135.5,
130.2, 129.4, 120.6, 114.1, 67.0, 66.8, 55.3, 47.9, 42.7, 34.5, 31.1, 23.5; HRMS (EI-
quadrupole) m/z: [M]+ Calcd for C20H22N203, 338.1630; found, 338.1636.

172



ZT

Ph”

\
z

/

MeO
154

4-(4-methoxyphenyl)-N-phenyl-6,7-dihydro-5H-cyclopenta[ b]pyridine-2-carboxamide (154):
Following the general procedure B for pyridine synthesis with «,3-unsaturated oxime 115 (26
mg, 0.10 mmol) and N-phenyl acrylamide, purification by flash column chromatography on
NHa silica gel (hexane : AcOEt =5 : 1) afforded the title compound (white solid, 20 mg, 58%
yield). mp 166-167 °C; IR (KBr) 3343, 2921, 1678, 1589, 1512, 1436, 1359, 1291, 1251, 1176,
1029, 904, 833, 754, 692, 565, 504 cm™!; '"H NMR (CDCl;, 300 MHz) & 8.15 (s, 1H), 7.81 (d,
2H, J= 8.4 Hz), 7.51 (d, 2H, J=9.0 Hz), 7.39 (dd, 2H, J=9.0, 7.5 Hz), 7.14 (t, IH, J= 7.5
Hz), 7.01 (d, 2H, J = 9.0 Hz), 3.87 (s, 3H), 3.15-3.09 (m, 4H), 2.25-2.15 (m, 2H). 3C{'H}
NMR (CDCls, 75 MHz) 8 165.5, 162.7, 160.0, 148.5, 146.1, 138.0, 137.8, 130.3, 129.6, 129.0,

124.0, 119.7, 119.6, 114.1, 55.4, 34.2, 31.3, 23.7; HRMS (EI-quadrupole) m/z: [M]+ Calcd for
C22H20N202, 344.1525; found, 344.1513.
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N-methoxy-4-(4-methoxyphenyl)-N-methyl-6,7-dihydro-5H-cyclopenta[ b]pyridine-2-
carboxamide (155): Following the general procedure B for pyridine synthesis with o,(-
unsaturated oxime 115 (26 mg, 0.10 mmol) and N-methoxy-N-methyl acrylamide, purification
by flash column chromatography on NH; silica gel (hexane : AcOEt =3 : 1) afforded the title
compound (white solid, 15 mg, 48% yield). mp 114115 °C; IR (KBr) 2946, 1641, 1607, 1584,
1512, 1435, 1395, 1251, 1174, 1028, 831, 563, 475, 437 cm™!; 'TH NMR (CDCl;, 300 MHz) &
7.47 (s, 1H), 7.46 (d, 2H, J= 9.0 Hz), 6.99 (d, 2H, J = 9.0 Hz), 3.86 (s, 3H), 3.79 (s, 3H), 3.42
(s, 3H), 3.13-3.04 (m, 4H), 2.20-2.10 (m, 2H). 3C{'H} NMR (CDCl;, 75 MHz) § 165.7, 159.9,
151.4,145.4,135.9,130.4, 129.5, 120.2, 114.1, 61.4, 55.3,34.4, 31.1, 23.5; HRMS (ESI-TOF)
m/z: [M+Na]+ Calcd for CigH20N2NaOs, 335.1372; found, 335.1370.
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4-(4-methoxyphenyl)-2-phenyl-6,7-dihydro-5H-cyclopenta[b]pyridine (156): Following the
general procedure A for pyridine synthesis with «,3-unsaturated oxime 115 (26 mg, 0.10
mmol) and styrene, purification by flash column chromatography on NH; silica gel (hexane :
AcOEt =10 : 1) afforded the title compound (white solid, 10 mg, 33% yield). mp 136-137 °C;
IR (KBr) 2927, 1727, 1604, 1513, 1455, 1442, 1254, 1179, 1115, 835, 774, 693, 565 cm'; 'H
NMR (CDCl3, 300 MHz) 6 7.97 (d, 2H, J = 8.7 Hz), 7.53-7.40 (m, 6H), 7.02 (d, 2H, J = 8.7
Hz), 3.88 (s, 3H), 3.15 (t, 2H, J= 7.8 Hz), 3.07 (t, 2H, J= 7.2 Hz), 2.20-2.13 (m, 2H). BC{'H}
NMR (CDCl;, 75 MHz) 8 166.6, 159.7, 156.4, 145.5, 140.0, 132.9, 131.3, 129.4, 128.6, 128.4,

