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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 

CpCF3: Tetramethyl(trifluoromethyl)cyclopentadienyl 

Cpt: 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 
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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: tert-Butyldiphenylsilyl 

TBS: tert-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 
iPr: Isopropyl 

mCPBA: m-Chloroperoxybenzoic acid 

mp: Melting point 

mw: Microwave 
nBu: normal-Butyl 

pin: Pinacolato 

rt: Room temperature 
tAmyl: tert-Amyl 
tBu: tert-Butyl 
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X Y+
Cross Coupling

Metal Catalyst

X = Cl, Br, I, OTs Y = B, Sn, Zn, Mg

Traditional Cross Coupling Reaction

cf. Suzuki-Miyaura Coupling Reaction

Br + (HO)2B
Pd(0)
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ȜæŌȱǶʉ�˚xn 6%� ğʄĩù{ƘǛ{˳|i)1-- ʃyȶŅ`ʶƋgn 6[* 6B�0Ƕʉ
�˚xn¥°¿ôĩvêƩùɈȡy��¿­Ñ�É¦Õ{Ɗȉʏõy�u˿�-�  FPURYR�)�Me
{ʏõu|i¢ºÑ³Ƕʉ{ɐȡũƯ�{ʈá`áɎțɂȈ{źǭyĪ˖g‒x�vƂz���
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H Y+
C-H Activation

Metal Catalyst

Y = H, Cl, Br, I, B

C-H Bond Activation Reaction

+ CO
Co2(CO)8 (0.1 eq.)

benzene, 50 mL
220–230 ℃, 5–6 h

N

80%(100–200 atm)

N Ph

O
Murahashi:

Ph

5 g
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ʃy|EU, 6B�)*Ƕʉ�˚xnʺƈȲùƊʩ{¦¿�¶Ñ ±Õ�{ʠýʏõ`Ʀƞ�y�q‒
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xnǶʉɢ 6%� ĜȈùʏõ`ʶƋf�nMʔ�|i�¯ÒÕʫãıøiÑ±¶�ÊǶʉ�˚x�
evy��¿�¸nÑ{�Ñ³áțɂɢx�Ñ�ÑùyȉŸg‒x�0Me{�yyiŭʼ_� 6%
� ĜȈù�ˡ˚gnǶʉɢʲġʏõ{Čʋ`Ţɳf�‒an`ixj��ɣ˚þʄxĩǂ|Ŭɠ
ɢuw�i)11( ʃȾyx��uáɎțɂȈvĩǂêʑȈ�ŠzʙznǶʉɢ 6%� ĜȈùʏõ{
Čʋ|Ƀȉf�‒xx_qnM�
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İùƊʩ{ɒyȅȸʼȵƜi� 6%� ŞƊ{ypiɺɠ{ 6%� ŞƊ{��țɂɢyğʄĩùi�
ʚ˜`w�Me{�yxáɎțɂɢxğʄĩù�ǃūi�n�y|iȜæŌȱǶʉvʈáŞƊþ
ʄxʈáȈğʄĩ ʈźĩl7:�`ˡ˚f��Mʈźĩ|ȜæŌȱǶʉvʈáŞƊi�evuŌȱ
Ƕʉ�ɺɠ{áɎy˓ɶgiŋʽyw� 6%� ŞƊ�țɂɢyğʄĩùi�ev�þʄyi�M�

�
�
�
�

+ C OPh2C
Rh4(CO)12 

(0.027 mmol)
CO (30 kg/cm2)

200 ℃, 5 h O

Ph

Ph
Me

(o:m:p = 6:62:32)
57%

N N Ph
NiCp*2

135 ℃, 4 h N
NPh

Ni
Cp*

excess

(5 g)

2 g

Yamazaki:

Kleiman and Dubeck:

Lewis:

H
Ru cat., KOPh
C2H4 (6.5 bar)
THF, 177 ℃

 3.5 h
75%

OH
H

OH

13%

OH

+
RuO

P
X2

PX3
PX3

X2P O
 Ru cat.

Me

X = OPh

excess 5.2 mmol
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ùyȉŸgn1�  FPURYR�+�Me{ʏõu|i�ÑÆ¶Ñĩ`ʈźĩvg‒ EC Ƕʉyʈái�e
vy��ƉxáɎțɂȈ�ĕɹg‒^�ie�|iƐ。vf�‒an 6%� ŞƊ{áɎțɂɢğʄ
ĩù`Źˤɢyǽƃi�ev�ǃǩgnȘŎɢx˳uw�M�

�
FPURYR�+�

�
e{ȶè�{ʶƋ�ŕİvg‒� 6%� ĜȈùʏõ{ŤĻ`ʘˏɢyȪýgiǔˠu|ƉʏõȈ

{ğʄĩuƃxq‒xnʏõ� 6%� ŞƊ{ĜȈù�ˡ˚g‒Ƀȉg�yvi�ɘ˧`ȋ��nM
6%� ĜȈùu˚x���ȜæŌȱǶʉ{Ǎ˲|»Ï¦�Ê ���iÓ¦�Ê ��i�Ð¦�Ê ��iÑ
±¶�Ê ���iɸ ���iɤ ���xwuw�iūƜu|˘mxȜæŌȱǶʉvʈźĩ�Ȣ�Ɗ�k�
vy��Źˤɢ_ráɎțɂɢx 6%� ğʄĩù`ǃūþʄvxqnM6%� �ÐnÑùi�Ñ 
¶Ñùi�Ñ�Ñùi�ÑÆ¶ÑùiÅ�ȡùxwiɶ・ua�ğʄĩ{Ǎ˲|ȸīyɬ� 99TC]R�
+�M�

�

�
99TC]R�+	� ʈźĩ�ˡ˚gnǶʉɢ 6%� ĜȈùʏõ�

Murai:

O

tBu + Si(OEt)3

RuH2(CO)(PPh3)3 
(2 mol %)

toluene, reflux
0.5 h

O

tBu

Si(OEt)3

tBu

O
[Ru]
Hquant.

DG

H

DG =

DG

[M]

X Ar

R

X R

O

RX

DG

R

DG

Ar

DG

R

DG

O

R

Metal  = PdⅡ, RhⅠ, IrⅠ, RuⅡ, CuⅡ, FeⅡ etc.

N O O

O

N
H

N

H
N

O

OR

OH

DG

Bpin

(Bpin)2

N R N NR2

O

N
H

ORR

C-H Activation

Metal Catalyst
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ɳf�‒anM»Ï¦�Ê�ȜæŌȱǶʉvg‒˚xn 6%� ĜȈùʏõ{ƘǛ{˳|i)1.1 ʃ
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ɕgnȘŎɢx˳uw�iÃÕªÕ_�»Ï¦�Ê ����{ĺɫƯžŜy��ȋhn¿�¶Ñ»
Ï¦�Êơȹ`i�Ò¿�Õvʏõi�evu§¯ÒÕ˓ɶȹ`ȋȉʩvg‒ɹ��� FPURYR�
-�MÃÕªÕĢ{ɎġĩŹĀ|iêʑɢxʺƈȲĺɫƯɎġʏõ{ǰƊvɵ˘uw�ev�i¿
ÏÕ�¯�¿�Õiµ¿­ÒÕxw{��ɫƯʻʡxʺƈȲùƊʩuŹˤɢyʏõ`ǽƃi�v
xyǃŧŞĀ_��iʿʏõ|ĺɫƯɢxʏõİƀ�ħ�vƂz���))Me{ɲũvǺɅ�y
��ʶƋųie{ʏõ{Ŗƾ�ˡ˚gnʺƈȲùƊʩ{Ʃùɢ½�ÐnÑ�°Á°ÐÕ�ʏõ`
Źˤɢyǽƃi�ev`ťǗf�ie{ʏõ�˚xn½¿�¶Ñ±³Ï�ÑÆÕƩɾ˄ȃʩ
 5C74�{ȎȫÁÓ©§`ïʤņƧy�q‒ )10* ʃyżŉùf�‒x�)*Me{�yy»Ï¦�
Ê ���| * ɫƯƩùƛvg‒{Ȉǂ�ˑg‒^�iŋʃe{�yx»Ï¦�ÊǶʉ{ĺɫƯɢx
ʏõȈ�ˡ˚gn 6%� ğʄĩùʏõ`ȅȸʼʶƋf�‒x�M�

�

�
FPURYR�-�

Fujiwara–Moritani Reaction:

+ Ph

Pd(OAc)2 (0.1 eq.)
Cu(OAc)2 (0.1 eq.)

O2 (50 atm)
AcOH, 80 ℃, 8 h

ecxess 5 mmol
Ph

45%

Pd(OAc)2

PdOAc

H

Pd OAc

Ph
Ph

-AcOH

OAc
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{ʏõu| G94
6�*6;*{ƒƊ˙ʉŘuʏõȈ`śɢyźǭi�ev`ʶƋf�‒^�iǁ÷u
ʏõ`ĞŞi�Me{ƉxʏõȈ|iG94 vȀƩ»Ï¦�Ê_�ʋȋi�ĺɫƯȈ{Ɖx�¯�
ÕȈ»Ï¦�ÊǍ`ʏõĜȈǍvx�evy��iĺɫƯɢ 6%� ĜȈù{ʏõȈ`źǭgn�
{vƂz���M�

�

�
FPURYR�.�

�
e{�yy�¯�ÕȈ{Ɖx»Ï¦�Ê ����ʏõĜȈǍvg‒˚x�evy��iʺƈȲù

Ɗʩ{ĺɫƯɢ 6%� ĜȈù�÷˻xǲşuƃyev`þʄuw�M˳z}i*((0 ʃy 5[[WR]%
#9;OC]Z �|i»Ï¦�ÊǶʉvg‒ #R6A�*CQ BGA�* �˚x�evy��iʺƈȲ�Ò�˓
ɶȹ{ 6%� �Ñ ¶Ñùʏõ�ɒȈǲşøuƃyevyȉŸgn),�  FPURYR�/�Mʿʏõu|i
»Ï¦�ÊǶʉvg‒ CQ B4P�* �˚xnǰƊ|ʏõ`Ƞʼǽƃgxxev_�iCQ BGA�* {
ƉxĺɫƯȈy�q‒ɒȈǲşu{ 6%� �Ñ ¶Ñùʏõ`þʄvxqn�{vƂz���M�
�

�
FPURYR�/�

�
�
�

Fujiwara:

R2+
Pd(OAc)2

TFA/CH2Cl2
25 ℃

R2R1

R1

Pd(OAc)2

TFA

[PdOCOCF3]+
Ar H

PdOCOCF3

H
Pd TFA

-H+

Electrophilic C-H Activation

H

72%

Booker-Milburn:

H
N O

NMe2

(MeCN)2Pd(OTs)2

THF, 50 ℃

BQ, MS3ÅMe N

CO2Et

Me+ CO2Et

O
NMe2
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*()( ʃy|i�¯�ÕȈ»Ï¦�ÊǶʉvg‒LCQ #R6A�,M 59,�* �˚x�viɒȈǲş_
rǁ÷uĺɫƯɢ 6%� �ÐnÑùʏõ`ǽƃi�ev` "9?AUCBe �y�q‒ʶƋf�n)-�
 FPURYR�0�Mêʑɢyi»Ï¦�ÊǶʉ�˚x� 6%� ĜȈùʏõ�ɒȈǲşuƃyǰƊ|Ɖ÷
ǲş`ʚ˜uw�ev`ɍ��‒x�`iʿʏõu|�¯�ÕȈ{Ɖx»Ï¦�ÊǶʉvg‒
LCQ #R6A�,M 59,�* �˚x�evy��iɒȈǲş_rǁ÷u{ĺɫƯɢ 6%� �ÐnÑù�Ƀ
ȉg‒x�M�

�

�
FPURYR�0�

�
"9?AUCBe �|f�yi� LCQ #R6A�,M 59,�*�˚x�v�¶Ð´˓ɶȹ{ 6%� �Ñ ¶Ñùʏ

õ`ȃɒu�Źˤɢyǽƃi�ev�ʶƋg‒x� ). �  FPURYR� 1�Me{ʏõu|�
LCQ #R6A�,M 59,�*{ƉxʏõȈy�q‒iȃ˙ʉɒuɒȈ_rǁ÷ǲşvxyŊ�‒÷˻xǲ
şu{ʏõ`þʄvxq‒x�M�
�

�
FPURYR�1�

�
e{�yyi»Ï¦�ÊǶʉ�˚xnʺƈȲùƊʩ{ĺɫƯɢ 6%� ğʄĩùʏõ`ȅȸʼʶ

Ƌf�‒^�iɺy�¯�ÕȈ»Ï¦�ÊǶʉ`ː�nĺɫƯɢʏõƛvg‒Ɵ˚i�ev`ǃ
ǩf�‒x�M�
�
�
�
�
�

28 examples
65−96%

Lipshutz:

viaH
N O

NMe2

[Pd(MeCN)4](BF4)2

EtOAc, 25 ℃

ArB(OH)2, BQ

R

H
N O

NMe2
R

Ar

H
N

Pd+

NMe2

O
H

Ln

16 examples
43−96%

Lipshutz:

H
N

O

[Pd(MeCN)4](BF4)2
BQ, AgNO3

2 wt% PTS in water, rtR1

H
N

OR1

CO2R2

CO2R2
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ˑİùƊʩ{ĩʿƎē|Ɉȡuw�ev_�iɈȡ%ɈȡŞƊŖȉʏõ{Čʋ|ˑİƊȉùę
ʪˌy^x‒ƘǕ˜ĂɁ{êruw�Ml{n�iğʄĩʲġ�ȯ`_�vgn˘mxɈȡTɈ
ȡŞƊŖȉʏõ`Čʋf�‒x�M˳z}Ö�×%ʟʼ˻�ÑÆ¶ÑùƊʩ�{ɈȡĺĔƛ�˚x
nŁ％ʠýʏõ|i�ÑÆ¶Ñĩ{×áyǹnxɈȡTɈȡŞƊ�Źˤɢyɶ・þʄuw�iƘ
�ĩʿɢxɈȡƎēƀɏʹvg‒ɍ��‒x�MêʑɢyiÖ�×%ʟʼ˻�ÑÆ¶ÑùƊʩ|�
ÑÆ¶Ñĩ`ɫƯĺíȈĩvg‒ɴʼn�il{�Ñ Õʤʪ|ɫƯʟȯvx�ev`ɍ��‒
x�MêʸiÖ�×%ʟʼ˻�ÑÆ¶ÑùƊʩ_�˓ɶþʄxÖ�×%ʟʼ˻��¥Ê|i��¥Ê{
ƩȡũƯǭ{ɫƯ`Ł％i��Ò¿�ÕyȺg‒ɫƯŀ˖Ȉ�Ƽievy��i�Ñ Õʤʪ`
ɫƯʻʡvx�iɺy×á|ĺĔɢxʏõȈ�Ƽiev`Įȼf�� 99TC]R�,�M�

�
99TC]R�,	� Ö�×%ʟʼ˻��¥Ê{ɫƯŀ˖Ȉ�

�
e�|ŊȈɨġ{ê˳uw�iɯŤĻǁu|e{Ȉǂ�Ƃ˪gnÖ�×%ʟʼ˻��¥Ê{ğʄ

ĩùyĦi�ŤĻ�ɦČg‒anM�
˳z}i¶³ÓÕv�¸Õ{ )�+%ȥŊƯʠýĢùʏõy^x‒i�¸ÕvȺõi���¥Ê˓

ɶȹ�˚xnǰƊu|iȋȉʩuw�ʠýĢùȹ{ʈźțɂȈ`ķɨi�ev�ťǗg‒x�)/�
 99TC]R�-�Mêʑɢyi)�+%ȥŊƯuw�¶³ÓÕv�¸Õy��ʠýĢùu|i�ÑÆ¶Ñĩ{
ɫƯĺíŹĀy���¸Õ{ "H#B {�·Ñ�nǙá`ɞøi�evu¶³ÓÕ{ �B#B v
{ĵɷĥȨŲƟ˚`ːȘgi, áy�¥Ñĩ�ˑi��«��£¬Ð¦Õ�Ǌȋȉʩvg‒˖z
�MêʸiɯŤĻǁu|i�¸Õ{�ÑÆ¶Ñĩ���¥Êyʲġi�vi)�+%ȥŊƯʠýĢù
{ʈźțɂȈ`ķɨgi- áy�É¸ĩ�ˑi��«��£¬Ð¦Õ�Ǌȋȉʩvg‒˖z�e
v�ťǗg‒x�Me�|i�É¸ĩyɎġgnƩȡũƯ_�{ɫƯŀ˖Ȉy��Ö�×%ʟʼ˻
��¥Ê{�Ñ Õʤʪ`ɫƯʻʡvx�evu �B#B {�·Ñ�nǙá`ǭ`�n�i¶³
ÓÕ{ "H#B vÖ�×%ʟʼ˻��¥Ê{ �B#B v{ĵɷŒȅ{ȿaxʤʪɵƭ{ȨŲƟ˚`
ːȘgnevyĴìg‒x�Me{ŞĀ|iÖ�×%ʟʼ˻��¥Ê{Ł％�Ò¿�Õʤʪ`ɫƯ
ʻʡ�Ñ Õvg‒{ʏõȈ�Ƽiev�Ƽƕg‒x�M�

O N

electron-deficient electron-rich

OR

O
H2NOR

N OR

umpolung
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99TC]R�-	� ¶³ÓÕvÖ�×%ʟʼ˻��¥Ê{ )�+%ȥŊƯʠýĢùy^c�ʈźțɂȈ�

�
�nɯŤĻǁ{Ķɪ|iÖ�×%ʟʼ˻��¥ÊyȺg‒ĺɫƯƩùƛuw� +�+%¦Ë¯Ñ¦�

�¥ÏÕ�Ɵ˚fk�vi�Ñ Õʤʪu{�Ç�¥ù`òĝyǽƃi�ev�ťǗg‒x�)0�
 FPURYR�)(�Me�|Ö�×%ʟʼ˻��¥Ê{�Ñ Õʤʪ`ĺĔɢʏõȈ�Ƽiev�Ƽƕi�
ŞĀuw�M�

�

�
FPURYR�)(�

�
�
�
�
�
�
�
�
�
�
�

�

O

N O
N O

R2 R2
O

O
N O

R2

R1
R1 R1

4 5

major minor

H

H

H

H

HOMO

LUMO

N O

N O
R2

R2
N

N
N O

R2

R1
R1

R1
N

OX OX

OX

5
4

majorminor

H

H

H

H

LUMO

HOMO

N OBn 2KHSO5･KHSO4･K2SO4
NaHCO3

acetone, H2O
rt, 72 h

N OBn

O

72%

OO

3,3-dimethyldioxirane
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Ö�×%ʟʼ˻��¥Ê|l{ùęƀȫy˒ˠi�Í¶n�xʏõȈ�Ƽiy�__��jil

{�Ñ Õʤʪ{ĺĔɢȈǂ�ˡ˚gnʲġʏõ{ŤĻ|e��uyʶƋ`xʼiɺy×áu{
ĺɫƯɎġʏõyĦi�ǪƙxŢɳ`xf�‒ex_qnMleuɔǅ|e��{ɍť��vyi
Ș{�¯�ÕȈ»Ï¦�ÊǶʉ�ĺɫƯʏõƛvg‒˚xnÖ�×%ʟʼ˻��¥Ê{×áțɂɢ
ğʄĩùʏõ{Čʋ�ŚĄgn 99TC]R�.�Mix�pi�¯�ÕȈ»Ï¦�ÊǍ`ĺɫƯʏõƛv
g‒ɴʼevuÖ�×%ʟʼ˻��¥Ê{×áuĺɫƯɢ 6%� ĜȈù`ǽƃgî ɒĥȹ A �ȋh
��{vĮȼgnMÖ�×%ʟʼ˻��¥Ê|��¥Ê{ƩȡũƯ_�{ɫƯŀ˖y���Ñ Õ
ʤʪ`ɫƯʻʡvx�n�iʏõăɡuȋh��¯�ÕȈ»Ï¦�Êơȹ{ßɠùŹĀ`Įȼu
a�Me{̂ɒĥȹ A �˚x�evy��i˘mxɎġĩ`ɶ・þʄuw�vƂznM˳z}i
̂ɒĥȹ A `�ÐnÑÆÓÕƩvʏõi�}��¥Ê{×á�ÐnÑùʏõ`i�Ñ Õvʏõ
i�}×á�Ñ ¶Ñùʏõ{ųiɫƯĢǳʏõy��¾Ð¦Õ`Ɗȉþʄvx�M�
�

�
99TC]R�.	� �¯�ÕȈ»Ï¦�ÊǶʉ�˚xnÖ�×%ʟʼ˻��¥Ê{×áțɂɢğʄĩù�

�
e{�yxƂƢ{øiɔǅ|ǭĳ{ʏõ{ǃūyǋ�Ȣ�oŞĀiàø{ȉĀ�ɹnM�
 )� �¯�ÕȈ»Ï¦�ÊǶʉ�˚xnÖ�×%ʟʼ˻��¥Ê{×áțɂɢ�ÐnÑùʏõ{

ČʋyȉŸgnM ɀtǨ��
 *� Ö�×%ʟʼ˻��¥Ê{×áțɂɢ�Ñ ¶Ñùʏõ�ˡ˚gnǹĲ¾Ð¦ÕƊȉʹ{Č

ʋyȉŸgnM ɀ * Ǩ��
àøiĐǨ{Ǫƙyrx‒˺ǘi�M�
�
�
�

NH OR
Pd(II) N[Pd] OR

R

Ar B(OH)2

NFG OR

NAr OR

N OR

N[Pd] OR

+
N[Pd] O+

R

cationic intermediate

Electrophilic 
C-H activation

[Pd+]

R

N

R

-H+

Suzuki-Type

Heck-Type

A
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ɀ ) Ǩ� �¯�ÕȈ»Ï¦�ÊǶʉ�˚xnÖ�×%ʟʼ˻��¥Ê{×áțɂɢ�Ð
nÑùʏõ{Čʋ�
�
ɀtȖ� ��¥Ê{Öá�¯�ÕßɠùŹĀ�

��¥Ê`Ł％i��Ò¿�ÕyȺg‒ɫƯŀ˖Ȉ�ƼivxyɯŤĻǁuťǗgnɍť|
ǝ˺u�ǘ�nɝ�uw�`i��¥Ê`Öá�¯�Õ�ßɠùi�ev|ŭʼ_�ɍ��‒x
�)1M6]RN]d �y��ŤĻy��vi˄ȃ³Ð¿Ñ�ÓȀƩ�ËÕ{Ë­¸nÑ˙ʉɒu{ý˙
ʉʪć{ʏõȰɮ_�Ɏġĩɠȅ Û�Ɍ��ƨǗgnve�iË­áyË¯Ñ��¥Êĩ�ˑi�
ĩǂ{Û�Ɍ| (	)- uw�êʸui»ÏáyË¯Ñ��¥Êĩ�ˑi�ĩǂ{Û�Ɍ|%(	(+ uw
�ev`ʶƋf�‒x� )1N�O� GNO;R�)�Me�|i�É¸ĩʿˠ{˓ĴŹĀ�ǭĈ��w{Łˆß
ɠùŹĀ���¥Ê`ˑg‒x�ev�Ƽƕi�ŞĀuw�M�

�
GNO;R�)	� ��¥Ê{˓ĴŹĀvŁˆßɠùŹĀ�

�

f�y��¥Ê{Öáy�ÓÓĩ�ˑi�Ö%��¥Ê˓ɶȹ{Ë­¸nÑ˙ʉɒu{ý˙ʉ
ʪć{ʏõȰɮ�ə�nve�iȺõi�Ö%�É¸˓ɶȹ�Ö%Ë¯Ñ˓ɶȹ���˝_yȰx
ev`Ė：f�n )1N� GNO;R�*�M�

�

MeMe
O

O

CF3
MeMe

O

O

CF3

N OMe

MeMe
O

O

CF3

N
OMe

H

H

1.00 0.20
(σ+ = 0.15)

1.35
(σ+ = -0.03)

Relative Solvolysis Rates in MeOH

MeOHPh
MeMe

O

O

CF3

Ph
MeMe

OMe
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GNO;R�*	� ��¥Ê{Öá�¯�ÕßɠùŹĀ�

�
�

e�|ʏõɒĥȹuw� Ö á�¯�Õ`i��¥Ê{ƩȡũƯ_�{ɫƯŀ˖y��Łˆß
ɠùf�nŞĀiFA) ʏõuw�ý˙ʉʪć`ýȰf�nvćǇi�ev`ua� FPURYR�))�M�

�

�

FPURYR�))�
�

6]RN]d �|f�yi��¥Ê{Öáy�ÓÓĩ�ˑi���¥Ê˓ɶȹ� 7#FB ɒǁ÷uĒ
˽i�v�Õ´nÑ˓ɶȹ` 0+�{Ǐˤuɹ���ev�ʶƋg‒x� )1P� FPURYR�)*�M�Õ´
nÑ˓ɶȹ{ȋȉİƀvg‒|iȋhn�¯�Õɒĥȹ B {Łˆƀȫuw�ɒĥȹ C _�{ NeN%
ANeN][a Ģùʏõvil�yȳʼʺƈùy���Õ´nÑĢ`Ŗȉf�n�{vƂz���Me
�|ɒĥȹ C {�yxŁˆƀȫ�v�evui��¥Ê`Öá�¯�Õ�Łˆßɠùg‒x�e
v�ńʼƼƕi�ŞĀuw�Me{�yyi��¥Ê{Öá�¯�Õ{ßɠùŹĀyĦi�ŤĻ
` )11(� ʃȾyʶƋf�‒xn�{{ie{Ȉǂ�ˑİƊȉyĜ˚gn˳|ŋʃyƴ��u�v
�wʶƋf�‒xx_qnM�
�

�
FPURYR�)*�

Cl
HPh

Me

Cl
Ph

Me

H

N OMe

OMe
Ph

Me

H

N OMe

MeOH

Cl
Ph

Me

H

N tBu

Cl
MePh

Me

Cl
Ph

Me

H

N OMe

1.0 26 2.3 x 103

Relative Solvolysis Rates in MeOH

8.6 x 103

H

N OMeMe

Ph
+

H

N OMeMe

Ph H

N OMeMe

Ph

++

Cl
Ph

Ph

Ph

N OMe

DMSO-d6

Ph

N OMe

Ph
+

Ph

N OMe

Ph

+
N

Ph Ph

H

OMe+

-H+
N

Ph Ph

OMe

N

Ph Ph

OMe

83%

B C
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� � *()* ʃy Iü]BUbR9Z �|i)%�¤ÄÕ­%)�,%¦�Õ%+%�nÑyȺgi¦�ÓÓË­Õ˙ʉɒ
%)(røu³Ð¿Ñ�ÓË­Õ§ÑÅÕƩ�Ɵ˚fk�v )%�¤ÄÕ­¦�¶Ñ�¯�Õ`ȋȉ
giȳʼ NeN%ANeN][a Ģùʏõy��¾ÓnÑ˓ɶȹ`ɹ���ev�ʶƋgn*(�  FPURYR�)+�M
e{ʏõ|Ŋ�‒÷˻xǲşuǽƃi�ev_�i��¥Ê{Öá�¯�ÕßɠùŹĀy�� )%
�¤ÄÕ­¦�¶Ñ�¯�Õɒĥȹ{ȋȉ`Ȭǽf�‒x��{vƂz���M�
�

�

FPURYR�)+�
�

�n *()0 ʃy FPUZR9QR] �|iÖ%¼´Ó�¥��¥Êy "Rb9A Ʃ�Ɵ˚fk�evuȋh�
)%�¤�ÐÑ�¯�Õ�Ɗȉɒĥȹvg‒ˡ˚gn , ļɈȡƀɏʹ�ʶƋg‒x�� *)�  FPURYR�
),�Me{ʏõu|i"Rb9A ƩǶʉy�q‒ȋhn )%�¤�ÐÑ�¯�Õɒĥȹ`�Õ´nÑx
w{ɫƯʻʡ�ÒnÕv 9]9RQR;%6]NSBA Ŕuʏõi�evy��i��¥Ê{Öáuǹnx 6g6
ŞƊ�Ŗȉþʄuw�Mx^ʏõŘ、uȋh� )%�¤�ÐÑ�¯�Õɒĥȹ|i��¥Ê{Ʃȡ
ũƯ_�{ɫƯŀ˖y��Łˆßɠù�ǎc‒x�vƂz���Mʿʏõ|ĩǂɣ˚々ã`Žʼi
�Õ´nÑ�¿ÏÕi¯�¿�Õxw{Â±ÓʺƈĢ�ħ� , ļɈȡ�Źˤɢyƀɏþʄuw�
ɩuɺɖɢuw�M�

