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Ar

bpy
BINOL
Bu

cat
cat.

cod

dba
dcype
DFT
DMA
DMSO
dppf
dppp
Et

EWG

equiv.

FG

GC

Hal

aryl

2,2'-bipyridine
2,2'-dihydroxy-1,1'-binaphthyl

butyl

catecholato

catalytic amount

1,5-cyclooctadiene

cyclohexyl

dibenzylideneacetone
1,2-bis(dicyclohexylphosphino)ethane
density functional theory

N, N-dimethylacetamide

dimethyl sulfoxide
1,1'-bis(diphenylphosphino)ferrocene
1,3-bis(diphenylphosphino)propane
ethyl

electron withdrawing group

equivalent
functional group
Gibbs free energy
gas chromatography
hour

halogen
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ICy 1,3-dicyclohexyl-imidazolidin-2-ylidene
IMes 1,3-bis(2,4,6-trimethylphenyl)-imidazolidin-2-ylidene
IPr 1,3-bis(2,6-isopropyl)-imidazolidin-2-ylidene
I'Bu 1,3-bis(t-butyl)-imidazolidin-2-ylidene

L ligand

LDA lithium diisopropylamide

LED light-emitting diode

M metal

Me methyl

M number-average molecular weight
MOM methoxymethyl

MS mass spectrometry

n normal

NHC N-heterocyclic carbene

NMR nuclear magnetic resonance

NMP N-methylpyrrolidinone

Nuc nucleophile

PC photocatalyst

PDI polydispersity index

PEDOT poly(3,4-ethylenedioxythiophene)

Ph phenyl
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SET
SIMes
SIPr
tor tert
TBS

Tf

TFP
™
TEMPO
T™MS
THF

TS

pinacol

2-phenylpyridinato-C2, N

propyl

alkyl

room temperature

single electron transfer
1,3-bis(2,4,6-trimethylphenyl)-imidazolidin-2-ylidene
1,3-bis(2,6-diisopropylphenyl)-imidazolidin-2-ylidene
tertiary

tert-butyldimethylsilyl

trifluoromethylsulfonyl

tri(2-furyl)phosphine

transition metal

2,2,6,6-tetramethylpiperidine 1-oxyl

trimethylsilyl

tetrahydrofuran

transition state
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Scheme 1-1. Cross-coupling reactions.

ﬂ_"""" . X_G TM-catalyst _ M

X=CIl, Br, |

Selected examples:

M = [Mg] Kumada-Tamao-Corriu coupling

M = [Al)/[Zn]/[Zr] Negishi coupling

M = [B] Suzuki-Miyaura coupling
M =[Sn] Migita-Kosugi-Stille coupling
M = [Li] Murahashi coupling
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% (Figure 1-1),

Figure 1-1. Strategy of this work.
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1980 AT, Wenkert 513 Grignard 34 W T, = 7 /ufitlitiz 15 C-O/
C-N fEEUIWHL 7 0 2 v 7V v 7 G Z Y10 Ty L7209 (Scheme 1-2), Ziu b
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Scheme 1-2. The first Kumada coupling of ethers/ammonium salts.

Wenkert 1979

OMe NiCl,(PPh3), (10 mol%) Ph
Ph—MgBr
OO * g Benzene, reflux >

7%

Wenkert 1988

® © NiCl,(dppp) (10 mol%)
Ar—NMe; ¢ | + R—MgX s Ar—R
Et;N, Benzene, reflux

1% - 60%
R = Ph, PhCH,, Me, Pr 10 examples

21 HRZICA D | 2003 4EIC72 5 & MacMillan HITARER T HERKE T U —L 7 U E
=YL LD a ATy ) TR E RS LU 2004 422 Dankwardt (R U &
I AT IR AT 0 (PCys) ZENLT-& LTHWD Z LT, Wenkert )i D 3E
AP LOSER KIEIZ M 95 2 & & R L7 2otk ARk v FZpER1AL0
AT VI = LRI PIZ REAIE 35 A NV EOUINZ -7 C-O FEA YN
WMy va 277 o TROG b S STz, £70, C-N SRS IZ- DV T, 2011
FIZ Wang B2 7 =T A EAERIERIEE D7 020 v 7Y U I ROSEIRE L
724" (Figure 1-2) ,
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Figure 1-2. History of C—O / C—N bond cleavage cross-coupling reactions.

C-0 bond cleavage cross-coupling reaction C-N bond cleavage cross-coupling reaction
O Q= @O O 0= -0

1979
E.Wenkert Ni IIB— 1988 .

J. W. Dankwardt

2003 n Ni

Ni 2004

D. W. C. MacMillan

F. Kakiuchi Ru 2004
% Pd K.R.Buszek
N. Chatani & M. Tobisu = Ni 2008 2010
Pd J.Reeves
2012 i Ni Z.-X.Wang
M. Uchiyama Ni m—
N. Chatani & M. Tobisu | n 2015
(Me,Al) m
M. Rueping = nj m 2016
A 2016 Ni M. Uchiyama
M. Uchiyama Ni 2016
- 2016 Pd M. Uchiyama
M. Uchiyama =\ m 2017
(R'Bu,Al)

WHFFEEE TlE, 2012 FlTEVV sk S IRWERM A AT 5T =4 B 7 — R
HHEM N AHWD Z & C, = v ufific L a2=E T T C-O0 FMEUWR 7 m
AT 7V v T ROSE BT L0 (Scheme 1-3)

Scheme 1-3. Negishi coupling via C—O bond cleavage.

Ni-cat.
ZnMe3Li2 + MeO ’
Toluene, rt., 6-12 h

o

up to 85% isolated yield
23 examples

T, 2016 4EIC. Ni(cod), & N-~TF Bk B/ (NHC) BT ICy 2B 7
LS SOV b U AFET, UAFH U 80 °C FikBWT, Y T7F—F
AT A E LT RS LR EFEIRA GG E DTy T TS D EI
FCHEATT D Z &2 RN LM REGRIIE 2 e I ATRECTH Y | Fix OF
REEIAE NIRRT, MRS THMY RO, 6T, DFT FHHEIC XKD RISH
a2 AT U, MEEFEBROFER & RO X #iEdaiEiE)s DFT FHEOREE < —&%
L7- (Figure 1-3),
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Figure 1-3. Stille coupling via C-N bond cleavage.

Ni(cod), (10 mol%)
ICy-HBF4 (20 mol%)

1 - © @ CsF (3.0 eq.) 1 m2
RY —SnMe; + LCRIERY— R dioxane, 80 °C, 12 h R B
II ap—pr T up to 95% isolated yield
aryl, alkenyl, alkyl. aryl, alkyl. 30 examples
Full reaction route located by DFT calculation
=y wl.swlkcalsmon . .
Cy'NTN‘Cy i — @_N\ .
T Ya Y S S N
/—\/ cV‘N'LN -Cy ni " e e
\=/ 7/ I
/ 200 1 l 152 .
‘ H cpa 3 cP32
‘\\ n i — P
\ B N
\ I Ni—icy 529 icy
\_\ o St L | 7
: 500 cP2-1
P 1 1cy Y PD
ﬁ ~ : 500 @—»«;.—r = RS —
1 ICy
1

Fo. AT L =0 2RO Lewis FEMEETENNL7- C-O/C-F/IC-N & =F&
HORENREG O 2N T2 70 Ay 7Y U I RISEORREE 2017 FI2ER LT
W5, C-0/C-F/C-N #& & &t REREIRSOHREME > 7 & HIFE B & LT ZHEEAR
72 C-C #G o BIEEEIZAHHTH 5" (Figure 1-4),

Figure 1-4. Nigishi coupling of organoaluminum reagents via C—X (X = N, O, F) bond

cleavage.
) [Ni]
R' =AlIBu, + °— R ——> R' = R?
v Environmentally Benign I c-0 C=N (ammonium salts) (hetero)aryl
v Easy Preparation C-O[P]: phosphate a:t:ny:,
C C-0I[S]: tosylate, mesylate, triflate alkynyl,
v/ Wide Occur:renc.e‘ C-O[C]: ester, carbamate, carbonate, ether and/or alkyl
v Broad Applicability
------------_---_-------_------_? ...........
Interaction between Ni and O(carbonyl) !
i
i
CysP 1
Y3 \ :
N.I ...... o H
P :
B 1
i
Ni-O: 1.943 A NLMO (Ni-0) |}
G,,;= 0.0 kcal/mol O: 85.6%; Ni: 10.7% : Ni-0: 2.022 A Ni-O: 2.048 A
1

12



S BT, BERRETA 2 AW T BUOSH BT 24TV 240 & O 2 Aoy did T fd e i S p
ORI & AEB U, B 2e BOGHERS - IRV TR T 2 2 L 228X k078 =
o VLRI T D= —TF L L Grignard i/ BRET L S = AGRER/AREY F o
LEREE/ ARG L O > 7Y T RIS DOBRRINT 2TV =y VT — RO
ek & & 70> TRORDHEIT LTS Z L %fiF8] L7~ (Figure 1-5),

Figure 1-5. DFT calculation of the reaction pathway for ethereal Murahashi-type coupling.

SM-Li (G =0.0)
Ph—Ph Ni(PCya), PhOMe + 1/3 [(LiBr)(Me,0)(LiPh)s] + Me,O
PD
(G =—49.4)
+
t
PCy;
/ p  Me;0 Q
PCys /' Li...
0 A/ 0/ ““OMe,
|
Me
TS3 CP1-Li TS1-Li
(G=-12.8) 112 (LiBr)y,  (G=18.9) (6=242)
PCy3 CY3P CysP, kS
OMe \ CysP,
N\ /% _OMe,
P Ni '.Li/
i S R= A
1/4 (MeOLi), OMe, I\Ille
CcP3 Me 0 CP3-Li TS2-Li CP2-Li

(G=-16.3) (G=-9.6) (G=19.4) (G=0.1)
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THHEN DS T T ERb D Z L O WEL BRI TH 5720, Frpl 2Bl E %
T5Z L ZBPEAROBMRETHET LN TE S, £ LT, C-0/ C-N AUk
AR 2 FOAUE, JEME R R & DR E D 2 & e < AR C oo & B A3
AlRE L 72 D,

FEFIL, C-0/ C-N EEUINALIGED X 7 50R% B L, @iEtE TN E S
ThHHAKY F 7 LREA KRR E LTHW, ~a s - F 7 L5587 8 ORI G %
[FBECE D TRED » 7V 7 as (5 2%) ) W% L, . ZF - ZfiT,
Ko AiT%@T)%wi~7w%éwi7 VY8R ERETE// ~v~—L LT
FIATE % TEMAGMS GE=%)) MIDBFRIC LI Lz, E6I %%é@%ﬁ
L% C(sp®)-N ﬁA@M#Iﬂfﬁé LG, EFHIT DT R F— E T
WHIEZTEHTHZ & T, C(sp’)-N FEA DU 2 5k L 4% Heck i“é)iﬁi\ (%IEIE)J
02072 B3 L7,

PIF, B ENBEMNEZEIZHT T, TNETNDOKIGEDOBRE R T 5,
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B FBHYTV TR

Hm TR X OIC, ThE TIcHic 7 C-0/C-N YNNI S hC& =,
ZNHDORIGIE, REZAITH 2 A BRIEDORMEIC LV | i 22 ROSTEE & FE
HHEZES L C&, BAMCH., ZRETO C-0/C-N FEATSISORERIZIL, A
VF U LNIBGT D Lo, £ Z CEFIT. A F U MbamE W5 C-0
| C-N fEEYIW 2N T 28 7= a2 v 7Y RIS OBIFICHkTe Z LT LT,

A F U MMEEITAEEE RO | K bE S T ARERAEO DL S
ThHY ., ZLOHBIIEHENTWDE, 7 a2y 7Y o FRISICET D REZA &
LTOARKY F U 2MEEMOFIHIL, 1975 FICHEDS O/ T D0 Mliz X 5 A8 Y
F U LB EGE N0 T ACEMBISOMFEE TS PP (Scheme 2-1),

Scheme 2-1. Murahashi coupling reaction.

R R? Pd(PPh R R?
Y=( + R-Li (PPh3)y Y—=(
RS X R® R

X = Cl, Br

W, MER T > 7 ) T ROSOBE R & LT, 2013 4212 Feringa & 2Mififhi R
EEMET L, TV AL AR AT ¢ VBT WD 2 LT B REETIAME & RS
BhROM I % el LIz @S w2 & 528 (Scheme 2-2), LISk, K& ~ 7V v 7 O
LWFERWL OGS TR IR EFH) Foabah e a7 b
B OIS FTREIZ 72 o T,

Scheme 2-2. Feringa’s modification.

Pd catalyst 1 o2
R'—Br + R2—Lj » R'—R
R' = alkenyl, aryl, heteroaryl 1h,rt. Selectivity > 95%
R2 = alkyl, aryl, heteroaryl High yield

Ll AY FU MEEWTE= X b AFRHBDNEL R EL DR RBH % —
T VF U b-na BB AT D120 BRIENMEN LW ) RS S 5,
Lo T O BHRO7 a2 v 7)) I RISICE T 2880 F 7 2MeamoRM ML, A
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AR T 3 (AR-ETHEOS) AR (RERUS) At~ 73> 0 & (RRH-ERBUS) |
BLOAHEA X (Stille &) AEEMITIERD ERELSENE L > TV,

ZZTCEHEIL. AT ALEWIRD D, Bl v T T8 — N =& W
HZEIZXY, BIRISTHD U F U L-~a b o WSO R Z ffR3 2 &[RRI
RIREWIZEZ < EEND C-O/C-N #EGaFHTELEZ. AKY F U LREELH
WH 7z )= )VEREIR/ T =) BRI AR T ) T RIGORFICETF LT

(Scheme 2-3),

Scheme 2-3. Outline of this work.

Ni(cod),, SIMes * HCI
O-- : veo—4P -

R! = aryl, alkenyl, alkyl
R2? = aryl, alkyl

Li +  1+Me;N o
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E_Hi C-O RAYWEREY ¥ 7Y v D
B Refpit

OSSO b D7D, 7=V F 7 A 1a, S— KXo L Buli ®Y F
T LN USRI X VD) BN 2-A MR F T H L (2aV) AET LK
o U CERIR LT, 20T NI E V., BN+ EBBEORGTT 21T-o 72

(Table 2-1),

Table 2-1. Optimization of reaction condition.