127.0, 117.9, 114.1, 55.4, 34.8, 30.8, 23.6; HRMS (EI-quadrupole) m/z: [M]+ Calcd for
C21H19NO, 301.1467; found, 301.1469.
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4-(4-methoxyphenyl)-2-(4-nitrophenyl)-6,7-dihydro-5H-cyclopenta[ b]pyridine (157):
Following the general procedure A for pyridine synthesis with « -unsaturated oxime 115 (26
mg, 0.10 mmol) and 4-nitrostyrene, purification by flash column chromatography on NH;silica
gel (hexane : AcOEt=4: 1) afforded the title compound (pale yellow solid, 16 mg, 46% yield).
mp 172-173 °C; IR (KBr) 2924, 2850, 1581, 1512, 1441, 1338, 1253, 1174, 1024, 833, 694,
572 em™!; 'H NMR (CDCls, 300 MHz) & 8.30 (d, 2H, J = 9.0 Hz), 8.18 (d, 2H, J = 9.0 Hz),
7.58 (s, 1H), 7.49 (d, 2H, J= 9.0 Hz), 7.03 (d, 2H, J = 9.0 Hz), 3.89 (s, 3H), 3.16 (t, 2H, J =
7.8 Hz), 3.10 (t, 2H, J = 7.8 Hz), 2.25-2.10 (m, 2H). 3C{'H} NMR (CDCl;, 75 MHz) 6 167.3,
159.9, 153.6, 147.8, 146.1, 145.8, 134.6, 130.7, 129.4, 127.6, 123.9, 118.6, 114.2, 55.4, 34.7,

30.9, 23.5; HRMS (El-quadrupole) m/z: [M]+ Calcd for C21HisN2Os3, 346.1317; found,
346.1307.
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methyl 4-(4-(4-methoxyphenyl)-6,7-dihydro-5H-cyclopenta[ b]pyridin-2-yl)benzoate (158):
Following the general procedure A for pyridine synthesis with « -unsaturated oxime 115 (26
mg, 0.10 mmol) and methyl 4-vinylbenzoate, purification by flash column chromatography on
NHa silica gel (hexane : AcOEt = 3 : 1) afforded the title compound (white solid, 20 mg, 56%
yield). mp 110-111 °C; IR (KBr) 2957, 1724, 1607, 1587, 1513, 1366, 1277, 1258, 1180, 1106,
1038, 1013, 860, 827, 776, 706, 509 cm™!'; 'H NMR (CDCls, 300 MHz) 6 8.13 (d, 2H, J = 8.7
Hz), 8.07 (d, 2H, J = 8.7 Hz), 7.56 (s, 1H), 7.49 (d, 2H, J= 9.0 Hz), 7.02 (d, 2H, J =9.0 Hz),
3.94 (s, 3H), 3.88 (s, 3H), 3.16 (t, 2H, J=7.5 Hz), 3.08 (t, 2H, J= 7.5 Hz), 2.20-2.13 (m, 2H).
BC{'H} NMR (CDCl;, 75 MHz) & 167.0, 166.9, 159.8, 155.1, 145.6, 144.3, 133.8, 131.1,
130.0, 129.8, 129.4, 126.8, 118.3, 114.1, 55.4, 52.1, 34.7, 30.9, 23.6; HRMS (EI-quadrupole)

m/z: [M]+ Calcd for C3H21NOs, 359.1521; found, 359.1522.
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4-(4-methoxyphenyl)-2-(4-(trifluoromethyl)phenyl)-6,7-dihydro-5 H-cyclopenta[ b]pyridine