�

�
FPURYR�),�

N

R1

BnO

R3

HO R2

CF3SO3H

CH2Cl2, -10 ℃

N

R1

BnO

R2

R3

N
BnO

R1

R2

R3

26 examples
29−83%

aza-Nazarov 
cyclization

Würthwein:

+

NMeO

OH

R2

R1

FeCl3

NMeO

R2

R1

H
N NMeO

R2

H
N

1-azaallyl cation intermediate
R1

18 examples
56−99%

+
NMeO

R2

+

R1

N

R1

MeO

OH

R2 R3

Ca(NTf2)2
nBu4NPF6

H
N

27 examples
22−99%

N

R1

MeO

R2

R3
N

R1

MeO

R2 R3

H
N

+

Schneider:

N

R1

MeO

R2

R3

+
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gnųyitļ�ÉÕy��ɄȃǖƊv -%Rc[ Ģù�ÔÕÇ°³uƃyevy�� *%¾ÓÐÕ˓
ɶȹ�Ɗȉþʄuw�ev�ʶƋg‒x�**�  FPURYR�)-�Mʿ ʏõu|i, ļɈȡ�ħ�ʨƣxǖ
Ģƀȫ�êľyƀɏþʄuw�M�
�

�
FPURYR�)-�

�
àǭ{�yyi��¥Ê{Öá�¯�ÕßɠùŹĀ| NeN%ANeN][a Ģùʏõ� , ļɈȡƀɏʏ

õyǃȑ�ˑg‒x�Mɔǅ|e{��¥Ê{Öá�¯�ÕßɠùŹĀ�i�¯�ÕȈ»Ï¦�
ÊǶʉ�˚xnÖ�×%ʟʼ˻��¥Ê{×áțɂɢğʄĩùyˡ˚i�evvgnM�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

NMeO

OH

R2

R1

Sc(OTf)3

O

R4

O

R3

NMeO

R2

R1

O R3

R4

O

R2

NH
NMeO

Bn

Sc(OTf)3

R1

R3

R4

O+
O

R4

O

R3
+ BnNH2

NMeO

R2

R1

+
NMeO

R2

+

R1

BnNH2

Schneider:

33 examples
26−99%
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�¯�ÕȈ»Ï¦�ÊǶʉ�ĺɫƯʏõƛvg‒˚xnÖ�×%ʟʼ˻��¥Ê{×áțɂɢğ
ʄĩùʏõ{Čʋyƚg‒iˑİÆÓÕƩ��°ÁÐÕ�»n³µnvg‒˚x� 6%� �Ðn
Ñùʏõ�ƘǛyǋ�ǭd�evvgnMˑ İÆÓÕƩ|iŐı�ȃyßɠuǋ�Þxäxyzi
ʦȋȉʩ{ǟĽ�˗äu_rɻȈkĢŃʣāxw�ɞxvxyː�nȈǂ�ʭkƹq‒^�i˴
ˉkĹð�°ÁÐÕ�ʏõ{ʢĸyʍq‒ǃŧǁÒÃÑ_�żŉ§ nÑyƴ��uʧŽʼˡ˚
f�‒x� *�*+M�nˑİÅ�ȡùƊʩ�ˡ˚gn»Ï¦�ÊǶʉy�� 6%� ğʄĩùʏõ`ȅ
ȸʼʶƋf�‒x�vxyǃȑ�Ƃ˪g*,iʿŤĻ{ɇƠɋčy˚x�ʏõƛvg‒|Ƙɣuw
�vƂznM�

àøyi�¯�ÕȈ»Ï¦�ÊǶʉ�˚xnÖ�×%ʟʼ˻��¥Ê{×áțɂɢ�ÐnÑùʏ
õ{ŏȹɢxʏõȕŚ�Ƽgn 99TC]R�/�M�ji�¯�ÕȈ»Ï¦�ÊǍvÖ�×%ʟʼ˻��¥
Ê`ĺĔȈ{Ɖx×áuĺɫƯʏõ�Ĵeievy���¯�ÕȈ»Ï¦�Êơȹ D `ȋȉi
�vƂznMe{�¯�ÕȈɒĥȹ D |i��¥Ê{ƩȡũƯ_�{ɫƯŀ˖y��Öá�¯�
ÕßɠùŹĀ`Įȼua�n�ißɠyȵƜgɹ�vȂȮgnMlg‒ie{�¯�ÕȈɒĥȹ
D _�ɄÁÓ³Õù`ǽƃg‒ĺɫƯɢ 6%� ĜȈù`Ğȉgi×%»Ï¦�Êơȹ E �ȋh�M
e{ơȹ E `ˑİÆÓÕƩv˴ˉ�°ÁÐÕ�vɵ˘{İƀuʏõi�evy��×á�Ðn
Ñùȹ�ȋȉʩvg‒˖z��{vƂznMx^ʏõǒ˫ųyȋh�»Ï¦�Ê (�|»Ï¦�
Ê ����ƗƩùi�evuǶʉ£��Ñ`ĞŞi��{v˕ȦgnM�

�

�
99TC]R�/	� ʏõȕŚ�

�
�
�
�
�

N OR

+ Ar B(OH)2
N OR

ArH

H H

N OR

[Pd]
N O+

[Pd]

R
+

N OR

[Pd]

Ar B(OH)2[Pd+]

cationic intermediate

Pd(II)

-H+

electrophilic 
C-H activation

D E
β-palladated complex

Pd(0)

HHH
HH
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ǛĮŢɳ�ČƮi�ywn�i�jiB%À¯Ñ��¥Ê 1 v ,%Ë³�¥¿�¶ÑÆÓÕƩ 2)

v{ 6%� �ÐnÑùʏõ{ŢɳyɑǌgnMĩǂțɂ{ˢ˒vg‒|iɞʪƯ˯{Ö�×%ʟʼ˻
��¥Êu|ùęßɠȈ`Üʼǁ÷u{ʪć`Ŧɔuw�ev`ʎ˅gnn�iɚĮʴȵ`þʄ
_rǋ�Þx`˗äx B%À¯Ñ��¥Ê 1 �ʏõĩǂvg‒țɂgnM�

�jǛ�yǶʉvg‒ȀƩ»Ï¦�Ê�iƩùƛvg‒ɈƩ･�iôĩvg‒ AN*�CB,k
)*�*B �˚x‒i¦��£Õɒ 1(� ruýʂĒ˽gn`iˊɢ{×á�ÐnÑùȹ{ȋȉ|Ė：
uax_qnMleu +(�Y[;��{ 4TG94 �ɧýg‒ɵ˘{ʏõ�ƃxqnve�iÖ�×%ʟʼ
˻��¥Ê 1 {×á�ÐnÑùȹ 3 vl{�Ò¿�Õʤʪ{áɎåȈȹ 4 ` )	)l) {ƒƊʩv
g‒ *)�{Ǐˤuɹ��n FPURYR�).�Me{ur{åȈȹ{ G"6 y^c�§Ç°³|Ŋ�‒
ŋȔg‒x‒ʪˣ|Ɛ。uwqnn�i)��A#E §Ä�³ÑuåȈȹ{ƒƊʕˤ�ƨǗgnM
4TG94 {ɧýy��ʾ�×á�ÐnÑùʏõ`ǽƃgnev_�iɲũ�{ʶƋ )+ vɵ˘i
4TG94vȀƩ»Ï¦�Ê_�ʋȋi��¯�ÕȈ»Ï¦�ÊǍ`ʏõĜȈǍvx�evy��i
ĺɫƯɢ 6%� ĜȈù`ǽƃgn�{vƂz���Mx^ˊɢvi�Ö�×%ʟʼ˻��¥Ê{×á
�ÐnÑùȹ�ɹ�evy|ȉŸgn�{{i˚x�»Ï¦�ÊǶʉ�ôĩ�ǍmŢɳg‒�Ǐ
ˤ{źǭy|ƴ�x_qnM�

�
FPURYR�).�

�
leuǏˤźǭyźc‒iǍm{ɧýƛ�Ţɳi�evvgnMx_u�ɔǅ|iˑİŌȱƵ

ˎ��°ÁÐÕ�»n³µnvg‒˚xn 6%� ğʄĩùʏõy^x‒i)�,%ÃÕ¬�¸Õ{ɧý
y��ĤŨɢɄˣ`Ȭǽf��vxyʶƋyɓˊgn*-�  FPURYR�)/�M*((. ʃy JC �|i¿�
¶Ñ��£¬ÐÕ˓ɶȹvɯ˯{ȀƩ»Ï¦�Ê_�əȎgnˑİ»Ï¦�ÊɾĔơȹy±³
ÏË¯Ñ§¨{��Ɵ˚fk‒��Ó§�°ÁÐÕ�ʏõ`Źˤɢy|ǽƃkjiʾ�{Ë¯Ñ
ùȹ` *(�ɹ���{�uw�{yȺgi) ɯ˯{ )�,%ÃÕ¬�¸Õ�Łȵfk�vË¯Ñù`
òĝyǽƃgiˊɢʩ� 1-�{Ǐˤu˖z�ev�ʶƋgn *-NMx^ )��A#E §Ä�³Ñy�
�ʏõŘɒ{Ì¶­ÐÕ�ćȐ{ŞĀi)�,%ÃÕ¬�¸Õ|ˑİ§¨ùƊʩv{�Ó§�°ÁÐ
Õ�ʏõy^c�ĤŨɢɄˣ{ɋč�Ȭǽg‒x�ev`ʎ˅gnM�

Pd(OAc)2 (10 mol %)
AgTFA (30 mol %)
 Ag2CO3 (1.5 eq.)

Na2HPO4·12H2O (1.5 eq.)

dioxane, 90 ℃, 2 h

1

N O B(OH)2

MeO

N O
+

3
MeO

N O

MeO

+

 (3.0 eq.)

42
21%

 (3:4 = 1.1:1)
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e{�yx )�,%ÃÕ¬�¸Õ{ɧýy��ʏõȬǽŹĀ|iˑİ§¨Ƶˎ{�uxʼˑİÆÓ

ÕƩ�˚xn 6%� ğʄĩùy�ˑ˚uw�ev`ǃǩf�‒^�ie��{ʶƋ�ŕİvg‒i
e��u˘mx 6%� ğʄĩùʏõy^x‒ )�,%ÃÕ¬�¸Õ`ɧýƛvg‒ˡ˚f�‒x�M
x^ˑİÆÓÕƩ�˚xn 6%� ğʄĩùʏõ` JC �y�q‒ʶƋf�‒^�il{Ⱦʜ˳�à
øyƼgn *-Q%S� FPURYR�)0�M�
�

�

FPURYR�)0�
�

e��{ɍť��vyiÃÕ¬�¸Õ˓ɶȹ{ɧýy��ʏõȬǽŹĀ`Ö�×%ʟʼ˻��¥
Ê{×á�ÐnÑùʏõy�ˑŹuw�_�Ţǩgn GNO;R�+�M�j )�,%ÃÕ¬�¸Õ� )	( ɯ
˯ɧýg‒ɵ˘{ʏõ�ƃxqnve�i˕Įyʏg‒ʏõŘ`ʨƣùgiˊɢ{�ÐnÑùȹ
3 ĸ~ 4 ` *-�{Ǐˤuɹ���{�uwqn RZB]d�*�Me�|i)�,%ÃÕ¬�¸Õ|ńƩùƛ
vg‒{Ȉǂ�ˑg‒x�ev_�il{ƩùƟ˚yĴìi�ĩǂ{ʪć`Ǐˤɞø�Ǣx‒x
�vȂɠgnMleuiƩù˱{ǉxÃÕ¬�¸Õ˓ɶȹuw� *�.%¦Ë¯Ñ%)�,%ÃÕ¬�¸Õ
�ɧýg‒ɵ˘{ʏõ�ƃxqnve�iʏõŘ{ʨƣù`˞z��i++�{Ǐˤuʾ�{�Ð
nÑùȹ�˖zn RZB]d�+�Màǭ{Ţɳ_�iÃÕ¬�¸Õ˓ɶȹ{ɧýy��iǈĠu|w�
`Ǐˤ`ĉȞf��ev`ʪ_qnM�

2

Me4Sn (0.75 eq.) BQ (1.0 eq.) N
O

Me

95% yield
(without BQ: 20% yield)

CH2Cl2Pd
N

O

AcO
Pd

N

O

Me
L

Yu:

CO2H

H
Pd(OAc)2 (10 mol %)

BQ (0.5 eq.)
Ag2CO3, K2HPO4

tBuOH, 100 ℃

CO2H
R1 R2

H
or

B
O

O

+

Ph

or

CO2H

Ph(Me)

CO2H
R1 R2

Ph
or

R R 6 examples, 40–75%,

6 examples, 20–38%

Pd(OAc)2 (10 mol %)
BQ (0.5 eq.)

K2CO3 (2.0 eq.)

O2, tBuOH, 80 ℃R1 R2

H
+  9 examples, 60–86%

O

N
H

OMe
R1 R2

R3 O

N
H

OMe

Yu:

B(OH)2Me

B(OH)2R3
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�

Pd(OAc)2 (10 mol %)
AgTFA (30 mol %)

 Ag2CO3, Na2HPO4·12H2O
additive (1.0 eq.)

dioxane, 90 ℃, 2 h

1

N O B(OH)2

MeO

N O
+

3
MeO

N O

MeO

+

 (3.0 eq.)

42

21%1

entry yield (3+4)

25%2

33%3

additive

none

1,4-benzoquinone

2,6-dimethyl-1,4-benzoquinone



� *+�

ɀuƇ ʈáƯ{Ţɳ�
�

ƻyiǍm{ʈáƯ�ŢɳgnM»Ï¦�ÊǶʉ�˚xn 6%� ĜȈùʏõ{ʈáƯŹĀyĦi
�ŤĻ|e��uȅȸʼʶƋf�‒^�iȾʜɢx�{vg‒|¾Ð¦Õ˓ɶȹ��¸ÐÕ˓ɶ
ȹi�É¸Ʃ˓ɶȹxw`ľd���Mx_u� #C44 Y[Z[%A%?][BRPBRQ�NY9Z[�NP9Q�ʈáƯ
|i*((0 ʃy JC� �y�q‒Ǜ�‒ˑ˚Ȉ`ťǗf�‒àˠi˘mx 6%� ğʄĩùʏõuĜ˚
f�‒an*.MǪƙxʏõİƀćȐ{ŞĀi#C44 ʈáƯ|ʏõŘ、u
* ƖʈáƯvg‒ɴai»Ï¦�ÊǶʉ{ĺɫƯȈ�ʲùfk�Ɵ˚
viĜȈùi�ȃȡ�íaʌʼʪƯ、ôĩvg‒{Ɵ˚{ur{ŹĀ
y��i6%� ĜȈù�Ȭǽi�ev`ʪ_q‒x� *.O� 99TC]R�0�M�

àøyƼi�yyi#C44 ʈáƯ|�ÐnÑÆÓÕƩ˓ɶȹ�˚x
n 6%� �ÐnÑù�i�©³¿�¸Õ��¥Ê{ 6%� �ÐnÑùy^x‒�ˑŹuw�ev_
�iʿʏõy^x‒�ʏõȬǽŹĀ`Įȼua��{vƂzn *.Q�R� FPURYR�)1�M�

�

�

� FPURYR�)1�
�

�jǛ�yºÐÕ˓ɶȹ L1 ĸ~�«Ó�¥Õ˓ɶȹ L2 �ɧýg‒ʏõ�ƃxqnve�i
L2 �ɧýgnƺ{�Ǐˤ` ,.�yźǭgn GNO;R�,�MƻyË¯�¶Õ˓ɶȹ L3 {ɧýǲşu
ɵ˘{ʏõ�ƃxqnve�iǏˤ{źǭ|Ė：uax_qn`iņˁǻxevy L1 ĸ~ L2 {
ŞĀ 3l4 3�--l,-�vʕ�‒�ÐnÑùȹ 3 v 4 {ȋȉʕˤ` +0l.* �vʲùgnMe�|Ë
¯�¶Õ˓ɶȹ L3 yħ���˩öũƯ`ʏõĜȈǍuw�»Ï¦�Êyʈái�evuiʿʏ
õ{İƀyû�_{ñŇ�˖znev�Ƽƕi�ŞĀuw�M�

�
�
�

�

Pd(OAc)2 (10 mol %)
ligand (10 mol %)

BQ (5 mol %)
Ag2CO3, KHCO3

tAmylOH, 110 ℃, 2 h
+ BF3KPh

CF3

CO2H
CF3

CO2H

PhH

none

ligand yield

13%
89%
79%

Ac-Ile-OH
Ac-Val-OH

N OMeH

+ BpinAr

Pd(OAc)2 (10 mol %)
Ac-Gly-OH (20 mol %)

Ag2CO3, KF

HFIP, 70 ℃, 24 h

N OMeAr

23 examples, 34–89%

Yu:

Pd

H
O

N

O O

R1

R2
DG

Figure 8. MPAA
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ŋʃi»Ï¦�ÊǶʉ�˚xn 6%� ğʄĩùʏõy^x‒i˩ öũƯ�ħ�ʈáƯ{ɧý`À
Ò��§Ñnvx�śɢxǏˤźǭ�Ƀȉgn˳`ʶƋf�‒x�*/M�

*()/ ʃy 6N]][b �|i»Ï¦�ÊǶʉ�˚xnÂ±ÓʺƈĢ{ 6%� �Ñ ¶Ñùʏõy^
c�¯��n±Ñ˓ɶȹ{ɧýŹĀ�℃˟ɢyŢɳgi�Ñ�Ñ�ÐnÑ¯��n±Ñ˓ɶȹ{
ɧýy��ʏõȰɮ�áɎțɂȈ`Ŧɔyʲùi�ev�ʶƋgn */N	O� GNO;R�-�MǪƙxʏõȰ
ɮ˺ćȐ{ŞĀ_�i¯��n±Ñ˓ɶȹ{ʈáy��iʏõĜȈǍuw�»Ï¦�ÊǍ{�¯
�ÕȈ`Ȫievy��ĺɫƯɢx 6%� ĜȈù`Ȭǽf�n�{vƂƢf�‒x�M�

�
GNO;R�-	� ¯��n±Ñ˓ɶȹ{ɧýŹĀ�

�
�

Pd(OAc)2 (10 mol %)
ligand, DMBQ

AgTFA, Ag2CO3

Na2HPO4·12H2O
dioxane, 90 ℃, 2 h

1

B(OH)2

MeO

ligand

none

32%
(55:45)

46%
(55:45)

L1 L2 L3

+

3

2

4

33%
(3:4 = 57:43)

43%
(38:62)

N O N O

MeO

N O

MeO

N
H

OH

O

S

AcN
H

OH

O

AcN
H

OH

O

Ac

Me H CO2
tBu

Pd(OAc)2 (1 mol %)
ligand (1 mol %)

BQ (1.5 eq.)
AcOH, 60 ℃, 30 min

O
+

OMe

ligand

none
S

Me2N

S

MeO

SO3Na

84% 95%70%7%

Carrow:

N
H

OH

O

S

Ac

CO2
tBu
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FPURYR�*(�

�
*()0 ʃy JC� �|i�É¸�¯Ñ¿�¶Ñ¯��n±Ñ˓ɶȹ{ɧýy��i»Ï¦�ÊǶʉ

�˚xn�ÑÆÕƩ˓ɶȹ{ 6 A?+�%� �Ò¿�Õùʏõ`śɢyȬǽf��ev�ʶƋgn */S�
 FPURYR�*)�MʏõİƀćȐy��i¯��n±ÑʈáƯ|ʏõȰɮvǶʉĈɨȅ{źǭ{ˬʸ
yĪ˖g‒x�ev`Ė：f�‒x�M�

�

�
FPURYR�*)�

�
e��{ɍť��vyi¯��n±Ñ˓ɶȹ{ɧý`ʿʏõy�ˑŹuw�_�Ţǩgn

 GNO;R�.�M�j JC �{ʶƋ */S���vyi+(�Y[;��{�É¸�¯Ñ¿�¶Ñ¯��n±Ñ L4 �
ɧýgnǲşuʏõ�ƃxqnve�iʾ�{�ÐnÑùȹ 3 v 4 � -0�{Ǐˤu˖znMƻy
6N]][b �{ʶƋ */N��ƥƂyi�¯Ñ¿�¶Ñ¯��n±Ñ˓ɶȹ L5 �Ţɳgnve�iňʼ
�aevy×áyur{�ÐnÑĩ`ɶ・f�n 5 `Ǜ�‒ɹ��nM¦�ÐnÑùȹ 5 |�Ð
nÑùȹ 4 _�ſy�ÐnÑùʏõ`ǽƃgnȋȉʩuw�vƂz��i�ÐnÑùȹ 3�4 ĸ~
5 �ħ�ȩǏˤ| /)�uwqnMe{�yy¯��n±Ñ˓ɶȹ L5 {ɧýy��iŦɔy�Ð
nÑùʏõ`Ȭǽf��ev`ʪ_qnM�

�
�

+

Pd(OAc)2 (5 mol %)
S,O-Ligand (5 mol %)
PhCO3

tBu (1.0 eq.)

AcOH, 100 ℃, 2 h

24 examples, 42–88%

H
R CO2Et R

CO2Et

SPh
OH

O

S,O-Ligandexess

Fernández-Ibáñez:

+

Pd(TFA)2 (10 mol %)
Ligand (10 mol %)
Ag2CO3 (1.0 eq.)

Na2HPO4·7H2O (1.0 eq.)

HFIP, 120 ℃, 12 h

35 examples, 40–99%

R3

Ligand

O

OH
R1

R2

H

R1

R2 O

O

R3

S NHAc

Yu:
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� àǭ{�yyi¯��n±ÑʈáƯ{ɧýy���ÐnÑùʏõ`Ȭǽf��vxyǃŧŞĀ
�ɹn{uif�x�Ǐˤźǭy�c‒¯��n±Ñ˓ɶȹ L5 {ƀȫƘɣù�ƃxqn GNO;R�
/�M�j L5 {�Ñ�Ñĩʤʪ�Ë¯Ñĩyʲġgn L6 ��Ñ�Ñĩ�Ģùůɠgn L7 �Ţɳ
gn`iǏˤ{Ŧɔxɞø`���nMe�|i˩öũƯǐʳ{˥ȹǬď`ćǥf�nevu»
Ï¦�Ê�{ʈáʄ`ǭ`�iǶʉɻvg‒Ɵ˚gnev`ʏõȈ{ɞø�ǢxnvƂz���M
leuÀ¯Ñĩ L8��¥�ÓÂ�¥Ñĩ L9�xw{ȄƉx�Ñ�Ñĩ�ɶ・gn¯��n±Ñ
˓ɶȹ�Ţɳgnve�i¥�ÓÂ�¥Ñĩ�ˑi�¯��n±Ñ L9 �˚xnƚyǏˤ` 0)�
�uźǭgnMêʸi¦�ÐnÑ¯��n±Ñ˓ɶȹ L10 u|Ǐˤ`ɞøgnev_�i�Ñ�
Ñ�ÐnÑ¯��n±Ñƀȫ�ˑi�ʈáƯ{ɧý`ʿʏõy|ɣg‒x�ev`Ƽƕf�nM�
�
�
�
�
�
�
�
�
�
�
�

Pd(OAc)2 (10 mol %)
ligand, DMBQ

AgTFA, Ag2CO3

Na2HPO4·12H2O
dioxane, 90 ℃, 2 h

1

B(OH)2

MeO

ligand

N
H

Ac OH

O

43%
3:4 = 38:62

S

L3

+

3

2

4

S NHAc

L4

S

L5

5

+

58%
3:4 = 55:45

71%
3:4:5 = 33:43:23

N O N O

MeO

N O

MeO

N O

MeO

OMe
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�n±Ñ L13 {ɧýǲşuƘƉǏˤ�˖ziʾ�{�ÐnÑùȹ` 0,�{Ǐˤuɹ��nM�

�
GNO;R�/	� �Ñ�Ñ�ÐnÑ¯��n±ÑʈáƯ{Ţɳ�

�

�
x^�Ñ�Ñ�ÐnÑ�n±Ñ L15 �§Ñ¿�ÕƩ L16ī �¿�¸nÑ L17 �¦�Ñ�Ñ¯

��n±Ñ L18 {ƫ˚�Ţɳgn�{{ixj��Ǐˤ`ȿʧyɞøgnev_�iʿʏõ|�
Ñ�Ñ�ÐnÑ¯��n±Ñ˓ɶȹ{ɧýy�q‒ŹĀɢyʏõ`Ȭǽf��ev`Ė：ua
n GNO;R�0�Màǭ{ŢɳŞĀ_�iʿʏõy^c�ƘɣʈáƯ|�Ñ�Ñ�ÐnÑ¯��n±Ñ
L13 uw�vŝɠgnM�

�
�
�
�
�

�

S

Pd(OAc)2 (10 mol %)
ligand, DMBQ

AgTFA, Ag2CO3

Na2HPO4·12H2O
dioxane, 90 ℃, 2 h1

N O

B(OH)2

MeO

N O

+

3
MeO

2

4

N O

MeO

N O

5

MeO
+

OMe

ligand

L5
71%

3:4:5 = 33:43:23

S

L6
49%

38:46:15

S

L7
33%

36:50:14

S

L8
73%

38:50:12

S

L9
81%

38:42:19

S

L10
45%

3:4:5 = 45:45:9

S

L11
66%

37:44:19

S

L12
56%

30:42:27

MeO

S

L13
84%

32:48:19

Cl

S

L14
70%

36:46:18

F3C
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�
�

¦�ÐnÑùȹ 5 {ȋȉİƀyĦg‒|iʏõŘ、uȋȉgn�ÐnÑùȹ 4 _�ſx� 6%
� �ÐnÑùʏõ`ǽƃgn�{vƂƢg‒x�Mleuie{úȗ�Ţǩi�ʼi�ÐnÑù
ȹ 3 v 4 {ƒƊʩ�iƗ~ɵ˘{ʏõǲşøuýʂĒ˽gnve�i˕Ȧgnɝ��ÐnÑùȹ
4 |ĞȠyǥǀgi¦�ÐnÑùȹ 5 �˖zn FPURYR�**�M�ÐnÑùȹ 4 _�{ʲġˤ| 10�
uw�i3 |˂ʏõ{��Ƞ˯ĈǏf�nev_�i¦�ÐnÑùȹ 5 |ʏõŘ、uȋhn 4 _
�{�ÐnÑùȋȉʩuw�ev`ʪ_qnM�nʿ�ÐnÑùʏõ{ǲşøu|i�ÐnÑù
ȹ 3 _� 4 �{åȈù|ǽƃgxxev`Ė：uanM�
�

�
FPURYR�**�

�
�
�
�

S

Cl

O
O

ligand

17%
3:4 = 48:52

L16L15 L18

19%
3:4 = 53:47

32%
3:4:5 = 38:50:12

SH

Cl

L17

0%

S

Pd(OAc)2 (10 mol %)
ligand, DMBQ

AgTFA, Ag2CO3

Na2HPO4·12H2O
dioxane, 90 ℃, 2 h1

N O

B(OH)2

MeO

N O

+

3
MeO

2

4

N O

MeO

N O

5

MeO
+

OMe

Pd(TFA)2 (10 mol %)
L13 (30 mol %)
DMBQ, Ag2CO3

Na2HPO4·12H2O
dioxane, 90 ℃, 2 h

B(OH)2

MeO

+

3
(100% recovery)

2

5
(98% from 4)

N O

MeO

N O

MeO

OMe

+

3 4

N O

MeO

N O

MeO

3 : 4 = 1 : 1.4 3 : 5 = 1 : 1.4
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�

ʿʏõ{˙ʉŹĀyĦi�ƂƢ�ǻ��n�yie��u{ǲşŢɳuƫ˚g‒an¦��£
ÕàĎ{˙ʉ�Ţɳgn GNO;R�1�M³Ñ�Õ� )�*%¦�ÓÓ�­Õi�9�C �˙ʉvg‒˚x‒
ʏõ�ƃxqnve�iŦɔyǏˤ`ɞøgnev_�iƘɣ˙ʉ|¦��£Õuw�vev`
Ė：uan RZB]d�)g,�Mx^iɧýƛvg‒˚x‒x� *�.%¦Ë¯Ñ )�,%ÃÕ¬�¸Õ{ɧý˯
�)	(ɯ˯_�(	+ɯ˯yɞŪg‒�̀ǵxxǏˤuˊɢʩ�˖z�ev`Ė：uan RZB]d�-�.�M�
�
GNO;R�1	� ʏõ˙ʉ{Ţɳ�

�
�
�
�
�
�
�
�
�
�
�
�
�

�

Pd(OAc)2 (10 mol %)
ligand (30 mol %)
DMBQ (x equiv)
 AgTFA, Ag2CO3

Na2HPO4·12H2O 
solvent, temp.