Ni(cod), (5 mol%)
Ligand (10 mol%)
Ph==Li + MeO O > Ph O
solvent, r.t., 12 h
(1 ; at:.q.) (1?(‘;1 eq.) 3aa
Entry Ligand Solvent 3aa (GC yield%)
1 - Toluene 73
2 PCys Toluene 62
3 DCYPE Toluene Not Detected
4 I'Bu + HBF4 Toluene 76
5 ICy « HCI Toluene 66
6 IPr« HCI Toluene 72
7 IMes « HCI Toluene 72
8 SIPr« HCI Toluene 71
9 SIMes « HCI Toluene 86
10 SIMes ¢« HCI Et20 70
11 SIMes ¢« HCI THF 6

Internal standard for GC analysis: n-dodecane.

ML AT EbO X° THF 722 EDQT—F LRI E N TR ELS 2oz, =
— T NVREEDN = TV EEERETER T D70 BE & = v VOB 725
TLEIZLEBZDFRED—>THDLEZBND,
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72, Bfif (Table2-2) ZHRafL7o#tR, s d Ni(cod), 7L T, BN F AR
MUZRWGRETTOI v 7Y U T RIEMNERIRT 73% ORIZTET L, N v 7
ANF IR AT 4 (PCys), 1,2-BEAV Y7 ua~F I ViR A~7 /=4 (DCYPE)
R NHC Bfii+72 EOBNLF A2 BIML TH, WROM LIXR N> T2, 1,3-E X

(246-FVAFNT =) AIFYVV=0L7rY R (SIMes*HCI) I1TXY SN
RES I, IERITARK 86% IZE ST,

Table 2-2. Structure of ligands.

c P/ \PC /_\®eBF4 el
Y2 Y2 t-Bu’NVN\t-Bu cny\?Nxcy
DCYPE ItBu * HBF, ICy * HCI
R R R R

M\e % Me <
N N NN
R R R R
R R R R
IMes * HCI (R = Me) SIMes * HCI (R = Me)
IPreHCI (R=i-Pr) SIPr+HCI (R =i-Pr)

Wi, fill LB DS B A2 L. Ni(cod)2 (10 mol%) & SIMes * HCI (10 mol%)
DFLAEDOED i Th - 7= (Table 2-3),

Table 2-3. Tuning of catalyst / ligand loadings.

Ni(cod), (X mol%)
SIMes * HCI (Y mol%)
Ph=—=Lj + MeO O » Ph O
Q toluene, r.t., 12 h Q
1a 2aMe
(1.5 eq.) (1.0 eq.) 3aa
Entry Ni(cod)z (X mol%) SIMes * HCI (Y mol%) 3aa (GC yield%)
1 2 4 69
2 5 10 86
3 5 15 83
4 7.5 15 86
5 10 20 93
6 10 10 92

Internal standard for GC analysis: n-dodecane.
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VT h-a oz fiin (Method A) B8O L b U FA41bK)G (Method B)
ZHWTHE LAY 70 2MEEW 1g ZARBUSICHWERER, VF Uy Lb-nmry
RO CIB L7 1g 1 T@mIRICTHMAESRM & 5 2725, AV 8 Y FAALKET
L TeNnTGA R (VU F LTI R) 7V —0 1g ZHWEGEITIZERMNIZE E A
ootz (Scheme 2-4), LvLZ ORI, VF v L7 oI Re 2 &R
T5 & AREOIRIZTHISHEIT Lz, 37k FULZRMLESGED ) FuLaTn
I REERBEORINEL G2, ZTROOFRRNG, VF U LEIISIZAAIRTH D Z &
PUA LT, UF o AEOUIC LD AV N Y FHLS TRE LB Y 77 Abh
MHARBISIZHAT 2 Z N TE, VF U LBOERICONT, 3L b= FIRT
DOEY F U LREOLEERPNHEERIZRD LX) OMERN ERD EEZND, £
LT, b RARAZ VDR ETHBb > TWHAREMERH D720, S RITFHELR LS
DTHRHNTHTETH D,

Scheme 2-4. Reactivity of aryllithium 1g prepared by different methods.

OMOM OMOM
t-BuLi (3.0 eq.) H n-BuLi (1.5 eq.)
Et,0, —78 °C, 30 min THF, -78 °C to 0 °C
1.5 eq. 1.5 eq. 1h
( a) Method A ( a)
l Method B
OMOM Ni(cod), (10 mol%) OMOM
SIMes « HCI (10 mol%)
i v wol) -0
i Q toluene, r.t., 12 h Q
19 3ga
(1.5eq.) (1.0 eq.)
GC yield (isolated yield)
Method A 86% (84%)
Method B without LiBr <5%
Method B with LiBr (2.0 eq.) 83%
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B=E EE R

BN TSt AV C (Table 2-3,Entry 6) ., AH& YU F 7 433K (Table 2-4) @
BE M ORF 21T o 72,

GHED T U DRIEDONE R ATIRIFER, AV MEHR T ==L ) F U A (1b) XA
FREDOWRIZTERM P SO, EFICTERWSER T =L F 724 (1c) ZH0
%A, 70°C £TMEAT 52 LIk v, SUSHHMICHEIT L, BRI DS B
Wb,

BHRERIZOWTIE, 1o DX O REFRBEL AT LAY 7 U LRI LRI 2 IGET
FOSHHEIT L2 (Bla-oa) 728, 2-F ==LV F L 7I7=LVFULA BLOEY Y
=Y F U LR EOBERBRILEDIL. = v F IV L R IR A TR T D 7,
BRSO EZ /R Uz, F70, RIS ME T L7, 7=/ (1p-q) &7 /%L
VF oA (Ir-s) ZMAWICEIG LT, 62, AU F U AMEEWIZ OR BREHR (le:
OMe, 1f: OTBS, 1g: OMOM) 2 {FET 2%,G. ZhHd OR ErEEA4HR 5 Z Lkl
BOSHEIT L, ARBUSIXEV BRI 2R Lz,

Wz, 7V —nN=—7 VOG- ME% R L7z (Table2-5), BiekaH 75 2-4
ceoF 7Ly (2b-d), 1-A hFvFT7H L (2e), BEIOR2 5D A MF U HaFF
D 27-VARF®TFTH LY (2f%) X, L BmICE R SN,

= VI X D C-0 FEAUIBIARISOG T, @, 1-BX N 2-X hEx v )T X
VUNT = — VR X0 ROSHERE W Z E RSN TWD R, RIS T, & A
EOT =Y —HEER 2h) BIEFITEWISEEZ R LT, S 51T, XU UALICR
FHLEATLHHE (2hs/2hg) ZHWTZHEICS 7 JRITBHI SN 2D o T2, Th
B OFERDID | ARESTHERENE > T OB B OFFERILICEA T 5 L Hiff s s,

728, C(sp®)-0 fitdaatr_r VLo —F )L 2n) b, W UEETTHIGEL. 57%
DOINKRTHBIOH v 7V o 7AEY 3an s bz,
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Table 2-4. Ni-catalyzed cross-coupling reactions of various organolithium species 1 with
2-methoxynaphthalene (2a"°).

Ni(cod), (10 mol%)

SIMes « HCI (10 mol%)
e wo<() - =)
toluene, r.t., 12 h
1 2aMe

(1.5eq.) (1.0 eq.)

Me

O
OO
O
‘O
2,
OO

3aa 3ba 3ca Me
92% 94% 72% (70 °C)
<y, wold~ Ty oD~y
3da 3ea 3fa
95% 92% 88%
=y w0y @
MOMO 392 3ha ' 3ia
84% 90% 94%
s ) OaY, D,
D &, Ne 5 (L)
3ja TBSO 3ka Me 315
73% 72% 73% (70 °C)
) Da¥, OaY,
Ve () | O Qi o,
Me 3ma N 3na N 30a
90% (70 °C) Me g39, Et 91%
1r 1s
= Sy P M)
noa? ML ) O O O
3pa 3ga 3ra 3sa
35% (E/Z > 25/1) 85% (70 °C) 76% 88%
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Table 2-5. Ni-catalyzed cross-coupling reactions of various organolithium species 1

with the ether 2a“e.

Li + MeO=R

1
(1.5 eq.)

O a2 N0n g Ve

92% (r.t.)

90% (50 °c

Me
Gy
NMe,
3bhg

86%, ee 88% (70 °C)
2hg: ee 89%

Me
3bj HO
67% (50 °C)
with 1.0 eq. MeLi

Me

3bm
41% (90

Ni(cod), (10 mol%)
SIMes ¢« HCI (10 mol%)

2Me
(1.0 eq.)

72% (r.t.)
Me

85% (r.t.)

Me

3bhg
88%, ee 94% (70 °C)
2hg: ee 94%

w2k

3hk =
51% (50 °C)

=30y

3an
57% (r.t.)

21

toluene, T°C, 12 h

@B~

3ad
89% (r.t.) OH
with 1.0 eq. MeLi

3hg
30% (90 °C)

OH

85% (50 °C)
with 1.0 eq. MeL.i

Me @ /Nme

3bl
40% (90 °C)



U iR

Y F U LM Ta ZHALT, 7 U —Am—T A OA R OR BELORIEHE % I
~_7- (Table2-6), WMHFOFER. HExe T LF L o—F )L 2af 23 BLOv U L=
—7 L 22" ARG TE 2 2 & Nbhole, MEEENEE L 25 &, IER
R R MmN B o T,

UL, RUAFALYLT—F 0 2a™ ZfifH LA, B0 RGIIHE T
T 2-F7 b= Lo nienolz, TORERNE L TEZLNLHDIFX, 7 ==L F
T LRV EN 0  TMS HREEE O BRSNS ANICHEIT L7z b O LB T & 2,
Z ZTCERL, REEORWS T =4 MR T — MMEER 1a® PUIZHWS Z Lk
. FLAMTFT 2a™ Losaxyhy 7Y v SRISHET L, BEERDY 64%
DINFE T LN (Scheme 2-5),

Table 2-6. Influence of the alkoxy group (OR) of the aryl alkyl ethers.

Ni(cod), (10 mol%)

SIMes ¢« HCI (10 mol%)
Ph=Li + RO O > Ph
Q toluene, r.t., 12 h Q
2aR

1a 3aa
(1.5 eq.) (1.0 eq.) (GC yield)
2aMe 92%
2aFt 78%
2a®r 7%
2a™s not detected

2aTBS 71%

Scheme 2-5. Ni-catalyzed cross-coupling between the phenyl zincate 1a®" and 2a™s.

Ni(cod), (10 mol%)

Ligand (10 mol%)
Ph=ZnMesLi, +  TMSO O > Ph O
1aZn 23TMs Q toluene, r.t.,12 h Q

(3.0 eq.) (1.0 eq.)

3aa: 60% (Ligand = SIMes * HCI)
3aa: 64% (Ligand = PCy;)
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E=H C-N HEEUMEIAEY v 7Y v D%
F—E Fis

Tz )=V ERERRIC, T2V /T 2 ALAE Y S RRYSCEIR L. BEREME Y FITIE <
FEL TS (Table 2-7)., —f%IZ. C-N #EAS XL EENE W=D, NRy 2 H
IR TH Y . C-N FEALEHIZ L AT I VFHEROIERIIR X 72 HIFRN & - 72129

Table 2-7. Various functional molecules containing aniline moieties.

F Q R—NH, :

j) COOMe :

N :

AN Me + H
N A cr R—NHMe R—NMe; i
H2N + H
o HN (o] NH, :

Afloqualone Rhodamine 123

<

N=
Me N o Me,N
N= N—cooH cl ,[ N_ _Ph £ =
N ~N
MeHN—\ H o P
(o) Me N
MeHN OMe NH

Me
Ozanoxacin Nemonapride Plakinidine B
o] o O o]
X N’OH N O Z o
H <
Me,N Me,N o) H Me,N Me” ~Me
Trichostatin A MAZ51 Padimate A

L2rL, C-N G ORIGHENMEW &S R R A BIOA DS JiuE, FFRE LT
EZONDHEHTE S, BlziE. 7=V D C-N fEAITIEFITRET, ZEPEEK
Itz 62720, AR TOREREEANIHEL TS, Lo T, BHEREEL
(238 L7227 C-N R AW GIEZRE TEUL, 7 I ALEmOaEE L L
TOFRAMZKRIBIZIERTE S B 2615,

FURARET o E=0 AIX, a7 V— /T OAXLT I U LEEICRET 5
ZEMERET, THHD C-N AT I X EOEIGMEZ R LTS, 1988 4T
Wenkert 5137V —L7 v E= 53— K& Grignard 338% HW\ T, C-N #544)
Wit 1 291 7 ) 7 S & A THAE L7227 (Scheme 2-6), = 0 JEERAY /¢
X, ERERMENT E=T LD C-N fiE EBLAINTE S 2 L 2 FEREL T,
2720 . BRET A RSN RIE L TR - 5 Uit WERETE . AR X
IbEWE RN T B MmO 7 a Al v ) o RSO BAFEIZE S LTy 50181
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Scheme 2-6. The first Kumada coupling of ammonium salts.

Wenkert 1988

@ © NiCly(dppp) (10 mol%)
Ar—NMe; - | + R—MgX > Ar—R
Et;N, benzene, reflux, 14 h 1% — 60%

10 examples

R = Ph, PhCH,, Me, Pr
EFIT, INETHBLTEZ C-O AU Y v X0 v 7Y » J RGOS %

BiE 2. S 6ICAM ERAMES S WA Y F o MMeem e T vE= U LD 1 A
By 7N TG FBRTELAREMNH D LB 2. AITEICET LT,
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B SRR

INFETICWEINZT = LD C-N FEAUINRL Y o Ak v 7 ) v RSO
FEAETIE, = I VR RE & SNTW5D, L LRt VFouLRELT
F=ULEEDI v ATy T Y T RISDRISEM 2 iEt U 7o kG R ki x 7ot (THF,
vz EtO, 1,4-UFFH 2. BEIW NMP) [ZBWT, = v 7 Uit v 72
U LS LD BWEER A2 5 272 (Table2-8), EF /MG E LTI — FRUEBUnb
TR LAY Fo LRI 1a LT = v Al 4T AEH LTI U A LR
NAwZAT Y —=2 7 LIfER, WH SN /37 U0 At PACl(PPhs), 23 THF

Tl (61%) #5252 L &AL,

Table 2-8. Optimization of reaction condition.

S)
oTf ® Catalyst / Ligand
Ph=—Li + Me3N > Ph O
Q solvent, r.t., 12 h Q
1a 40Tt
(1.5 eq.) (1.0 eq.) 3aa
Entry Catalyst / Ligand Solvent 3aa (GC yield%)
Pd2(db 5 mol?