(159): Following the general procedure A for pyridine synthesis with «,-unsaturated oxime
115 (26 mg, 0.10 mmol) and 4-trifluoromethylstyrene, purification by flash column
chromatography on NH;ssilica gel (hexane : AcOEt =4 : 1) afforded the title compound (white
solid, 33 mg, 89% yield). mp 104-105 °C; IR (KBr) 2960, 2921, 1609, 1512, 1324, 1251, 1157,
1106, 1073, 1060, 833, 578 cm™!; 'H NMR (CDCls, 300 MHz) & 8.11 (d, 2H, J= 8.1 Hz), 7.71
(d, 2H, J = 8.1 Hz), 7.53 (s, 1H), 7.49 (d, 2H, J = 8.7 Hz), 7.02 (d, 2H, J = 8.7 Hz), 3.88 (s,
3H), 3.16 (t, 2H, J = 7.5 Hz), 3.09 (t, 2H, J = 7.5 Hz), 2.20-2.13 (m, 2H). BC{'H} NMR
(CDCl;, 75 MHz) 6 167.0, 159.9, 154.7, 145.8, 133.9, 131.0, 129.4, 127.2, 125.6, 125.5, 118.2,
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114.1, 55.4, 34.7, 30.9, 23.6; HRMS (El-quadrupole) m/z: [M]+ Calcd for CxHisF3NO,
369.1340; found, 369.1346.

4-(4-methoxyphenyl)-2-(perfluorophenyl)-6,7-dihydro-5H-cyclopenta[b]pyridine (160):
Following the general procedure A for pyridine synthesis with « 3-unsaturated oxime 115 (26
mg, 0.10 mmol) and pentafluorostyrene, purification by flash column chromatography on NH»
silica gel (hexane : AcOEt = 10 : 1) afforded the title compound (pale yellow solid, 36 mg,
91% yield). mp 87-88 °C; IR (KBr) 2937, 2840, 1610, 1584, 1513, 1495, 1441, 1368, 1307,
1248, 1075, 1030, 985, 956, 891, 833, 804, 565, 524 cm™!; 'H NMR (CDCl;, 300 MHz) & 7.46
(d, 2H, J = 8.7 Hz), 7.25 (s, 1H), 7.01 (d, 2H, J = 8.1 Hz), 3.87 (s, 3H), 3.20-3.09 (m, 4H),
2.21-2.15 (m, 2H). BC{'H} NMR (CDCl;, 75 MHz) 6 167.3, 160.0, 145.6, 144.6, 134.9, 130.2,
129.5, 122.7, 114.2, 55.4, 34.6, 31.0, 23.4; HRMS (EI-quadrupole) m/z: [M]+ Calcd for
C21H14F5NO, 391.0996; found, 391.1001.

1.0 mmol scale synthesis: Following the general procedure A for pyridine synthesis with «,3-
unsaturated oxime 115 (259 mg, 1.0 mmol) and pentafluorostyrene, purification by flash
column chromatography on NH; silica gel (hexane : AcOEt = 10 : 1) afforded the title
compound (pale yellow solid, 290 mg, 74% yield).

161

4-(4-chlorophenyl)-2-(perfluorophenyl)-6,7-dihydro-5 H-cyclopenta[ b]pyridine (161):
Following the general procedure A for pyridine synthesis with « -unsaturated oxime 116 (26