1

N O
B(OH)2

MeO

N O
+

3
MeO

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

N O

MeO R

+

entry yield
(3+4+5)solvent

71%1

7%2

41%3

17%4

temperature

dioxane 90 ℃

toluene 100 ℃

85 ℃

80 ℃

ClCH2CH2Cl

HFIP

ligand

L5

L5

L5

L5

DMBQ
 (x equiv)

1.0 equiv

1.0 equiv

1.0 equiv

1.0 equiv

84%5

83%6

90 ℃

90 ℃

dioxane

dioxane

L13

L13

1.0 equiv

0.3 equiv
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ɀ ) Ƈ� ��¥ÊƩȡǭ{Ɏġĩ{Ţɳ�

Ö�×%ʟʼ˻��¥Ê{ɣõ々ã{ŢɳyȘ˥pi��¥Ê�n±Ñʤʪ{ƀȫʲġyʍyʏ
õȈ{ʲù�Ė：i�evvgnMȘǘgnɝ�i��¥ÊƩȡũƯǭ{ɫƯy��ɫƯŀ˖Ȉ
`Ö�×%ʟʼ˻��¥Ê{×áu{ʏõȈyȿaʼñŇi�ev_�i��¥Ê�n±Ñʤʪ�
ǑǴi�evy��×áu{ĺɫƯɢ 6%� ĜȈù�Ȭǽi�ev`þʄuw�vƂzn 99TC]R�
1�M�

�

�
99TC]R�1	� ��¥Ê�n±Ñ{ɫƯŀ˖Ȉ�

�
�j B%Ë¯Ñ��¥Êĸ~ B%À¯Ñ��¥Ê�˚x‒ʏõ�ƃxqnve�iȺõi��Ð

nÑùȹ 12 ĸ~ 5 `l�m� /(�v /1�{Ǐˤuɹ��n GNO;R�)(�Mƻy��¥Ê�n±Ñ
ƀȫ、yɫıîȈɮ`åx�ũƯ�ħ� #B# ĩ�³ÐË¯Ñ¥ÐÑË¯Ñĩ�ˑi���¥
Ê�Ţɳgn`iɔgʼʏõȈ`ɞøgnMňʼ�aevyiB%F8# ��¥Êuʏõ�ƃxq
nve�ʏõȈ`śɢyźǭgiʾ�{�ÐnÑùȹ 15 ` 1/�{Ǐˤuɹ��nMe{ȿʧx
ʏõȈ{źǭ|iB%F8# ��¥Ê{ƩȡũƯ_�{ńxɫƯŀ˖y�q‒�Ñ Õʤʪ`ɫƯ
ʻʡvx�evy��i×áu{ĺĔȈ`źǭgn�{vƂz���MêʸiF8# ĩ{ʤʪƀȫ
yħ��� G#F ĩ�Ë³�¥ĩyɎaġzn B%#8# ��¥Êu|Ǐˤ`ɞøgnev_�i
F8# ĩ{ʤʪƀȫyħ��� G#F ĩ`ʏõȈ{źǭyĦ˖g‒x�þʄȈ`Ƽƕf�nM��
¥Ê�n±Ñ{ɫƯɢȈǂvʏõȈ{ȨĦĦŒ���Ǫƙyə��n�yiɫƯĺíȈĩuw�
¾ºÓ�Ñĩ�ˑi���¥Ê�§±Ñuʏõ�ƃxqnve�i˕Ȧgnɝ�ʏõȈ`ɔgʼ
ɞøi�ŞĀvxqnMe�|�§±Ñ�ÑÆ¶Ñĩy�q‒iƩȡũƯ{ʗŁˑɫƯȺy��
ɫƯŀ˖Ȉ`ɞøgnevyĴìg‒x�vƂz���M�

�
�
�
�
�

�

N O X

more electron-rich

δ-

[Pd+]

N O

electron-rich
[Pd+]

optimization
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�

�
e{�yyÖ�×%ʟʼ˻��¥Ê{×á{ɫƯǳȽ`ʏõǏˤyȿaʼñŇg‒x�ev_�

�iʿ ʏõ|ĺɫƯɢ 6%� ĜȈù{İƀ�ħ�vƂz���Màǭ{ŢɳŞĀ_�iʿ ʏõy^
c�Ƙɣx��¥Ê�n±Ñ| B%F8# ��¥Êuw�vŝɠgnMàǭ{Ţɳ{�yyi¯�
�n±ÑʈáƯĸ~��¥Ê�n±Ñƀȫ{Ƙɣù�ǃƲi�evy��iʏõǏˤ�ʘˏɢy
źǭfk�evyȉŸgnM�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

N OR

B(OH)2

MeO
N OR

MeO

5, 79%

OR

15, 97%

O
O

O

Si

O

Si

14, 46%

O

13, 48%

O

16, 56%

O

O

O

MeO

OMe

17, 14%

O

O

4,6-11 5,12-17

2
Pd(OAc)2 (10 mol %)

L13 (30 mol %), DMBQ
AgTFA, Ag2CO3

Na2HPO4·12H2O
dioxane, 90 ℃, 2 h

12, 70%

O



� +*�

ɀ * Ƈ� Ǎm{Ɏġ˘ƾ{��¥Ê{ɣ˚々ã{Ţɳ�
�

Ƙɣxʏõǲş�ŝɠi�ev`uan{uiƻyĩǂɣ˚々ã�˅�_yi�evvgnM
�jÖ�×%ʟʼ˻��¥Ê{ɣ˚々ã_�ɑǌi�evvgiƫ˚i�ĩǂ|ĭɍ{ʸʹyǔq
‒Ⱥõi� ³Õ_�˓ɶgnMix�pi ³Õ{ #NZZ9PU ʏõy��Ö�×%ʟʼ˻ ³Õ�
v˓ɶgnųyi¼´Ó�¥Ñ�ÉÕvǖƊg‒ȋhn��¥Ê� F8# ĩuʴŶi�evy�
�iʾ�{Ö�×%ʟʼ˻��¥Ê�əȎgn FPURYR�*+�M�

�

�
FPURYR�*+�

�
�j×á`˄Ɏġ{Ö�×%ʟʼ˻��¥Ê�˚x‒ʏõ�ƃxqnve�i�ÐnÑùȹ 25 ĸ

~ 9 v¦�ÐnÑùȹ 15 {ƒƊʩ`ɹ��n GNO;R�))�MÖá{ E) `�¯Ñ¿�¶ÑĩuɎġ
f�n��¥Êu|òĝyʏõ`ǽƃgiʾ�{�ÐnÑùȹ 26 ` 1.�{Ǐˤuɹ��nME*

`¿�¶ÑĩuɎġf�nĩǂu��ÐnÑù|òĝyǽƃgi* Ǎ˲{åȈȹƒƊʩvg‒�
ÐnÑùȹ 27 v 28 `ɹ��il{ȋȉʕˤ| ,1l-) uwqnM�n E*`¸ÑÈÑÁÓ¾Ñĩ
uɎġf�n��¥Ê�ɣõþʄuw�iȺõi��ÐnÑùȹ 29 v 30 `Ǐˤ -+�uɹ��i
l{ȋȉʕˤ| 1)l1 uwqnM�n×áyÃÕ¦Ñ��¥ĩ�ˑi�ĩǂu�ʏõ`òĝyǽ
ƃgiȺõi��ÐnÑùȹ 31 v 32 �Ǐˤ 0/�u˖zil{ȋȉʕˤ| 1+l/ uwqnMņˁ
ǻxevyiE*`�Ñ�ÑĩuɎġf�n��¥Ê{�ÐnÑùȋȉʩ{åȈȹʕ|iE*`¿�
¶ÑĩuɎġf�n��¥Ê{ǰƊvʕĘg‒iȿaʼʲùi�ŞĀvxqnMêʸi×á{Ɏ
ġĩ E* `��ȄƉx�«ÁÓ¾ÑĩuɎġf�nĩǂu�ɞǏˤx`�Ŀ˗f�iȺõi��
ÐnÑùȹ 33 � *-�{Ǐˤu˖znMx^ɹ��n�ÐnÑùȹ 33 {ĬûåȈ� AB8 uĖ：
gnŞĀiK ȹ{�`ȋȉg‒x�ev`�_qnMe�|�«ÁÓ¾Ñĩv�ÐnÑĩv{ĥ
y˥ȹʏʋ`ȋhnŞĀi��ßɠx K ȹ�ɆêùƊʩvg‒˖zn�{vƂz���Mx^Ģ
ǳ��¥Ê�Ŀ˗f��ev`ʪ_�iʾ�{�ÐnÑùȹ 34 � +1�{ǏˤuɆêùƊʩvg
‒˖znM�

�
�
�
�
�

R1

O

R2
DMF, 80 ℃

piperidine
AcOH

H2C O

R1

O

R2
MeOH, 80 ℃

H2NOH·HCl
Na2CO3

R1

N

R2

OH

DMF, rt

NaH
SEMCl

R1

N

R2

OSEM

18-24,35-39
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�
�

ƻyiÖá`¿�¶ÑĩuɎġf�nÖ�×%ʟʼ˻��¥Ê`ɣ˚þʄuw�_�Ė：gn
 GNO;R�)*�M¿�¶ÑĩǭyɫƯŀ˖Ȉ{Ë³�¥ĩ�ɫƯĺíȈ{³Ð¿Ñ�ÓË¯Ñĩĸ~
¹Ó¡ÕũƯ�ˑi�Ö�×%ʟʼ˻��¥Êuʏõ�ƃqn`iȠ‒{ĩǂuòĝyʏõ`ǽƃ
giȺõi��ÐnÑùȹ`ƉǏˤuɹ��nMx^i�ÐnÑùȹ|Ƞ‒ 8 ȹ�Ǌȋȉʩvi
� 8
K åȈȹ{ƒƊʩvg‒ɹ��iɆˣgn�ÐnÑùȹ{ 8
K {åȈù`ǁ÷uǞmyǽ
ƃi�ev�Ė：f�nM�

�
�
�

�

+R1

N OSEM

R1

N OSEM
B(OH)2

MeO

+

N OSEM

+

53% 
(29:30 = 91:9)

N OSEM

OMe

+

87% 
(31:32 = 93:7)

+

N OSEM

+

96%
 (27:28 = 49:51)

88%
 (25:9:15 = 30:36:33)

MeO

R1

N OSEM

MeO R2

N OSEM

MeO

MeO

N OSEM

MeO

N OSEM

MeO
O

N OSEM

MeO
O

Ph Ph
MeO

R

N OSEM

MeO

OMe

N OSEM

N OSEM

R2 R2

N OSEM

MeO

OMe

MeO

15: R = CH3, 92%
26: R = CH2CH2C6H4(p-OMe), 96%

18-24 2

25

27 28 29 30

33, 25% 34, 39%
31 32

Pd(TFA)2 (10 mol %)
L13 (30 mol %)
DMBQ, Ag2CO3

Na2HPO4·12H2O
dioxane, 90 ℃, 1 h

9: R = H
15: R = 4-methoxyphenyl

R

9,15,25-34
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�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

+

N OSEM

B(OH)2

MeO

N OSEM

R

MeO

N OSEM

OMe

N OSEM

F3C

44, 72% 
(E:Z = 1.9:1)

MeO

MeO

40, 90% 
(E:Z = 1.3:1)

N OSEM

F

MeO

41, 85% 
(E:Z = 1.6:1)

N OSEM

Cl

MeO

42, 88%
 (E:Z = 2.0:1)

N OSEM

Br

MeO

43, 72% 
(E:Z = 2.1:1)

35-39 40-442

Pd(TFA)2 (10 mol %)
L13 (30 mol %)
DMBQ, Ag2CO3

Na2HPO4·12H2O
dioxane, 90 ℃, 1 hR
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ƻyi�ÐnÑÆÓÕƩ{ɣ˚々ã�Ė：gn GNO;R�)+�MɫƯŀ˖Ȉ{Ë³�¥ĩ 61�62��
Ë¯Ñĩ 63�64�iɫƯɢyɒȈ{¿�¶Ñĩ 27�28��½¿�¶Ñĩ 65�66��ˑi��ÐnÑÆÓ
ÕƩu|òĝyʏõ`ǽƃgiȺõi��ÐnÑùȹ`ƉǏˤuɹ��nM¹Ó¡ÕũƯ 67%70�
�ɫƯĺíȈ{³Ð¿Ñ�ÓË¯Ñĩ 71�72��ˑi�ÆÓÕƩ�ɣ˚þʄuwqn`i,%ÀÓÌ
¿�¶ÑÆÓÕƩ�˚xnǰƊ|ʏõŘ{ʨƣù`���nM,%³Ð¿Ñ�ÓË¯Ñ¿�¶ÑÆ
ÓÕƩ�˚xnǰƊ| .+�{Ǐˤuʾ�{�ÐnÑùȹ`ɹ��nêʸui, áy�§±Ñĩ�
ˑi�¿�¶ÑÆÓÕƩ 55 |Ŀ˗kji�v�wʏõ`ǽƃgx_qnM�ni˥ ȹǬď{ȿa
x *�.%¦�ÓÓ¿�¶ÑÆÓÕƩ�Ŀ˗f��ev`�_�i,*�{ǏˤuȺõi��ÐnÑù
ȹ�˖zn 73�74�MêʑɢyŌȱ�{ńxʈáʄ�ˑi�Â±ÓʺƈȲùƊʩ|Ƕʉɻvg‒ɴ
ʼn�i»Ï¦�ÊǶʉ�˚x� 6%� ğʄĩùy|ɣõuaxxev`ɍ��‒^�iÃÕ¬¯
�¿�Õ�ÃÕ¬¿ÏÕi¾ÐÉ¦ÕĢ�ħ�Â±Ó�ÐnÑÆÓÕƩ 56%58��˚x‒Ţɳ�ƃ
xqn`i�|�Ⱥõi��ÐnÑùȹ|ɹ��x_qnMêʸui*%�ÓÓ¾Ð¦ÑÆÓÕƩ
 75�76�ĸ~ *%¿Ñ�Ó¾Ð¦ÑÆÓÕƩ 77�78�u|ɞǏˤx`�ˊɢ{�ÐnÑùȹ�˖zn
ev_�iʈáʄ`ǉxÂ±Ó�ÐnÑÆÓÕƩuw�}iʿʏõyɣõþʄuw�þʄȈ`Ƽ
ƕf�nMx^¥�ÓÄÕ¯ÑÆÓÕƩ 59��§¯ÐÑÆÓÕƩ 60�xw{½¶ÑÆÓÕƩ|ʿ
ʏõy|ɣ˚uaxxev`ʪ_qnM�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
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�

�
�
�
�
�
�
�
�

+

N OSEM

B(OH)2

MeO

N OSEM

MeO

N OSEM

+

9 2,45-60

Pd(TFA)2 (10 mol %)
L13 (30 mol %)
DMBQ, Ag2CO3

Na2HPO4·12H2O
dioxane, 90 ℃, 1 h

R

OMe
R

N OSEM

MeO

15, 92%

+

N OSEM
N OSEM

R

R

OMe

+

42%
 (73:74 = 83:17)

73 74

+

N OSEM

N

N OSEM
N

R

R

N OSEM

OMe

Cl

Cl

N OSEM

MeO

Cl

Cl

MeOOMe

MeO
OMe

R

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

N

N

B(OH)2

MeO

B(OH)2S B(OH)2O B(OH)2 B(OH)2

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

Unsuccesful substrates

B(OH)2

MeO2C

55, trace

+

79%
 (61:62 = 45:55)

N OSEM

N OSEM

OMe

MeO

61 62MeO
OMe

MeO

OMe

MeO OMe

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)
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ȝǘgn�yyiʿʏõ|�¯�ÕȈ»Ï¦�ÊǍvÖ�×%ʟʼ˻��¥Êv{ĺɫƯɢ 6%
� ĜȈù�ř˒i�İƀuǽƃg‒x�vƂz���Mleuie{Ȧɠʏõİƀ�Ţǩi�n
�yɜýǃŧ�ƃqnM�

��¥Êƀȫ、{ɐȡũƯ|ŌȱyȺi�ʈáʄ�ˑi�ev_�iŋʃi��¥Ê�ʈźĩ
vg‒ˡ˚gn 6%� ĜȈùʏõ`ȅȸʼʶƋf�‒x�*0Ml{n�iɔǅ`Čʋgn 6%� �
ÐnÑùʏõ�ăĽ{ʶƋvɵ˘y»Ï¦�ÊǶʉ{��¥Êɐȡ�{ʈá�ŕİvg‒ǽƃ
g‒x�þʄȈ`w�vƂznMleui��¥Ê{ĬûåȈ` K ȹ{ĩǂ 79 �˚x‒�Ðn
Ñùʏõ�ƃqnve�iˋɁxʼʏõ|ǽƃgiȺõi��ÐnÑùȹ 80 � ./�{Ǐˤu˖
zn FPURYR�*,�Mx^ɹ��n�ÐnÑùȋȉʩ 80 {��¥Ê{ĬûåȈ| K ȹ{��uwq
nM8%��¥Ê 6 �˚xnǰƊ{ʏõǏˤ| /(�uw�ev�Ƃ˪i�vi��¥Ê{ĬûåȈ
|ʿ�ÐnÑù{ʏõȈy|ñŇgxxvƂz���Màǭ{Ţɳy��i»Ï¦�ÊǶʉ{�
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�
�
�
�
�
�
�
�

NMeO
NMeO

MeO
OMe OMe

+

B(OH)2

MeO

2
67%

79 80

(3.0 eq.)

Pd(TFA)2 (10 mol %)
L13 (30 mol %)
DMBQ, Ag2CO3

Na2HPO4·12H2O
dioxane, 90 ℃, 1 h

N OMe
N OMe

MeO
OMe OMe

+

B(OH)2

MeO

2
70%

6 12

(3.0 eq.)

Pd(TFA)2 (10 mol %)
L13 (30 mol %)
DMBQ, Ag2CO3

Na2HPO4·12H2O
dioxane, 90 ℃, 1 h

cf.
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�
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�
ƻyiʿʏõŘy^c�ĐƵˎ{ɴayĦi�ƂƢ�ǻ���ʼiȺǦǃŧ�ƃxqn GNO;R�

),�M4TG94 �ɧýgxxǲşuʏõ�ƃxqnve�iʏõȈ`Ŧɔyɞøgi�ÐnÑùȹ
{Ǐˤ| -�uwqn RZB]d�*�Me{�yx G94 {ɧýŹĀ|iɲũ�y��ĺɫƯɢ 6%� �
Ñ ¶Ñùʏõ{ʶƋ )+�vɵ˘uw�ev_�iʿʏõy^x‒�Ř、uʋȋi� CQ G94�*y
˒ˠi��¯�ÕȈ»Ï¦�ÊǍ�ʏõĜȈǍvgnĺɫƯɢ 6%� ĜȈù{İƀuǽƃg‒x
�þʄȈ`Ƽƕf�n*1Mx^ȀƩ»Ï¦�Êv 4TG94 {ˬƵˎ�ýz�Ⱦ��y CQ G94�*{

1) H2NOH·HCl
        pyridine, MeOH

O

MeO

O

CD3

MeO
DMF/D2O

80 ℃, 20 h

piperidine
AcOH

D

D
N

CD3

MeO

D

D

OSEM

2) NaH, SEMCl
    DMF, rt

9-d5

D2C O

CD3

N OSEM

CD3

N OSEM

OMe

D

D

OMe

D

CD3

N OSEM

MeO

D
D+

67%

28-d4
12

: 27-d5
88

9-d5

Pd(TFA)2 (10 mol %)
L13 (30 mol %)
DMBQ, Ag2CO3

Na2HPO4·12H2O
dioxane, 90 ℃, 1 h

B(OH)2

47

(3.0 eq.)

+

N OSEM
N OSEM

OMe
OMe

N OSEM

MeO

+

78%

28
45

: 27
55

9

Pd(TFA)2 (10 mol %)
L13 (30 mol %)
DMBQ, Ag2CO3

Na2HPO4·12H2O
dioxane, 90 ℃, 1 h

B(OH)2

47

(3.0 eq.)

+

cf.
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e�|ÃÕ¬�¸Õ˓ɶȹ�ɧýgxxʏõǲşy^x‒iʈáƯvg‒˚xn¯��n±Ñ˓
ɶȹ L13 v�ÐnÑÆÓÕƩ 2 y���Ó§�°ÁÐÕ�ʏõ`ǽƃgnev�Ƽƕg‒x�M�

�
GNO;R�),	� ȺǦǃŧ�

�

�
ʦȋȉʩ{ȋȉİƀyrx‒ƂƢi�ywn�i*()1 ʃ{ 9[c �{ʶƋyɓˊgn+(�  FPURYR�

*/�Mʔ�|»Ï¦�Ê (�vƩù･`ŁǶʉvg‒Ɵ˚i�evy��i�ÐnÑÆÓÕƩv�
Ñ�Ñ�ÐnÑ¯��n±Ñ˓ɶȹ{�Ó§�°ÁÐÕ�ʏõ`Źˤɢyǽƃi�ev�ʶƋ
g‒x�M�
�

�
FPURYR�*/�

�

97%1

entry resultconditions

standard conditions

2

 without DMBQ

3

5%

+

N OSEM
B(OH)2

MeO

MeO

 without AgTFA

4*

92%Pd(TFA)2 used in place of Pd(OAc)2 and AgTFA

N OSEM

MeO

OMe9 2 15

81%

Pd(OAc)2 (10 mol %)
  DMBQ (30 mol %)

AgTFA, Ag2CO3

Na2HPO4·12H2O 
dioxane, 90 ℃, 2 h

S

Cl
L13 (30 mol %)

S

MeO

Cl OMe

*Isolated byproducts

81

L12

+
B(OH)2 PdCl2(dppf) (15 mol %)

Ag2O (2.5 eq.)

DMF, 60 ℃, 20 h
(1.9 eq.)

S

N
N N

N
N
N N

N

96%

Fox:

via

R
Pd

S
Ag
O

B
HO OH

Ag

R’

L L
Het
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�
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�
�
�
�
�
�
�
�
�
�
�
�
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�
�
�
�
�
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S

Cl
+

B(OH)2

MeO
2L13

Pd(0), Ag salt
Cl OMe

81

S

MeO
L12
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ø{�yxʏõİƀuǽƃg‒x��{vȂɠgn 99TC]R�)(�M�

�
99TC]R�)(	� Ƕʉ£��Ñ�

�
e�|iɲũ�y�q‒ʶƋf�‒x�»Ï¦�ÊǶʉ�˚xnʺƈȲùƊʩ{ 6%� �Ñ 
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N OSEMHa

+PdTFA

L

L

R Hb

Ar B(OH)2

N OSEM

PdTFA

L

L

R

N OSEM

PdTFA

L

L

R

N OSEM

Ar

R

N OSEM

R

N OSEM

R

Ar

Ar B(OH)2

F

G

H

-Ha

-Hb

Pd(TFA)2

Pd(0)

N OSEM

PdAr

L

L

R

Pd(0)

N OSEM

PdAr

L

L

R

Ag(I)

Ag(0)

Ag(0)

Ag(I)

electrophilic
C-H activation

transmetalation

transmetalation
reductive 

elimination

reductive 
elimination

reoxidation

reoxidation
+

+
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�q‒ CQ ���yƗƩùf�‒Ƕʉ£��Ñ`ĞŞi�M�

�

�

FPURYR�*1�
�

¯��n±Ñ˓ɶȹ{ɧýŹĀyĦg‒| 6N]][b �y�q‒ǪƙyćȐf�‒^�i�Ñ�
Ñ�ÐnÑ¯��n±Ñ{ʈáy�q‒ĆƊǳȽyw�»Ï¦�ÊǕƊȹ`ćˣgiĺɫƯȈ{
Ɖx¯��n±Ñ%»Ï¦�Ê )2) ʨƊȹyȋȉʕˤ`」�ev` A#E ǃŧy��Ė：f�‒
x� */N� 99TC]R�))�M6N]][b �y��e{ǃŧŞĀ�Ƃ˪i�vi¯��n±Ñ˓ɶȹ{ʈáy
�q‒ʏõĜȈǍuw�¯��n±Ñ%»Ï¦�Ê )2) ʨƊȹ{ȵƜĚƊ`ȪýgnŞĀiĺɫƯ
ɢ 6%� ĜȈù`Ȭǽf�n�{vȂȮf��M�

�
99TC]R�))	� ¯��n±ÑʈáƯ%»Ï¦�Ê )2) ʨƊơȹ{Ŗȉ�

�

Ha

PdTFA

L

L

R Hb

+

-TFA

Ar B(OH)2

N OSEM

PdTFA

L

L

R

N OSEM

PdTFA

L

L

R

N OSEM

Ar

R

ArN O
+

PdTFA

L

L

R

SEM

N OSEM

R

Ar B(OH)2

F

G
Ag2CO3

-Ha

-HbPd(TFA)2 [PdOCOCF3]+

N OSEM

N OSEM

R

Pd(0)

H

Pd(Ⅱ)

+

+

Ha

Hb

monomeric
thioether-Pd spieces

L = thioether ligand
S

Me2N

PdAcO OAc
L

L

PdAcO OAc
L

PdAcO
OL
O

Me
PdL

OAcO
O

Me

PdAcO
OL
O

Me
PdO

OO
O

Me

PdO
OAcO
L
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Pd(TFA)2

-TFA

Ar B(OH)2

N OSEM
Ha

+PdTFA

L

L

Ph

N OSEM

PdTFA

L

L

Ph

N OSEM

PdTFA

L

L
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G

H
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-Hb

N OSEM
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27
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Ph

N OSEM

MeO Ph
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••

+

+

MeO
Ar =

TFA

L

L N OSEM
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+Pd
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Pd(TFA)2
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Ar B(OH)2

N OSEM

PdTFA

L
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N OSEM
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G
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N OSEM
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N
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80%3 hH

R = SEM (25)

Ph Ph+

R = H (82)
BF3·OEt2
quant.

(1.2 eq.)
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f�x�Ţǩ`ʚ˜uw�MʿǨuƊȉʹ�Ė˥gn×áy˘mx�ÐnÑĩ�ˑi�Ö�×%ʟ
ʼ˻��¥Ê˓ɶȹ|¾Ð¦Õ +){�x�ji¾ÓnÑ+*��¿ÏÕ +*�++i�¸ÐÕ+,i�«��£
¬nÑ+-�xw{Â±ÓʺƈȲùƊʩ{ƊȉȝŎȹvg‒Ĝ˚þʄuw�ev_�iʿǌʹ|Əų
{Ɗȉùęʪˌ{ʋɦyĪ˖i��{vĮȼf�� 99TC]R�)*�M�
�

�
99TC]R�)*	� Ö�×%ʟʼ˻��¥Ê{ƊȉȝŎȹvg‒{Ĝ˚˳�

�
�
�
�

N

Ph
Ph

Rh cat.

N OR1

Ph Ph

R2

R2

O

R3

OR3

R2

Rh cat.

N

R3

NR3

R2

Ts

hν

NO

Cu cat.

R2

Ts

quinolinepyrrol furan isoxazole pyridine

β-aryl substituted
α,β-unsaturated oximes

Rh cat.