1 2(dba)s (5 mol%) THE 0

t-BusP (10 mol%)

o,
5 Pdz(dba)2 (5 mol%) THE 32
TFP (10 mol%)

3 PEPPSI-IPr (5 mol%) THF 16
4 PdClz(dppf) (5 mol%) THF 43
5 Pd(PPh3)4 (5 mol%) THF 42
6 PdCI2(PPhs)z (5 mol%) THF 61
7 PdCI2(PPhs)z (5 mol%) NMP/THF 0
8 PdCI2(PPhs)z (5 mol%) Toluene/THF 39
9 PdClz(dppf) (5 mol%) 1,4-Dioxane 0

Internal standard for GC analysis: n-dodecane.
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Lo, 3= FRRXUBUNLIA- L7 2= L U F 7 20ROV IZHDOANT A K7
V—=D7 ==V F U LEHEoT GG, AFMITEGONRNoT, £Z T, 7=
T OWEEITo7- (Table2-9), 7 E=U L3 — REHWZEHAIZIT 93% OFE
WERIC TS EITT 2 Z E B L, 3 VA F 0 DBRISOEITICA AR TH D Z
L hEMEETE T, DFT BHEOFRICL D L, MY 77— MEZE S GA TIEROME
(BRI DB FE N7 < AT TE D08, 8TV ARXA Z AT TREETH H Z & A
I STz,

Table 2-9. Examination of the counter anion.

)
X ® PdCI,(PPh3), (5 mol%)
Ph==Lj + Me3N > Ph O
Q THF, rt., 12 h Q
1a 4aX
(1.5 eq.) (1.0 eq.) 3aa
Entry PhLi (1a) @ X 3aa (GC yield%)
1 Type A OTf 0
2 Type B OTf 58
3 Type C BF4 46
4 Type C | 93
(a) Type A: Purchased from KANTO (1.06 mol/L solution in cyclohexane/Et,O = 7/3);
Type B: Type A with Lil (1.5 eq.) as additive;
Type C: Prepared by Li/l exchange between {-BuLi and Phl.
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B=E EE R

I S T2 - T, C-N fE BTG D » 77U o 7 OFSE — P O RS
Z17-7- (Table 2-10), E K5It (1t), EF5MEE (1b, 1e, 1)) 26957
U= U F L TUE=DLENTIUTEW TS, PR~ SRS TERD I S
Nize FEARKIGET 7 X Lo Bk AR T2 7 2= L7 &= Ll (4o, 4p, 4q, 4r)
WHEMHARETH Y, BRDOE T = = /UG & @I S PREDIERIZ TR S 2 &

MNTXT,

Table 2-10. Pd-catalyzed cross-coupling reactions between the organolithium species

1 and the ammonium salts 4.

6 ® PdCly(PPhs), (5 mol%)
THF, rt., 12 h
|

(1.5 eq.) (1.0 eq.)
Me

3aa 3ba 3ea
91% 62% 46%

o)

s )—ap— F—a)— Moo~ ie)—<o)— ]

D O °
3ja 3ta 3eo
74% 56% 73%

3ep 3eq R= 3ar 91%

73% 90% R= OMe 3er 71%
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SO, TrE=ULEE A N UVEREZFRRIZRFORE (5) Z ARSI HW T RES,
B L7z TBERE D » ) U TR EAT O T ENFRET, 85% DmRIC T HM DA
B EESH 2 LN TE (Scheme 2-7), RAMREEMLIZZFEL TS C-0/
C-N FiA» AT 2B, BRI OENRN R EREBGEARIS E LTUSHEINS
LRI TE D,

Scheme 2-7. Synthesis of a disubstituted naphthalene.

©) @ 1a * PhLi (1.5 eq.)
I'+ Me;N O PdCI,(PPhs), (5mol%)  Ph O
ar ; ar
THF, rt., 12 h

5 2p
(1.0 eq.) (without fine purification)

1s « MeLi (1.5 eq.)

Ni(cod), (10 mol%)
Ph SIMes ¢ HCI (10 mol%)
O
toluene, r.t., 12 h

3sp
85% (after two steps)

A
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EE  NE

B ETIE, BUREBRSR-MA . ROSKEEEMEAGDEDL Z IR AHEY
F U DRIEORHEETE ) LT Hi7-72 C-0 /| C-N fEAYINAL 7 v 2k » 7Y v F i
DBHFEI DN T,

KRB, RO = > 7 VAT B g T, @ICRICTEITL, x0T
U—UT NFNT—T VEH AR TH D, SHIZ, Ty E=ULELZEE L LT, A
T VU LR T A T U MMeEM A VWS C-N FEGUIER s o 2 v 7Y
TIISDRFEIZ BRI Lic, ZhbDFET, SESERT =/ — T =V UiFEE
2B ORI 72 C-C FERTER DT8O O M TR R AR L ZE]m T = /) —
JUT =V AEEW DG RAAE B RS C O A FREIC L 7o, AWFTEZERRIT Chemistry—A
European Journal 55 \Z#8# <41, HOT PAPER |Z#|Xi7=,

= Ni(cod), (10 mol%)
I 1 2 SIMes-HCI (10 mol%) _ 1 - 2
I R Lo+ @ i Toluene, r.t. ~90°C R R
! I 12h up to 95% isolated yield
aryl, alkenyl, alkyl. aryl, alkyl. N
33 examples

 PEEES PACI,(PPhs), (5 mol%)
) J— + 2 - 7 |- 2
Ar Li le ME3N Ar THF, rt, 12 h Ar Ar

up to 91% isolated yield
10 examples

Selective Functionalization of C-O and C-N bonds in ONE POT

. s e PhLi (1.5 eq.)
v High Reactivity et O PACI,(PPhs); (smore)  pp, O
v Low Cost hoe) OMe  THFrt,12h Q ome

v Wide Compatibility e
eLl (1.5eq.)

v Readily Accessible on O Ni(cod), (10 mor%
Q Me SIMes * HCI (10 mol%)
85% -

(after two steps) Toluene, r.t., 12 h (without fine purification)
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B=%F
BB SRBMGEC XD C-0/C-N Fetlliz kL + 5 EMa L

F—H o~ ERREDT

1974 12, AJIBRARY 71 F L UROERHE YO T LR, 2 LT, 1977 4
\Z Heeger %ODEJV“[“ RO, RV TEFLUoOEEENFERAINTLR, © SR

BT T ORFFEI IR AN R L C& 72, 2000 4EIC, AV =—F VY ENRHET BT 2 —
X, ) — VbR & NS T OFR & B OBl R E < BB L 72 B)1508t
(B KP4 2% #4%). Alan G. MacDiarmid (/\/‘//I//\f«'fjtiﬂtﬁ‘) Alan J. Heeger

(B Y T A N=T RFEYP A EN=NIHR) O NG T D ERERLE,

BN %?%ﬁ%%ﬁﬂ“é T /\TQ¥ ”/\jz S %“ﬂé MR RS L TR CTE 2DH
RO FEIMEL - Y — - ’%{Tﬁ‘%ﬁﬂfﬁ}:ﬁ%k 2258 IR R ST & B3

(Figure 3-1), ZiUHDOAEEE D TIT I, BV FMRME, AENE, Stdimrt 2 A

L. Bt SRk fiﬁﬂiﬁ%’@xtﬁ&ﬂéﬁb—x DIEFMEZ T TE 2720 TlEe <,
WO S H O RIREME 2 Fik D TV 2,

Figure 3-1. 1-Conjugated polymers.

o o
T O
S
X s
Polyacetylene Polythiophene Polyazulene PEDOT

- T 1 KD
- otal

CgHq7 CgHy7 CgHqyz CsHiz Ph—N IN—Ph

PFO PDOF-TP PFtpa
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RAMLERIZE D o HEE N FIT ECARERILAEMET V=N INT A FiRED
FMALISIZ L > THEBRS N TE 2B, RIFFETIE. X0 27 o 2@ 1 OB
RN EEHL, AEERREL T L o—T AT VLT V=T A DI a2 h
v 7Y T RIGETER LT, ZE7% C-0/C-N Fianulkiz /4 528 HILEA G
BA%IZE T L7= (Scheme 3-1),

2 N

Scheme 3-1. Brief background and abstract of this work.

Previous works: Cl, Br, |, OTf, H, etc.

Transition metal
catalyst
n

This work: MeO or Me,N* C——> Inert C-O/C-N bond cleavage
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FE_fi C-O WA UINRIEMNS G

F—H  RRE

FeimCib 7=k 91z, fEM - 2 - Corriu B, R #K - EHECHER 2 80
-0 fEAYWTHL Y o 2 H v 7 ) U T RIGIN ZNE TICRE SN T\ 5D, & 2 TR
Tl&. Grignard BEEDEWEUGTEE AFRGEEZER L, fEH - £ - Corriu LG
ZET RIS E LT C-0 KA YW EHN & bUS DBHFEICETF L,

 IHEREME By FICE S Ao ND 7L L o EZ B LT 5 “di-Grignard”
AHE (6a) & 26-VA X F T XL (Ta) ZHWT, RO =y 7V SR % il it
& L CHEMAISDOMF 21T ->72 (Table3-1), £, Bk~ rvvaevrnE
7 L—% THF BEBEOHCMEGEHTT 5 Method A TIFLL7-  “di-Grignard” &
34 0°COIRIET THF 45 k&, M Al L CEMA S 2R LT,
ZOFER, 120 °C O b= P TORIGIZE Y . FOFE¥5 & (number-average
molecular weight, M) 5.3kDa, 73 &4r#E (Poly Dispersity Index, PDI) 1.80 O
Mo/l 8aa NWiELNT-, £/, T—FTAROBEELBH L2, b= h Ly
IRV T B O AR RS ST,

Table 3-1. Optimization of reaction conditions.

Method A,B,orC Method A: Mg turning (ex.), reflux in THF, 12 h
Br Method B: Mg turning (ex.), BrCH,CH,Br (0.01 eq.), 50 °C, THF, 1 h

Method C: Rieke Mg (5.0 eq.), -78 °C, THF, 1 h

"CeHis JCeH1s NiCl,(PCys); (5.0 mol%)

BrM MgBr OMe
9 . 9 PCys; (10.0 mol%)
0.15Min Solvent,
MeO
6a 7a

T(°C),12h
Entry | Synthesis of 6a T (°C) Solvent M, (kDa)? PDI?
1 Method A 120 °C Toluene 5.3 kDa 1.80
2 Method A 120 °C "Bu.O 2.1 kDa 2.01
3 Method A 120 °C Pr.0 1.5 kDa 1.34
4 Method B 120 °C Toluene 9.7 kDa 2.52
5 Method C 120 °C Toluene 11.6 kDa (84%) 2.64
6 Method C 70 °C Toluene 11.9 kDa (88%) 2.36
7 Method C 25°C Toluene 21.1 kDa (93%) 2.90

a) M, and PDI were estimated by GPC calibrated on polystyrene standards.
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OSSR L ORI, 6@ ORI B A RS AR OIEER X OV BRIk E
W7 Bh 5.2 5 2 L &% A L=, MethodA TiRBLL7- 6a # a3 VH T/ F§5%
&, di-F3— F{KE mono-I— KK (9,9-U~F L L-27-Va—R7 AL L 99-
UNFI-2-3— R7 VA L) OIRGWN GC-MS [T THRIIENnT, T7hbb, N
a5 LTI, EE O D KFEIL T, “mono-Grignard” FfE23 2 < Az pk L E
AN ZHEFEL TS Z ERHLNERoT-, £Z T, 6a OFFNEZKRETLHZ &
LT, V7BET L= EHIRY IR AORKINREWIZ, 0.01 HED 1,2-U7
DETHUEBMGAIE LTNZ b L., 6a OERASKIEICIE S (Method B), =
BT 1 FFRLAPICEOG AN 5E T L, “mono-Grignard” BilAE R4 o &2 BRI Lz,
Method B CTH#! L7 1a % EHME S LUSITIGH LR, Hor sy 1& 9.7 kDa OR
V<=0 7 (Entryd4), X512, XVEWEET C-Br #EAICHATE 215~
ryxvy s (Mg *) T 5729Ic, FEHIL Rieke P4 i L7z (Method C).
Z OFfEFE, Method C T L 7= @i 7y 6a Z{H L BEMAMIIEF ICE i
EITL, MWECEE S FEOKRY ~v— 8aa (M, = 11.6 kDa) 2EIE (84%) (2T
b7z (Entry5), eV T, EMEGSOGDSOGRE bR & oy F B2 RET H L THEE
B E RIc3 2 L300 (Entry 6,7), =R T, #OFEE 5 1& 21.1kDa ORY <
—ELNT,

o, MO S EE 10mol% (Z LT 54, AR OBRICKRE 2B ITR LR
DoTeh, 2.5mol% £ TS LA TR REOEEE 71 & (M =7.7kDa) @ 8aa
hx71,

— . RGNS TORETAIE LTRIZEDV A M7 2 L2 (Ta) LY K6
PEDIRWVY 1,4-T A hx v _By (Th) ZHEE L TEARKISICHWESGA, $orE%
sy &M 35kDa ([Z& EFE ot MIG%E 70°C £TMEAL TH, AW OE 5551
HIZDOTNC L ER Lk ol 2=y 7 it s C-0 A O LrfHnEp
NDHEETHDHEEL, LVEFEER NHC BN 2 HW5 2 & TRLIAn &2 e
L. X 0BRMZESICOFERZRH U, Al & SOSIRE 2 Ba L7252 (Table
3-2). Ni(cod), & ICy FMi % FHVT, 70°C T 12 BEEISE &85 & P55+
B 12kDa U LR ~—nE6h7,
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Table 3-2. Optimization of reaction conditions with 7b as monomer.

Catalyst (5 mol%)

Brig CGH13 CGH13 Mgsr OMe Ligand (10 mol%)
0.3 M in Toluene,
T°C,12h

NiCl,(PCy,), PCy, 3500
2 NiCl,(PCys), PCy, 70 4900 1.78
3 Ni(cod), I'Bu 70 4400 1.88
4 Ni(cod), ICy . 2400 1.17
5 Ni(cod), ICy 70 12100 2.32
6 Ni(cod), ICy 120 10700 2.58

a) M, and PDI were estimated by GPC calibrated on polystyrene standards.