mg, 0.10 mmol) and pentafluorostyrene, purification by flash column chromatography on NH»
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silica gel (hexane : AcOEt =4 : 1) afforded the title compound (pale yellow solid, 37 mg, 93%
yield). mp 107-108 °C; IR (KBr) 2964, 1584, 1519, 1493, 1439, 1366, 1076, 985, 830, 804,
521, 469 cm™!'; 'H NMR (CDCl;, 300 MHz) & 7.60-7.40 (m, 4H), 7.23 (s, 1H), 3.17 (t, 2H, J
= 7.5 Hz), 3.09 (t, 2H, J = 7.5 Hz), 2.25-2.15 (m, 2H). *C{'H} NMR (CDCl;, 75 MHz) §
167.6, 144.8,136.4,135.2,134.9,129.5, 129.0, 122.7, 34.6, 30.8, 23.3; HRMS (EI-quadrupole)
m/z: [M]+ Calcd for C2oH11CIFsN, 395.0500; found, 395.0503.
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dimethyl-4-(4-methoxyphenyl)-6,7-dihydro-5H-cyclopenta[ b]pyridine-2,3-dicarboxylate
(162): Following the general procedure B for pyridine synthesis with o ,f-unsaturated oxime
115 (26 mg, 0.10 mmol) and dimethyl maleate, purification by flash column chromatography
on NHzssilica gel (hexane : AcOEt =1 : 1) afforded the title compound (colorless oil, 12 mg,
36% yield). IR (KBr) 2923, 1738, 1721, 1607, 1515, 1439, 1385, 1358, 1294, 1255, 1221, 1176,
1147, 1115, 1025, 978, 854, 788, 563, 535 cm™!; 'TH NMR (CDCl;, 300 MHz) § 7.22 (d, 2H, J
=9.0 Hz), 6.95 (d, 2H, J=9.0 Hz), 3.99 (s, 3H), 3.85 (s, 3H), 3.68 (s, 3H), 3.18 (t, 2H, J=7.2
Hz), 2.86 (t, 2H, J = 7.5 Hz), 2.20-2.10 (m, 2H). BC{'H} NMR (CDCl;, 75 MHz) & 168.3,
166.9, 165.6, 159.8, 144.5, 143.5, 140.1, 130.0, 129.5, 127.7, 113.9, 55.3, 53.2, 52.5, 34.7, 30.6,
23.0; HRMS (EI-quadrupole) m/z: [M]+ Calcd for C19H19NOs, 341.1263; found, 341.1267.
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8-(4-methoxyphenyl)-2-methyl-6,7-dihydrocyclopenta[ b]pyrrolo[ 3,4-e]pyridine-1,3(2H,5H)-
dione (163): Following the general procedure B for pyridine synthesis with a,3-unsaturated
oxime 115 (52 mg, 0.20 mmol) and N-methylmaleimide, purification by flash column
chromatography on NH;silica gel (hexane : AcOEt =2 : 1) afforded the title compound (white
solid, 32 mg, 52% yield). mp 192—-193 °C; IR (KBr) 2971, 1774, 1712, 1516, 1428, 1379, 1358,
1294, 1247, 1183, 1113, 1065, 1022, 983, 847, 753, 578, 522 cm™!; '"H NMR (CDCls, 300
MHz) 6 7.40 (d, 2H, J = 9.0 Hz), 7.20 (d, 2H, J = 9.0 Hz), 3.89 (s, 3H), 3.23 (t, 2H, J= 7.8
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Hz), 3.17 (s, 3H), 2.99 (t, 2H, J = 7.5 Hz), 2.22-2.16 (m, 2H). *C{'H} NMR (CDCls, 75 MHz)
0 172.8, 166.8, 160.5, 151.8, 143.8, 141.1, 130.7, 124.7, 121.7, 113.6, 55.3, 34.8, 30.7, 23.8,
23.4; HRMS (EI-quadrupole) m/z: [M]+ Calcd for CisHi6N2O3, 308.1161; found, 308.1169.

Mechanistic Experiments

COzEt
CO,Et
\o( 5.060) 2 COzEt ~
N Pd(OAc (10 mol %) -
L31 (30 mol %)
AgTFA (5.0 eq. ) , EtOCTNTN
dioxane
90 °C, time
Cl Cl
164 165 166 (Z)-166
entry time 165 166
1 4 h 0% 36% (E/IZ=1.3/1)
2 36 h 28% 11% (E-isomer only)

ethyl 5-(4-chlorophenyl)-6-methylpicolinate (165)

ethyl (2E,4E,6E)-5-(4-chlorophenyl)-6-(isopropoxyimino)hepta-2,4-dienoate (£-166)

ethyl (2E,4Z,6F)-5-(4-chlorophenyl)-6-(isopropoxyimino)hepta-2,4-dienoate (Z-166)

:To a solution of «,B-unsaturated oxime 164 (60 mg, 0.25 mmol, 1.0 eq.), ethyl acrylate (75
mg, 0.75 mmol, 3.0 eq.), AgTFA (276 mg, 1.25 mmol, 5.0 eq.), L.31 (27 mg, 0.075 mmol, 30
mol %) in dioxane (3.0 mL) was added Pd(OAc)> (5.6 mg, 0.025 mmol, 10 mol %). After
stirring at 90 °C (silicone oil bath) for 4 h, the reaction mixture was diluted with AcOEt and
filtered through a Celite® pad (rinsed with AcOEt). The filtrate was concentrated in vacuo, and
the crude product was purified by flash column chromatography on NH silica gel (hexane :
AcOEt=10: 1) to afford 166 (pale yellow oil, 30 mg, 36% yield) as a mixture of E/Z isomers
(E:Z=13:1).