N

R2
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ɀ * Ǩ� Ö�×%ʟʼ˻��¥Ê{×áțɂɢ�Ñ ¶Ñùʏõ�ˡ˚gnǹĲ¾Ð¦
ÕƊȉʹ{Čʋ�
�
ɀ)Ȗ ʇŗ�
�

çˎʝ{ùęƀȫ{ɒy|ħɐȡʨȡĢ�ˑi��{`ȸʼȵƜi�MƘŋ{ʶƋy��vʯ
ƌ 974 `ǡ：gnçˎʝ{ypħɐȡʨȡĢƀȫ�ˑi��{` -1�y�u{��+.M�n
*()1 ʃ{ȆĊ{çˎʝʊǭƉ +( áà、{Ȏʝ{yp 1 Ȏʝ{ùęƀȫyħɐȡʨȡĢ`ħ��
�ev_��iħɐȡʨȡĢùƊʩ{çˎʝʪˌy^c�ˑ˚Ȉ|˵ȟvg‒x�+/�  99TC]R�)+�M�

�
99TC]R�)+	� ħɐȡʨȡĢƀȫ�ˑi�ɞʪƯçˎʝ�

�
e��w�uyħɐȡʨȡĢùƊʩ`ȤˎùęŤĻuĜ˚f�‒x�ˢ˒vg‒|il{ùę

ƀȫyħ���ɐȡũƯ{ȈǂvĢƀȫyĴìg‒x� 99TC]R�),�MɐȡũƯ|ɈȡũƯ���
ɫıîȈɮ`ȿax{uˑİʪƯ�ʪŊfk�
evyýziȃȡŞƊ�ŖȉþʄxŰ˥ɫƯȺ
�ˑg‒x�ev_�iȃ˙Ȉ{ģɩuŻ�g
xɺȈ�ˑg‒x� +.O�+0Ml{n�iħɐȡʨ
ȡĢùƊʩ|ɈȡĢùƊʩ���ː�nº���Ã�Ï½Ð±� ȋʩęɢˡ˚ˤ��ƼiþʄȈ
`Ɖxev`Ȥˎùęʪˌuʐ˚f��êìvxq‒x�MêʸiĢǳƀȫ|ŞƊĈɨ�Ŭɠi
�evuil{ùƊʩ`ǋ�ɹ�˥ȹʈƖ{ƽ˒ɮ`ʗĢǳƀȫvʕ�‒ȇŬf��n�iȋȹ

N

N

NN

O

O
NH2

O

O

Eliquis (Apixaban)
$ 12.1 Billion

N

NH2

O

NH
O

O

Revlimid (Lenalidomide)
$ 9.3 Billion

N

N N
N

O

NH2

N

O

Imbruvica (Ibrutinib)
$ 8.0 Billion

NN O

O

O

HN O

S

O
Xarelto (Rivaroxaban)

$ 6.8 Billion

Cl

N

NNO

O

H
N N

N
NH

Ibrance (Palbociclib)
$ 4.9 Billion

N

FO

H
N

N
O

S

CN

CF3

Xtandi (Enzalutamide)
$ 4.3 Billion

NN versusversus

carbocyclicN-heterocyclicacyclic
Figure 14
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、ʛɢʪƯv�Õ³Ó¾nɢyˑˡxȨŲƟ˚�ĕɹi�ev`Įȼua� +.�+1M�
ħɐȡʨȡĢùƊʩ{x_u�iɺyǕ˜xÌ¯n¿vg‒¾Ð¦Õ`ľd���Mʯƌ 974

`ǡ：gnɞʪƯçˎʝ{ʤʪƀȫ{ypiƘ�ʞǗ{ħɐȡʨȡʺƈĢ|¾Ð¦Õuw�vx
yɱŚćȐ²n­`˺ʬʶƋf�‒^� +.Ni*()1 ʃ{ȆĊ{çˎʝʊǭƉ *(( Ȏʝ{yp )( Ȏ
ʝàǭ`¾Ð¦ÕĢ�ʤʪƀȫyħ�ev_��Ȥˎùęʪˌu{¾Ð¦Õ˓ɶȹ{ˑ˚Ȉ`
ǃǩf�‒x� +/Màøy¾Ð¦Õƀȫ�ˑi�ɞʪƯçˎʝ�Ƽgn`il{ȸʼ`¾Ð¦Õ
Ģǭy˘mxɎġĩ�ˑg‒x�ev`�_� 99TC]R�)-�M�

�
99TC]R�)-	� ¾Ð¦ÕĢƀȫ�ˑi�ɞʪƯçˎʝ�

�
e{�yyi¾Ð¦Õ˓ɶȹ|Ȥˎùęʪˌuˡ˚üɌ{ƉxùƊʩőuw�ev_�iɎġ

¾Ð¦Õ{Ɗȉʹ{Čʋ|ˑİùęʪˌuȿaxĦǸ�Ǔ�‒^�ie��uȍ˱ɢyŤĻ`ƃ
��‒anM¾Ð¦ÕƊȉ{ŭɥɢǌʹvg‒i�NZBeAPU ¾Ð¦ÕƊȉ,(� � 5[U;YNZZ%ENUBe ¾
Ð¦ÕƊȉ,)�xw�Ñ´nÑʏõ�È� Ñʠýʏõ�ŎƫgnɋčɢxƊȉʹ`ɍ��‒x
�`iƊȉþʄx¾Ð¦Õ˓ɶȹ{Ɏġ»­nÕ�Ɏġĩ{Ǎ˲|Ŭɠɢuw� FPURYR�+,�M�

�

�
FPURYR�+,�

N

O

Cl

N

OH

O

Bepotastine

N

O

OH

O

F

OH OH
Cerivastatin

H

O
H HO

N

Abiraterone Acetate

F
Cl

Cl

O

NH2N

N
N

NH

Crizotinib Roflumilast Nexium

N

H
N

S
O

N

O

O

O

O O

HN

NCl

Cl

F

F

Hantzsch Pyridine Synthesis:

R1O

O

OR2 R2O

O

OR1

R3

OH

NH3
N
H

R3

R2 R2

OR1

O

R1O

O
[O]

N

R3

R2 R2

OR1

O

R1O

O

Bohlmann−Rahtz Pyridine Synthesis:

EWG

R1H2N O R2
+

EWG

R1H2N

O

R2

H+, Δ

Δ

N

EWG

R1 R2
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e��våx�Ɗȉ�ÁÓn¯vg‒|iȜæŌȱǶʉ�˚xn¶³ÐÑv�Ñ�Õv{
L*�*�*MʠýĢùy��¾Ð¦ÕƊȉʹ`Čʋf�‒x�,*Me{ʸʹu|i¾Ð¦ÕĢƀɏ|
Źˤɢyǽƃi�êʸuiɣ˚þʄxĩǂ{Ǎ˲yȇŬ`w� FPURYR�+-�Me{�yyiǔˠʹ
uƊȉþʄxɎġ¾Ð¦Õ{Ǎ˲|Ŭ��‒x�n�iǜʾ{Ɏġ»­nÕ�ˑi�¾Ð¦Õ˓
ɶȹ�țɂɢyƊȉþʄxǌʹ{Čʋ`ʾ��‒anM�
�

�
FPURYR�+-�

�
ŋʃiÖ�×%ʟʼ˻�ÉÕ�ƊȉȝŎȹvg‒˚xnɎġ¾Ð¦Õ{áɎțɂɢƊȉʹ{Čʋ

`ɓˊ�Ǔ�‒x�M*((0 ʃy 5R]TYNZ v 8;;YNZ �|iÖ�×%ʟʼ˻�ÉÕv�Ñ�Õv{Ó
¦�ÊǶʉL,�*MĢùʏõy��Ɏġ¾Ð¦Õ{Ɗȉ�ʶƋgn,+�  FPURYR�+.�Mʿʏõ|i6%�
ĜȈùʏõ�Ö�×%ʟʼ˻�ÉÕ{×áğʄĩùyɣ˚i�evuȸɎġ¾Ð¦Õ`Ɗȉþʄu
w�ev�ƼgnȘŎɢx˳uw�ie{ʶƋàƆiÓ¦�ÊǶʉy�� 6%� ĜȈù�ˡ˚gn
Ɏġ¾Ð¦Õ{Ɗȉʹ`ȅȸʼʶƋf�‒anM�

�

�
FPURYR�+.�

�
ɺyÖ�×%ʟʼ˻��¥Ê�ƊȉȝŎȹvg‒˚xn¾Ð¦ÕƊȉʹ{ʋɦ`ˊė�gʼiÓ

¦�ÊǶʉ�˚xnL,�*MĢùʏõy��Ɏġ¾Ð¦Õ{Ɗȉʹ`ȅȸʼʶƋf�‒x� +)M
*((0 ʃy 6URZT �|i) ü{Ó¦�ÊǶʉ�˚x�evy��Ö�×%ʟʼ˻��¥Êv�Ñ�Õ
_�Ɏġ¾Ð¦Õ`Ɗȉþʄuw�ev�ʶƋg‒^� +)Nil{ųiș˛�y�q‒ + ü{Ó¦
�ÊǶʉu�ɵ˘{ʏõ`þʄuw�ev`ʶƋf�n +)O� FPURYR�+/�M�

�

[2 +2 +2] cycloaddition :

R2

R2

R2

N

R1

R2 N

R2

R2

R2

R2
R1

Metal catalyst
N

R1

R2

X
R2

or + N

R2

R2
R1

or X

R1

N Bn
Rn R2

R2

N

R1

Bn

R2
R2

Rn

1) [Rh(coe)2Cl2]
    (DMAPh)-PEt2

toluene, 100 ℃

2) Pd/C 
    toluene/TFE, 0 ℃

3) H2 (1atm), rt
N

R1

R2
R2

Rn

15 examples
32−86%

Bergman and Ellman:
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�
FPURYR�+/�

�
�n 5R]TYNZ v 8;;YNZ �|ie{Ó¦�ÊǶʉ�˚x�ǌʹyˀɉ�Ñ�Õ�ɣ˚i�v -

áɎġ¾Ð¦Õ`ːȘg‒ɹ���ev�ʶƋg‒x� +)P� FPURYR�+0�Mg_gixj�{Ɗȉ
ʹy^x‒�ɾɎġʗȺǧ�Ñ�Õ�˚xnǰƊ|áɎțɂȈ{ȇŴ`Ɛ。uw�iáɎåȈȹ
{ƒƊʩ`ɹ���ev`ʶƋf�‒x�M�

�
FPURYR�+0�

�
*()) ʃy E[a9A �|iÓ¦�ÊǶʉL,�*MĢùʏõy˚x�ʈáƯ{Ţɳ�ƃxi˥ȹɢyȄ

Ɖx 6?B� Q9%BR]B%OCBd;�PdP;[?RZBNQ9RZd;�ʈáƯ�˚x�váɎțɂȈ`źǭi�ev�ťǗg‒
x� +)Q� FPURYR�+1�Mg_gx`�iĞ˾xáɎțɂȈ{ʋūy|ƴq‒xxxM�

�
FPURYR�+1�

R1

N OH
Rn R2

R2

N

R1

R2
R2

Rntoluene, 130 ℃
Rh(PPh3)3Cl

11 examples
62−94%

R1

N OH
Rn R3

R2

N

R1

R2
R3

RnMeOH, 60 ℃

[RhCp*Cl2]2
  CsOPiv

1.5 : 1−2.3 : 1 rr
26 examples

40−88%

Cheng:

Chiba:

+ N

R1

R3
R2

Rn

Bergman and Ellman:

R1

N OH
Rn

N

R1

R2

RnTHF, 135 ℃

[Rh(coe)2Cl2]
P(OiPr)3

> 20 : 1−1.6 : 1 rr
17 examples

20−89%

+ N

R1

R2
Rn

R2
5

6

R1

N OH
Rn R3

R2

N

R1

R2
R3

RnTFE, 45 ℃

[RhCptCl2]2
  K2CO3

1 : 1−10 : 1
18 examples

45−95%

+
N

R1

R3
R2

Rn

Rovis:

tButBu
Cpt =
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e{�yxɎġ¾Ð¦ÕƊȉ{áɎțɂȈyĦi�ĂɁyȺg E[a9A �|iÖ�×%ʟʼ˻��
¥ÊvĜȈù�Ñ Õ�˚x‒Ó¦�ÊǶʉ 6%� �Ñ ¶Ñùʏõ�ƃyvi. áɎġ¾Ð¦Õ
`ƉxáɎțɂȈuɹ���ev�ʶƋgn,,�  FPURYR�,(�Mʿǌʹu|iĜȈù�Ñ Õ�˚
xnǰƊ| . áɎġ¾Ð¦Õ`ƉțɂɢyƊȉþʄuw�n�ʗǱyŹˤɢuw�`iêʸui
�Ñ�Ñ�Ñ Õ{�yxʗĜȈù�Ñ Õ�˚xnǰƊy|-áɎġ¾Ð¦Õv{ƒƊʩ�˖
z�ev�ʶƋg‒x�M�

�

�
FPURYR�,(�

�
E[a9A �|f�yiÖ�×%ʟʼ˻�ÑÆÕƩ�ʏõĩǂvg‒˚x�vÖ�×%ʟʼ˻��¥Ê{

×áuÓ¦�ÊǶʉɄɈƩ�°ÁÐÕ�`ǽƃgi- áɎġ¾Ð¦Õ�ŹˤɢyƊȉua�ev
�ʶƋg‒x�,-�  FPURYR�,)�Mʿǌʹu|i�ÑÆÕƩ{Ó¦�ÊǶʉ�{ʈá�ˡ˚i�e
vuáɎțɂȈ{ȇŴ`þʄvx�il{ŞĀ - áyɎġĩ�ˑi�¾Ð¦Õ˓ɶȹ�Źˤɢy
ƊȉþʄvxqnM�

�

�

FPURYR�,)�
�
�

R1

N OPiv

R3

N

R1

R3DCE/AcOH, 85 ℃

[RhCp*Cl2]2
  AgOAc

> 20 : 1 regioselectivity
18 examples

33−95%

R2 R2

Me

N OPiv

Hex

N

Me

HexDCE/AcOH, 85 ℃

[RhCp*Cl2]2
  AgOAc

1 : 1.3 rr, 72% yield

Me Me

R3 = EWG, aryl

N

Me
Me

+

Hex

N

R1

R2

+

R3

Rovis:

5
6

R3

> 20 : 1 regioselectivity
16 examples

37−82%

CO2H

R1

N OPiv

HFIP, 58 ℃

[RhCpCF3Cl2]2
  AgOTs, K2S2O8

R2
N

R1

R2

R3

Rovis:

5

MeMe
MeMe

R

Cp*: R = Me
CpCF3: R = CF3
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e{�yxÓ¦�ÊǶʉy�� 6%� ĜȈùʏõ�˚xnǌʹy��iÖ�×%ʟʼ˻��¥Ê_
�Ɏġ¾Ð¦Õ`ƉxáɎțɂȈuƊȉþʄyxq‒anMêʸi×áyɎġĩ�ˑi�Ö�×%
ʟʼ˻��¥Êv�Ñ Õv{ʏõu|i6%� ĜȈù{ʏõȈ`Ŧɔyɞøi�ev`ʪ_q‒
x�,.�  FPURYR�,*�Mgn`q‒iÓ¦�ÊǶʉ�˚xnǌʹu|i, áyɎġĩ�ˑi�¾Ð¦
Õ˓ɶȹ�țɂɢyƊȉi�ev|Ɛ。uw�Màǭ{�yyiÖ�×%ʟʼ˻��¥Ê{�yx
˗äyəȊþʄx½Ñ²�Õ�ÀÓ°�_�ǜʾ{Ɏġ»­nÕ�ˑi�¾Ð¦Õ�ƽƜyƊ
ȉi�ǌʹ|˂oĖ˥f�‒xxxM�

�

FPURYR�,*�
�

leuɔǅ|iȝǨy‒Čʋgn�¯�ÕȈ»Ï¦�ÊǶʉ�˚xnÖ�×%ʟʼ˻��¥Ê{
×á�ÐnÑùʏõ�i×á�Ñ ¶Ñùʏõyʋɦfk�ev`ua�}ǹĲ{Ɏġ¾Ð¦Õ
Ɗȉʹvx��{vƂzn FPURYR�,+�Mix�piȝǨu˚xn�ÐnÑÆÓÕƩ{Ⱦ��y
�Ñ Õ˓ɶȹ��°ÁÐÕ�»n³µnvg‒ƫ˚i�evuiÖ�×%ʟʼ˻��¥Ê{×á
u 6%� �Ñ ¶Ñù`ǽƃg‒ )%�¤³Ð�Õ`ȋȉgiʂɢxɫƯĢǳʏõv A%B ŞƊ{Č
˶�ʍyʺƈù`˷ȳɢyǽƃi�evy��¾Ð¦ÕùƊʩ�ȋȉʩvg‒˖z�vƂznM
ʿǌʹ`ǃūua�}i�Ñ Õ˓ɶȹ�˚xnÓ¦�ÊǶʉy��Ɗȉʹu|˂oƊȉƐ。u
w� , áɎġ¾Ð¦Õ{țɂɢƊȉʹvx�ɹ�Mg_gx`�ie��uy»Ï¦�ÊǶʉ�
˚xn6%�ĜȈùʏõy��Ö�×%ʟʼ˻��¥Ê_�¾Ð¦Õ�vʲġgnʏõ˳|ċ˄uw
�ev_�iʿʏõ{Čʋ|ʗǱyɗȚɢuw�M�

�

�
FPURYR�,+�

�
�

�
�
�

Me

N OMe

R

N

Me

Rsolvent, temp.

[RhCp*Cl2]2 (2.5 mol %)
  AgX or CuX (2.1 eq.)

not observed

N

Me

+

R
Ph Ph Ph

R = CO2Et or Ph not observed
various conditions

4 4

N OR Pd(Ⅱ)
R1

R2

6π N

R2

R1

N OR

R1
H

R2

N

R2

R1

OR
-ROH

electrophilic
C-H alkenylation

electro
cyclization

aromatization
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ɀ*Ȗ ʏõǲş{Ţɳ�
�
ɀ ) Ƈ� ʈáƯ{Ţɳ�

ʿʏõ{Ţɳ�ČƮi�ywn�iǛĮŢɳ˚{ĩǂvg‒|¦ÃÕ¦Ð²Õ�©³Õ_�˓
ɶþʄx��¥Ê�n±Ñ 84 �țɂgn FPURYR�,,�MȝǨu{ŢɳŞĀ_�i×áyɎġĩ�
ˑi�Ö�×%ʟʼ˻��¥Êu|��¥Êʤʪ{ 8
K åȈù`ǽƃg�ixvxyɍť`ɹ��
‒x�n�i8
K åȈȹyĴìi�ʨƣf�Ĉーi�ˊɢuiȺǧ��¥Ê 84 �ʏõĩǂvg
‒țɂgnMx^��¥Ê 84 |ưʒ{¦ÃÕ¦Ð²Õ�©³Õv B%Ë¯Ñ¼´Ó�¥Ñ�ÉÕ
_� ) żɡuəȎþʄuw�iȋȉʩ|ßɠxŞǤvg‒ɹ��n FPURYR�,,�M�

�

�
FPURYR�,,�

�
�j»n³µn�Ò¿�Õvg‒|��ÐÑƩË¯Ñ 85��iƩùƛy|³Ð¿Ñ�ÓȀƩ･

�i̇ ʉy|ȝǨu{�ÐnÑùʏõuƘɣuwqn¦��£Õ�˚xiȀƩ»Ï¦�ÊȵƜøi
1(ru *,� ƺĥýʂĒ˽gnve�iʾ�{¾Ð¦Õ 86 `ɞǏˤx`�ɹ��n FPURYR�,-�M
x^iÖ�×%ʟʼ˻��¥Ê{×á`�Ñ ¶Ñùf�nȋȉʩ87|Ė：uax_qnev_�i
ȋȉgn )%�¤³Ð�Õ_�¾Ð¦ÕĢ�{Ģùɋč|Ȱ�_yǽƃi�ev`Ƽƕf�nMʿ
ʏõy^c�˙ʉŹĀ�Ė：i�ʼi³Ñ�Õi)�*%¦�ÓÓ�­Õi7#9i�9�C ɰ{˙ʉ�
Ţɳgn`ixj��ʏõŘ`ʨƣùi�{�uwqnM�

�

�
FPURYR�,-�

�
ƻyiʈáƯ{Ţɳ�ƃyevvgnMɀtǨu{ŢɳŞĀ_�iɣȓxʈáƯ�ɧýi�e

vy��»Ï¦�ÊǶʉy�� 6%� ğʄĩù`Ȭǽf��vxyɍť�ɹ‒xn{uiʈáƯ
{ɧýy��ɵ˘{ʏõȬǽŹĀ�ĮȼgnM�

N OMe

EtOH, rt

84

O H2NOMe•HCl
pyridine

N OMe
N

CO2Me
Pd(OAc)2 (10 mol %)

AgTFA (2.5 eq.)
dioxane

 90 ℃, 24 h

CO2Me

84 86

85

17%

N OMe
CO2Me

0%

(3 eq.)

87
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ŋʃi»Ï¦�ÊǶʉ�˚xn��¥Ê˓ɶȹ{ 6%� �Ñ ¶Ñùʏõ{ɧýƛvg‒¾Ð
¦Õ`ˑŹuw�ev`ʶƋf�‒x�,/M*()1 ʃy =9 �|i»Ï¦�ÊǶʉ�˚xn B%Ë¯
ÑÃÕ¬¯�¸��¥Ê{ 6%� �Ñ ¶Ñùʏõy^x‒i,(�Y[;��{¾Ð¦Õ�ɧýi�v
Ǐˤ`śɢyźǭi�ev�ʶƋgn ,/N� FPURYR�,.�M�n�Õ´nÑ��¥Ê˓ɶȹyȺi�
ɵ˘{ʏõy^x‒�i*( ɯ˯{¾Ð¦Õ{ɧý`ʏõ{ǽƃyʚǿuw�ev�ʶƋg‒x�
,/OM¾Ð¦Õ{ɧýŹĀyĦi�ǪƙxʏõİƀćȐ|ƃ��‒xxx�{{ixj�{ʏõy
^x‒�¾Ð¦Õ�ɧýgxxǲşu|ɔgʼǏˤ`ɞøg‒x�ev_�i¾Ð¦Õ{ɧýy
��ʏõȬǽŹĀ`Ŧɔyʜ�‒x�M�

�
FPURYR�,.�

�
e{�yx =9 �y��ʶƋ��vyi¾Ð¦Õvl{˓ɶȹ{ɧý`ʿʏõy�ˑŹuw�_

�Ţǩgn GNO;R�).�M�j¾Ð¦Õ L19�ĸ~ *�.%Ñ¯¦Õ L20��ɧýg‒ʏõ�ƃxqnv
e�i˕Ȧyʏg‒ʏõ`ȣďf�iʾ �{¾Ð¦Õ 86 |Ƞʼɹ��x_qnMêʸui¾Ð¦
Õ{uáv . áy B5C ĩ�ˑi�¾Ð¦Õ˓ɶȹ L21 � L22 {ɧýǲşu|ʏõȈ`źǭgi
ˊɢ{¾Ð¦Õ 86 �l�m� ,/�v ,,�u˖znM�

�
�
�
�
�

N OMe
Pd(OAc)2 (10 mol %)
pyridine (40 mol %)

AgTFA (1.5 eq.)
AcOH

 110 ℃, 20 hS
S

N

(2.0 eq.)

69%
(without pyridine: <10% )

N OMe Pd(OAc)2 (10 mol %)
pyridine (20 eq.)
Ag3PO4 (1.5 eq.)

HFIP
 110 ℃, 20 hF

N

F

(2.0 eq.)

79%
(without pyridine: <10% )

NPh

NPh

Ji:

+

+
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GNO;R�).	� ¾Ð¦ÕʈáƯ{Ţɳ�

�
�

ƻyi¾Ð¦ÕĢǭyɫƯŀ˖Ȉ{Ɖx�Ñ¢�¥ĩ�ˑi�*�.%¦�Ñ¢�¥¾Ð¦Õ L2348 

� L24 �Ţɳgn`iʏõȈ{źǭ|���x_qnMleui��ɫƯŀ˖Ȉ{Ɖx¦�Ñ�
Ñ�É¸ĩ�ˑi�¾Ð¦Õ˓ɶȹ L25 � L26 �Ţɳgn`iʏõȈ`ŦɔyɞøgnMe{�
yx¾Ð¦ÕĢǭ�{�É¸ĩɶ・y��Ǐˤɞø{ˢ˒vg‒|iɫƯŀ˖Ȉĩy�q‒¾Ð
¦Õƀȫ、{ɐȡũƯ{ʈáʄ`ń���iǶʉɻvg‒Ɵ˚g‒g�qnev`ũìuw�v
Ƃz���M�

�
�
�

N OMe
N

CO2MePd(OAc)2 (10 mol %)
ligand (30 mol %)
AgTFA (2.5 eq.)

dioxane
 90 ℃, 24 h

40%

N

0%

N

29%

MeO OMe N

32%

O O

N

47%

N

21%

OMe N

32%

O

50%

N

23%

N

26%

O

17%

none

NO O

N O

38%

ON

N

25%

O NN

14%

MeO N

L19

L23 L24

L21

L27 L28 L29

L31 L32 L33

ligand

N

0%

N

44%
L20 L22

L25 L26

L30

CO2Me
85 (3 eq.)

84 86
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ƻyi�¸ÐÕ˓ɶȹ{ɧýŹĀ�ŢɳgnM*%Ë³�¥�¸ÐÕ L27�u|ʏõȈ{ʲù|�
��x_qn�{{iņˁǻxevyi�¸ÐÕ{ * áy��ȄƉxɎġĩ�ɶ・gn�¸ÐÕ
˓ɶȹu|Ǐˤ`źǭi�ŞĀvxqnMɺy )%�®ÈÕ­¸nÑ�ɶ・gn L29�� ĸ~ *%�®
ÈÕ­¸nÑ�ɶ・gn L30 u|ŦɔyʏõȈ`źǭgil�m� ,(�v +0�{Ǐˤuʾ�{
¾Ð¦Õ 86 `ɹ��nMe��{ŢɳŞĀ_�i¾Ð¦Õƀȫ、{ɐȡũƯǐʳ{˥ȹɢ˜ì
`ʏõȈyñŇ�˖z‒x�ev`Ƽƕf�nMleuſx�Ǐˤźǭyźci��ȄƉxɎġ
ĩ�ˑi�¾Ð¦Õ˓ɶȹvg‒ )%�®ÈÕ¯Ñ��¥ĩ�urɶ・gn¾Ð¦Õ˓ɶȹ L31

�˚x‒ɵ˘{ʏõ�ƃqnve�iĮȼgnɝ�ʏõȈ`źǭgi-(�{Ǐˤuˊɢʩ`ɹ�
�nMx^ JC �y�q‒Čʋf�i»Ï¦�ÊǶʉ�˚xn 6%� ğʄĩùʏõuˑŹuw�e
v`ʶƋf�‒x��¸ÐÕʈáƯ L32,1�� + ĢȈ{��Ð¦Õ L33�-(� �Ţɳgn`iǏˤ{
źǭ|���x_qnM�

êʑɢyȀƩ»Ï¦�ÊyȺg‒¾Ð¦Õ�Ɵ˚fk�vi¾Ð¦Õ%»Ï¦�Ê *2) ʨƊơȹ
Cd*CQ B4P�* `Ŗȉf�‒ßɠùi�ev`ɍ��‒x�-)ML21 � L31 xw{ȄƉxɎġĩ�
ˑi�¾Ð¦Õ˓ɶȹ�ɧýgnǰƊ|iɐȡũƯǐʳ{˥ȹǬďy�q‒ʏõȈ{ƉxʈáƯ
%»Ï¦�Ê )l) ʨƊơȹ{ȵƜĚƊ`Ȫz�vƂz��il{ŞĀiĺɫƯɢ 6%� ĜȈù`Ȭ
ǽf�n�{vƂƢg‒x� 99TC]R�).�M�
�

�
99TC]R�).	� ¾Ð¦ÕʈáƯ{ɧýŹĀ�

�
*((1 ʃy JC �|i»Ï¦�ÊǶʉ�˚xnɫƯʟȯ�ÒnÕ{ 6%� �Ñ ¶Ñùʏõy^

x‒iȄƉx¾Ð¦Õ˓ɶȹ L34 {ɧýy��ʏõ`śɢyȬǽf��ev�ʶƋgn-*Me{
ʏõ�iɲũ�y�q‒ʶƋf�‒x�»Ï¦�ÊǶʉ�˚xnʺƈȲùƊʩ{ 6%� �Ñ ¶
Ñùv˲Ƹ{ĺɫƯɢxİƀuǽƃg‒x��{vƂz��� )(� FPURYR�,/�M�

�
FPURYR�,/�

Pd
N

F3COCO
N

OCOCF3 Pd
N

F3COCO OCOCF3
monomeric

L31-Pd complex

OAdAdO

AdO OAd

AdO OAd -OCOCF3
Ln[PdOCOCF3]+

cationic
 palladium spieces

L312Pd(TFA)2
(unreactive)

Pd
N

AcO
N

OAc

Py2Pd(OAc)2
(unreactive)

-L31

Pd(OAc)2 (10 mol %)
L34 (20 mol %)
Ac2O (1.0 eq.)