VT U LHEIX, Grignard 3387 EOAKEEMRIELEALERT A LITLD ., &
BRSO EEZE RO D Z ERNML TN BB, Lol LICI & 6a @ THF J&i&RIC
BN, 85 S8 2 72O RS LT “di-Grignard” 5438 &2 A B & RO IS W
Th, EFHOEEITIFEAEEDL o1,

VL EDOSMET ORI RERSEZ, DA XTI H L UCKE PCys BT %
WA AR A [NICL(PCys)2 (5.0 mol%), PCys (10.0 mol%)] &. ¥4 FF o~ ¥ s
It 72 ICy BefL 1% FH W D filfiisa B [Ni(cod)z (5.0 mol%), ICy (10.0 mol%)] % H T,
B —MEOBFHNIET LT,
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BEH EE R

Rieke ~ 7' x>0 ATl L 7= @il e “di-Grignard” 3K (6) %W\ C, Bkx 7ef
BERTHYARFUT L—r & OEMAEKIGZRF L2 (Table 3-3),

C-O fEGUIMIEL Y v X » 7Y U RO TIX, 77 % L BREO 2 MMELTZBOG
MEFFHSZ LRAMBNTWD, AEMEICBW TS, T7X LV UEREAT5E /) v —

(7a, 7b, 7¢) |Z%I LCIL. PCys Ffir 7% il 2 filliiA A [NiCl(PCya)z (5.0 mol%),
PCys (10.0 mol%)] 2N xiE CH o722, 1,4-V A X F 72 Ly (Td) o BH
¥ (Te, 7f) ZH T 2E /) ~— &Moo 7235512130 ICy B+ D X 572 NHC BEfr+75,
PCys XV W EMEZ /R LTz, fillit% B [Ni(cod), (5.0 mol%), ICy (10.0 mol%)] % Fu>
TG DKM TIE, RUBUBKERETA2E /) ~—DARLT, B 7 == /VEKEH
T5HE/~— (19, Th) R = VEEZETHE /) ~— (Ti) 2HESZISICBWTH,
EGRICTARY v =060 Z L LT,

Table 3-3. Ni-catalyzed cross-coupling polycondensation between Grignard reagents 6
and dimethoxyarenes 7.

Catalyst Aor B
BrMg MgBr + MeO OMe
0.3 M in toluene, T (°C), 12 h

6 7
Catalyst A: NiCl,(PCys3), (5.0 mol%), PCy3 (10.0 mol%) 8aa (Catalyst A, r.t., 96%)
Catalyst B: Ni(cod); (5.0 mol%), ICy (10.0 mol%) M, = 23.2 kDa, PDI = 3.02

n n
8ab (Catalyst A, r.t., 96%) n 8ac (Catalyst A, r.t., 82%) 8ad (Catalyst B, 70 °C, 83%)
M, =23.6 kDa, PDI =2.73 M, = 13.2 kDa, PDI = 2.53 M, =11.3 kDa, PDI = 2.28

8ae (Catalyst B, 70 °C, 93%) n 8af (Catalyst B, 70 °C, 86%) n 8ag (Catalyst B, 120 °C, 93%)
M, =12.1 kDa, PDI = 2.32 M, = 13.6 kDa, PDI = 2.56 M, =12.7 kDa, PDI = 2.41

Me
8ah (Catalyst B, 70 °C, 80%) 8ai (Catalyst B, 70 °C, 82%) n 8ba (Catalyst A, r.t., 92%)
M, = 14.3 kDa, PDI = 2.33 M, =9.2 kDa, PDI = 2.11 M, =17.9 kDa, PDI = 2.58

M, and PDI were estimated by GPC calibrated on polystyrene standards. Isolated yields.
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INHOT7 Y — T —FNE v — (Ta-T1g) D% IT, 24l Tk ST
H—H T, *ET 5 Bt Ei iz g vz bEfii ch o7 . AFREET
&o7- (SciFinder® TOMKEFER), Lizndi> T, AEMESUST %%@yAmﬁy
EZ L D EME IS E MR TELET TIERL HT R BHEA T 5 o ILRHEHE
ST ORIHIZ B EIFRFTE 5,

Grignard FEE7Z TiEe <, AU T U AR, G U RO L AR inREE A
T V- &a“éEAJiﬁ;%*ﬁaﬁLf: (Table 3-4), Z D%, A F U LEK T
Grignard 3% =8 ttf\’?’?:'ﬁb‘iﬁﬁi@/\%i L EFE oD, R E
BEOSHELT LTz, BEL JB Lf:i)%ﬁhﬁe@@?ﬁﬁﬁf 272 ol —H T, AHF U FE
RIS H I Z AW GA IR Y = =BG 0T SEDZR R S0 L 7

-7,

Table 3-4. Polycondensation of 7a with different organometallic monomers.

"CeHqz_ DCeH13

OMe
[™] ™] . Catalyst .
0.0 o 0.15 M in Toluene
Me T°C,12h

Ni(cod), (10 mol%)

! H SIMes (10 mol%) = 15300 1.92
Ni(cod), (10 mol%)
2 §_B PCy; (40 mol%) 120 <3000 )
i CsF (4.5eq.)
Ni(cod), (5 mol%)
’ ] PCys (10 mol%) 25 <3000 -

a) M, and PDI were estimated by GPC calibrated on polystyrene standards.
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FEEE e @il 3 0 EIRO— 2 LT IR d, 1,1--2-F 7 h—/L (BINOL) #%
BRI EERAFEA B TH DX 0 Tl @mo oMt Bl ~olSH b EH
ENTWBEEA Lol 1 1-8-2-F7 h— 1V F# &A% Grignard sRIEILEMRMEHME
<, BEMABISICHWD Z EFREECH o7z, 22T, 118277 h—VEkE AT
LAY T MEEMERB L. T/ ~v—L L TIVRA NI XL EOEGNIGE
fTol R, MINRIC TR ~—%2552 LN T&/- (Scheme 3-2), Lk L7=HR )~
—DOM ZAMEANRT MV ERER LIS R BEXEOLRNARY ~—Th D Z RS
7= (Figure 3-2),

Scheme 3-2. Polycondensation of organolithium reagents having BINOL skeletons.

Ni(cod), (10 mol%)

OMe SIMes (10 mol%)
+
Li i
MeO 0.3 M in Toluene

90°C,12h

R-product: 89%, M, = 12300, PDI = 2.36
S-product: 84%, M, = 13100, PDI = 2.42

M, and PDI were estimated by GPC calibrated on polystyrene standards. Isolated yields.

Figure 3-2. Circular dichroism (CD) spectra of R-product and S-product (in THF).

CD (mde:
30 © (mdeg)

20 r
—— 3cRa

3c®a
10 F

N I S -

350 400 425

Wavelength (nm
10 | gth (nm)

20 F

-30 *
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FE=Hi C-N A UIWREMRS IS

KIT, C-N fEG UM ERE GO0 b RBLATEE L B 2. FURFICET LT,

T =V T IR T IEEWITAERS T EIELOBERENE S IR FEL T
BO. x2S BTHHESNA TS, C-N EEDORATRLE—NEN-0, BFhE
HEAEWIIRONTE RO, —J5 EIRT YV —L 7 =y AT 27 =0 U
BRGICHMTE, 20O C-N ALV EWVKISHEEZ R LTS, 1988 4F(C
Wenkert & 72385 L7z C-N fEEUIWRRE B S ICHN T, 7V — T =0 L
ERHWSL 7 axh 7Y T ROGIE AFREZE TN DD 70— K- T
SURICBIR SN TE DI, AiFEE Clcd 7m0 Th o8,

SIS SN RSS2 25 L, PACl(PCys), Zfill: s L CHWEZEE, |ET
12 REBUS S5 &L BmIEPOEWECEE S T &ICTHINAR Y ~— %2135 Z &N T
o, RFETIE, BRMEICENT THF 28 LTHWD 720, BV VX L%
Ff7=72\uy “di-Grignard” FEHLFIHATEETH 0 . BEREMMEHIZ K ARG F 47 = U4
EOEANZ LA L= (Table 3-5),

Table 3-5. Pd-catalyzed cross-coupling polycondensation between Grignard reagent 6
and ammonium salt 9.

o) ® ® O PdCl,(PCys3), (1 mol%)
Bng—°—MgBr + TfO-Me3N—°—NMe3-0Tf >
0.3Min THF, rt, 12 h
n

M, : 16400; PDI : 1.90; Yield : 70% M, : 13500; PDI : 2.48; Yield : 84%

M, and PDI were estimated by GPC calibrated on polystyrene standards. Isolated yields.
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I NG

B=ETIE, C-O/CN Uiy axh v 7V IR EIEH LIz, 7V —
T—TFTNRT V= AT V=Y LMEEE ) ~— LT H R EME S DBREIZ O
Tk ~7z,

AKEMESISTIEI T AT V=L ORDOVIZ, 7=/ =T =1 ViK%
FELE L THWD Z ENAEEIC2 57, Grignard RERCHRE U F 7 LGk o Kk 2 1%
NI EITR Y WS, ke e WG T &2 mIERD O EECE ) B
BT D HEZRFE TE L, B REAUCOIIZL Y . BRFOHEREIE ) 71082
SHET 2 EEICBICENTHERE D F O RFNELRE L, il » &R
FZ2E TSI S D, AWFFEEERRIL Nature Communications F51Z38% L,
Nature Communications Editors' Highlights & ChemistryViews \Z/~A 7 A k 37z,

* C-0O bond cleavage type

Ni Catalyst

OMe

6

BrMg MgBr + MeO

0.3 M in Toluene, T°C,12 h

Ni Catalyst

OMe

6o

Li Li + MeO

0.3 Min Toluene, T°C,12h

* C-N bond cleavage type

Pd Catalyst

°)
NMe;,-OTf

° o

o
MgBr + TfO-Me;N

6

BrMg >
0.3MinTHF, rt.,12h

333

15 samples, up to 23600 M,, 99% isolated yield.
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EIUE
AN T TD C(sp®)-N #EE& DEIWrIC & 5 LRI A Heck BUREL

B—H
FE—I C(sp’)-N FEEEIWERG

B Em TR L DI, a7 I MBI OERICHR T 57 U E= T AR
C-N ﬁ%#ﬁ‘%lﬁéh“(b\é?‘:&)\ NaFALREERE LT u A v VT
JSICHIHCE %, LanL, 7 U —A7 E= v AEITERS B S L CTE WG
PEaIRLTCWDN, 7% C(sp’)-N FEILE 72 /ENTH L . BIR - li0&ES R
%ﬁ#%® EBTEZITERDZ EIINETHY  IFEAEDTLFALT =y LI

ERERETH D, 29 LEEHRNL, ERAEMBIC LS C(sp®)-N a7
B ATy TN T RISOHEFNL, T VAR DAL, D WIFTEROT RO E N
FHEICR SN TE M (Scheme 4-1),

Scheme 4-1. Cross-coupling reactions via C(sp®)-N bond cleavage.

Electronically Activated
3 3
= Pd(PPhj3)4, B(OH); =
N + R-—B(OH), > )Y
R’&/\N”z dioxane, 110 °C R R
R2 R2
S.-K. Tian, et al., Angew. Chem. Int. Ed. 2012, 51, 2968.

Ni(cod),, PPh,Cy,
(€} CsF or K,CO;
Ar” “NMe;  * R—B(OH), » A7 R
[©) OTf dioxane, 40 °C, 24 h
M. P. Watson, et al., J. Am. Chem. Soc. 2013, 135, 280.

Strain Activated o
o

1 R2
R ~7 NiBr,-DME, LiCl Rl o,
N + R2—2ZnBr > Cn:
) THF, 23 °C, 12 h PRt \
Cn Cn Me0OC

A. G. Doyle, et al., J. Am. Chem. Soc. 2013, 135, 13605.

F_IH Katritzky &

—J7. Katritzky oD k572 ) =7 MMEIIFERO o * #1E O T KL F— MR
O ENEBEFZRAE LTHLRTWAHWA Katritzky HIXE 2R3 A,
T ONFEZIERT 5 Z &M TE 5720, FROLL Ky 7 ZABEDO BRI LRI &
N T & =W BB AR E - 1o FERIZ VW5 Z LI X v | Katritzky 1
T NVFNTVANEE LTUSH LT FHE I TE 7 (Scheme4-2), Zivb
DOREFIT, C(sp®)-N FEGEINTIZ X 287 e A GRS O ATREMEZ /R L TV 5,
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Scheme 4-2. Recently reactions of Katritzky salts.

Ph
R—=NH;, + O Ph
2 @\ /
Ph BF4
Ph
R==N Ph
@\ /
(€]
Ph BF,

Ar—B(OH),

Ni(OAc),, BPhen, KO'Bu, EtOH

dioxane, 60 °C, 24 h

Nuc

DMSO or EtOH, heat

B,cat,

\

1) dtbpy, DMA, 100 °C
2) KHF; or pinacol, Et;N

Isoquinoline

Y

[Ir(ppy),(dtbbpy)]PFg
DMA, biue LEDs, rt., 48 h

N

Ar Ar

[Ir(4-Fppy).(bpy)]PFe, DABCO
MeCN, blue LEDs, 40 °C, 48 h

B,cat,

1) DMA, blue LEDs, 25 °C, 14 h

2) pinacol, Et;N

R==Ar TM-Catalysis
M. P. Watson, et al., J. Am. Chem. Soc.2017, 139,5313.
R==Nuc SNAr Reaction
J. Comella, et al., Angew. Chem. Int. Ed. 2018, 57, 11035.
R==BF;K
or SET Reaction
R==B(pin) ;7 shi,etal, Angew. Chem. Int. Ed. 2018, 57, 15227.
R
Z>N Photocatalysis
N I F. Glorius, et al., Angew. Chem. Int. Ed. 2017, 56, 12336.
R
Jf Photocatalysis
Ar ‘Ar W.-J. Xiao, et al., Angew. Chem. Int. Ed. 2019, 58, 2402.
R==B(pin) Charge-Transfer Complex

V. K. Aggarwal, etal., J. Am. Chem. Soc. 2018, 140, 10700.

ZZTHEFIL RSB E LT Bt X—] ZEH LT, &R O fER
FIFIZ £ % C(sp®)-N FEA I & izl U7-, BRI, Fix 07 I b RS IR
AREZR T LR B Y Y= w A (Katritzky ) & HV, AIEEIZE D C(sp’)-N fEE
Uiz Bz & 32707 DT D ANVERERE (Heck ) FUSDOBAFIZETF LI

(Scheme 4-3),

Scheme 4-3. Outline of this work.