:To a solution of «,B-unsaturated oxime 164 (95 mg, 0.4 mmol, 1.0 eq.), ethyl acrylate (120
mg, 1.2 mmol, 3.0 eq.), AgTFA (442 mg, 2.0 mmol, 5.0 eq.), L31 (44 mg, 0.12 mmol, 30
mol %) in dioxane (4.0 mL) was added Pd(OAc); (9 mg, 0.04 mmol, 10 mol %). After stirring
at 90 °C (silicone oil bath) for 36 h, the reaction mixture was diluted with AcOEt and filtered
through a Celite® pad (rinsed with AcOEt). The filtrate was concentrated in vacuo, and the
crude product was purified by flash column chromatography on NHyssilica gel (hexane : AcOEt
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=3 : 1) to afford 165 (colorless oil, 31 mg, 28% yield) and E£-166 (pale yellow oil, 15 mg, 11%
yield).

165: IR (KBr) 2926, 1730, 1385, 1280, 1203, 1157, 1089, 1025, 1003, 868, 850, 837, 794, 730,
677 cm™!'; 'TH NMR (CDCls, 300 MHz) & 8.02 (d, 1H, J = 7.8 Hz), 7.63 (d, 1H, J = 7.8 Hz),
7.45 (d, 2H, J = 8.4 Hz), 7.28 (d, 2H, J = 8.4 Hz), 4.50 (q, 2H, J = 7.2 Hz), 2.59 (s, 3H), 1.45
(t,3H,J=7.2 Hz). BC{'H} NMR (CDCls, 75 MHz) § 165.2, 156.5, 146.8, 139.2, 137.8, 137.4,
134.2, 130.1, 128.8, 122.6, 61.9, 23.7, 14.3; HRMS (EI-quadrupole) m/z: [M]+ Calcd for
Ci15sH14CINO2, 275.0713; found, 275.0717.

(E)-166: IR (KBr) 2976, 1703, 1621, 1492, 1365, 1324, 1254, 1166, 1134, 1089, 1013, 983,
892, 830, 767, 723, 626 cm™!; 'TH NMR (CDCls, 300 MHz) & 7.34 (d, 2H, J= 8.4 Hz), 7.20 (dd,
1H, J=15.3, 11.7 Hz), 7.09 (d, 2H, J = 8.4 Hz), 6.68 (dd, 1H, J=11.7, 0.9 Hz), 6.05 (dd, 1H,
J=15.3,0.9 Hz), 4.30-4.23 (m, 1H), 4.16 (q, 2H, J = 7.2 Hz), 2.02 (s, 3H), 1.25 (t, 3H, J =
7.2 Hz), 1.18 (d, 6H, J= 6.3 Hz). *C{'H} NMR (CDCl;, 75 MHz) § 166.7, 155.1, 146.3, 140.7,
134.8, 133.8, 131.5, 128.1, 127.6, 123.9, 60.4, 21.6, 14.2, 12,0; HRMS (EI-quadrupole) m/z:
[M]+ Calcd for C1sH22CINO;3, 335.1288; found, 335.1277.

(2)-166: IR (KBr) 2976, 1704, 1621, 1490, 1366, 1253, 1196, 1134, 1118, 1090, 982, 889, 828,
767,723 cm™!; 'TH NMR (CDCl;, 300 MHz) & 7.70 (dd, 1H, J = 15.3, 11.7 Hz), 7.40-7.27 (m,
4H), 6.61 (dd, 1H, J=11.7, 0.9 Hz), 6.06 (dd, 1H, J=15.3, 0.9 Hz), 4.55-4.70 (m, 1H), 4.21
(g, 2H, J = 7.2 Hz), 1.91 (s, 3H), 1.34 (d, 6H, J = 6.3 Hz), 1.30 (t, 3H, J = 7.2 Hz). BC{'H}
NMR (CDCl;, 75 MHz) 8 166.8, 152.9, 144.9, 141.1, 136.3, 134.9, 128.9, 128.6, 127.7, 124.0,

75.8, 60.4, 21.8, 15.8, 14.2; HRMS (EIl-quadrupole) m/z: [M]+ Calcd for CisH2CINOs3,
335.1288; found, 335.1277.
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COEt Y~ CO,Et N

AN N’O = l’\l N,O
N N EtO,C7 "X
dioxane
90 °C, 36 h
Cl Cl Cl
(Z2)-166 165, 84% 166, 10% (E/Z = 3/1)