O2 (1atm)
90 ℃, 24 h(1.0 eq.)

52%

Yu:

+

CF3

F3C

CO2Et
CF3

F3C CO2Et(20 eq.)

N

L34

Et BuEtBu
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ʏõİƀćȐ{ŞĀiȄƉxɎġĩ�ˑi�¾Ð¦ÕʈáƯ L34 {ɧýy��ʈáƯ%»Ï¦
�Ê )2) ʨƊơȹ L34CQ B4P�* vl{u˯ȹLL34CQ B4P�*M* {ȵƜĚƊ`Ȫz�ev` A#E
ǃŧy��Ė：f�‒^�ie��`ʏõĜȈǍvx�evuĺɫƯɢ 6%� �Ñ ¶Ñùʏõ
`Ȭǽf�n�{vƂz��� 99TC]R�)/�M�

�

�
99TC]R�)/	� ¾Ð¦ÕʈáƯ L34 {ɧýy��ʈáƯ%»Ï¦�Ê )2) ʨƊơȹ{Ŗȉ�

�
JC �y��e{ǃŧŞĀ|iȄƉx¾Ð¦Õ˓ɶȹ L31 {ʈáy�q‒ʈáƯ%»Ï¦�Ê

)2) ʨƊơȹ L31CQ G94�* {ȵƜĚƊ`ȪýgnŞĀiĺɫƯɢ 6%� ĜȈù`Ȭǽf�nvx
yɔǅ{úȗ�Ʊƹi��{uw�M�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�

�

Pd
N

AcO
N

OAc Pd
N

AcO OAc
L34Pd(OAc)2
(reactive)

L342Pd(OAc)2
(unreactive)

Bu

Et

Bu

Et

Et

Bu

Et

Bu

[L34Pd(OAc2)]2
(reactive)

Et

Bu

Et

Bu

-L34
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ɀ * Ƈ� »Ï¦�ÊǶʉvƩùƛ{Ţɳ�
�

ƻyi»Ï¦�ÊǶʉvƩùƛ{Ţɳ�ƃxqn GNO;R�)/�MȀƩ»Ï¦�Ê{Ⱦ��yôù
»Ï¦�Ê�˚x‒ʏõ�ƃxqnǰƊ|ʏõ|Ƞʼǽƃgx_qn`i³Ð¿Ñ�ÓȀƩ»Ï
¦�Ê�˚x‒ʏõ�ƃxqnve�iǏˤ`źǭgn RZB]d�*�+�MƩùƛvg‒ 4TG94 {Ⱦ
��y 4TB4P �˚xnve�Ǐˤ{Ŧɔxɞø`���i4TG94 �ɧýgxxǲşu�ˊɢʩ
|Ƞʼɹ��x_qnev_�iʿʏõ{ǽƃy| 4TG94 `ʚǿuw�ev`ʪ_qn RZB]d�
,�-�M�

�
GNO;R�)/	� »Ï¦�ÊǶʉvƩùƛ{Ţɳ�

�
�

e{�yyʿʏõ{ǽƃy|ăǯ˯{ 4TG94� `ʚ˜uw�ev_�iʏõĜȈǍ|ʏõŘ、
uʋȋgn CQ G94�* y˒ˠi��¯�ÕȈ»Ï¦�ÊǍuw�iÖ�×%ʟʼ˻��¥Ê{×á
uĺɫƯɢyʏõi�evy��¾Ð¦Õ�ȋȉʩvg‒˖z‒x��{vƂz��� FPURYR�
,0�M�
�

�

FPURYR�,0�
�

N OMe
N

CO2Me

dioxane
 90 ℃, 24 h

entry Pd cat. oxidant yield

1

2

3

4

5

Pd(OAc)2

Pd(TFA)2

Pd(TFA)2

PdCl2

Pd(OAc)2

AgTFA 47%

AgTFA 53%

AgOAc trace

AgTFA

-

0%

0%

Pd cat. (10 mol %)
L21 (30 mol %)
oxidant (2.5 eq.)CO2Me

+

84 85 86

-TFA
Pd(TFA)2 [PdOCOCF3]+

Pd(OAc)2
AgTFA Ph

N

Ph

OMe

84

-H+ Ph

N

Ph

OMePd
TFA Ln

CO2Me

85

Ph

N

Ph
86

CO2Me
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ɀ + Ȗ� ʏõĩǂ{Ţɳ�
�
ɀ ) Ƈ� ��¥ÊƩȡǭ{Ɏġĩ{Ţɳ�

¾Ð¦Õ˓ɶȹ{ɧýy�q‒Ǐˤ`źǭgn�{{iB%Ë¯Ñ��¥Ê 84 �ĩǂvg‒˚
xnǲşŢɳu|˂ʏõ{ũ˭`Ȩɯ˯ƪȵg‒x�ev_�iʏõ`ĞŞi�ȝyǶʉ`ǀĜ
g‒ʏõ`ɟƳg‒x�vƂz��nMʿʏõ|iɫƯĢǳʏõ{ų{¾Ð¦ÕĢŖȉ{ɋču
��¥Ê{ A%B ŞƊ{Č˶yʍxË³�¥ĩ`Ʉˣĩvg‒ɴʼn�iʏõŘ、y−Ǘf�n
#RB� `ʏõĜȈǍyÜñŇ�˖z‒x�þʄȈ`w� FPURYR�,1�M�

�

�
FPURYR�,1�

�
leuiɄˣĩvx���¥Ê�n±Ñʤʪ{ƀȫ�Ƙɣùi�evvvgnM�jǛ�y˄

ʴŶ{��¥Ê 87 uʏõ�ƃqnve�iʾ�{¾Ð¦Õ 86 |Ƞʼɹ��jiʪƯ、uĢùʏ
õ`ǽƃgn�«��£¬nÑȹ 88 �˖zn FPURYR�-(�ME[a9A �y��Ó¦�ÊǶʉ�˚x
n¾Ð¦ÕƊȉ{Ţɳăɡu�ɵ˘{ŞĀ`ɹ��‒x�ev_� ,,i˄ʴŶ{��¥Ê�˚x
�v¾Ð¦ÕĢŖȉʏõ���ʪƯ、Ģùʏõ`ːȘi�ev`ʪ_qnM�

�

�
FPURYR�-(�

�
�

Ph

N

Ph

OMe

Ph

N

Ph

CO2Me
CO2Me

84 86

85

Ph

N

Ph

OMe
CO2Me

[PdOCOCF3]+

Ph

N

Ph

OMe
CO2Me

6π
-MeOH

N O

N OH [RhCp*Cl2]2 (2.5 mol %)
AgOAc (2.1 eq.)

TFE, 78 ℃

NO

CO2Et
(1.2 eq.)

35%

N OH Pd(OAc)2 (10 mol %)
AgTFA (2.5 eq.)

dioxane
 90 ℃, 24 h

CO2Me

N

(30 mol %)85

87

L21

42%
88

Rovis:

N

CO2Me

86
0%
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ƻyi˘mx��¥Ê�§±Ñu{ʏõ�Ţɳgn GNO;R�)0�M�j B%�©¯Ñ��¥Ê 89�
�˚x‒ʏõ�ƃxqnve�iˊɢ{¾Ð¦Õ 86 |Ƞʼɹ��jiʪƯ、Ģùʏõ`ǽƃg
n�«��£¬nÑȹ 88 {ȋȉ`Ė：f�nMe{ŞĀ|i�©¯Ñĩ`ʏõŘ、uǟĽf�
‒˄ʴŶ��¥Ê 87�`ȋȉg‒x�ev�Ƽƕg‒x�Mleui��ɄʴŶ�ǎcyʼx�
�¥Ê�§±Ñvg‒ B%¾ºÓ�Ñ��¥Ê 90��Ţɳgnve�iʪć|˞ȇf�n�{{i
ʏõ`Ƞʼǽƃkjũ˭`ƪȵi�{�uwqnMƻy¥ÐÑ��¥Ê˓ɶȹ�Ţɳgnve�i
B%G5F ��¥Ê 91�u|ˊɢʩ|ɹ��j�«��£¬nÑȹ 88 {ȋȉ`Ė：f��{�uw
qnMe�|iʏõŘ、uɄ¥ÐÑĩù`ǽƃgnŞĀuw�vƂznMleui��ƩȈǲş
yȻȈ{w� G�CF ĩ� G57CF ĩ�Ţɳgn`ɵ˘{ŞĀuwqnn�i¥ÐÑ��¥Ê˓ɶ
ȹ|ʿʏõǲşu|Ȱ�_yɄ¥ÐÑù`ǽƃi�ev`ʪ_qnM�

�
GNO;R�)0	� ��¥ÊƩȡǭ{Ɏġĩ{Ţɳ�

�

�

N OR
N

CO2Me
Pd(OAc)2 (10 mol %)

AgTFA (2.5 eq.)
dioxane

 90 ℃, 24 h

CO2Me

OR

O

O

0%

O

O

0%

OH

0%

O

0%

F
F

F

F
FO

0%

F

F
F

F

F
O

0%

N

O

20%

O

O
Si

0%

O
Si

0%

O
Si

0%

Ph Ph

O

Si

41%

O

47%

O

0% 69%

O

N

(30 mol %)85

86

O

O

trace

L21

87 89 90 91 92

93 94 95 96 97

84 98 99 100 101

Si
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ƻyɫƯĺíȈĩuw�³Ð¿Ñ�Ó¿�¶Ñĩ 94��³Ð¿Ñ�ÓÃÕ¦Ñĩ 95��ˑi�
��¥Ê�Ţɳgn`iũ˭`ƪȵi�{�uwqnMàǭ{ŞĀ_�iɫƯĺíȈĩ�ħ��
�¥Êu|ʿʏõ|ǽƃgxxev`ʪ_qnMCQ Ƕʉ���ĩǂ{ŋʽyíaĪk�evy
��ʏõȈ�źǭuaxx_vƂzi��¥Êƀȫ、yŌȱǶʉ�{ʈáʄ�ˑi� *%¾Ð¦Ñ
Ë¯Ñĩ�ħ�ĩǂ 96 �Ţɳgn`iʏõ|Ƞʼǽƃgx_qnMB%#B# ��¥Ê 97 {ǰƊ
{�ˊɢ{¾Ð¦Õ 86 {ȋȉ�Ė：gn�{{il{Ǐˤ| *(�uwqnM�

ƻyË¯Ñĩ��ȄƉx B%�Ñ�Ñ��¥Ê�n±Ñ�ŢɳgnM³ÐË¯Ñ¥ÐÑË¯Ñ
ĩ�ˑi�ĩǂ 98 u| ,)�{Ǐˤuˊɢʩ`ɹ��n�{{iB%B5C ��¥Ê 99�u|ʏõ`
Ƞʼǽƃkjũ˭`ƪȵi�{�uwqnMe�|ȄƉx B5C ĩ{˥ȹǬďy�q‒ǆ́f�n
n�iʏõɩ{ŋʼy»Ï¦�Ê`ŋsʼev_uaxxev`ũìuw�ƂznMleu B%
9C] ��¥Ê 100�yʲġgnve�iǏˤ` .1��uźǭgn�MƘųyiȝǨu{ 6%� �Ðn
ÑùʏõuŦɔxʏõȈ{źǭ`���n B%F8# ��¥Ê 101 �Ţɳgnve�iʏõŘ`ʨ
ƣùgiƓȒ˯{ˊɢʩ�ɹ�{�uwqnMe�|ńƩȈǲşy��Ʉ F8# ùyĴìi�ʦ
ʏõ`ũìuǏˤ{ɞø�ǢxnvƂz���M�
������������������������������������������������

���¥Ê{ƩȡũƯǭ{Ɏġĩ��«ÁÓ¾Ñĩyʲġi�evuʾ�{¾Ð¦Õȋȉʩ{
Ǐˤ` .1��uźǭgn{uie{ĩǂ�˚x‒ſx�ʏõǲş{Ƙɣù�ȁqn GNO;R�)1�M
ņˁǻxevyi¾Ð¦ÕʈáƯ L21 {Ⱦ��y L31 �˚x‒ɵ˘{ʏõ�ƃxqnve�iǏ
ˤ` .1�_� /.��uźǭgn RZB]d�*�Mleui˚x�ʈáƯ� L31 yůɠg‒ȷ{ɧýƛ
�Ƶˎ{ɯ˯xw�℃˟ɢyŢɳgnŞĀi4TG94� {ɯ˯�Ȫ�ievuǏˤ`źǭi�ev
`ʪ_�iƘǒɢy 4TG94 � - ɯ˯yȪ�ievy��Ǐˤ` 0-��uźǭgn RZB]d�+�,�M
àǭ{ŢɳŞĀ_�¾Ð¦ÕʈáƯvg‒ L31 �˚xi- ɯ˯{ 4TG94 �ɧýi�ʏõǲş`
Ƙɣuw�ev`ʪ_qnM�

GNO;R�)1	� ¾Ð¦ÕʈáƯvƩùƛ{ɰ˯{Ţɳ�

�

N O N

OMeO
Pd(OAc)2 (10 mol %)

ligand (30 mol %)
AgTFA (x equiv)

CO2Me

100 86

dioxane
 90 ℃, 24 h

85

entry ligand result

1

2

3

4

L21 69%

L31 77%

L31 85%

L31 76%

AgTFA
(x equiv)

2.5

4.0

5.0

2.5

N

N OAd

L21

L31

AdO
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Ƙɣxʏõǲş�ŝɠi�ev`uan{uiƻyÖ�×%ʟʼ˻��¥Ê{ɣ˚々ã�Ţɳg
nMƫ˚i�ĩǂ|iȺõi�Ö�×%ʟʼ˻ ³Õ�¼´Ó�¥Ñ�ÉÕvǖƊgiȋhn��
¥Ê��«ÁÓ¾ÑĩuʴŶi�evy��əȎgn FPURYR�-)�M�

�

�

FPURYR�-)�
�

�jÖ�×%ʟʼ˻��¥Ê{×á{ÃÕªÕĢǭ{Ɏġĩʲġ�ƃqn GNO;R�*(�MÃÕªÕ
Ģ{»ÏáyË¯Ñĩ�Ë³�¥ĩxw{ɫƯŀ˖Ȉĩ�ˑi�Ⱥǧ��¥Êuʏõ�ƃxq
nve�iȺõi�¾Ð¦Õ 117 ĸ~ 118 `l�m� 1)�v 0-�{Ǐˤuɹ��nM�n¿°ȡ
�ôȡxw{¹Ó¡ÕũƯ�ɫƯĺíȈ{³Ð¿Ñ�ÓË¯Ñĩ�ˑi�ĩǂ�Ŀ˗f�iȺõ
i�¾Ð¦Õ`ɒɡɮ{Ǐˤuɹ��n 119-121�Mʿʏõ|ʗȺǧxÖ�×%ʟʼ˻��¥Êu�
ˋɁxʼʏõ`ǽƃgiȺõi� *�,�.%ƤɎġ¾Ð¦Õ�ˮŻxǏˤu˖zn 122-126�Mƻyi
¦ÃÕ¬¯�¿�Õ��Ñº¬nÑxw{Â±ÓʺƈĢ�ˑi�Ö�×%ʟʼ˻��¥Ê�˚x‒
ʏõ�ƃxqnve�iǈĠ{ʏõȈ{ɞø`���n�{{iʾ�{¾Ð¦Õ 127 ĸ~ 128 `
l�m� ,0�v --�{Ǐˤuɹ��nMƻy¥�ÓÄÕ­¸Õ˓ɶȹ_�əȎþʄxĢǳ��
¥Ê�Ţɳgnve�iòĝyʏõ`ǽƃgiȺõi� *�+�,�.%ƬɎġ¾Ð¦Õ 129 ` 0+�{Ǐ
ˤuɹ��nMx^×á{ÃÕªÕĢǭyɫƯŀ˖Ȉ{Ë³�¥ĩ�ɫƯĺíȈ{�ÓÓĩ�ˑ
i�Ģǳ��¥Êu�ˋɁxʼʏõ`ǽƃgiʾ�{ƬɎġ¾Ð¦Õ 130 ĸ~ 131 �ƉǏˤu˖
znM�

�
�
�
�
�
�
�
�

�

O N OH N O
H2NOH•HCl

pyridine

MeOH, 60 ℃

NaH
2-iodopropane

DMF, rt

102-116,132-137
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GNO;R�*(	� Ö�×%ʟʼ˻��¥Ê{Ɏġ˘ƾ{Ţɳ�
�

�
�

� e{�yyʿ¾Ð¦ÕƊȉy^x‒-ëĢ{Ģǳ��¥Ê`ƉxʏõȈ�ˑi�ev`ʪ_q
n`iêʸu . ëĢĸ~ / ëĢ{Ģǳ��¥Ê 132 ĸ~ 133 �˚x‒ʏõ�ƃqnve�iʏõ
Ř`ʨƣùgˊɢ{¾Ð¦Õ|Ƞʼɹ��x_qn GNO;R�*)�M�nÖáyË¯Ñĩ�ˑi�ʗ
Ģǳ��¥Ê 134 u|ʏõ|Ƞʼǽƃkjiũ˭`ƪȵi�{�uwqnMe{�yx *%ÃÕ¦
Ð²Õ¥�ÓÄÕ±¸Õ��¥Êɺˑ{ƉxʏõȈ|il{Ģƀȫy��Ł％ʤʪ{ʮˇȈ`Ĳ
ɠf�‒x�evyĴìg‒x�vƂz��iŁ％ʤʪ{ʮˇȈ`ʿʏõ{ǽƃyˑˡx¢ÕÅ
Ën¥ÎÕuw�vȂȮf��M�

�n×á`¥�ÓÂ�¥Ñĩ�ÃÕ¦Ñ��¥ĩxw{�Ñ�ÑĩuɎġf�nÖ�×%ʟʼ˻
��¥Ê 135 ĸ~ 136 u|ʏõ|Ƞʼǽƃkji×á`½¶ÑĩuɎġf�nÖ�×%ʟʼ˻��
¥Ê 137 u|ʏõŘ`ʨƣùi�{�uwqnev_�iʿʏõ{ɣ˚々ã|×áy�ÐnÑĩ
�ˑi�Ö�×%ʟʼ˻��¥ÊyŬɠɢuw�ev`Ƽƕf�nM�

�
�
�

N O N

CO2Me

CO2Me

100,102-116

+

N

CO2Me

R R

R = H: 86, 85%
R = Me: 117, 91%
R = OMe: 118, 85%
R = F: 119, 65%
R = Cl: 120, 70%
R = CF3: 121, 66%

N

CO2Me

R

R = H: 122, 68%
R = Me: 123, 80%
R = OMe: 124, 75% 
R = Cl: 125, 64%

N

CO2Me

Cl

N

CO2Me

S
N

CO2Me

N

127, 48% 128, 55%126, 64%

N

CO2Me

N

CO2Me

MeO

N

CO2Me

Cl

Pd(OAc)2 (10 mol %)
L31 (30 mol %)
AgTFA (5.0 eq.)

dioxane
 90 ℃, 24 h

129, 83% 130, 70% 131, 91%

N OAd

L31

AdO

86,117-131
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�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�

N
O N

CO2Me

CO2Me

132-137

+

Pd(OAc)2 (10 mol %)
L31 (30 mol %)
AgTFA (5.0 eq.)

dioxane
 90 ℃, 24 h

N

MeO

N
N

OPh

N

MeO

O
O

O

O

N
O

complex mixture no reaction

N
O

complex mixture

no reaction no reaction complex mixture

MeO
132 133 134

135 136 137
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ɀ + Ƈ� �Ñ Õ˓ɶȹ{ɣ˚々ã{Ţɳ�
�

ƻy�Ñ Õ˓ɶȹ{ɣ˚々ã�Ţɳgn GNO;R�**�M�j�¯Ñĩ�ÃÕ¦ÑĩiË³�¥
�¯Ñĩ�ˑi���ÐÑƩ˓ɶȹvȺǧxÖ�×%ʟʼ˻��¥Êv{ʏõ�ƃxqnve�i
òĝyʏõ`ǽƃgiʾ�{¾Ð¦Õ 138i139 ĸ~� 140 �l�m� 0.�i/1�i1+�{Ǐˤu
˖znMe��{��ÐÑƩ˓ɶȹ|ʗȺǧxÖ�×%ʟʼ˻��¥Êv{ʏõy^x‒�ɣõþ
ʄuw�ev`Ė：uaiȺõi�¾Ð¦Õ�ˮŻxǏˤu˖zn 141-143�Mņˁǻxevyi
�«ÁÓ¾Ñĩ�¥�ÓÂ�¥Ñĩi�®ÈÕ¯Ñĩxw{ȄƉx�Ñ�Ñĩ�ˑi���ÐÑ
Ʃ˓ɶȹ�˚xnǰƊyʏõȈ{Ŧɔxźǭ`ť��iȺõi�¾Ð¦Õ�ƉǏˤu˖zn 144-

146�Mƻy��ÐÑƩ¿�¶Ñv{ʏõ�Ţɳgnve�iȺõi�¾Ð¦Õ 147 {ȋȉ|Ė：
uax_qn�{{i�«ÁÓ¾Ñ�§±Ñ�ˑi�¾Ð¦Õ˓ɶȹ 144 ` ,0�{Ǐˤuɹ��
nMe�|ȋȉgn¾Ð¦Õ 147 {¿�¶Ñ�§±ÑĩvʏõŘ、uȋȉgn�«ÁÓ»¸nÑ
v{ĥu�§±Ñŷġʏõ`ǽƃgnŞĀi�«ÁÓ¾Ñ�§±Ñ 144 �Ǌȋȉʩvg‒˖zn
�{vƂz���M�
� ƻy��ÐÑ�É´˓ɶȹv{ʏõ�ŢɳgnMÃÕªÕĢǭyË¯Ñĩĸ~�ÓÓĩ�ˑi
�Ö�×%ʟʼ˻��¥Ê�¦Ë¯Ñ��ÐÑ�É´vʏõfknve�iǏˤ|ǈĠɞøgn�
{{iʾ�{¾Ð¦Õ 148 ĸ~ 149 �l�m� ,+�v .*�{Ǐˤu˖znMɵ˘{ʏõ�Ģǳ
��¥Ê�˚x‒ƃxqnve�iʏõ|òĝyǽƃgiȺõi� *�+�,�.%ƬɎġ¾Ð¦Õ 150 ĸ
~ 151 `l�m� 00�v 1,�{Ǐˤuɹ��nM�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
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�
�

e{�yxː�nʏõȈ�ˑi� - ëĢ��¥Ê 115 ĸ~ 116 �ʏõĩǂy˚xnƚ{�Ñ 
Õ˓ɶȹ{ɣ˚々ãyņˁ��pĭ mx��ÐÑ�É´˓ɶȹv{ʏõ�Ţɳgn GNO;R�*+�M
À¯Ñĩ�ÌÑÅÐ¸ĩ�ˑi���ÐÑ�É´v{ʏõu|òĝyʏõ`ǽƃgiȺõi�¾
Ð¦Õ 152 ĸ~ 153 �l�m� 0,�v 1(s{Ǐˤu˖znMêʸui¿�¶Ñ��ÐÑ�É´
� IR9Z]RO �É´˓ɶȹ�˚xnǰƊ|iǈĠ{ʏõȈ{ɞø`���n�{{iȺõi�¾Ð
¦Õ 154 ĸ~ 155 �ɒɡɮ{Ǐˤu˖znMƻyi- ëĢ��¥Êv§¯ÒÕv{ʏõ�Ţɳg
nve�iɞǏˤx`�Ŀ˗f� ++�{ǏˤuȺõi�¾Ð¦Õ 156 `ɹ��nMx^¶³Óĩ
��§±Ñĩxw{ɫƯĺíȈĩ�ˑi�§¯ÒÕ�ʿʏõyĿ˗þʄuw�iɺy ,%³Ð¿Ñ
�ÓË¯Ñ§¯ÒÕ�ÄÕ­¿Ñ�Ó¿�¶Ñ§¯ÒÕ�˚xnƚy|ʏõȈ`ʘˏɢyźǭ
gn 157%160�M�ÓÓĩ�ˑi� - ëĢ��¥Ê 116 vÄÕ­¿Ñ�Ó¿�¶Ñ§¯ÒÕv{ʏ
õ�òĝyʏõ`ǽƃgi1+�{ǏˤuȺõi�¾Ð¦Õ 161 �˖znM�

N O N

R
R

138-151

+

Pd(OAc)2 (10 mol %)
L31 (30 mol %)
AgTFA (5.0 eq.)

dioxane
 90 ℃, 24 h

N

ORO

R = Et: 141, 80%
R = Bn: 142, 70%
R = CH2CH2OMe: 143, 66%

N

OEtO

N

OBnO

N

OO

138, 86% 139, 79% 140, 93%

MeO

N

OO

N

OO

N

OOAd
N

OO

N

R

ON

N

R

ON

R = Me: 148, 43%
R = Cl: 149, 62%

R = OMe: 150, 88%
R = Cl: 151, 94%

144, 95% 145, 94%

146, 83% 147, 0% (144, 48%)
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�

Ƙųy )�*%ɾɎġ�Ñ Õ`ʿ¾Ð¦ÕƊȉyɣõþʄuw�_Ė：gnMĢǳ��¥Ê 115

vÈÒ�ÕƩ¦Ë¯Ñv{ʏõ�Ţɳgnve�iɞǏˤx`�Ⱥõi�űɎġ¾Ð¦Õ 162 `
ɹ��nM�nÈÒ�É´˓ɶȹ�ʿʏõyɣõþʄuw�iȺõi�űɎġ¾Ð¦Õ 163 `
-*�{Ǐˤuɹ��nMɀtȖu�ǘ�n�yyiÖ�×%ʟʼ˻��¥Êv�Ñ�Õy��Ó¦
�ÊǶʉ�˚xnűɎġ¾Ð¦Õ{ƊȉyĦi�ʶƋ|w��{{iÖ�×%ʟʼ˻��¥Ê_�
»Ï¦�ÊǶʉ�˚x‒űɎġ¾Ð¦Õ�Ɗȉgn˳|ʿʶƋ`Ǜ�‒uw�M�

�
�
�

N

MeO

O
H
N

N

MeO

ON

N

MeO

O
H
N

152, 84% 153, 90%

N

MeO

ONMeO

154, 58%

N

MeO

F

160, 91%

N

CO2Me

MeO

N

Cl

F

N

MeO

163, 52%161, 93% 162, 36%

155, 48%

F

F

F

F

F

F

F

F

N
MeO2C

O

O

Ph

O

N

MeO
156, 33%

N

MeO

NO2

157, 46%

N

MeO

CO2Me

158, 56%

N

MeO

CF3

159, 89%

N O N

R

R

152-163

+

Pd(OAc)2 (10 mol %)
L31 (30 mol %)
AgTFA (5.0 eq.)

dioxane
 90 ℃, 24 h

X X
X = OMe: 115
X = Cl: 116
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Ö�×%ʟʼ˻��¥Ê 115 vÄÕ­¿Ñ�Ó§¯ÒÕv{ʏõ� )	(�YY[; § nÑuƃxq
nve�iȺõi�¾Ð¦Õ 160 ` /,�{Ǐˤuɹ��n FPURYR�-*�Me{�yyiʿ¾Ð¦
ÕƊȉʹ|§ nÑ�°ÁƊȉy�Ȼzɹ�š˹Ȉ{Ɖxʏõuw�ev`ǃǩuanM�

�

FPURYR�-*�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

N O

115
(1.0 mmol)

+

Pd(OAc)2 (10 mol %)
L31 (30 mol %)
AgTFA (5.0 eq.)

dioxane
 90 ℃, 24 h

MeO

F

F
F

F

F
N

MeO

F

160, 74%

F

F

F

F

 (3.0 eq.)