Ph

AE

@ BF,
Ph (o) Ph

-
-

facile preparation

o™

Ph Ph

z

O 5. T
Ph BF4  external base

(1.0 eq.)
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BE RiERRE

SR O, TV B7 2=V T 7= inbEA LTZ Katritzky ¥ 10a &%
TANXFVAT LY Ma ZET/VEE L LTHW:, EIET 455nm O & LED
BT, BEx Zetfilt (Photocatalyst, PC) # M5 Z & T, DMA #&iEHTo C-N #
AU R S A HEIT L, 227 A F L AF L U FEK 12aa BEERICTE LR
52 ExRM LT (Table 4-1),

S DITAFOE T, D RHUT L 0 LRIV O RRENRISIE S FTRETh - 72,
i & UCA U vy MR Z A L7CGE. EARME LT ATV 12aa-Z 3
o7z (Entry 1-4) . KR, fac-Ir(ppy)s 1E. & ABIA ) OFRMEZ 92% 12E,
87% DIFEZEM LTz (Entry1), — T, Jefifif & LT [Ru(bpy)s](PFe). % M\ 7
GalZid, Y ARBENMRDO A Z D SRR b T RO T IV Y 86%
DOULE TSN (Entry 4),

WIT, SESEREEIZHB T 2 SUGMEZ 7T L, DMSO 7% fac-Ir(ppy)s (Entry 5-8)
& [Ru(bpy)s(PFe)2 (Entry 9) Ol Il CToh b Z & MR Lo, BT CRIGELT -
7= & ZAEEMITELE LN T (Entry 11, 12) . MBS 220 TF THIRED AR
mLEbeno7- (Entry 13), 5612, 1.1 MED MMa & 1.0 mol% D tfibii
ERWTESA . BOSIEEOIEER &38R CHEfT L7 (Entry14,15) Z &2 0, Zih
D E st & LT, BRE—RMEORFHIEA T,
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Table 4-1. Screening of reaction conditions.

Ph

Ph Photocatalyst
®/— (x mol% ) Ar —
Ph  + ,—< >— —_— A
l\/IeO_(>—N\ /s 74 oM M n Sohvent R—//_ R A
2 or BF, blue LEDs, rt., 12 h
10a (1.0 eq.) 11a(neq.) 12aa-E 12aa-Z
Entry n(eq) PC(xmol%)®  Solvent  Yield" E/Zf
12 2.0 [Ir]-1 25 DMA 87% 8/92
28 2.0 [Ir]-2 25 DMA 79% 11/89
32 2.0 [Ir]-3 25 DMA 58% 24 /76
42 2.0 [Ru] 25 DMA 86% 100/0
52 2.0 [Ir]-1 25 DMF 73% 9/91
6° 2.0 [Ir]-1 25 DMSO 89% 9/91
72 2.0 [17-1 25 MeCN 0% .
8?2 2.0 [Ir]-1 25 MeOH 0% -
92 2.0 [Ru] 25 DMF 73% 100/0
108 2.0 [Ru] 25 DMSO 93% 100/0
11° 2.0 [Ir]-1 25 DMSO 0% -
12° 2.0 [Ru] 25 DMSO 0% -
13¢ 2.0 - 25 DMSO 8% 100/0
142 1.1 [Ir]-1 1.0 DMSO 87% 14 / 86
152.d 1.1 [Ru] 1.0 DMSO 92% 100/0

irradiation with 36 W blue LEDs, rt., 12 h.
[b] In the dark. [c] Without PC. [d] Reaction was complete within 2 h.

[Ru(bpy)s](PFe)2;

yield.

[a] Conditions: 10a (0.20 mmol), 11a (0.40 or 0.22 mmol) and PC (2.5 or 1.0 mol%), solvent (2 mL),

[e] [Ir]-1: fac-Ir(ppy)s; [Ir]-2: [Ir(dtbbpy)(ppy)2] (PFs); [Ir]-3: [Ir(dF(CF3)ppy)2(dtbbpy)] (PFs); [Rul:

[f] Determined by 'H-NMR analysis. Mesitylene was used as an internal standard for determining the
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B EE

10a Z7 VFNANT P ANFEE LTHW, FRaxR2T7T A7 OB ORISHEEZRE LT
(Table 4-2), ALUGIFENIALFZRIMEZ R L, IBIAVVE REEEFFAME & @ U2
FEB] L7, BT TiE, A R UE (Ma,11b). AFLF 43 (11e) <° tert-7'F
NE (M) RESEIEREREEZATDIAT LV UFEERPEH Xz, 1EIZPHES
HTHHIARRIETIE, 7=V (Mg) 7=/ —/ (Me,1Mf) DL 5 Rt~ 1 ko
EHTHERICBONTHREZRL . BRD Heck BAERM A 5 2 7=, F (1h) ., CI (11i) .
Br (11j) 2o m U@L FETHY . ANOERY 12aa-12a)j 73R4T/
W (R 99% ) TR bive, o, ARUSIE, EBEHBEEZAF L (11k) BLUON
EENWT U VB EFOAF L UFHEER (M) (LB EATRETH - 72 (12ak-

Table 4-2. Reaction of Katritzky salt 10a with various alkene substrates 11.

Ph fac-Ir(ppy)s (1.0 mol%) R2 R2
or
2 1 1
Ph o/— R [Ru(bpy)sl(PFs)2 (1.0 mol%) MeOC  )—R J R
AN/ } R oiMmnDMSO *
. in
MeOOC e blue LEDS, tt,, 12 h Ph COMe
Ph 4 Ph
10a (1.0 eq.) 11 (1.1 eq.) 12-E 12-2
MeOOC OMe MeOOC /—, MeOOC SMe MeOOC rBu
10a ) / 10a v / 10a ) / 10a ) /
Ph 12aa Ph 12ab MeO Ph 12ac Ph 12ad

[Ir()]: yield: 82% (E/ Z=8192)
[Ru(I)]: yield: 85% (E only)

Me?%C)MOH

Ph 12ae

[Ir()]: yield: 86% (E / Z = 46 / 54)
[Ru(ll)]: yield: 66% (E only)

Cl
MeOOC OMe
10a )~

Ph 12ai

[Ir()]: yield: 96% (E / Z = 20 / 80)
[Ru(I)]: yield: 89% (E only)

MeOOC @ OMe
10a /
Ph Me  12am

[Ir(N)]: vyield: 88% (E only)
[Ru(In)]: yield: 55% (E only)

'
....................................................................................................... iy

M

eO
MeOOC @ OMe
10::_.7
Ph 12a0

[ir(0)]: yield: 92%
[Ru(ll)]: yield: 98%

[Ir()]: yield: 72% (E/ Z=4196)
[Ru(IN)]: yield: 74% (E only)

MeOOC

10a )"V

Ph 12af HO

[Ir()]: yield: 93% (E/ Z = 14 / 86)
[Ru(I)]: yield: 77% (E only)

Br
MeOOC OH
10a ) /

Ph 12aj

[Ir()]: yield: 74% (E/ Z = 62 / 38)
[Ru(In)]: yield: 45% (E only)

MeOOC @
5
Ph 12a

[Ir(i)]: yield: 68%
[Ru(IN)]: yield: 77%

MeOOOMe
10a >"'

Ph 12ap

[Ie(I)]: yield: 95% (E / Z = 42/ 58)
[Ru(ll)]: yield: 89% (E/Z = 83/ 17)

[Ir()]: yield: 95% (E/ Z=18/82)
[Ru(In)]: yield: 99% (E only)

Me?éc) /* NH;

Ph 12ag

[Ir()]: yield: 67% (E/ Z = 30/ 70)
[Ru(l)]: yield: 57% (E only)

MeOOC
10a ) /
Ph 12ak

[Ir()]: yield: 71% (E/ Z = 15/ 85)
[Ru(In)]: yield: 73% (E only)

with 1,2-disubstituted alkene
v

F3C

W
MeOiC> / @ OMe

10a
Ph 12aq

[Ir(I)]: yield: 78% (E/ Z = 63/ 37)
[Ru(ll)]: yield: 78% (E/Z=93/7)

[Ir(IN)]: yield: 68% (E/ Z=39/61)
[Ru(I)]: yield: 94% (E only)

E

Me?éC) OMe

Ph 12ah

[ir()]: yield: 95% (E / Z = 41/ 59)
[Ru(I)]: yield: 96% (E only)

Ph 12al Me

[Ir(l)]: yield: 65% (E only)
[Ru(IN)]: yield: 73% (E only)

J

with styrene derivatives

with 1,1-disubstituted alkene

el




2 1A-F0F 1,2- @\ BT V7 (1Mm-q) LA TIEICFIHATRETH D Z &
REEH S, ZE#RT V7 (12am-aq) SRR S SR TE LT,

DT ARG Tl AU L 0 SRR O REBIRYHAE 23 /] 52 T - 72, fac-
Ir(ppy)s FBLFEIE T CRIGEIT O T-AER, 1T E A EDEE, TERAERME LT AR
DiFHitlz, Me, Mf, 1M1 & Mk OGS TY AR 80% %2, 1Ma & 11b
ZRWTZSEIZIE 90% 27z, & LT, [Ru(bpy)s](PFe). % Jefilit & L CHEFH L7z
Ba. TRXTORIGT F 7V AMRDOBPBE ST, BIREWZ L2, hEEWA ST
NEEFOAF L UFER (M) & 1,2-@FHRT7 L7 (Mm) Tk, FREO Yfil
B2 HWIEGE &S N T U AERM ORI GO, TADDRERNL, b T RER
AR E LTHR LIV ZD% 8T 2 2K D ARASDEMACA T v TFIEL T
Wb EBNIREE LT,

WIZ, T /v Katritzky HEOFEE —BEPEIZ O T LI~/ (Table 4-3), AF L
FHER Ma 2fEHL, 77= (10b), 1 Vur A (10c), ~NU > (10d), 7'V v
¥ (10e) R EDOT I VBN OLARINTZEEN D BNOT V7 v @RI T 25
L aR L7 (12ba-ea), FFlC, — TV HINEEKTHITY U LAEIL
Katritzky #i 10e HLFIHFEETH -7, 7o, 77 b E#H (10F) v 7 /£ (10g9)
=63 % Katritzky H2 AW 7MOG S FBICET L, BRO VAR E 7213 b7 o 28
TN ) 12fa-ga DS RAFIRIGE &SI RIEIRIE TR O, S BT, RXUULT
CHNFETHS 10h BLX10i 1T 11-V 7 ==L F L 1Mq LRI ST
LT EVHBIL, K 70% OIGRT=@E#T V7 (12hq, 12iq) 235 B L7z,

al), &6

[RU(bPY)a](PFs)z (1.0 mol%)

V

R1>—//— Ar . <//:Ar

Table 4-3. Reaction of various Katritzky salts 10.
fac- Ir(ppy)3 (1 0 mol%)
N /—<: >—
Q 0.1 M in DMSO R2 R2
BF, blue LEDs, rt., 12 h =\

Ma(1.1eq) 12-E 12-Z

MeOOC OMe MeOOC OMe MeOOC OMe
10b >nr / 10c / Me 10d )ar
Me 12ba Me 12ca 12da
Me Me

[Ir(I)]: yield: 73% (E/ Z=25/75)
[Ru(ll)]: yield: 78% (E only)

EtOOC OMe
100 N’/
12ea

[Ir(IN)]: yield: 62% (E/ Z =11/89)
[Ru(IN]: yield: 27% (E only)

MeO

Or(I]: yield: 69%
1Zha [Ru(I)]: yield: 69%

[Ir(IN)]: vyield: 67% (E/ Z = 45/ 55)
[Ru(I)]: yield: 65% (E only)

. O OMe

12fa

[Ir(I)]: yield: 77% (E/ Z=11/89)
[Ru(IN)]: yield: 89% (E only)

45

[Ir(ln)]: yield: 69%
[Ru(IN)]: yield: 71%

[Ir(I)]: yield: 61% (E/Z=12/88)
[Ru(ll)]: yield: 65% (E only)

1§C>OM6

12ga

[Ir(I)]: yield: 83% (E/ Z=25/75)
[Ru(I)]: yield: 84% (E only)



FUE  SOSERE

Pl b 5 F 2 ARBUEO BOSHAECRIRME O IR 2 I3 25 72 DI LU T ORGEER &
Tote, £, TVMNEEERGIET 572012, 7V UU#RA TEMPO % SR H
\ZhNZ7- (Scheme 4-4), GC-MS & ESI-MS THARM # R L-fE5. BAAERYIX
2L 56T, TEMPO-7 VX /L7 U VA ESI-MS THERR STz, ARG T
TN T DA NVP RO AP RYDOBEFETE Z > Tnd Z &R ShT,

Scheme 4-4. Mechanistic study (a) Addition of Radical Trap Reagent.

(a) Addition of Radical Trap Reagent

_ .

MEOZC\g

TEMPO (2.0 eq.) Ph
Me02C fac-Ir(ppy); (1 mol%) MeOzCﬁ) Me =
or
N® Ph [Ru(bpy)s](PFe)2 (1 mol%) oﬁe
U =]
0.1 M in DMSO
blue LEDs, rt., 12 h
BF, Me” e L OMe _|
(. o eq ) (11 eq.) Detected Not Detected

FeN T AR O STRHEIE XSG D E DBERE TR E 203 B MNICT D720, RO
FEBr %17 - 7= (Scheme4-5), kT v AKDAREMIZA Y 27 Ml 2 A TS %
179 & RUSDERY & RFLEDHRICTY ZENER Lz, —F. VT =0 Ll %
¥ ARO AR IIN U T2 560 F CIENLIREE I B bIT A D e o 72,

Scheme 4-5. Mechanistic study (b) E / Z Isomerization of the Product.

(b) E/ Z Isomerization of the Product

fac-Ir(ppy)s (5 mol%)
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- » No Transformation
~ 0.1 M in DMSO

blue LEDs, rt., 12 h
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Figure 4-1. Mechanistic study (c) Time Profile of the Reactions.

(c) Time Profile of the Reactions
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Figure 4-2. Proposed mechanism of photocatalytic isomerization.