Z-isomer of 166 (15 mg, 0.045 mmol) was dissolved in dioxane (2 mL) and stirred at 90 °C
(silicone oil bath) for 36 h. The reaction mixture was cooled to room temperature and
concentrated in vacuo. The resulting residue was purified by preparative TLC (silica gel,
hexane : AcCOEt =4 : 1) to afford 165 (colorless oil, 10.4 mg, 84% yield) and 166 (pale yellow
oil, 1.5 mg, 10% yield) as a mixture of £/Z isomers (E : Z=3:1).

h CO,Et

o)

N’ = |N
\
EtO,C” X : + 73% recovery
dioxane
90 °C, 36 h
Cl Cl
(E)-166 165, 18%

E-isomer of 166 (10 mg, 0.03 mmol) was dissolved in dioxane (1 mL) and stirred at 90 °C
(silicone oil bath) for 36 h. The reaction mixture was cooled to room temperature and
concentrated in vacuo. The resulting residue was purified by preparative TLC (silica gel,
hexane : AcCOEt =4 : 1) to afford 165 (colorless oil, 1.5 mg, 18% yield) and (£)-166 (7.3 mg,
73% recovery).
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Deuterium Labeling Experiment

7 Pd(OAC), (10 mol %) s1%p T
.0 L31 (30 mol %) O

N AgTFA(5.0eq) HD N o
= dioxane/CD5CO,D (10:1) = H/D
90 °C, 36 h 88% D
114 114-d;

To a solution of a,3-unsaturated oxime 114 (23 mg, 0.1 mmol, 1.0 eq.), AgTFA (110 mg, 0.5
mmol, 5.0 eq.), L31 (11 mg, 0.03 mmol, 30 mol %) in dioxane (4.0 mL) and CD3CO,D (0.4
mL) was added Pd(OAc)> (2.2 mg, 0.01 mmol, 10 mol %). After stirring at 90 °C (silicone oil
bath) for 36 h, the reaction mixture was diluted with AcOEt and filtered through a Celite® pad
(rinsed with AcOEt). The filtrate was concentrated in vacuo, and the crude product was purified
by flash column chromatography on silica gel (hexane : AcOEt =10 : 1) to afford 114-d5 (16.6

mg, 72% yield) as colorless oil.

h 10% D \o/

N” HD N°

> H/D
N dioxane/CD3CO,D (10:1) N H/D
90 °C, 36 h 23% D

114 114-d;

To a solution of a,B-unsaturated oxime 114 (23 mg, 0.1 mmol) in dioxane (4.0 mL) was added
CD3CO:2D (0.4 mL). After stirring at 90 °C (silicone oil bath) for 36 h, the reaction mixture
was cooled to room temperature and concentrated in vacuo. The resulting residue was purified
by preparative TLC (silica gel, hexane : AcOEt =10 : 1) to afford 114-d3 (10 mg, 43% yield)

as colorless oil.
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AMROZETL LI, KX OMFITLHY ., RInHEEHEEZL Y
FLZHMN B ZHRico XY EH#HPLLETE I,

AR OZRTLFIC, KX OHKFICHZY, AKZEE. #EE%
HEEL2AH 5% #HRCECEBHRLLET £,

AR OZRTLIIC, KX OHKFILHZY, AKZEE. #EE%
HEILZZBA FX MAMCEIEHPLET I,

AR OZRTMLFIC, KX OHKFICHZY, AKZEE. #EE%
HZ2ELAHS HE=ZE HEHECEIERHFL LT £ 3,

FHAOCELREOR I, RO EEE, OM 2 ICow CHliFE iz
b £ L22fdE Ry PR OIER #E2HE. WA TERY K B RE
BABEBLORE B AR CESRHPLLET I,

AKEf@mX o FERHE LT, ZHFAEHLY I L 2BMER RS EEFED
RE MR B BARICEACTCEHROELZRLET T, KX oRI&ZEL L T,
CHEAEBVEILEEBMERRY BES LAV EZE PR R ZHXS
K OHMERKRE EROMACENRE BHE G ARCHEALATEHOE
rERLIE I,

AKMEOZRETICHEZY WO EZHETEL 22 TOGELET ICEH
22 A = i R

FREAHZEZ2ICH) AR CEREG N ZHZ XL 2HEMER
R FAAEMAEZOERICECREBHRL LT 5,

RBICCAMEEGEZR2»C AT o T NAWmB IO XY E#HL LT
S
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