1.0 mmol scale synthesis:
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ɀ , Ȗ� ʏõİƀ�
�
ɀ)Ƈ Ţǩǃŧ�

ʿʏõ{ʏõİƀvg‒|i»Ï¦�ÊǶʉy��Ö�×%ʟʼ˻��¥Ê{ 6%� �Ñ ¶Ñù
ʏõy�� )%�¤³Ð�Õ`ȋȉgiȳʼ�¤%6Ú%ɫƯĢǳʏõv A%B ŞƊ{Č˶�ʍyʺƈ
ùy��¾Ð¦Õ˓ɶȹ`ȋȉi�İƀ�Ȧɠg‒x� FPURYR�-+�M�
�

�
FPURYR�-+�

�
� � �¤%6Ú%ɫƯĢǳʏõ|ŭʼ_�ɍ��‒x�ÄÐĢǳʏõ{truw�M)%�¤³Ð�Õ
_�{ʂɢĢù{ʏõ˳vg‒|i¥§%¦�¸Õ��¥Ê� ).(� ru )0� ƺĥýʂĒ˽i�v
�¤%6Ú%ɫƯĢǳʏõ`ǽƃgiȳʼɄȃy��¾Ð¦Õ˓ɶȹ` *-�{Ǐˤuɹ���ev
`ʶƋf�‒x�-+�  FPURYR�-,�M�
�

�

FPURYR�-,�
�
� *(() ʃyɿʕˌ�|i×%�ÑÆÐÕ�Ñ�Ó�´˲{ȠƊȉy^x‒i)%�¤³Ð�Õ˓ɶ
ȹ�¦�ÓÓÃÕªÕ˙ʉɒ )0(� ruýʂĒ˽i�vʂɢxɫƯĢǳʏõ`ǽƃgi×%�ÑÆ
ÐÕƀȫ�ƀɏþʄuw�ev�ʶƋg‒x�-,�  FPURYR�--�Ml{ųiǍmğʄĩʲġ�ƃy
evy��×%�ÑÆÐÕ�Ñ�Ó�´uw� Cd]9Q9ZQ[;[; vl{˲óȹ{ʟȏȠƊȉ�Ƀȉg
nM�

�

Pd(II) N O
iPr

R1

R2

6π N O
iPr

R1

R2

-iPrOH

aza-6π-electrocyclization

N

R1

R2

N O
iPr

R1

R2

N O
iPr

R1

1

4

R2

s-trans s-cis

160 ℃N

Ph
OH N

Ph
OH N

Ph

18 h
25%
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�
FPURYR�--�

�
�n *((/ ʃy G][AB �|iÖ�×�Ø�Ù%ʟʼ˻�Ñ²¼´yȺgi¼´Ó�¥Ñ�ÉÕvȀƩ

µ³Ð�Ê�˚x‒È��Ó��nÀǦǄøýʂĒ˽i�evy��iÔÕÇ°³u¾Ð¦Õ�
v˓ɶþʄuw�ev�ʶƋg‒x�--�  FPURYR�-.�Me�|�Ñ²¼´_���¥Ê�{ʲġ
vȳʼɫƯĢǳʏõ`˷ȳɢyǽƃgn�{vƂz��Me{�yy )%�¤³Ð�Õ_�{ɫƯ
Ģǳʏõy��¾Ð¦ÕĢŖȉʏõ{ʶƋ|w��{{i�¤%6Ú%ɫƯĢǳʏõ{ǽƃy|êʑ
ɢy )((� ràǭ{ýʂ�ɚƺĥ{ʏõƺĥ`ʚ˜uw�vf�‒x�M�
�

�

FPURYR�-.�
�

� ɔǅ�{e��u{Ţɳu|iÖ�×%ʟʼ˻��¥Ê{×á�Ñ ¶Ñùȹ{ȋȉ|Ė：ua
‒xxxev_�iȋhn )%�¤³Ð�Õ_�{ɫƯĢǳʏõ`Ȱ�_yǽƃg‒x��{vƂ
z���Me�| )%�¤³Ð�Õ{ , á{Ɏġĩ E) {˥ȹǬď{ñŇuɫƯĢǳʏõyˑˡx
A%P9A ʈƖ�ǋ��ixevyĴìg‒x�vƂzn FPURYR�-+�Mleui×á`˄Ɏġ{Ö�×
%ʟʼ˻��¥Ê 164 �˚x‒ɵ˘{ʏõ�Ţɳgnve�iʏõƺĥ` , ƺĥ{ǰƊy|Ⱥõ
i�¾Ð¦Õ 165 {ȋȉ|ȠʼĖ：uajiÖ�×%ʟʼ˻��¥Ê{×á�Ñ ¶Ñùȹ 166 `
+.�{Ǐˤuɹ���ŞĀvxqn GNO;R�*,��RZB]d�)�Mx^ɹ��n�Ñ ¶Ñùȹ 166 | 8
K
{åȈȹƒƊʩuw�il{ 8
K {ʕˤ| )	+l) uwqnM�
�
�
�
�
�

180 ℃, 40 min
N OH

98%N
MOM

OMOM

o-dichlorobenzene N

N
MOM

OMOM

N

NH

OH

OH
OH

(R)-(–)-Pyridindolol

Hibino:

EtOH, mw
150 ℃, 1 h

98%

H2NOH•HCl
NaOAc

Trost:

H

O

Ph

MeO2C

MeO2C
MeO2C

MeO2C
N

Ph
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GNO;R�*,	� ×%˄Ɏġ��¥Ê 164 �˚xnŢǩǃŧ 

�

�
�

ƻyiʏõƺĥ� +.� ƺĥyǷ}g‒ɵ˘{ʏõ�ƃxqnve�iȺõi�¾Ð¦Õ 165 v
×á�Ñ ¶Ñùȹ 166 �l�m� *0�v ))�{Ǐˤu˖zn RZB]d�*�Mx^ʿǲşuɹ��
n×á�Ñ ¶Ñùȹ| 8 ȹ{�uwqnev_�i¾Ð¦Õ�{ʲġ| K ȹ_�ːȘg‒ǽƃ
gn�{vƂz��� FPURYR�-/�Màǭ{Ţɳy��iʿʏõ{ȋȉʩuw�¾Ð¦Õ˓ɶȹ
|Ö�×%ʟʼ˻��¥Ê{×á�Ñ ¶Ñùȹ�ř˒g‒ȋȉg‒x�ev`Ƽƕf�nM�

�

�
FPURYR�-/�

�
ƻyi×á�Ñ ¶Ñùȹ_�¾Ð¦Õ�{ʲġ`ʂɢxʏõuw�ev�Ė：i�ʼiɹ�

�n )%�¤³Ð�Õ 166 { K ȹ{��¦��£Õɒ 1(ruýʂĒ˽gnve�i˕Ȧgnɝ�
ʂɢxɫƯĢǳʏõ`ǽƃgiʾ�{¾Ð¦Õ 165 ` 0,�{Ǐˤuɹ��n FPURYR�-0�Mx^
êʤ{ũ˭` 8
K ƒƊʩvg‒ĈǏf�nev_�i8
K {åȈù`ýʂǲşøuǽƃg‒x�
ev`Ė：f�nM�
�

time

4 h

36 h

165 166

0%

28%

36% (E/Z = 1.3/1)

11% (E-isomer only)

entry

1

2

CO2Et

N O

Cl

EtO2C

N

Cl

CO2Et

+

N O

Cl

Pd(OAc)2 (10 mol %)
L31 (30 mol %)
AgTFA (5.0 eq.)

dioxane
 90 ℃, time

164 165 166

(3.0 eq.)

N O

Cl

EtO2C

N O

Cl

CO2Et

N

Cl

CO2Et

(Z)-166(E)-166 165

CO2Et

N O

Cl

164

[Pd+]
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FPURYR�-0�
�

êʸi×á�Ñ ¶Ñùȹ 166 { 8 ȹ�ɵ˘{ǲşyʥgnve�i¾Ð¦ÕùƊʩ 165 �{
ʲġˤ| )0�y˨��iũ˭uw� 8�%166 {�` /+�{ǏˤuɆêùƊʩvg‒ĈǏf�n
 FPURYR�-1�Me��{ǃŧŞĀ|i¾Ð¦ÕĢŖȉ` )%�¤³Ð�Õ_�{ɫƯĢǳʏõy�
�ǽƃg‒x�ev�ńʼƱƹi��{uw�Mx^ 8 ȹ{��ýʂǲşuǚˢgnǰƊy�¾
Ð¦Õ˓ɶȹ{ȋȉ`Ė：f�nev_�iýʂǲşy��åȈù`ǽƃg‒ȋhn K ȹ_�{
ɫƯĢǳʏõ`ǽƃgn�{vƂz��� FPURYR�-/�M�

�

�
FPURYR�-1�

�
� ƻyǕȃȡʛƿùǃŧ�ƃxqnMÖ�×%ʟʼ˻��¥Ê 114 �ȀƩ%Q,��ɧýgnʏõǲşø
u +.� ƺĥýʂĒ˽gnve�i��¥Ê{×áȃȡ{Ǖȃȡù`ģȮf�il{Ǖȃȡùˤ|
.)�uwqn FPURYR�.(�Mx^»Ï¦�ÊǶʉ�˚xxxǲşu{×á{Ǖȃȡùˤ| )(�u
wqnev_�iÖ�×%ʟʼ˻��¥Ê{×áȃȡ`»Ï¦�ÊǶʉy�q‒ĜȈùf�‒ȋh
nˑİ»Ï¦�Êơȹ`iʏõŘ、{ȀƩ%Q, y�q‒ÁÓ³Õù�ǎc�evuǕȃȡù`Ŧ
ɔyģȮf�n�{vƂz���Me{ǃŧŞĀ|i»Ï¦�ÊǶʉy��Ö�×%ʟʼ˻��¥
Ê{×á{ĜȈùɋč|þķăɡuw�ev�Ƽg‒x�M�
 

N

Cl

CO2Et

N O

Cl

+

CO2Et

N O

Cl

EtO2C
dioxane

 90 ℃, 36 h

(Z)-166 166, 10% (E/Z = 3/1)165, 84%

N

Cl

CO2Et

N O

Cl

EtO2C + 73% recovery
dioxane

 90 ℃, 36 h

(E)-166 165, 18%
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FPURYR�.(�
 

x^iÖ�×%ʟʼ˻��¥Ê{ÖáË¯ÒÕʤʪ{ǕȃȡùyĦg‒|i��¥Êɐȡu{Á
Ó³ÕùvÖáȃȡ{Ʉˣăɡ�ħ��ÉÕg�µÉÕʮƄy��ǽƃg‒x��{vƂz��
� FPURYR�.)�M�

�
FPURYR�.)�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

N O

114

Pd(OAc)2 (10 mol %)
L31 (30 mol %)
AgTFA (5.0 eq.)

dioxane/CD3CO2D (10:1)
 90 ℃, 36 h

114-d3

N OH/D
H/D

61% D

88% D
H/D

cf.

N O

114

dioxane/CD3CO2D (10:1)
 90 ℃, 36 h

114-d3

N OH/D
H/D

10% D

23% D
H/D

N O N+ODD+

H

N O

D+

N O

D

D
CD3CO2D

-H+
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ɀ * Ƈ� Ƕʉ£��Ñ�
�
� Ţǩǃŧ{ŞĀ_�iʿʏõ|»Ï¦�ÊǶʉy��Ö�×%ʟʼ˻��¥Ê{×á�Ñ ¶Ñ
ùʏõv�¤%6Ú%ɫƯĢǳʏõ�ħ�àø{�yxʏõİƀuǽƃg‒x��{vȂɠgn
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General Methods 

1H and 13C NMR spectra were recorded with JEOL JNM-ECZ400S or BRUKER AV300M 

spectrometer at room temperature, with tetramethylsilane (δ = 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 IRSpirit. 

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) NH2 were used for column 

chromatography.�Merck silica gel 60 F254 and Wako NH2 silica gel 60 F254 were used for 

thin layer chromatography (TLC). 
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Representative procedure for reaction optimization using α,β-unsaturated 
oxime ether 1 
 

 
To a solution of (E)-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.), Ag2CO3 (105 mg, 2.0 eq.), AgTFA (17 mg, 40 

mol %), Na2HPO4�12H2O (102 mg, 1.5 eq.), 2,6-dimethyl-1,4-benzoquinone (26 mg, 1.0 eq.) 

in dioxane (2 mL) was added Pd(OAc)2 (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, 3W4 = 1.1W1 ) as 

inseparable mixture. 

 

(2E,3E)-4-(4-methoxyphenyl)-3-methylbut-3-en-2-one O-butyl 

oxime (3): Colorless oil. IR (KBr) 2958, 1606, 1509, 1275, 1258, 

1037, 750 cm–1; 1H NMR (300 MHz, CDCl3) δ 7.27 (d, 2H, J = 

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

6.6 Hz), 3.83 (s, 3H), 2.09 (s, 3H), 2.08 (s, 3H), 1.69 (m, 2H), 

1.42 (m, 2H), 0.96 (t, 3H, J = 7.2 Hz); 13C{1H} NMR (75 MHz, 

CDCl3) δ 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 C16H22NO2, 260.1651; found, 260.1655. 

 

Pd(OAc)2 (10 mol %)
AgTFA (40 mol %)
 Ag2CO3, DMBQ

Na2HPO4·12H2O

dioxane, 90 ℃, 2 h

1

N O B(OH)2

MeO

N O
+

3
MeO

N O

MeO

+

 (3.0 eq.)

42
33%

 (3 : 4 = 1.1 : 1)

N O

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

Colorless oil. IR (KBr) 2957, 1612, 1510, 1463, 1246, 1176, 

1039, 901, 750 cm–1; 1H NMR (300 MHz, CDCl3) δ 7.13 (d, 2H, 

J = 8.7 Hz), 6.81 (d, 2H, J = 8.7 Hz), 5.39 (s, 1H), 5.09 (s, 1H), 

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); 13C{1H} 

NMR (75 MHz, CDCl3) δ 157.8, 154.0, 145.8, 132.4, 130.2, 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 C16H23NO2, 261.1729; 

found, 261.1715. 

 

Preparation of Thioether Ligands 
 
Ligands L1, L2, L3, L10, L15, L17 and L18 were purchased from commercially sources and 

used without further purification. Ligands L4, L5, L6, L7, L8, L9, L11, L12, L13, L14 and 

L16 were synthesized according to the following procedures.�

 
 
Synthesis of alkyl aryl thioether ligands 

 

 
 

4-(tert-butyl)phenyl ethyl sulfane (L5): 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 Na2SO4, 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–1; 1H NMR (300 MHz, CDCl3) δ 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); 13C{1H} NMR (75 MHz, CDCl3) δ 149.1, 133.0, 129.3, 125.8, 34.4, 31.3, 28.1, 14.5; 

HRMS (EI-quadrupole) m/z: [M]+ Calcd for C12H18S, 194.1129; found, 194.1129. 

 

SH KOH, EtI

MeOH, rt

S

L5

N O

MeO 4
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4-(tert-butyl)phenyl methyl sulfane (L6): To a solution of 4-tert-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 Na2SO4, 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–1; 1H NMR (300 MHz, CDCl3) δ 7.31 (d, 2H, J = 8.6 Hz), 7.21 (d, 2H, J = 

8.6 Hz), 2.46 (s, 3H), 1.30 (s, 9H); 13C{1H} NMR (75 MHz, CDCl3) δ 148.3, 134.8, 126.8, 

125.8, 34.3, 31.3, 16.2; HRMS (EI-quadrupole) m/z: [M]+ Calcd for C11H16S, 180.0973; found, 

180.0969.  

 

 
butyl-4-(tert-butyl)phenyl sulfane (L8): To a solution 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 Na2SO4, 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–1; 1H NMR (300 MHz, CDCl3) δ 

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); 13C{1H} NMR (75 MHz, CDCl3) δ 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 

C14H22S, 222.1442; found, 222.1445.  

 

 
4-(tert-butyl)phenyl cyclohexyl sulfane (L9): To a solution of 4-tert-butyl benzenethiol (200 

mg, 1.23 mmol, 1.0 eq.) in DMF (5 mL) were added K2CO3 (340 mg, 2.0 eq.) and cyclohexyl 
bromide (300 mg, 1.5 eq.). After the resulting mixture was stirred at 100 ℃ (silicon oil bath) 

SH KOH, MeI
MeOH, rt

S

L6

SH KOH 
1-iodobutane

MeOH, rt

S

L8

SH

DMF, 100 ℃

SK2CO3
Br

+
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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 Na2SO4, 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–1; 1H NMR 

(300 MHz, CDCl3) δ 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); 13C{1H} NMR (75 MHz, CDCl3) δ 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 C16H24S, 248.1599; found, 248.1598.  

 

 
Cyclohexyl phenyl sulfane (L11): To a solution of benzenethiol (100 mg, 0.91 mmol, 1.0 eq.) 

in DMF (4 mL) were added K2CO3 (252 mg, 2.0 eq.) and cyclohexyl bromide (223 mg, 1.5 
eq.). After the resulting mixture was stirred at 100 ℃ (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 Na2SO4, 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–1; 1H NMR (300 MHz, 

CDCl3) δ 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); 13C{1H} NMR (75 MHz, CDCl3) δ 135.2, 

131.8, 128.7, 126.5, 46.5, 33.3, 26.0, 25.7; HRMS (EI-quadrupole) m/z: [M]+ Calcd for 

C12H16S, 192.0973; found, 192.0970. 
 

 
Cyclohexyl 4-methoxyphenyl sulfane (L12): To a solution of 4-methoxybenzenethiol (200 mg, 

1.43 mmol, 1.0 eq.) in DMF (6 mL) were added K2CO3 (395 mg, 2.0 eq.) and cyclohexyl 
bromide (350 mg, 1.5 eq.). After the resulting mixture was stirred at 100 ℃ (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 Na2SO4, filtered and 

concentrated in vacuo. The crude product was purified by flash column chromatography on 

SH

DMF, 100 ℃

SK2CO3Br
+

L11

SH

DMF, 100 ℃

SK2CO3Br
+

L12
MeO MeO
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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–1; 1H NMR (300 MHz, CDCl3) δ 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); 13C{1H} NMR (75 MHz, CDCl3) δ 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 C13H18OS, 222.1078; found, 222.1080. 

 

 
4-chlorophenyl cyclohexyl sulfane (L13): To a solution of 4-chlorobenzenthiol (200 mg, 1.38 

mmol, 1.0 eq.) in DMF (4 mL) were added K2CO3 (381 mg, 2.0 eq.) and cyclohexyl bromide 

(338 mg, 1.5 eq.). After the resulting mixture was stirred at 100 ℃ (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 Na2SO4, 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–1; 1H NMR (300 MHz, CDCl3) δ 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); 
13C{1H} NMR (75 MHz, CDCl3) δ 133.6, 133.2, 132.7, 128.9, 46.9, 33.2, 26.0, 25.7; HRMS 

(EI-quadrupole) m/z: [M]+ Calcd for C12H15ClS, 226.0583; found, 226.0580. 

 

 
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 K2CO3 (310 mg, 2.0 
eq.) and cyclohexyl bromide (274 mg, 1.5 eq.). After the resulting mixture was stirred at 100 ℃ 

(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 

Na2SO4, 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–1; 1H NMR (300 MHz, CDCl3) δ 7.51 (d, 2H, J = 8.1 Hz), 7.41 

SH
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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); 13C{1H} NMR (75 MHz, CDCl3) δ 141.2, 129.7, 125.6, 125.5, 45.6, 33.1, 

25.9, 25.7; HRMS (EI-quadrupole) m/z: [M]+ Calcd for C13H15F3S, 260.0847; found, 260.0844. 

 

Synthesis of L4 

�

N-(2-((4-(tert-butyl)phenyl)thio)ethyl)acetamide (L4): To a solution of 2-((4-(tert-butyl) 

phenyl)thio)ethan-1-amine56 (100 mg, 0.48 mmol, 1.0 eq.) in CH2Cl2 (2.5 mL) were added 
NEt3 (0.14 mL, 2.0 eq.) and Ac2O (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 ℃; IR (KBr) 3465, 2360, 1651, 1557, 1275, 750 cm–

1; 1H NMR (300 MHz, CDCl3) δ 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); 13C{1H} NMR (75 MHz, CDCl3) δ 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 
 

 

6-(tert-butyl)thiochromane (L7): To a solution of 4-(tert-butyl)phenylthiolpropanoic acid57 

(100 mg, 0.42 mmol, 1.0 eq.) in CH2Cl2 (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-(tert-butyl)thiochroman-4-one57 (90 mg, 98% yield) as white solid. 1H NMR 

(300 MHz, CDCl3) δ 8.15 (d, 1H, J = 2.4 Hz), 7.44 (dd, 1H, J = 8.1, 2.4 Hz), 7.22 (d, 1H, J = 

CH2Cl2, rt
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S
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8.1 Hz), 3.22 (m, 2H), 2.98 (m, 2H), 1.31 (s, 9H); 13C{1H} NMR (75 MHz, CDCl3) δ 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]+ Calcd for C13H16OS, 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 ℃ (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–

1; 1H NMR (300 MHz, CDCl3) δ 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); 13C{1H} NMR (75 MHz, 

CDCl3) δ 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 C13H18S, 206.1129; found, 206.1127. 

 

Synthesis of L16 

 

1-chloro-4-(cyclohexylsulfinyl)benzene (L16): To a solution of L13 (100 mg, 0.44 mmol, 1.0 
eq.) in CH2Cl2 (4.5 mL) was added mCPBA (76 mg, 1.0 eq.) at 0 ℃. After the reaction mixture 

was stirred at 0 ℃ for 15 min, the reaction was quenched with saturated NaHCO3 aq. The 

aqueous layer was extracted with CHCl3 and the combined organic layers were washed with 

brine, dried over Na2SO4, 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 ℃; IR (KBr) 3463, 2932, 2855, 1644, 

1474, 1450, 1390, 1275, 1078, 1041, 1010, 825, 749, 527 cm–1; 1H NMR (300 MHz, CDCl3) 

δ 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); 
13C{1H} NMR (75 MHz, CDCl3) δ 140.4, 137.0, 129.2, 126.3, 63.2, 26.2, 25.5, 25.3, 23.8; 

HRMS (EI-quadrupole) m/z: [M]+�Calcd for�C12H15ClOS, 242.0532� found, 242.0536. 
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Representative procedure for ligand optimization using α,β-unsaturated 
oxime 1 

To a solution of α,β-unsaturated oxime 1 (31 mg, 0.2 mmol, 1.0 eq.), 4-methoxyphenyl boronic 

acid (0.6 mmol, 3.0 eq.), Ag2CO3 (0.4 mmol, 2.0 eq.), AgTFA (0.08 mmol, 40 mol %), 

Na2HPO4·12H2O (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)2 (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). 
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(2E,3E)-3-(4-methoxybenzyl)-4-(4-methoxyphenyl)but-3-

en-2-one O-butyl oxime (5). Colorless oil. IR (KBr) 2956, 

1606, 1509, 1247, 1176, 1035, 750, 420 cm–1; 1H NMR 

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

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

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

(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); 13C{1H} NMR (75 MHz, 

CDCl3) δ 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 

C23H29NO3, 367.2147; found, 367.2144. 

 

Preparation of substrates 
Synthesis of α,β-unsaturated oxime 1 

 
 

(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 Na2CO3 (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 Na2SO4, 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 

Na2SO4, 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–1; 1H NMR (300 MHz, CDCl3) δ 

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), 

1
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1.41 (m, 2H), 0.94 (t, 3H, J = 7.2 Hz); 13C{1H} NMR (75 MHz, CDCl3) δ 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 C9H17NO, 

155.1310; found, 155.1302. 

 

Synthesis of α,β-unsaturated oxime ethers 6 and 79 
 

 
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 CH2=O 

(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 ℃ (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 Na2SO4, 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 H2O (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 Na2SO4, 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–1; 1H NMR 

(300 MHz, CDCl3) δ 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); 13C{1H} NMR (75 MHz, CDCl3) δ 

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 C13H17NO2, 219.1259; found, 219.1251. 
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(Z)-3-(4-methoxybenzyl)but-3-en-2-one O-methyl oxime (79): IR (KBr) 2952, 1606, 1505, 

1248, 1105, 997, 835, 750 cm–1; 1H NMR (300 MHz, CDCl3) δ 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); 13C{1H} NMR (75 MHz, CDCl3) δ 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 C13H17NO2, 219.1259; found, 

219.1251. 

 

Synthesis of α,β-unsaturated oxime ether 7 
 

 

(E)-3-(4-methoxybenzyl)but-3-en-2-one O-methoxymethyl oxime (7): To a solution of α,β-
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 Na2SO4, 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–1; 1H NMR (300 MHz, CDCl3) δ 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); 13C{1H} NMR (75 MHz, CDCl3) δ 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]+ Calcd for C14H19NO3, 249.1365; 

found, 249.1361. 
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Synthesis of α,β-unsaturated oxime ether 8 
 

 

(E)-3-(4-methoxybenzyl)but-3-en-2-one O-((trimethylsilyl)methyl) oxime (8): To a solution of 

α,β-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 Na2SO4, 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–1; 1H NMR (300 MHz, CDCl3) δ 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); 13C{1H} NMR (75 MHz, CDCl3) δ 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 

C16H25NO2Si, 291.1655; found, 291.1648. 

 

Synthesis of α,β-unsaturated oxime ether 9 
 

 

(E)-3-(4-methoxybenzyl)but-3-en-2-one O-((2-(trimethylsilyl)ethoxy)methyl) oxime (9): To a 

solution of α,β-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 Na2SO4, 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–1; 1H 

NMR (300 MHz, CDCl3) δ 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); 13C{1H} NMR (75 MHz, CDCl3) δ 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 (EI-quadrupole) m/z: [M]+ Calcd for 

C18H29NO3Si, 335.1917; found, 335.1911. 

 

Synthesis of α,β-unsaturated oxime ether 10  
 

 

(E)-3-(4-methoxybenzyl)but-3-en-2-one O-((2-methoxyethoxy)methyl) oxime (10): To a 

solution of α,β-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 Na2SO4, 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–1; 1H NMR 

(300 MHz, CDCl3) δ 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); 13C{1H} 

NMR (75 MHz, CDCl3) δ 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]+ Calcd for C16H23NO4, 293.1627; 

found, 293.1624. 
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Synthesis of α,β-unsaturated oxime ester 11 
 

 
(E)-3-(4-methoxybenzyl)but-3-en-2-one O-pivaloyl oxime (11): To a solution of α,β-

unsaturated oxime (40 mg, 0.16 mmol, 1.0 eq.) in CH2Cl2 (3.0 mL) were added pivaloyl 

chloride (25 mg, 1.3 eq.) and NEt3 (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 Na2SO4, 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–1; 1H NMR (300 MHz, CDCl3) 

δ 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); 13C{1H} NMR (75 MHz, CDCl3) δ 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 α,β-unsaturated oxime SEM ether synthesis 
 

 
 

To a solution of α,β-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 Na2SO4, filtered and concentrated in vacuo. The crude product 
was purified by flash column chromatography on silica gel to afford the desired α,β-

unsaturated oxime SEM ethers. 
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(E)-2-(4-methoxybenzyl)-5-(4-methoxyphenyl)pent-1-en-3-oneO-((2-(trimethylsilyl)ethoxy) 
methyl) oxime (19): Following the general procedure for α,β-unsaturated oxime SEM ether 

synthesis with α,β-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–1; 1H NMR (300 MHz, CDCl3) δ 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); 13C{1H} NMR (75 

MHz, CDCl3) δ 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. 