Energy Transfer Energy Transfer E SET SET
efficient HOR inefficient efficient H inefficient
R2 E RZ
i - ‘ > i R2 ! - ‘ > i 2
HTN depletion accumulation H X : HT N depletion accumulation H xR
: 2

R? :
conjugated deconjugated i conjugated deconjugated

Fo. O Z W RSO & FICEE JIE LTSS, fac-Ir(ppy)s & H
WG DETIEIT @=0.137 TH Y | [Ru(bpy)s](PFe)2 % Vo i D &I
X 0=0.270 T“&)of:o S 5T, Light - Dark FEBRbIT o7z, Z ORGSR, JSLHENH
DR DRPITHEIT LTz, 2D OFRERDS . T 0 VB SAE DS A B O T 72 KU
BHETITR VW EE X %ﬂéo

PLEDOFEBFERIZL Y | LUT OSHMEN 558 72 > 7= (Figure 4-3) , Yt iT
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Figure 4-3. Proposed Reaction Mechanism.
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C(sp?)-N bond cleavage of Katritzky salt through single electron-transfer (SET).
Addition reaction of alkyl radical to alkene.
Regeneration of photo-catalyst through SET.

Elimination of proton from cation intermediate to give E-product.

E-to-Z isomerization with fac-Ir(ppy);.
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Scheme 4-6. Mechanistic design and experimental results for three-component

alkenylation reactions.
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Tk ~7z,

AREOGIE, HERD Heck B & 1372 2R A A L, REIREIRSCBLAFE OHERENME 7 F D
C(sP’)-N #EA Z WL & BRI AR M 2 /o T AR T 2 8- FIEICH
L EWEEIND, ARWFFEEREIT Chemistry—A European Journal 32 8# S iv7-, [A]
RFHIC . Xiao & ASAHITE & FARLI 722 ROt & ity LT % B0

Ph fac-Ir(ppy)s (1.0 mol%)
> X R?
H blue LEDs, rt., 12 h, H

| N %F Ph Ph HJ\/R2 0.1 Min DMISO Z-stereoselectivity
P& e

NH, Fh PR O | (1.1 eq.)
> o —_—
facile preparation e/ BF, without
Ph external base

1.0 eq.
(1.0 ea) [Ru(bpy)sI(PFe); (1.0 mol%)

blue LEDs, rt,, 12h, _ H™
0.1 M in DMSO R2

E-stereospecificity

29 examples, up to 99% isolated yield

+ Z.-K. Yang, C. Wang, M. Uchiyama, et al. Chem. Eur. J. 2019, 25, 5433.
» Back to back publication: W.-J. Xiao, et al., Angew. Chem. Int. Ed. 2019, 58, 2402.
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BEANE
FEHRIE
F—. FoEICET 5 ERE
#%—18 General Methods

All reactions were carried out under a slightly positive pressure of dry argon by using
standard Schlenk line techniques or in Glovebox (Braun, Labmaster SP). The oxygen
and moisture concentrations in the glovebox atmosphere were monitored by the O2/H>O
Analyzer to ensure both were always below 0.1 ppm. Unless otherwise noted, all starting
materials including dehydrated solvents were purchased from Wako, Kanto, TCI, or
Aldrich. NMR spectra were recorded on a Bruker AVANCE 111 500 spectrometer (FT, 500
MHz for 'H; 126 MHz for *C). Chemical shift values are reported in ppm with the solvent
resonance as the internal standard (CHClIs: & 7.26 for 'H, & 77.16 for '*C). Normal-phase
column chromatography was performed with silica gel 60 (230—400 mesh) from Merck
and thin-layer chromatography was carried out on 0.25 mm Merck silica gel plates (60F-
254). ESI mass spectra were measured on a Bruker micrOTOF-II spectrometer.
Enantiomeric excess was determined with HPLC (JASCO UV-2070 and PU-2080) using
commercial ChiralPak columns, noteably ChiralPak IB-3 (3 uym particle size, 4.6 mm vs.
250 mm, PrOH : H,O =90 : 10 as eluant solvent).

% _1H Details of Experiments

General procedure for preparation of organolithium reagents 1 by lithium-halogen
exchange: In a dry Schlenk tube charged with argon, the corresponding aryl iodide or
aryl bromide (0.45 mmol) was dissolved in Et20 (3 mL) and the solution was cooled down
to -78 °C. t-BuLi (0.9 mmol, 1.69 M in n-pentane) was added dropwise and the resulted
solution was stirred at the same temperature for 0.5 h. After that, solvent was removed
by vacuum and the residue of aryllithium reagent (0.45 mmol) was is ready for next usage.

General procedure for preparation of organolithium reagents 1 by directed ortho
lithiation: In a dry Schlenk tube charged with argon, Methoxymethoxybenzene (0.45
mmol) and lithium bromide (0.45 mmol) was dissolved in THF (3 mL) and the solution
was cooled down to -78 °C. t-BuLi (0.45 mmol, 1.69 M in n-pentane) was added dropwise
and the resulted solution was stirred at the same temperature for 1 h and then for 3 h at
room temperature. After that, solvent was removed by vacuum and the residue of
aryllithium reagent (~0.45 mmol) is ready for next usage.

Note: the directed ortho lithiation could take place to afford the aryllithium in the same
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yield in absence of lithium bromide. However, the next cross-coupling reaction became

very sluqqish if such LiBr-free aryllithium was used.

General procedure for Ni-catalyzed cross-coupling between organolithium
reagents 1 and ethers/silyl ethers 2: The above-prepared lithium reagent (0.45 mmol,
1.5 equiv) was diluted with toluene (3 mL). Such solution was then added slowly via gas-
tight syringe or cannula to a Schlenk tube charged with ether/silyl ether (0.3 mmol),
Ni(cod)2 (8.3 mg, 0.03 mmol), SIMes « HCI (10.3 mg, 0.03 mmol) and toluene (6 mL)
under argon atmosphere. The resulted mixture was stirred overnight (> 12 h) at room
temperature or with heating before cooled to 0 °C and quenched by water (5 mL). The
mixture was extracted with Et,O (3 x 10 mL), and the combined organic solution was
washed with brine, dried over Na>SO., filtered and concentrated under vacuum. The
residue was purified by column chromatography on silica gel to give the final products.

Note: the purchased solution of 1r and 1s was used. 2d, 2i, and 2j were firstly treated

with MeLi (0.3 mmol) for deprotoation of OH prior to cross coupling with 1. The procedure

for the reaction by using zincate is same as reported.

Colorless solid, isolated yield 92%; 'H-NMR (500 MHz, CDCl) &
8.09 (s, 1H), 7.90-7.97 (m, 3H), 7.77-7.81 (m, 3H), 7.52-7.57 (m, 4H),
3aa 7.43 (t, J = 7.3 Hz, 1H); *C-NMR (126 MHz, CDCl;) & 141.26,

138.69, 133.82, 132.76, 128.98, 128.54,128.33,127.77,127.56, 127.47,126.41, 126.05,
125.93, 125.72; All spectral data well match those previously reported. &

Colorless oil, isolated yield 94%; '"H-NMR (500 MHz, CDCl;) & 7.95-

7.99 (m, 3H), 7.87-7.89 (1H, m), 7.58-7.61 (m, 3H), 7.39-7.46 (m,
@ @ 4H), 2.43 (s, 3H); *C-NMR (126 MHz, CDCls) & 141.96, 139.65,

135.65, 133.44, 132.40, 130.48, 130.13, 128.11, 127.90, 127.85,
127.79, 127.62, 127.49, 126.27, 125.95, 20.67; All spectral data match those previously
reported.’®!

Colorless oil, isolated yield 72%; 'H-NMR (500 MHz, CDCls) &

7.85-7.93 (m, 3H), 7.65 (s, 1H), 7.53 (m, 2H), 7.32 (dd, J = 8.2,
@ @ 1.5 Hz, 1H), 7.01 (s, 2H), 2.39 (s, 3H), 2.06 (s, 6H); *C-NMR
(126 MHz, CDCIs) 6 138.98, 138.82, 136.81, 136.24, 133.73,
132.38, 128.26, 128.09, 128.03, 127.99, 127.87, 126.10, 125.79, 21.20, 20.96; All
spectral data well match those previously reported.®?

Me 3ca
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Colorless solid, isolated yield 95%; "H-NMR (500 MHz, CDCl;)

58.07 (s, 1H), 7.88-7.94 (m, 3H), 7.79 (dd, J = 8.4, 1.7 Hz, 1H),

7.70-7.72 (m, 2H), 7.49-7.56 (m, 4H), 1.42 (s, 9H): 1*C-NMR

(126 MHz, CDCIs) 6 150.53, 138.53, 138.32, 133.86, 132.66, 128.46, 128.29, 127.77,

127.18, 126.34, 125.95, 125.90, 125.72, 125.64, 34.72, 31.54; All spectral data well
match those previously reported.’®!

Colorless solid, isolated yield 92%; '"H-NMR (500 MHz, CDCl;)

Meo 5 8.01 (s, 1H), 7.86-7.92 (m, 3H), 7.74 (dd, J = 8.5, 1.8 Hz,

3ea 1H), 7.68 (d, J = 8.8 Hz, 2H), 7.48-7.51 (m, 2H), 7.04 (d, J =

8.8 Hz, 2H), 3.89 (s, 3H); "*C-NMR (126 MHz, CDClI;) & 159.36, 138.25, 133.88, 133.70,

132.44,128.51, 128.46, 128.17, 127.73, 126.33, 125.75, 125.53, 125.12, 114.44, 55.44
All spectral data well match those previously reported.]

Colorless solid, isolated yield 88%; 'H-NMR (500 MHz,
TBSO @ @Q CDCl;) 5 8.00 (s, 1H), 7.85-7.91 (m, 3H), 7.73 (dd, J = 8.5,
1.8 Hz, 1H), 7.61 (d, 2H, J = 8.3 Hz), 7.45-7.52 (m, 2H), 6.97
(d, J = 8.3 Hz, 2H), 1.04 (s, 9H), 0.27 (s, 6H); *C-NMR (126 MHz, CDCl;) 5 155.56,
138.40, 134.32, 133.90, 132.47, 128.52, 128.44, 128.21, 127.76, 126.34, 125.77, 125.62,
125.22, 120.61, 25.89, 18.44, -4.18; All spectral data well match those previously

reported.®

Colorless oil, isolated yield 84%; "H-NMR (500 MHz, CDCls) & 7.95
@ (s, 1H), 7.85 (d, J = 8.2 Hz, 3H), 7.69 (d, J = 8.5 Hz, 1H), 7.42-7.47
MOMO 3ga (m, 3H), 7.32 (t, J= 7.8 Hz, 1H), 7.24 (d, J = 8.2 Hz, 1H), 7.11 (t, J
= 7.5 Hz, 1H), 5.10 (s, 2H), 3.36 (s, 3H); *C-NMR (126 MHz, CDCl;) 5 154.51, 136.42,
133.52,132.54, 132.01, 131.36, 128.90, 128.26, 128.24, 128.20, 127.73, 127.32, 126.08,
125.96, 122.50, 115.92, 95.22, 56.25; All spectral data well match those previously
reported.®*!

Colorless solid, isolated yield 90%; 'H-NMR (500 MHz,
MeaN @ @ CDCl3) 5 8.05 (s, 1H), 7.92 (d, J = 8.2 Hz, 2H), 7.89 (d, J =

7.9Hz, 1H), 7.80 (dd, J=8.5, 1.8 Hz, 1H), 7.71 (d, J = 8.8 Hz,
2H), 7.47-7.54 (m, 2H), 6.89 (d, J = 8.8 Hz, 2H), 3.05 (s, 6H); 1*C-NMR (126 MHz, CDCl5)
0 150.15, 138.67, 134.04, 132.18, 129.09, 128.32, 128.07, 127.71, 126.18, 125.42,
125.36, 124.28, 112.97, 40.66; All spectral data match those previously reported.®"

55



Colorless solid, isolated yield 94%; '"H-NMR (500 MHz, CDCl;) &
@ 7.95-7.98 (m, 5H), 7.91-7.93 (m, 2H), 7.66 (dd, J = 8.2, 1.8 Hz, 1H),
7.51-7.60 (m, 5H), 7.43-7.46 (m, 1H); "*C-NMR (126 MHz, CDCl;) 5
140.32, 138.47, 133.98, 133.57, 132.73, 131.91, 128.88, 128.63,
128.46, 128.22,127.97,127.90, 127.80, 127.38, 126.44, 126.33, 126.25, 126.19, 125.96,

[6-1]

e

125.56; All spectral data match those previously reported.

Colorless solid, isolated yield 73%; '"H-NMR (500 MHz, CDCl;)
MS 5 8.13 (s, 1H), 7.92-7.99 (m, 3H), 7.83 (dd, J = 8.5, 1.8 Hz,

1H), 7.80 (d, J = 8.2 Hz, 2H), 7.73 (d, J = 8.2 Hz, 2H), 7.54-
7.59 (m, 2H), 0.42 (s, 9H); *C-NMR (126 MHz, CDCl3) 5 141.62, 139.52, 138.63, 134.06,
133.83, 132.82, 128.56, 128.37, 127.79, 126.89, 126.42, 126.09, 125.96, 125.70, -0.90;
All spectral data well match those previously reported.®

_‘

Colorless oil, isolated yield 72%; '"H-NMR (500 MHz, CDCl;)

@ 5 8.08 (s, 1H), 7.88-7.95 (m, 3H), 7.78 (dd, J = 8.1, 1.5 Hz,

TBSO ), 7.73 (s, 1H), 7.64 (d, J = 7.6 Hz, 1H), 7.47-7.53 (m, 3H),

7.38 (d, J = 7.6 Hz, 1H), 4.88 (s 2H), 1.01 (s, 9H), 0.18 (s, 6H); 1*C-NMR (126 MHz,

CDCIs) 6 142.22, 141.16, 138.79, 133.83, 132.76, 128.91, 128.53, 128.35, 127.77,

126.40, 126.16, 126.03, 125.93, 125.75, 125.25, 65.16, 26.16, 18.64, -5.01; All spectral
data well match those previously reported.

Colorless solid, isolated yield 73%; '"H-NMR (500 MHz, CDCls) 5 7.96

M (m, 4H), 7.67-7.69 (m, 1H), 7.57-7.61 (m, 2H), 6.87 (m, 1H), 6.48-

Me 31a 6.50 (m, 1H), 6.38-6.40 (m, 1H), 3.82 (s, 3H); *C-NMR (126 MHz,

CDCls) & 134.64, 133.49, 132.27, 130.89, 128.03, 128.01, 127.77, 127.20, 126.99,

126.40, 125.92, 124.08, 109.29, 108.10, 35.30; All spectral data well match those
previously reported.®!

Colorless solid, isolated yield 90%; "H-NMR (500 MHz, CDCls) &
8.01 (s, 1H), 7.92-7.97 (m, 3H), 7.66-7.72 (m, 2H), 7.56 (dd, J =
Me 3ma 6.6, 2.9 Hz, 2H), 7.43 (d, J = 7.3 Hz, 1H), 7.29-7.33 (m, 1H), 7.21

(m, 1H), 6.71 (d, J = 3.4 Hz, 1H), 3.84 (s, 3H); "*C-NMR (126 MHz, CDCl3) 5 141.70,
138.68, 133.40, 132.88, 130.38, 128.43, 128.27, 128.24, 127.90, 127.34, 126.68, 126.53,
121.92, 120.67, 120.07, 109.78, 102.29, 31.49; All spectral data well match those
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previously reported.’®!

Colorless solid, isolated yield 93%; 'H-NMR (500 MHz, CDCls) &

| @ @Q 8.12 (s, 1H), 8.01 (s, 1H), 7.86-7.95 (m, 4H), 7.65 (d, J = 8.5 Hz,

I\N/Ie 3na 1H), 7.44-7.54 (m, 3H), 7.12 (s, 1H), 6.60 (s, 1H), 3.85 (s, 3H);

3C-NMR (126 MHz, CDCl;) & 140.11, 136.47, 134.01, 132.81,

132.32,129.68, 129.20, 128.30, 128.19, 127.75, 126.42, 126.22, 125.64, 125.54, 121.74,

119.87, 109.69, 101.54, 33.08. HRMS (ESI): m/z: calcd for C1gH1sN [M+H]" 258.1277,
found: 258.1279.

Colorless solid, isolated yield 91%; 'H-NMR (500 MHz,

O @ @Q CDCI;) 6 8.53 (d, J = 1.5 Hz, 1H), 8.23-8.27 (m, 2H), 7.89-

Et 3o0a 8.02 (m, 5H), 7.47-7.60 (m, 5H), 7.35 (t, J= 7.3 Hz, 1H), 4.40

(9, J =7.2 Hz, 2H), 1.50 (t, J = 7.3 Hz, 3H); *C-NMR (126

MHz, CDCIs) 6 140.52, 139.60, 134.03, 132.35, 132.21, 128.45, 128.19, 127.77, 126.29,

126.21, 125.96, 125.61, 125.52, 123.67, 123.22, 120.65, 119.31, 119.09, 108.88, 108.74,
37.72, 13.95. HRMS (ESI): m/z: calcd for C2sH1gN [M+H]* 322.1590, found: 322.1597.

Colorless oil, isolated yield 35% (E/Z > 25/1); '"H-NMR (500 MHz,

Y @Q CDCl3) 5 7.76-7.80 (m, 3H), 7.68 (s, 1H), 7.59 (dd, J = 8.5, 1.5 Hz,

3pa 1H), 7.40-7.47 (m, 2H), 6.55 (d, J = 15.9 Hz, 1H), 6.38 (dt, J =

15.8, 6.9 Hz, 1H), 2.25-2.30 (m, 2H), 1.49-1.55 (m, 2H), 1.28-1.40 (m, 10H), 0.91 (t, J =

6.9 Hz, 3H); "*C-NMR (126 MHz, CDCl;) & 135.58, 133.89, 132.79, 131.93, 129.96,

128.16, 127.95, 127.76, 126.23, 125.54, 125.41, 123.74, 33.36, 32.08, 29.69, 29.59,
29.46, 22.86, 14.28; All spectral data well match those previously reported.®!

Colorless solid, isolated yield 85%; '"H-NMR (500 MHz, CDCl;) &

@ 7.78-7.83 (m, 4H), 7.62 (dd, J = 8.7, 1.7 Hz, 1H), 7.43 (m, 2H), 6.31-

3qa 6.33 (m, 1H), 2.55-2.58 (m, 2H), 2.30 (m, 2H), 1.86 (tt, J = 9.0, 3.1

Hz, 2H), 1.73 (it, J = 9.0, 3.0 Hz, 2H); "*C-NMR (126 MHz, CDCl;) 5 139.94, 136.48,

133.70, 132.56, 128.17,127.71, 127.61, 126.06, 125.64, 125.46, 123.95, 123.21, 27.54,
26.19, 23.26, 22.36. All spectral data well match those previously reported.®!

:

Colorless solid, isolated yield 76%; "H-NMR (500 MHz, CDCl;) & 7.76-
@Q 7.82 (m, 3H), 7.57 (s, 1H), 7.40-7.48 (m, 2H), 7.22 (dd, J = 8.5, 1.8 Hz,
1H), 2.06-2.12 (m, 1H), 1.04-1.08 (m, 2H), 0.83-0.87 (m, 2H); '*C-NMR

1r

3ra
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(126 MHz, CDCls) 6 141.59, 133.72, 132.04, 127.98, 127.72, 127.36, 126.09, 124.99,
124.78, 123.88, 15.81, 9.32; All spectral data well match those previously reported.®'%

1s Colorless solid, isolated yield 88%; "H-NMR (500 MHz, CDCl;) 5 7.91-
Me 8.01 (m, 3H), 7.79 (d, J = 13.7 Hz, 1H), 7.58-7.66 (m, 2H), 7.50 (q, J =
3sa 7.8 Hz, 1H), 2.70 (s, 3H); "*C-NMR (126 MHz, CDCls) 5 135.50, 133.80,

131.83, 128.21, 127.80, 127.71, 127.35, 126.95, 125.95, 125.05, 21.80. All spectral
data well match those previously reported.!

Colorless solid, isolated yield 92%; 'H-NMR (500 MHz, CDCl;)
@ @Q s ©8.07(d, J=5.5Hz, 2H),7.93 (dd, J = 18.2, 8.1 Hz, 2H), 7.76-
3ab 7.80 (m, 3H), 7.67 (d, J = 8.2 Hz, 1H), 7.52 (t, J = 7.8 Hz, 2H),

7.42 (t, J = 7.3 Hz, 1H), 0.41 (s, 9H); *C-NMR (126 MHz, CDCl;) 5 141.27, 138.99,
138.24, 133.99, 133.62, 132.23, 130.40, 128.99, 128.67, 127.56, 127.49, 127.36, 125.75,
-0.90; All spectral data well match those previously reported.®"

Colorless solid, isolated yield 72%; 'H-NMR (500 MHz,

@ @Q N\/:> CDClI3) 6 7.92 (s, 1H), 7.76 (t, J = 8.2 Hz, 2H), 7.66-7.72 (m,
3ac 3H), 7.45-7.48 (m, 2H), 7.30-7.36 (m, 2H), 7.15 (d, J = 1.5

Hz, 1H), 3.29 (t, J = 5.5 Hz, 4H), 1.76-1.80 (m, 4H), 1.62-1.66 (m, 2H); "*C-NMR (126
MHz, CDCIs) 6 150.36, 141.57, 135.89, 134.11, 128.99, 128.91, 128.57, 127.28, 126.99,
125.89, 125.51, 120.61, 110.11, 51.05, 26.03, 24.54; All spectral data match those

previously reported.®"!

Colorless solid, isolated yield 89%; 'H-NMR (500 MHz, CD;0D) &

@ @ \ 7.84 (d, J =1.2 Hz, 1H), 7.77 (d, J = 8.5 Hz, 1H), 7.67-7.71 (m,

3ad — o 3H), 7.51 (dd, J = 8.5, 1.8 Hz, 1H), 7.42-7.45 (m, 2H), 7.31-7.34

(m, 1H), 7.18 (d, J = 2.1 Hz, 1H), 7.07 (dd, J = 8.8, 2.4 Hz, 1H).

*C-NMR (126 MHz, CD;0D) & 156.80, 142.59, 140.06, 136.71, 130.15, 129.81, 129.24,

129.06, 128.23, 128.19, 124.95, 123.47, 119.35, 110.27. All spectral data match those
previously reported. '

Colorless solid, isolated yield 90%; '"H-NMR (500 MHz, CDCls) &

MeO @ @ 7.96 (d, J = 8.5 Hz, 1H), 7.92 (d, J = 7.9 Hz, 1H), 7.86 (d, J = 8.2
3ee O Hz, 1H), 7.49-7.55 (m, 2H), 7.43-7.47 (m, 4H), 7.06 (d, J = 8.8 Hz,
2H), 3.92 (s, 3H); "*C-NMR (126 MHz, CDCls) 5 159.09, 140.05,
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133.98, 133.27, 131.98, 131.25, 128.40, 127.47,127.05, 126.21, 126.06, 125.83, 125.54,
113.86, 55.49. All spectral data match those previously reported.’®'?

Me Colorless oil, isolated yield 85%; '"H-NMR (500 MHz, CDCls) &
7.98 (d, J = 8.5 Hz, 2H), 7.86 (m, 2H), 7.56 (dd, J = 8.5, 1.5
@ @ Hz, 2H), 7.40-7.42 (m, 2H), 7.34-7.39 (m, 6H), 2.40 (s, 6H);
*C-NMR (126 MHz, CDClI;) & 141.98, 140.07, 135.70, 133.35,
@ 131.24, 130.53, 130.14, 128.03, 127.92, 127.56, 127.44,
125.99, 20.72. HRMS (ESI): m/z: calcd for CosHzo [M+Ag]”

415.0610, found: 415.0608.

Colorless solid, isolated yield 30%; 'H-NMR (500 MHz,
'V'ezNMe CDCls) 5 7.46 (dd, J = 16.0, 8.4 Hz, 4H), 7.19 (d, J = 8.2 Hz,
3hg 2H), 6.79 (d, J = 8.5 Hz, 2H), 2.96 (s, 6H), 2.36 (s, 3H); *C-

NMR (126 MHz, CDCls) 6 149.94, 138.51, 135.73, 129.49, 127.64, 126.29, 112.96, 40.76,
21.17. All spectral data well match those previously reported.®'!

3bfdi Me

Colorless oil, isolated yield 86%, ee 88%; 'H-NMR (500 MHz,
Me  CDCls) 5 7.31-7.33 (m, 2H), 7.23-7.27 (m, 6H), 3.31 (q, J = 6.7
NMe, Hz, 1H), 2.28 (s, 3H), 2.24 (s, 6H), 1.41 (d, J = 6.7 Hz, 3H); *C-

NMR (126 MHz, CDCI;) & 142.66, 141.94, 140.61, 135.52,
130.42, 129.97, 129.13, 127.36, 127.24, 125.85, 65.74, 43.36, 20.67, 20.03; All spectral
data well match those previously reported.®'4

@§
g

3bhg

Colorless oil, isolated yield 88%, ee 94%; '"H-NMR (500 MHz,
Me  CDCls) & 7.36-7.38 (m, 2H), 7.26-7.32 (m, 6H), 3.36 (q, J = 6.7
NMe, Hz, 1H), 2.32 (s, 3H), 2.28 (s, 6H), 1.46 (d, J = 6.7 Hz, 3H); *C-

NMR (126 MHz, CDCI;) & 142.59, 141.91, 140.61, 135.49,
130.40, 129.95, 129.12, 127.34, 127.23, 125.83, 65.73, 43.34, 20.65, 20.02; All spectral
data well match those previously reported.®'4

©§
b

3bhg

Colorless oil, isolated yield 85%; 'H-NMR (500 MHz, CDCl;) &
7.40 (d, J = 8.2 Hz, 2H), 7.31 (d, J = 8.2 Hz, 2H), 7.20-7.25 (m,
OH 4H), 4.72 (s, 2H), 2.26 (s, 3H), 1.89 (br, s, 1H); "*C-NMR (126

MHz, CDCls) 6 141.68, 141.51, 139.45, 135.46, 130.46, 129.90,
129.52, 127.43, 126.93, 125.91, 65.30, 20.60; All spectral data well match those

©§
g

3bi
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previously reported. 61!

Colorless oil, isolated yield 67%; '"H-NMR (500 MHz, CDCl;) & 7.21-
7.27 (m, 8H), 3.91 (t, J = 6.6 Hz, 2H), 2.92 (t, J = 6.6 Hz, 2H), 2.27
(s, 3H); "*C-NMR (126 MHz, CDCls) & 141.76, 140.27, 137.07,
HO 135.49, 130.45, 129.94, 129.54, 128.86, 127.32, 125.90, 63.78,
39.05, 20.65; All spectral data well match those previously reported. 61!

Yellow solid, isolated yield 51%; 'H-NMR (500 MHz, CDCls)
MeaN @ " 58.11-8.14 (m, 4H), 7.83 (d, J = 8.8 Hz, 1H), 7.77 (d, J = 7.9

Hz, 1H), 7.67-7.70 (m, 1H), 7.44-7.47 (m, 1H), 6.84 (dd, J =
6.9, 2.0 Hz, 2H), 3.05 (s, 6H); "*C-NMR (126 MHz, CDCls) 5 157.46, 151.47, 148.56,
136.38, 129.47, 129.45, 128.57, 127.49, 126.81, 125.45, 118.39, 112.36, 40.48; All
spectral data well match those previously reported. 7]

Me Colorless solid, isolated yield 40%; 'H-NMR (500 MHz, CDCl;) &
7.55 (s, 1H), 7.25-7.35 (m, 4H), 7.18-7.23 (m, 2H), 7.07 (d, J = 3.1

Me Hz, 1H), 6.50 (d, J = 3.1 Hz, 1H), 3.80 (s, 3H), 2.30 (s, 3H); "*C-
3l NMR (126 MHz, CDCl) 5 143.27, 135.88, 133.40, 130 .51, 130.29,

129.39, 128.46, 126.79, 125.73, 123.41, 121.41, 108.78, 101.21, 33.04, 20.85. HRMS
(ESI): m/z: calcd for C1eH1sN [M+H]* 222.1277, found: 222.1272.

Colorless solid, isolated yield 41%; "H-NMR (500 MHz, CDCls) &

Me
@ @ 8.10 (d, J = 7.9 Hz, 2H), 7.46 (d, J = 8.2 Hz, 1H), 7.35-7.36 (m,
"M 1H), 7.19-7.32 (m, 6H), 3.83 (s, 3H), 2.32 (s, 3H); *C-NMR (126
3bm O MHz, CDCls) & 143.02, 141.50, 141.13, 139.94, 135.76, 130.43,

130.25, 127.29, 125.82, 125.76, 122.80, 121.63, 120.65, 120.40,
119.86, 119.11, 109.25, 108.57, 29.20, 20.80. HRMS (ESI): m/z: calcd for CzoHi7N
[M+H]" 272.1434, found: 272.1440.