 

 

(E)-3-benzylbut-3-en-2-one O-((2-(trimethylsilyl)ethoxy)methyl) oxime (20): Following the 

general procedure for α,β-unsaturated oxime SEM ether synthesis with α,β-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–1; 1H NMR (300 MHz, CDCl3) δ 7.28–

7.16 (m, 5H), 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); 13C{1H} NMR (75 MHz, CDCl3) δ 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 C17H27NO2Si, 305.1811; found, 305.1806. 
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(E)-3-methyleneheptan-2-one O-((2-(trimethylsilyl)ethoxy)methyl) oxime (21): Following the 
general procedure for α,β-unsaturated oxime SEM ether synthesis with α,β-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–1; 1H NMR (300 MHz, CDCl3) δ 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); 13C{1H} NMR (75 MHz, 

CDCl3) δ 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 C14H29NNaO2Si, 294.1865; found, 294.1857. 

 

 
(E)-4-methyl-3-methylenepentan-2-one O-((2-(trimethylsilyl)ethoxy)methyl) oxime (23): 

Following the general procedure for α,β-unsaturated oxime SEM ether synthesis with α,β-

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–1; 1H NMR (300 MHz, CDCl3) δ 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); 13C{1H} NMR (75 MHz, CDCl3) δ 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]+ Calcd for C13H27NO2S, 

257.1811; found, 257.1820. 
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(E)-3-(4-methoxyphenyl)but-3-en-2-one O-((2-(trimethylsilyl)ethoxy)methyl) oxime (35): 
Following the general procedure for α,β-unsaturated oxime SEM ether synthesis with α,β-

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–1; 1H NMR (300 MHz, 

CDCl3) δ 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); 13C{1H} NMR (75 

MHz, CDCl3) δ 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 C17H27NNaO3Si, 344.1658; found, 344.1653. 

 

 
(E)-3-(4-fluorophenyl)but-3-en-2-one O-((2-(trimethylsilyl)ethoxy)methyl) oxime (36): 
Following the general procedure for α,β-unsaturated oxime SEM ether synthesis with α,β-

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–1; 1H NMR (300 MHz, CDCl3) δ 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); 13C{1H} NMR (75 MHz, CDCl3) δ 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 C16H24FNNaO2Si, 332.1458; found, 332.1448. 
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(E)-3-(4-chlorophenyl)but-3-en-2-one O-((2-(trimethylsilyl)ethoxy)methyl) oxime (37): 
Following the general procedure for α,β-unsaturated oxime SEM ether synthesis with α,β-

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–1; 1H NMR (300 MHz, CDCl3) 

δ 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); 13C{1H} NMR (75 MHz, CDCl3) δ 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 

C16H24ClNNaO2Si, 348.1163; found, 348.1150. 

 

 
(E)-3-(4-bromophenyl)but-3-en-2-one O-((2-(trimethylsilyl)ethoxy)methyl) oxime (38): 
Following the general procedure for α,β-unsaturated oxime SEM ether synthesis with α,β-

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–1; 1H NMR 

(300 MHz, CDCl3) δ 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); 13C{1H} NMR (75 

MHz, CDCl3) δ 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 C16H24BrNNaO2Si, 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 α,β-unsaturated oxime SEM ether synthesis with 

α,β-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–1; 1H NMR (300 MHz, CDCl3) δ 7.61–7.40 (m, 4H), 5.68 (s, 1H), 5.53 

(s, 1H), 5.18 (s, 2H), 3.67 (m, 2H), 2.11 (s, 3H), 0.94 (m, 2H), 0.00 (s, 9H); 13C{1H} NMR (75 

MHz, CDCl3) δ 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 C17H24F3NNaO2Si, 382.1426; 

found, 382.1410. 

 

Synthesis of α,β-unsaturated oxime 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 Na2CO3 (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 Na2SO4, 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 Na2SO4, 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, 

N OSEM

39F3C
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OSEMO H2NOH·HCl

 Na2CO3

MeOH, 80 ℃

N OH
NaH, SEMCl

DMF, 0 ℃



 97 

750 cm–1; 1H NMR (300 MHz, CDCl3) δ 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); 13C{1H} NMR (75 MHz, CDCl3) δ 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 

C11H23NNaO2Si, 252.1396; found, 252.1393. 

 

Synthesis of α,β-unsaturated oxime SEM ether 22 

 
 

(E)-5-(benzyloxy)-3-methylenepentan-2-one-O-((2-(trimethylsilyl)ethoxy)methyl) oxime 

(22): To a solution of 5-(benzyloxy)pentan-2-one58 (500 mg, 2.6 mmol, 1.0 eq.) in DMF (4 
mL) were added CH2=O (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 ℃ (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 Na2SO4, 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 α,β-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 α,β-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 Na2SO4, 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 Na2SO4, 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–1; 1H NMR (300 MHz, CDCl3) δ 7.33–

7.24 (m, 5H), 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); 13C{1H} 

NMR (75 MHz, CDCl3) δ 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]+ Calcd for C19H31NNaO3Si, 

372.1971; found, 372.1969. 

 

Synthesis of α,β-unsaturated oxime SEM ether 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 CH2=O 

(37% aqueous solution, 3.8 mL, 2.0 eq.) and piperidine (220 mg, 0.2 eq.). After the resulting 
mixture was stirred at 90 ℃ (silicon oil bath) for 4 h, the reaction was quenched with saturated 

NaHCO3 aq. The aqueous layer was extracted with AcOEt and the combined organic layers 

were washed with brine, dried over Na2SO4, 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 Na2CO3 (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 

Na2SO4, 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 α,β-unsaturated 

oxime44 (pale yellow oil, 140 mg) with inseparable impurities. The obtained product was used 

in the next step without further purification. 
To a solution of α,β-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 Na2SO4, 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–1; 1H NMR (300 

MHz, CDCl3) δ 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); 13C{1H} NMR (75 MHz, CDCl3) δ 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 C14H27NNaO2Si, 292.1708; found, 292.1699. 

 

 

General procedure for Pd-catalyzed β-Arylation of α,β-unsaturated oxime 
ethers 
 

 

 
General Procedure A: To a solution of α,β-unsaturated oxime (0.1 mmol), arylboronic acid 

(3.0 eq.), Ag2CO3 (2.0 eq.), AgTFA (0.4 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(OAc)2 (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 α,β-unsaturated oxime (0.1 mmol), arylboronic acid 

(3.0 eq.), Ag2CO3 (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)2 (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 
 

 

(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) 
:Following the General Procedure A with α,β-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–1; 1H NMR (300 MHz, 

CDCl3) δ 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); 
13C{1H} NMR (75 MHz, CDCl3) δ 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–1; 1H NMR (300 

MHz, CDCl3) δ 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); 13C{1H} NMR (75 MHz, CDCl3) δ 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. 

 

 

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

Following the General Procedure A with α,β-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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(2E,3E)-3-(4-methoxybenzyl)-4-(4-methoxyphenyl)but-3-en-2-one-O-methoxymethyl oxime 
(13): Following the General Procedure A with α,β-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–1; 1H NMR (300 MHz, CDCl3) δ 7.25 (d, 2H, 

J = 6.6 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); 13C{1H} 

NMR (75 MHz, CDCl3) δ 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 (EI-quadrupole) m/z: [M]+ Calcd for 

C21H25NO4, 355.1784; found, 355.1775. 

 

 

(2E,3E)-3-(4-methoxybenzyl)-4-(4-methoxyphenyl)but-3-en-2-one-O-((trimethylsilyl) 
methyl) oxime (14): Following the General Procedure A with α,β-unsaturated oxime 8 (29 mg, 

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–1; 1H NMR (300 MHz, CDCl3) δ 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); 13C{1H} 

NMR (75 MHz, CDCl3) δ 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 

C23H31NNaO3Si, 420.1971; found, 420.1965. 
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(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 α,β-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–1; 
1H NMR (300 MHz, CDCl3) δ 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); 13C{1H} NMR (75 MHz, 

CDCl3) δ 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 C25H35NNaO4Si, 

464.2233; found, 464.2211. 

 

 

(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 α,β-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–1; 1H NMR (300 MHz, CDCl3) δ 

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 

N OSEM

MeO

OMe15

N OMEM

MeO

OMe16
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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); 13C{1H} NMR (75 MHz, CDCl3) δ 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 C23H29NO5, 399.2046; found, 399.2046. 

 

 

(2E,3E)-3-(4-methoxybenzyl)-4-(4-methoxyphenyl)but-3-en-2-one O-pivaloyl oxime (17): 

Following the General Procedure A with α,β-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–1; 1H NMR (300 MHz, CDCl3) δ 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); 13C{1H} NMR (75 MHz, CDCl3) δ 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 C24H29NO4, 395.2097; 

found, 395.2096. 
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α,β-Unsaturated Oxime Ether Scope 
 

 
Reaction conditions: α,β-unsaturated oxime (0.1 mmol, 1.0 eq.), 2 (3.0 eq.), Pd(TFA)2 (10 mol %), L13 

(30 mol %), Ag2CO3 (2.0 eq.), Na2HPO4X12H2O (1.5 eq.), 2,6-dimethyl-1,4-benzoquinone (30 mol %), 

dioxane (2.0 mL), 90 ℃, 1 h. Isolated yield. 

 
 
 
 

+R1
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R1

N OSEM
B(OH)2

MeO

+

N OSEM

+

53% 
(29:30 = 91:9)
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OMe

+

87% 
(31:32 = 93:7)

+
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+

96%
 (27:28 = 49:51)

88%
 (25:9:15 = 30:36:33)
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15: R = CH3, 92%
26: R = CH2CH2C6H4(p-OMe), 96%

18-24 2
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27 28 29 30

33, 25% 34, 39%
31 32

Pd(TFA)2 (10 mol %)
L13 (30 mol %)
DMBQ, Ag2CO3

Na2HPO4·12H2O
dioxane, 90 ℃, 1 h

9: R = H
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(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 α,β-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–1; 
1H NMR (300 MHz, CDCl3) δ 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); 
13C{1H} NMR (75 MHz, CDCl3) δ 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 C18H29NNaO3Si, 

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 α,β-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–1; 1H NMR (300 MHz, CDCl3) δ 

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); 
13C{1H} NMR (75 MHz, CDCl3) δ 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, 

N OSEM
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27.8, 18.1, –1.40; HRMS (ESI-TOF) m/z: [M+Na]+ Calcd for C33H43NNaO5Si, 584.2808; 

found, 584.2790. 

 

 

(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 α,β-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–1; 1H NMR (300 MHz, CDCl3) δ 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); 13C{1H} NMR (75 MHz, CDCl3) δ 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–1; 1H NMR (300 

MHz, CDCl3) δ 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); 13C{1H} NMR (75 

MHz, CDCl3) δ 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 

C24H33NNaO3Si, 434.2127; found, 434.2115. 
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(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 α,β-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–1; 1H NMR 

(300 MHz, CDCl3) δ 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); 13C{1H} NMR (75 MHz, CDCl3) δ 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 C21H35NNaO3Si, 400.2284; found, 400.2275. 

30: IR (KBr) 2955, 2360, 1638, 1509, 1259, 1105, 998, 835, 750 cm–1; 1H NMR (300 MHz, 

CDCl3) δ 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); 13C{1H} NMR (75 MHz, CDCl3) δ 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 C21H35NNaO3Si, 400.2284; found, 400.2294. 

 

 
(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 α,β-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–1; 1H NMR (300 

MHz, CDCl3, detectable signals from 32 are marked with an asterisk.) δ 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{1H} NMR (75 MHz, CDCl3) δ 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. 

 

 
(E)-3-((Z)-4-methoxybenzylidene)-4-methylpentan-2-one O-((2-(trimethylsilyl)ethoxy) 

methyl) oxime (33) 
:Following the General Procedure B with α,β-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–1; 1H NMR (300 MHz, CDCl3) δ 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); 13C{1H} NMR (75 MHz, CDCl3) 

δ 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 C20H33NNaO3Si, 386.2127; found, 386.2123. 
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(E)-2-((E)-4-methoxybenzylidene)cycloheptan-1-one O-((2-(trimethylsilyl)ethoxy)methyl) 

oxime (34) 
:Following the General Procedure B with α,β-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–1; 1H NMR (300 MHz, CDCl3) δ 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); 13C{1H} NMR (75 MHz, CDCl3) δ 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. 

 

 

Reaction conditions: α,β-unsaturated oxime (0.1 mmol, 1.0 eq.), 2 (3.0 eq.), Pd(TFA)2 (10 mol %), L13 

(30 mol %), Ag2CO3 (2.0 eq.), Na2HPO4X12H2O (1.5 eq.), 2,6-dimethyl-1,4-benzoquinone (30 mol %), 

dioxane (2.0 mL), 90 ℃, 1 h. Isolated yield. 
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N OSEM

F

MeO

41, 85% 
(E:Z = 1.6:1)
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dioxane, 90 ℃, 1 hR
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(2E,3E)-3,4-bis(4-methoxyphenyl)but-3-en-2-one O-((2-(trimethylsilyl)ethoxy)methyl) 

oxime (E)-40 

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

oxime (Z)-40 
:Following the General Procedure B with α,β-unsaturated oxime 35 (29 mg, 0.09 mmol), 

purification by flash column chromatography on silica gel (hexane : AcOEt = 5 : 1) afforded 

the title compounds (E)-40 (colorless oil, 19.2 mg, 50% yield) and (Z)-40 (colorless oil, 15.3 

mg, 40% yield).  

(E)-40: IR (KBr) 2952, 1606, 1511, 1462, 1248, 1177, 1099, 1034, 998, 833, 750 cm–1; 1H 

NMR (300 MHz, CDCl3) δ 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); 13C{1H} NMR (75 MHz, CDCl3) δ 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. 

(Z)-40: IR (KBr) 2954, 1602, 1509, 1275, 1259, 1172, 1105, 1037, 999, 834, 750 cm–1; 1H 

NMR (300 MHz, CDCl3) δ 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); 13C{1H} NMR (75 MHz, CDCl3) δ 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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(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 α,β-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–1; 1H NMR (300 MHz, 

CDCl3) δ 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); 13C{1H} NMR (75 MHz, CDCl3) δ 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 C23H30FNNaO3Si, 438.1877; found, 

438.1864. 

(Z)-41: IR (KBr) 2953, 1603, 1509, 1275, 1258, 1179, 1102, 997, 834, 750 cm–1; 1H NMR (300 

MHz, CDCl3) δ 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); 13C{1H} NMR (75 MHz, CDCl3) δ 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 C23H30FNNaO3Si, 438.1877; found, 

438.1857. 
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(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 α,β-unsaturated oxime 37 (29 mg, 0.09 mmol), 

purification by flash column chromatography on silica gel (hexane : AcOEt = 10 : 1) afforded 

the title compounds (E)-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–1; 
1H NMR (300 MHz, CDCl3) δ 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); 13C{1H} NMR (75 MHz, CDCl3) δ 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 C23H30ClNNaO3Si, 454.1581; found, 454.1561. 

(Z)-42: IR (KBr) 2952, 1605, 1509, 1249, 1174, 1093, 997, 833, 749 cm–1; 1H NMR (300 MHz, 

CDCl3) δ 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); 13C{1H} NMR (75 MHz, CDCl3) δ 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 C23H30ClNNaO3Si, 454.1581; found, 

454.1559. 
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(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 α,β-unsaturated oxime 38 (40 mg, 0.11 mmol), 

purification by flash column chromatography on silica gel (hexane : AcOEt = 10 : 1) afforded 

the title compounds (E)-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–1; 1H NMR (300 

MHz, CDCl3) δ 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); 13C{1H} NMR (75 MHz, CDCl3) δ 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 C23H30BrNNaO3Si, 498.1076; found, 498.1054. 

(Z)-43: IR (KBr) 2952, 1605, 1509, 1275, 1259, 1174, 1102, 997, 831, 750, 474 cm–1; 1H NMR 

(300 MHz, CDCl3) δ 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); 13C{1H} NMR (75 MHz, CDCl3) δ 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 C23H30BrNNaO3Si, 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 (E)-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 α,β-unsaturated oxime 39 (36 mg, 0.10 mmol), 

purification by flash column chromatography on silica gel (hexane : AcOEt = 20 : 1) afforded 

the title compounds (E)-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–1; 1H 

NMR (300 MHz, CDCl3) δ 7.54 (d, 1H, J = 7.8 Hz), 7.46–7.33 (m, 3H), 6.99 (s, 1H), 6.83 (d, 

2H, J = 7.8 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); 13C{1H} NMR (75 MHz, CDCl3) δ 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 C24H30F3NNaO3Si, 488.1845; found, 488.1868. 

(Z)-44: IR (KBr) 2952, 1602, 1509, 1330, 1259, 1168, 1127, 997, 835, 750 cm–1; 1H NMR (300 

MHz, CDCl3) δ 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); 13C{1H} NMR (75 MHz, CDCl3) δ 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 C24H30F3NNaO3Si, 488.1845; found, 488.1847. 
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Boronic Acid Scope 

 

 

Reaction conditions: 9 (0.1 mmol, 1.0 eq.), arylboronic acid (3.0 eq.), Pd(TFA)2 (10 mol %), L13 (30 

mol %), Ag2CO3 (2.0 eq.), Na2HPO4X12H2O (1.5 eq.), 2,6-dimethyl-1,4-benzoquinone (30 mol %), 

dioxane (2.0 mL), 90 ℃, 1 h. Isolated yield. 

+
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B(OH)2

MeO
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MeO
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+

9 2,45-60

Pd(TFA)2 (10 mol %)
L13 (30 mol %)
DMBQ, Ag2CO3

Na2HPO4·12H2O
dioxane, 90 ℃, 1 h

R
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15, 92%
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42%
 (73:74 = 83:17)
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R = Cl, 24% (75:76= 26:74)
R = F, 51% (77:78 = 25:75)
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N
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B(OH)2S B(OH)2O B(OH)2 B(OH)2

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

Unsuccesful substrates

B(OH)2

MeO2C

55, trace

+

79%
 (61:62 = 45:55)
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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)
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(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 α,β-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–1; 1H NMR (300 MHz, CDCl3) δ 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); 13C{1H} NMR (75 MHz, CDCl3) δ 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 C27H39NNaO6Si, 524.2444; found, 524.2420. 

62: IR (KBr) 2952, 1605, 1588, 1509, 1455, 1420, 1328, 1249, 1179, 1128, 999, 894, 835, 750, 

529 cm–1; 1H NMR (300 MHz, CDCl3) δ 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); 13C{1H} NMR (75 MHz, CDCl3) δ 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 C27H39NNaO6Si, 524.2444; 

found, 524.2421. 
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(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 α,β-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–1; 1H NMR (300 MHz, CDCl3) δ 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 

= 8.7 Hz), 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); 13C{1H} NMR (75 MHz, CDCl3) δ 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 C25H35NNaO3Si, 448.2284; found, 448.2270. 

64: IR (KBr) 2952, 1606, 1509, 1275, 1257, 1178, 1104, 998, 895, 835, 750 cm–1; 1H NMR 

(300 MHz, CDCl3) δ 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); 13C{1H} NMR (75 MHz, CDCl3) δ 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 C25H35NNaO3Si, 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 α,β-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 α,β-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–1; 1H NMR (300 

MHz, CDCl3) δ 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); 13C{1H} 

NMR (75 MHz, CDCl3) δ 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–1; 1H 

NMR (300 MHz, CDCl3) δ 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); 13C{1H} NMR (75 MHz, CDCl3) δ 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 C30H37NNaO3Si, 

510.2440; found, 510.2422. 

 

 
(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 α,β-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–1; 1H NMR (300 MHz, CDCl3, signals from the minor 

isomer 67 are marked with an asterisk.) δ 7.28–7.19* (m, 4H), 7.21–7.18 (m, 4H), 7.09 (d, 2H, 

J = 8.4 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); 13C{1H} NMR (75 MHz, CDCl3, inseparable mixture of 67 

and 68.) δ 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 

C24H32ClNNaO3Si, 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 α,β-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–1; 1H NMR (300 MHz, CDCl3, signals from the minor 

isomer 69 are marked with an asterisk.) δ 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); 13C{1H} NMR (75 MHz, CDCl3, inseparable mixture of 69 and 70.) δ 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 C24H32BrNNaO3Si, 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 α,β-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–1; 
1H NMR (300 MHz, CDCl3) δ 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); 13C{1H} NMR (75 MHz, CDCl3) δ 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 C25H32F3NNaO3Si, 502.2001; 

found, 502.1976. 

72: IR (KBr) 2954, 1607, 1509, 1324, 1253, 1161, 1123, 1066, 998, 898, 835, 750 cm–1; 1H 

NMR (300 MHz, CDCl3) δ 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); 13C{1H} NMR (75 MHz, CDCl3) δ 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 C25H32F3NNaO3Si, 502.2001; found, 

502.1976. 
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(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 α,β-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–1; 1H NMR (300 MHz, CDCl3) δ 7.34 (d, 2H, J = 7.8 Hz), 7.18 (m, 1H), 6.94 (d, 2H, 

J = 8.7 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); 13C{1H} NMR (75 MHz, CDCl3) δ 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 C24H31Cl2NNaO3Si, 502.1348; 

found, 502.1335. 

74: IR (KBr) 2918, 1509, 1435, 1249, 997, 835, 750 cm–1; 1H NMR (300 MHz, CDCl3) δ 7.25 

(d, 2H, J = 9.0 Hz), 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); 13C{1H} NMR (75 MHz, CDCl3) δ 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 C24H31Cl2NNaO3Si, 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 α,β-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–1; 1H NMR (300 MHz, CDCl3, 
signals from the minor isomer 75 are marked with an asterisk.) δ 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, 1H), 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); 13C{1H} NMR (75 MHz, 

CDCl3, inseparable mixture of 75 and 76.) δ 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 C23H31ClN2NaO3Si, 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 α,β-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–1; 1H NMR (300 MHz, CDCl3, signals 

from the minor isomer 77 are marked with an asterisk.) δ 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 

= 8.7 Hz), 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); 13C{1H} NMR 

(75 MHz, CDCl3, inseparable mixture of 77 and 78.) δ 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 

C23H31FN2NaO3Si, 453.1986; found, 453.1981. 
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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 L13 and 4-methoxyphenyboronic acid (2) proceeded. Recently, silver-

mediated palladium catalyzed liebeskind-Srogl coupling with arylboronic acid was reported.30 

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

 

 
Mechanistic Experiments 
 
Conversion from compound 4 to 5: 
Following the General Procedure B with the mixture of α,β-unsaturated oximes 3 and 4 (40 

mg, 0.15 mmol, 3W4 = 1W1.4 ), 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).  
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Arylation reaction with Z-oxime 79 
Following the General Procedure B with α,β-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).  

 

 
 

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 α,β-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 α,β-unsaturated oxime  
 

 

(E)-3-(4-methoxybenzyl)but-3-en-2-one-1,1,1,4,4-d5 O-((2-(trimethylsilyl) ethoxy)methyl) 

oxime-1,1,1,4,4-d5 (9-d5)  

: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 CD2=O (37% solution in D2O, 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 ℃ (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 Na2SO4, 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 α,β-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 α,β-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 NH4Cl aq. The aqueous layer was extracted with AcOEt and the combined organic 

layers were washed with brine, dried over Na2SO4, 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 Na2SO4, 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 
 

 

 

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-d4 and 27-d5 (colorless oil, 25.1 mg, 67% yield, 28-d4W27-

d5  = 12W88) as inseparable mixture. 
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Conversion of β-arylated α,β-unsaturated oxime to multi-substituted 
pyridine 

 

 
 

:To a solution of β-arylated α,β-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)3Cl (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 β-arylated α,β-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)3Cl (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–1; 1H NMR (300 MHz, CDCl3) δ 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); 13C{1H} NMR (75 MHz, CDCl3) δ 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 α,β-unsaturated oxime ether 84: To a 
solution of α,β-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)2 (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 NH2 silica gel (hexane : AcOEt = 3 : 1) to afford the desired 

pyridine 86. 
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methyl (E)-4-phenyl-6-styrylpicolinate (86): White solid. mp 

100–101 °C; IR (KBr) 2950, 1717, 1593, 1546, 1496, 1357, 1237, 
1142, 969, 889, 759, 690, 625, 551 cm–1; 1H NMR (CDCl3, 300 

MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 α,β-unsaturated 
oxime ether 84 
 
To a solution of α,β-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 NH2 silica gel (hexane : AcOEt = 3 : 1) to afford the desired pyridine 86. 
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Oxime Ether Optimization 

General procedure for oxime ether optimization: To a solution of α,β-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)2 (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 NH2 silica gel (hexane : 

AcOEt = 3 : 1) to afford the desired pyridine 86. 
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Representative procedure for reaction optimization using α,β-unsaturated 
oxime ether 100 
 
To a solution of α,β-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)2 (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 NH2 silica gel (hexane : AcOEt = 3 : 1) to afford the desired 

pyridine 86. 
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Preparation of Ligands 
 
Ligands L19, L20, L21, L22, L23, L27, L32 and L33 were purchased from commercially sources and 

used without further purification. L24, L25 and L28 were prepared as previously reported. 59  L26, L29, 

L30 and L31 were synthesized according to the following procedures. 

 
Synthesis of L26 

 
6-(tert-butoxy)-N,N-diethylpyridin-2-amine (L26): To a solution of 2-(tert-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 %), Cs2CO3 (528 mg, 1.6 mmol, 3.0 eq.) in toluene (3.0 

mL) and tBuOH (0.3 mL) was added Pd(OAc)2 (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–

1; 1H NMR (CDCl3, 300 MHz) δ 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). 13C{1H} 
NMR (CDCl3, 75 MHz) δ 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 C13H22N2O, 222.1732; found, 222.1731. 

 
Synthesis of L29 

 

2-(((3s,5s,7s)-adamantan-1-yl)oxy)quinoline (L29): 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 

NO N

L26

N O
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Na2SO4, 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 156–157 °C; IR (KBr) 2902, 1603, 1568, 1502, 1472, 1392, 
1300, 1273, 1257, 1241, 1058, 973, 897, 823, 752 cm–1; 1H NMR (CDCl3, 300 MHz) δ 7.91 

(d, 1H, J = 8.7 Hz), 7.79 (d, 1H, J = 8.4 Hz), 7.66 (dd, 1H, J = 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 C19H21NO, 279.1623; found, 279.1619.  

 
Synthesis of L30 

 
2-(((1r,3r,5r,7r)-adamantan-2-yl)oxy)quinoline (L30): 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 
Na2SO4, 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–1; 1H NMR (CDCl3, 300 MHz) δ 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). 13C{1H} 
NMR (CDCl3, 75 MHz) δ 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 C19H21NO, 

279.1623; found, 279.1622.  
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Synthesis of L31 

 

2,6-bis(((3S,5S,7S)-adamantan-1-yl)oxy)pyridine (L31): 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 Na2SO4, 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–1; 1H NMR (CDCl3, 300 

MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 161.6, 140.0, 105.6, 78.6, 42.0, 36.3, 30.9; HRMS 

(EI-quadrupole) m/z: [M]
+ Calcd for C25H33NO2, 379.2511; found, 379.2513.  

 

Preparation of Substrates 
 
Synthesis of symmetrical α,β-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 H2O (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 Na2SO4, 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, 

NO O

L31
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877, 861, 757, 690, 522, 477 cm–1; 1H NMR (CDCl3, 300 MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 C18H17NO, 263.1310; found, 263.1318. 

 

 
(1E,4E)-1,5-diphenylpenta-1,4-dien-3-one O-acetyl oxime (89): To a solution of (1E,4E)-1,5-

diphenylpenta-1,4-dien-3-one oxime60 (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 Na2SO4, 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–1; 1H NMR (CDCl3, 300 MHz) δ 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). 
13C{1H} NMR (CDCl3, 75 MHz) δ 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 

C19H17NO2, 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 

N O

89

O

N O

90
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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 Na2SO4, 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–1; 1H NMR (CDCl3, 300 MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 C22H23NO2, 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,4E)-1,5-diphenylpenta-1,4-dien-3-one oxime (200 mg, 0.80 mmol, 1.0 eq.) in 

CH2Cl2 (3 mL) were added tert-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 CHCl3 and the combined organic 

layers were washed with brine, dried over Na2SO4, 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–1; 1H NMR (CDCl3, 300 MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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,4E)-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 

Na2SO4, 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–1; 1H NMR (CDCl3, 300 MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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. 

 

 

(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 CH2Cl2 (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 CHCl3 and the combined organic layers were washed with 

brine, dried over Na2SO4, 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–1; 1H NMR (CDCl3, 300 MHz) 

δ 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). 13C{1H} NMR (CDCl3, 

75 MHz) δ 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 C26H36NOSi, 406.2566; found, 406.2560. 

 

 

(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 Na2SO4, 

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–1; 1H NMR (CDCl3, 300 MHz) δ 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). 
13C{1H} NMR (CDCl3, 75 MHz) δ 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 C23H14F5NO, 

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 

Na2SO4, 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–1; 1H NMR (CDCl3, 300 MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 C24H16F5NO, 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,4E)-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 Na2SO4, 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–1; 1H NMR (CDCl3, 300 MHz) δ 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, 1H, J = 16.2 Hz), 7.11 (d, 1H, J = 16.5 Hz), 6.89 (d, 1H, J = 16.2 Hz), 5.40 (s, 2H). 13C{1H} 
NMR (CDCl3, 75 MHz) δ 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 C23H20N2O, 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 Na2SO4, 

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–1; 1H NMR (CDCl3, 300 MHz) δ 7.60–7.49 (m, 

4H), 7.40–7.29 (m, 7H), 7.17 (d, 1H, J = 16.2 Hz), 7.08 (d, 1H, J = 16.8 Hz), 6.92 (d, 1H, J = 
16.2 Hz), 5.24 (s, 2H), 3.50 (s, 3H). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 C19H19NO2, 293.1416; found, 293.1415. 

 

 

(1E,4E)-1,5-diphenylpenta-1,4-dien-3-one O-(trimethylsilyl)methyl oxime (98): To a solution 

N O

O

97

N O

98

Si



 142 

of (1E,4E)-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 Na2SO4, 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–1; 1H NMR (CDCl3, 300 MHz) δ 7.55–7.45 (m, 4H), 7.39–7.22 (m, 7H), 7.12 

(d, 1H, J = 16.2 Hz), 7.09 (d, 1H, J = 16.8 Hz), 6.87 (d, 1H, J = 16.2 Hz), 4.02 (s, 2H), 0.15 (s, 
9H). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 C21H25NOSi, 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 H2O (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 Na2SO4, filtered and 

concentrated in vacuo. The crude product was purified by flash column chromatography on 

silica gel (hexane : CH2Cl2 = 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–1; 
1H NMR (CDCl3, 300 MHz) δ 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). 13C{1H} NMR (CDCl3, 

75 MHz) δ 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 C21H23NO, 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 Na2SO4, 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–1; 1H NMR 
(CDCl3, 300 MHz) δ 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). 13C{1H} 
NMR (CDCl3, 75 MHz) δ 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 C20H21NO, 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,4E)-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 Na2SO4, 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–1; 1H NMR (CDCl3, 300 MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 C23H29NO2Si, 379.1968; found, 379.1964. 

 

 
(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 Na2SO4, 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 Na2SO4, filtered and 

concentrated in vacuo. The crude product was purified by flash column chromatography on 

silica gel (hexane : CH2Cl2 = 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–1; 1H NMR (CDCl3, 300 

MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 C22H25NO, 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 Na2SO4, 

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 

Na2SO4, 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–1; 1H NMR (CDCl3, 300 MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 C22H25NO3, 351.1834; found, 351.1838. 

 

 

(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 Na2SO4, 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 Na2SO4, 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–1; 1H NMR (CDCl3, 300 MHz) δ 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). 13C{1H} NMR 
(CDCl3, 75 MHz) δ 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 C20H19F2NO, 327.1435; 

found, 327.1436. 

 

 

(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 Na2SO4, 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 Na2SO4, 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–1; 1H NMR (CDCl3, 300 MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 

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 C20H19Cl2NO, 359.0844, 361.0814; found, 

359.0841, 361.0821. 

 

 

(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, 

2.70 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 Na2SO4, 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 Na2SO4, 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 48–49 °C; IR (KBr) 2983, 1613, 
1321, 1160, 1106, 966, 825, 619, 492 cm–1; 1H NMR (CDCl3, 300 MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 C22H19F6NO, 427.1371; found, 

427.1373. 
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General procedure for unsymmetrical α,β-unsaturated oxime ether 
synthesis 

 
To a solution of α,β-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 Na2SO4, 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 Na2SO4, filtered and concentrated 

in vacuo. The crude product was purified by flash column chromatography on silica gel to 
afford the desired O-isopropyl α,β-unsaturated oxime ethers. 

 

(2E,3E)-4-phenylbut-3-en-2-one O-isopropyl oxime (107): Following the general procedure 

for unsymmetrical α,β-unsaturated oxime ether synthesis with (E)-4-phenylbut-3-en-2-one (1.0 

g, 6.84 mmol), purification by flash column chromatography on silica gel (hexane : CH2Cl2 = 

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–1; 1H NMR (CDCl3, 300 

MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 C13H17NO, 

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 α,β-unsaturated oxime ether synthesis with ((E)-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 46–47 °C; 
IR (KBr) 2971, 1510, 1321, 1149, 1123, 1019, 970, 807, 545 cm–1; 1H NMR (CDCl3, 300 MHz) 

δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 C14H19NO, 217.1467; found, 217.1469. 

 

 

(2E,3E)-4-(4-methoxyphenyl)but-3-en-2-one O-isopropyl oxime (109): Following the general 

procedure for unsymmetrical α,β-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 : CH2Cl2 = 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–1; 1H NMR (CDCl3, 300 MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 159.6, 155.1, 131.7, 129.4, 128.0, 124.4, 

114.1, 75.5, 55.3, 21.7, 10.3; HRMS (EI-quadrupole) m/z: [M]
+ Calcd for C14H19NO2, 

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 α,β-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 : CH2Cl2 = 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–1; 1H NMR (CDCl3, 300 MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 C13H16ClNO, 237.0920, 239.0891; found, 237.0923, 239.0887. 

 

 

(1E,3E)-1-(4-chlorophenyl)hex-1-en-3-one O-isopropyl oxime (111): Following the general 

procedure for unsymmetrical α,β-unsaturated oxime ether synthesis with (E)-1-(4-

chlorophenyl)hex-1-en-3-one (1.67 g, 8.0 mmol), purification by flash column 

chromatography on silica gel (hexane : CH2Cl2 = 5 : 1) afforded the title compound (colorless 

oil, 197 mg, 9% yield). IR (KBr) 2969, 1490, 1465, 1324, 1120, 1090, 1012, 807, 501 cm–1; 
1H NMR (CDCl3, 300 MHz) δ 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 = 7.2 Hz). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 C15H20ClNO, 

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 α,β-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–1; 1H NMR (CDCl3, 300 MHz) δ 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). 13C{1H} NMR 
(CDCl3, 75 MHz) δ 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 C19H19NOS, 

309.1187; found, 309.1198. 

 

 
(2E,3E)-4-(9-ethyl-9H-carbazol-2-yl)but-3-en-2-one O-isopropyl oxime (113): Following the 

general procedure for unsymmetrical α,β-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–1; 1H NMR (CDCl3, 300 MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) 

δ 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 C21H24N2O, 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 α,β-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–1; 1H NMR (CDCl3, 300 MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 C15H19NO, 229.1467; found, 229.1464. 

 

 

(E)-2-((E)-4-methoxybenzylidene)cyclopentan-1-one O-isopropyl oxime (115): Following the 

general procedure for unsymmetrical α,β-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 75–76 °C; IR (KBr) 2973, 1603, 1463, 1419, 1346, 1253, 1176, 
1146, 1118, 1028, 899, 827, 528 cm–1; 1H NMR (CDCl3, 300 MHz) δ 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). 13C{1H} 
NMR (CDCl3, 75 MHz) δ 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 C16H21NO2, 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 α,β-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–1; 1H NMR (CDCl3, 300 MHz) δ 7.35–7.30 (m, 4H), 7.17–7.14 (m, 

1H), 4.41 (m, 1H), 2.73 (td, 2H, J = 7.5, 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 

C15H18ClNO, 263.1077; found, 263.1078. 

 

 
(E)-2-((E)-4-methoxybenzylidene)cyclohexan-1-one O-isopropyl oxime (132): Following the 

general procedure for unsymmetrical α,β-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–1; 1H NMR (CDCl3, 
300 MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 C17H23NO2, 

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 α,β-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–1; 1H NMR (CDCl3, 300 MHz, 

signals from the minor isomer are marked with an asterisk.) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 C18H25NO2, 287.1885; found, 287.1886. 

 

 
(2E,3E)-3-methyl-4-phenylbut-3-en-2-one O-isopropyl oxime (134): Following the general 

procedure for unsymmetrical α,β-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–1; 1H NMR (CDCl3, 300 MHz) δ 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). 13C{1H} NMR (CDCl3, 

75 MHz) δ 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 C14H19NO, 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 α,β-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–1; 1H NMR (CDCl3, 300 MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 α,β-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–1; 
1H NMR (CDCl3, 300 MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 

C15H21NO2, 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 α,β-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–1; 1H NMR (CDCl3, 
300 MHz) δ 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). 13C{1H} 
NMR (CDCl3, 75 MHz) δ 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 C16H21NO2, 259.1572; found, 

259.1575. 

 
(E)-3-(4-chlorophenyl)but-3-en-2-one O-isopropyl oxime (164): To a solution of α,β-

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 Na2SO4, 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–1; 1H NMR (CDCl3, 300 

MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 C13H16ClNO, 237.0920; found, 237.0921. 
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General Procedure for Pyridine Synthesis  
 

 
 

General Procedure A : To a solution of α,β-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)2 (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 NH2 silica gel.  
General Procedure B : To a solution of α,β-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)2 (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 NH2 silica gel.  

 

 
methyl (E)-4-phenyl-6-styrylpicolinate (86): Following the general procedure A for pyridine 
synthesis with α,β-unsaturated oxime 100 (50 mg, 0.17 mmol) and methyl acrylate, 

purification by flash column chromatography on NH2 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–1; 1H NMR (CDCl3, 
300 MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) 

δ 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 α,β-unsaturated oxime 102 (64 mg, 0.20 mmol) and methyl acrylate, 

purification by flash column chromatography on NH2 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–1; 1H NMR (CDCl3, 300 

MHz) δ 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). 
13C{1H} NMR (CDCl3, 75 MHz) δ 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 C23H21NO2, 343.1572; found, 343.1559. 

 

 
methyl (E)-4-(4-methoxyphenyl)-6-(4-methoxystyryl)picolinate (118): Following the general 
procedure A for pyridine synthesis with α,β-unsaturated oxime 103 (70 mg, 0.20 mmol) and 

methyl acrylate, purification by flash column chromatography on NH2 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–1; 1H NMR (CDCl3, 300 MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 α,β-unsaturated oxime 104 (65 mg, 0.20 mmol) and 

methyl acrylate, purification by flash column chromatography on NH2 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–1; 1H NMR 
(CDCl3, 300 MHz) δ 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). 13C{1H} NMR (CDCl3, 

75 MHz) δ 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. 

 

 
methyl (E)-4-(4-chlorophenyl)-6-(4-chlorostyryl)picolinate (120): Following the general 
procedure A for pyridine synthesis with α,β-unsaturated oxime 105 (43 mg, 0.12 mmol) and 

methyl acrylate, purification by flash column chromatography on NH2 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–1; 1H NMR (CDCl3, 300 MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 C21H15Cl2NO2, 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 α,β-unsaturated oxime 106 (43 

mg, 0.10 mmol) and methyl acrylate, purification by flash column chromatography on NH2 

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–1; 1H NMR (CDCl3, 300 MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 C23H15F6NO2, 

451.1007; found, 451.1020. 

 

 
methyl 6-methyl-4-phenylpicolinate (122): Following the general procedure A for pyridine 
synthesis with α,β-unsaturated oxime 107 (41 mg, 0.20 mmol) and methyl acrylate, 

purification by flash column chromatography on NH2 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–1; 1H NMR (CDCl3, 300 MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 C14H13NO2, 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 α,β-unsaturated oxime 108 (43 mg, 0.20 mmol) and methyl acrylate, 

purification by flash column chromatography on NH2 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–1; 
1H NMR (CDCl3, 300 MHz) δ 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). 13C{1H} NMR 
(CDCl3, 75 MHz) δ 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 C15H15NO2, 241.1103; found, 241.1096. 

 

 
methyl 4-(4-methoxyphenyl)-6-methylpicolinate (124): Following the general procedure A for 
pyridine synthesis with α,β-unsaturated oxime 109 (41 mg, 0.20 mmol) and methyl acrylate, 

purification by flash column chromatography on NH2 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–1; 1H 
NMR (CDCl3, 300 MHz) δ 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). 13C{1H} NMR (CDCl3, 

75 MHz) δ 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 C15H15NO3, 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 α,β-unsaturated oxime 110 (48 mg, 0.20 mmol) and methyl acrylate, 

purification by flash column chromatography on NH2 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–1; 1H NMR (CDCl3, 
300 MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 C14H12ClNO2, 261.0557, 263.0527; found, 261.0562, 263.0522. 

 

 

methyl 4-(4-chlorophenyl)-6-propylpicolinate (126): Following the general procedure A for 
pyridine synthesis with α,β-unsaturated oxime 111 (53 mg, 0.20 mmol) and methyl acrylate, 

purification by flash column chromatography on NH2 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–1; 1H NMR (CDCl3, 300 MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 C16H16ClNO2, 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 α,β-unsaturated oxime 112 (62 mg, 0.20 mmol) and 

methyl acrylate, purification by flash column chromatography on NH2 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–1; 1H NMR 
(CDCl3, 300 MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 

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 

C20H15NO2S, 333.0823; found, 333.0824. 

 

 
methyl 4-(9-ethyl-9H-carbazol-2-yl)-6-methylpicolinate (128): Following the general 

procedure A for pyridine synthesis with α,β-unsaturated oxime 113 (64 mg, 0.20 mmol) and 

methyl acrylate, purification by flash column chromatography on NH2 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–1; 1H NMR (CDCl3, 300 MHz) δ 

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 
(q, 2H, J = 7.2 Hz), 4.06 (s, 3H), 2.75 (s, 3H), 1.47 (t, 3H, J = 7.2 Hz).13C{1H} NMR (CDCl3, 

75 MHz) δ 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 C22H20N2O2, 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 α,β-unsaturated oxime 114 (46 mg, 0.20 

mmol) and methyl acrylate, purification by flash column chromatography on NH2 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–1; 1H NMR 
(CDCl3, 300 MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 C16H15NO2, 253.1103; found, 253.1104. 

 

 
methyl 4-(4-methoxyphenyl)-6,7-dihydro-5H-cyclopenta[b]pyridine-2-carboxylate (130): 
Following the general procedure A for pyridine synthesis with α,β-unsaturated oxime 115 (52 

mg, 0.20 mmol) and methyl acrylate, purification by flash column chromatography on NH2 

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–1; 1H NMR (CDCl3, 300 MHz) δ 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 = 7.5 Hz), 2.15 (tt, 2H, J = 7.5, 7.5 Hz). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 C17H17NO3, 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 α,β-unsaturated oxime 116 (53 

mg, 0.20 mmol) and methyl acrylate, purification by flash column chromatography on NH2 

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–1; 1H NMR (CDCl3, 300 MHz) δ 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). 13C{1H} 
NMR (CDCl3, 75 MHz) δ 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 C16H14ClNO2, 287.0713, 

289.0684; found, 287.0721, 289.0690. 

 

 

ethyl (E)-6-(4-methylstyryl)-4-(p-tolyl)picolinate (138): Following the general procedure A for 
pyridine synthesis with α,β-unsaturated oxime 102 (32 mg, 0.10 mmol) and ethyl acrylate, 

purification by flash column chromatography on NH2 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–1; 1H NMR (CDCl3, 300 MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 

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 C24H23NO2, 

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 α,β-unsaturated oxime 102 (32 mg, 0.10 mmol) and benzyl acrylate, 

purification by flash column chromatography on NH2 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–1; 1H 
NMR (CDCl3, 300 MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 

C29H25NO2, 419.1885; found, 419.1872. 

 

 

2-methoxyethyl (E)-6-(4-methylstyryl)-4-(p-tolyl)picolinate (140): Following the general 

procedure B for pyridine synthesis with α,β-unsaturated oxime 102 (32 mg, 0.10 mmol) and 

2-methoxyethyl acrylate, purification by flash column chromatography on NH2 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–1; 1H NMR (CDCl3, 300 MHz) δ 8.11 (d, 1H, J = 1.5 Hz), 7.72 (d, 1H, 

J = 1.5 Hz), 7.61 (d, 1H, J = 16.2 Hz), 7.55 (d, 2H, J = 8.1 Hz), 7.44 (d, 2H, J = 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 C25H25NO3, 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 α,β-unsaturated oxime 108 (43 mg, 0.20 mmol) and ethyl acrylate, purification 

by flash column chromatography on NH2 silica gel (hexane : AcOEt = 5 : 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–1; 1H NMR (CDCl3, 300 

MHz) δ 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). 
13C{1H} NMR (CDCl3, 75 MHz) δ 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 C16H17NO2, 

255.1259; found, 255.1268. 

 

 

benzyl 6-methyl-4-(p-tolyl)picolinate (142): Following the general procedure B for pyridine 
synthesis with α,β-unsaturated oxime 108 (43 mg, 0.20 mmol) and benzyl acrylate, purification 

by flash column chromatography on NH2 silica gel (hexane : AcOEt = 5 : 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–1; 1H NMR (CDCl3, 300 

MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 C21H19NO2, 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 α,β-unsaturated oxime 108 (43 mg, 0.20 mmol) and 2-methoxyethyl 

acrylate, purification by flash column chromatography on NH2 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–1; 1H NMR (CDCl3, 300 MHz) δ 

8.09 (d, 1H, J = 1.5 Hz), 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). 
13C{1H} NMR (CDCl3, 75 MHz) δ 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 C17H19NO3, 285.1365; found, 285.1368. 

 

 

isopropyl 6-methyl-4-(p-tolyl)picolinate (144): Following the general procedure B for pyridine 
synthesis with α,β-unsaturated oxime 108 (43 mg, 0.20 mmol) and isopropyl acrylate, 

purification by flash column chromatography on NH2 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–1; 1H NMR 
(CDCl3, 300 MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 

C17H19NO2, 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 α,β-unsaturated oxime 108 (43 mg, 0.20 mmol) and cyclohexyl 

acrylate, purification by flash column chromatography on NH2 silica gel (hexane : AcOEt = 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–1; 1H NMR (CDCl3, 300 MHz) δ 8.10 

(d, 1H, J = 1.5 Hz), 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 C20H23NO2, 309.1729; found, 309.1732. 

 

 

(3s,5s,7s)-adamantan-1-yl 6-methyl-4-(p-tolyl)picolinate (146): Following the general 
procedure B for pyridine synthesis with α,β-unsaturated oxime 108 (43 mg, 0.20 mmol) and 

adamantan-1-yl acrylate, purification by flash column chromatography on NH2 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–1; 1H 
NMR (CDCl3, 300 MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 α,β-unsaturated oxime 108 (43 mg, 0.20 mmol) and N,N-dimethylacrylamide, 

purification by flash column chromatography on NH2 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–1; 1H NMR (CDCl3, 300 MHz) δ 7.60 (d, 1H, J = 1.5 Hz), 7.55 (d, 2H, 

J = 8.1 Hz), 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 C16H18N2O, 254.1419; found, 254.1418. 

 

 
4-(4-chlorophenyl)-N,N,6-trimethylpicolinamide (149): Following the general procedure B for 
pyridine synthesis with α,β-unsaturated oxime 110 (24 mg, 0.10 mmol) and N,N-

dimethylacrylamide, purification by flash column chromatography on NH2 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–1; 1H NMR (CDCl3, 
300 MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) 

δ 169.2, 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 C15H15ClN2O, 274.0873; found, 274.0869. 
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4-(4-methoxyphenyl)-N,N-dimethyl-6,7-dihydro-5H-cyclopenta[b]pyridine-2-carboxamide 
(150): Following the general procedure B for pyridine synthesis with α,β-unsaturated oxime 

115 (26 mg, 0.10 mmol) and N,N-dimethylacrylamide, purification by flash column 

chromatography on NH2 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–1; 1H NMR (CDCl3, 300 MHz) δ 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). 13C{1H} 
NMR (CDCl3, 75 MHz) δ 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 C18H20N2O2, 

296.1525; found, 296.1523. 

 

 
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 α,β-unsaturated oxime 

116 (26 mg, 0.10 mmol) and N,N-dimethylacrylamide, purification by flash column 

chromatography on NH2 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–1; 1H NMR (CDCl3, 300 MHz) δ 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). 13C{1H} NMR (CDCl3, 75 

MHz) δ 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]
+ Calcd for C17H17ClN2O, 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 α,β-unsaturated oxime 115 (26 

mg, 0.10 mmol) and N-butyl acrylamide, purification by flash column chromatography on NH2 

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–1; 1H NMR 
(CDCl3, 300 MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 

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 C20H24N2O2, 324.1838; found, 

324.1835. 

 

 

(4-(4-methoxyphenyl)-6,7-dihydro-5H-cyclopenta[b]pyridin-2-yl)(morpholino)methanone 
(153): Following the general procedure B for pyridine synthesis with α,β-unsaturated oxime 

115 (26 mg, 0.10 mmol) and 4-acryloylmorpholine, purification by flash column 

chromatography on NH2 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–1; 1H NMR (CDCl3, 300 MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 C20H22N2O3, 338.1630; found, 338.1636. 
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4-(4-methoxyphenyl)-N-phenyl-6,7-dihydro-5H-cyclopenta[b]pyridine-2-carboxamide (154): 
Following the general procedure B for pyridine synthesis with α,β-unsaturated oxime 115 (26 

mg, 0.10 mmol) and N-phenyl acrylamide, purification by flash column chromatography on 

NH2 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–1; 1H NMR (CDCl3, 300 MHz) δ 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, 1H, 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). 13C{1H} 
NMR (CDCl3, 75 MHz) δ 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 

C22H20N2O2, 344.1525; found, 344.1513. 

 

 

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 α,β-

unsaturated oxime 115 (26 mg, 0.10 mmol) and N-methoxy-N-methyl acrylamide, purification 

by flash column chromatography on NH2 silica gel (hexane : AcOEt = 3 : 1) afforded the title 

compound (white solid, 15 mg, 48% yield). mp 114–115 °C; IR (KBr) 2946, 1641, 1607, 1584, 
1512, 1435, 1395, 1251, 1174, 1028, 831, 563, 475, 437 cm–1; 1H NMR (CDCl3, 300 MHz) δ 

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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 C18H20N2NaO3, 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 α,β-unsaturated oxime 115 (26 mg, 0.10 

mmol) and styrene, purification by flash column chromatography on NH2 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–1; 1H 
NMR (CDCl3, 300 MHz) δ 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). 13C{1H} 
NMR (CDCl3, 75 MHz) δ 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. 

 

 

4-(4-methoxyphenyl)-2-(4-nitrophenyl)-6,7-dihydro-5H-cyclopenta[b]pyridine (157): 
Following the general procedure A for pyridine synthesis with α,β-unsaturated oxime 115 (26 

mg, 0.10 mmol) and 4-nitrostyrene, purification by flash column chromatography on NH2 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 cm–1; 1H NMR (CDCl3, 300 MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 (EI-quadrupole) m/z: [M]
+ Calcd for C21H18N2O3, 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 α,β-unsaturated oxime 115 (26 

mg, 0.10 mmol) and methyl 4-vinylbenzoate, purification by flash column chromatography on 

NH2 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–1; 1H NMR (CDCl3, 300 MHz) δ 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). 
13C{1H} NMR (CDCl3, 75 MHz) δ 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 C23H21NO3, 359.1521; found, 359.1522. 

 

 

4-(4-methoxyphenyl)-2-(4-(trifluoromethyl)phenyl)-6,7-dihydro-5H-cyclopenta[b]pyridine 
(159): Following the general procedure A for pyridine synthesis with α,β-unsaturated oxime 

115 (26 mg, 0.10 mmol) and 4-trifluoromethylstyrene, purification by flash column 

chromatography on NH2 silica 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–1; 1H NMR (CDCl3, 300 MHz) δ 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). 13C{1H} NMR 
(CDCl3, 75 MHz) δ 167.0, 159.9, 154.7, 145.8, 133.9, 131.0, 129.4, 127.2, 125.6, 125.5, 118.2, 

N

MeO

CO2Me

158

N
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114.1, 55.4, 34.7, 30.9, 23.6; HRMS (EI-quadrupole) m/z: [M]
+ Calcd for C22H18F3NO, 

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 α,β-unsaturated oxime 115 (26 

mg, 0.10 mmol) and pentafluorostyrene, purification by flash column chromatography on NH2 

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–1; 1H NMR (CDCl3, 300 MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 α,β-

unsaturated oxime 115 (259 mg, 1.0 mmol) and pentafluorostyrene, purification by flash 

column chromatography on NH2 silica gel (hexane : AcOEt = 10 : 1) afforded the title 

compound (pale yellow solid, 290 mg, 74% yield). 

 

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

mg, 0.10 mmol) and pentafluorostyrene, purification by flash column chromatography on NH2 
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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–1; 1H NMR (CDCl3, 300 MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 

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 C20H11ClF5N, 395.0500; found, 395.0503. 

 

 

dimethyl-4-(4-methoxyphenyl)-6,7-dihydro-5H-cyclopenta[b]pyridine-2,3-dicarboxylate 
(162): Following the general procedure B for pyridine synthesis with α,β-unsaturated oxime 

115 (26 mg, 0.10 mmol) and dimethyl maleate, purification by flash column chromatography 

on NH2 silica 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–1; 1H NMR (CDCl3, 300 MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 C19H19NO5, 341.1263; found, 341.1267. 

 

 
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 α,β-unsaturated 

oxime 115 (52 mg, 0.20 mmol) and N-methylmaleimide, purification by flash column 

chromatography on NH2 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–1; 1H NMR (CDCl3, 300 

MHz) δ 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 

N
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Hz), 3.17 (s, 3H), 2.99 (t, 2H, J = 7.5 Hz), 2.22–2.16 (m, 2H). 13C{1H} NMR (CDCl3, 75 MHz) 

δ 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 C18H16N2O3, 308.1161; found, 308.1169. 

 

Mechanistic Experiments  

 
 

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

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

ethyl (2E,4Z,6E)-5-(4-chlorophenyl)-6-(isopropoxyimino)hepta-2,4-dienoate (Z-166) 
:To a solution of α,β-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.), L31 (27 mg, 0.075 mmol, 30 

mol %) in dioxane (3.0 mL) was added Pd(OAc)2 (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 NH2 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 = 1.3 : 1). 

:To a solution of α,β-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)2 (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 NH2 silica gel (hexane : AcOEt 

time
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36 h

165 166
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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–1; 1H NMR (CDCl3, 300 MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 

C15H14ClNO2, 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–1; 1H NMR (CDCl3, 300 MHz) δ 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). 13C{1H} NMR (CDCl3, 75 MHz) δ 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 C18H22ClNO3, 335.1288; found, 335.1277.  

(Z)-166: IR (KBr) 2976, 1704, 1621, 1490, 1366, 1253, 1196, 1134, 1118, 1090, 982, 889, 828, 
767, 723 cm–1; 1H NMR (CDCl3, 300 MHz) δ 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 

(q, 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). 13C{1H} 
NMR (CDCl3, 75 MHz) δ 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 (EI-quadrupole) m/z: [M]
+ Calcd for C18H22ClNO3, 

335.1288; found, 335.1277. 
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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 : AcOEt = 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 E/Z isomers (E : Z = 3 : 1).  

 

 
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 : AcOEt = 4 : 1) to afford 165 (colorless oil, 1.5 mg, 18% yield) and (E)-166 (7.3 mg, 

73% recovery).  
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Deuterium Labeling Experiment  

 
To a solution of α,β-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 CD3CO2D (0.4 

mL) was added Pd(OAc)2 (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-d3 (16.6 

mg, 72% yield) as colorless oil. 

 

 
To a solution of α,β-unsaturated oxime 114 (23 mg, 0.1 mmol) in dioxane (4.0 mL) was added 

CD3CO2D (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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