Colorless solid, isolated yield 57%; 'H-NMR (500 MHz, CDCl;) &
‘~ 7.74-7.79 (m, 3H), 7.63 (s, 1H), 7.43 (m, 2H), 7.20-7.32 (m, 5H),
4.14 (s, 2H); *C-NMR (126 MHz, CDCl3) d 141.13, 138.74,

133.76, 132.24,129.18, 128.64, 128.22,127.78,127.77,127.70, 127.25, 126.29, 126.12,
125.49, 42.27; All spectral data well match those previously reported.®'8

@
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General procedure for preparation of aryltrimethylammonium iodides: To a stirred
solution of N, N—dimethylarylamine (10 mmol) in CH.Cl, (10 mL) was added dropwise
methyl iodide (11.0 mmol) at room temperature. The resulting solution was stirred for 6
h or overnight at room temperature. Et,O(15mL) was added to the mixture and then
filtered, the residue was washed with Et,0, dried under vacuum to give a white solid.

General procedure for cross-coupling between aryltrimethylammonium iodides
and aryllithium reagents: The above-prepared lithium reagent (0.45 mmol, 1.5 equiv)
was diluted with THF (3 mL). Such solution was then added slowly via gas-tight syringe
or cannula to a Schlenk tube charged with aryltrimethylammonium iodides (0.2 mmol),
PdCIy(PPhs)2 (7.0 mg, 0.01 mmol) and THF (4 mL) under argon atmosphere. The
resulted mixture was stirred overnight (> 12 h) at room temperature or with heating
(Scheme 6) before cooled to 0 °C and quenched by water (5 mL). The mixture was
extracted with Et2O (3 x 10 mL), and the combined organic solution was washed with
brine, dried over Na,SQy,, filtered and concentrated under vacuum. The residue was
purified by column chromatography on silica gel to give the final products.

Colorless solid, isolated yield 56%; 'H-NMR (500 MHz, CDCls) &
F 8.00 (s, 1H), 7.87-7.93 (m, 3H), 7.67-7.71 (m, 3H), 7.50-7.53 (m,
3ta 2H), 7.19 (m, 2H); *C-NMR (126 MHz, CDCls) 5 161.69, 137.70,

137.39, 133.78, 132.68, 129.12, 129.05, 128.65, 128.27, 127.79, 126.54, 126.14, 125.77,
125.54, 115.95, 115.77; All spectral data well match those previously reported.®?

o Colorless soild, isolated yield 73%; 'H-NMR (500 MHz,
Meooj CDCl3) 6 758 (d, 2 H, J=84 Hz), 7.55 (dd, 4 H, J = 8.2
3eo Hz), 7.02 (d, 2 H, J= 8.6 Hz), 5.88 (s, 1 H), 4.20-4.16 (m, 2

H), 4.06-4.02 (m, 2 H), 3.87 (s, 3 H); "*C-NMR (126 MHz, CDCls) 5 160.0, 141.7, 136.2,
133.2, 128.5, 126.9, 126.7, 114.6, 103.4, 65.3, 55.3; All spectral data well match those

previously reported.’®9

Me Colorless oil, isolated yield 73%; 'H-NMR (500 MHz, CDCl;) &
Meo 7.24-7.29 (m, 6H), 6.98 (d, J = 8.8 Hz, 2H), 3.87 (s, 3H), 2.31 (s,
3H); *C-NMR (126 MHz, CDCl3) & 160.41, 143.40, 137.35, 134.34,
3ep 130.22, 129.85, 126.94, 125.77, 114.96, 55.33, 20.41; All spectral

data well match those previously reported.
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Colorless solid, isolated yield 90%; 'H-NMR (500 MHz,
MGOCF3 CDCls) 5 7.66 (dd, J = 11.6, 8.8 Hz, 4H), 7.55 (dd, J = 6.7,
3eq 2.1 Hz, 2H), 7.01 (dd, J = 6.7, 2.1 Hz, 2H), 3.87 (s, 3H); "*C-

NMR (126 MHz, CDCI;) & 160.01, 144.40, 132.24, 128.92, 128.45, 126.96, 125.80,
125.77, 114.56, 55.43; All spectral data well match those previously reported.!*

Colorless solid, isolated yield 91%; 'H-NMR (500 MHz,

@ @ O Me CDCI3) 6 7.67 (m, 6H), 7.57 (d, J=7.9 Hz, 2H), 7.48 (t, J =
3ar 7.8Hz, 2H),7.38 (t, J=7.3Hz, 1H), 7.29 (d, J= 7.9 Hz, 2H),

2.43 (s, 3H); "*C-NMR (126 MHz, CDCl;) 5 140.90, 140.17, 139.95, 137.93, 137.26,
129.67, 128.93, 127.59, 127.41, 127.15, 127.00, 21.27; All spectral data well match

those previously reported.’®!

Colorless solid, isolated yield 71%; "H-NMR (500 MHz,

MeO @ @ O Me  cDCls) 5 2.40 (s, 3 H), 3.86 (s, 3 H), 6.98-7.00 (m, 2

3er H), 7.25-7.27 (m, 2 H), 7.52-7.54 (m, 2 H), 7.56-7.58

(m, 2 H), 7.62-7.64 (m, 4 H); *C-NMR (126 MHz, CDCls) 5 159.33, 139.59, 138.04,

137.18, 133.46, 129.67, 128.18, 127.40, 127.15, 126.97, 114.40, 55.51, 21.27; All
spectral data well match those previously reported.®2%

Colorless solid, isolated yield 85%; "H-NMR (500 MHz, CDCl;) &
PhMe 8.01 (s, 1H), 7.84 (d, J = 8.5 Hz, 1H), 7.81 (d, J = 8.5 Hz, 1H),
3sp 7.73 (m, 3H), 7.65 (s, 1H), 7.49 (t, J = 7.8 Hz, 2H), 7.35-7.39 (m,
2H), 2.54 (s, 3H); "*C-NMR (126 MHz, CDCl;) 5 141.41, 137.82, 135.78, 132.99,
132.07, 128.96, 128.72, 128.15, 127.89, 127.49, 127.33, 126.75, 125.75, 125.69,
21.91; All spectral data well match those previously reported.®2"!
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% —IH. Supplementary Discussions

Primary study on the cross-coupling reaction between aryl zincate and aryl silyl ether

has been performed. The results are summarized in Scheme 6-1 and Scheme 6-2.

Scheme 6-1
Ni(cod)s (5 mol%)
PCy 3 (10 mol%)
Ph=2ZnMeglLi, + "Si"O0 O > Phe O
] Q toluene, r.t.,, 12 h Q
1an 23"S" 3aa
(3.0 eq.) (1.0 eq.) isolated yield

"Si" = SiMe3 64%
SiMeEt 51%
SiMe,Pr 53%

SiMe,Bu 65% (reaction at 50 °C)
SiMe,sPh 61%
SiEt; 54%
SiMe,(Allyl) n.d.

Scheme 6-2
Ni(cod)s (5 mol%)
PCy 3 (10 mol%)
(i + o) - O
Q toluene, r.t.,, 12 h Q
(3.0 eq.) (1.0 eq.) isolated yield
Me Me
7 N\

64%

70%



B B=EICET 5 ERIE
#—IH General Methods

All reactions were carried out under a slightly positive pressure of dry argon by using
standard Schlenk line techniques or in Glovebox (Braun, Labmaster SP). The oxygen
and moisture concentrations in the glovebox atmosphere were monitored by the O,/H>O
analyzer to ensure both were always below 0.1 ppm. Unless otherwise noted, all starting
materials including dehydrated solvents were purchased from Wako, Kanto, TCI, or
Aldrich. Polymer molecular weights were determined by comparison with polystyrene
standards using TOSOH HLC-8020GPC Gel-Permeation Chromatography equipped
with two Shodex GPC KF-G columns in sequence and analyzed with TOSOH UV-8020
absorbance detector (254 nm). Samples were dissolved in THF and passed through a
0.2 uym PTFE filter prior to analysis. Circular dichroism (CD) spectra were measured
using a JASCO J-820 CD spectropolarimeter equipped with a programmed temperature-
controller (JASCO, Tokyo, Japan), and the solvent of sample was dichloromethane. NMR
spectra were recorded on a Bruker AVANCE Il 500 spectrometer (FT, 500 MHz for "H).
Chemical shift values are reported in ppm with the solvent resonance as the internal
standard (CHCI3: & 7.26 for 'H). Attention: All organometallics (Mg, Li) should be handled
with care, as many are pyrophoric or extremely sensitive to oxygen/moisture.

% _IH Preparation of Substrates

General procedure for preparation of Grignard reagents 6a:

Method A: Under an argon atmosphere, a mixture of freshly cut magnesium turnings
(0.972 g, 40 mmol) and 20 mL of dry THF in an oven-dried flask was stirred and a solution
of 2,7-dibromide-9,9-dihexylfluorine (1.968 g, 4 mmol) in 5 mL of dry THF was added
slowly through a syringe. The solution was allowed to stir at reflux for 12 h and the
obtained brown transparent solution was titrated [with Te2Ph2, see: Aso, Y. et al. Simple
titration method using diphenyl ditelluride as a colored indicator for the determination of
organolithium and organo-magnesium reagents. J. Org. Chem. 1989, 54, 5627-5629.]
and kept carefully at room temperature.

Method B: Under an argon atmosphere, a mixture of freshly cut magnesium turnings
(0.972 g, 40 mmol) and 20 mL of dry THF in an oven-dried flask was stirred and 1,2-
dibromoethane (7.5 mg, 0.04 mmol) was added. The mixture was heated to 50 °C over
a period of 10 mins, and a solution of 2,7-dibromide-9,9-dihexylfluorine (1.968 g, 4 mmol)
in 5 mL of dry THF was added slowly through a syringe. The solution was allowed to stir
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at 50 °C for 1 h and the obtained brown transparent solution was titrated (with TeoPh>)
and kept carefully at 4 °C.

Method C: In glovebox, a 50 mL Schlenk flask equipped with a Teflon-coated magnetic
stirring bar was charged with freshly cut lithium (0.278 g, 40 mmol), anhydrous
magnesium chloride (2.095 g, 22 mmol) and naphthalene (0.512 g, 4 mmol), and 20 mL
of dry THF. Then the flask was taken out, the mixture was stirred vigorously with
ultrasonic stirrer. A black precipitate started to form within a few minutes. The solution
was allowed to stir at room temperature for 12 h, producing Rieke magnesium as a grey
powder that settles slowly when the stirring is stopped. The Schlenk flask was moved
into the glovebox and the Rieke magnesium was transferred to another Schlenk flask via
cannula to separate from unreacted lithium. After about 20 minutes’ standing, the
supernatant was removed and 10 mL dry THF was added to the Rieke magnesium,
repeated this operation until the THF is colorless, and the Rieke magnesium was ready
for next usage.

Under an argon atmosphere, a mixture of Rieke magnesium (about 0.480 g, 20 mmol)
and 10 mL of dry THF in an oven-dried Schlenk flask was stirred at -78 °C, and a solution
of 2,7-dibromide-9,9-dihexylfluorine (1.968 g, 4 mmol) in 5 mL of dry THF was added
slowly through a syringe. The solution was allowed to stir at -78 °C for 1 h and the
obtained grey muddy solution was transferred into the centrifuge tubes in glovebox. The
centrifuge tubes were carefully sealed and centrifuged at 3000 rpm for 30 minutes. The
supernatant was removed into a Schlenk flask in glovebox and then titrated against
diphenyl ditelluride (Te2Phz) and kept carefully at 4 °C.

Preparation of lithium reagent

In a dry Schlenk flask charged with argon, the 2,7-dibromide-9,9-dihexylfluorine (147.6
mg, 0.3 mmol) was dissolved in THF (3 mL) and the solution was cooled down to -78 °C.
BuLi (0.79 mL, 1.2 mmol, 1.52 M in n-pentane) was added dropwise and the resulted
solution was stirred at the same temperature for 0.5 h. After that, solvent was removed
by vacuum and the residue of lithium reagent (0.3 mmol) was ready for next usage.

Preparation of lithium reagents having BINOL skeletons (Scheme 6-3)

To a solution of A (2.86 g, 10 mmol) in dichloromethane (100 mL) at 0 °C was added
a solution of bromine (3.52 g, 22 mmol) and dichloromethane dropwise. After 12 hours
of stirring with temperature allowed warming to room temperature, 30 mL of saturated
sodium bisulfite were added, and the mixture was stirred for another 30 minutes. The
phases were separated, and the organic phase was washed two times with 30 mL of
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sodium bisulfite, two times with distilled water, dried over MgSO4 and evaporated to give
B (4.31 g, 97% isolated yield). Then B was dissolved in 50 mL acetone, K2COs3 (5.53 g,
40 mmol) and 1-lodododecane (8.88 g, 30 mmol) were added and the mixture was stirred
at reflux for 12 hours. After the reaction, 50 mL of dichloromethane and 50 mL of water
were added. The solution was washed twice with 50 mL saturated NaHCOs3 solution and
once with 50 mL brine. The organic phase was dried and evaporated under reduced
pressure. The yellow oil was purified by column chromatography on silica gel
(Hexane/Ethyl acetate = 99/1) to give the product C (6.40 g, 82% isolated yield for two
steps). The protocol for lithiation of C is the same as before.

Scheme 6-3. Preparation of lithium reagents having BINOL skeletons.

Br. Br.
OO OH Bry OO OH nC42Hasl, KoCO3 OO O"CoHas BuLi R-product

R/ R/ —_— R/ —_——————3 or

! ] OH CH,CI,,0°C,12h ! l OH  Acetone, reflux, 12 h ! ! O"Cq2Hzs THF,-78°C,1h
Br Br

A B Cc
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% =18 General Procedures for Polycondensations

Polycondensation between Grignard reagent 6 and dimethoxyarenes 7

In a dry Schlenk flask charged with argon, Grignard reagent 6 (0.3 mmol, THF solution)
was added. THF was then removed under vacuum at 0 °C. Toluene (1 mL) was then
added, stirred for 5 minutes and again removed under vacuum. After that,
dimethoxyarenes 7 (0.3 mmol), Catalyst A [NiCl>(PCys)2 (5 mol%) and PCys (10 mol%)]
or B [Ni(cod)2 (5 mol%) and ICy (10 mol%), ICy was in-situ prepared by treating ICy
HCI with stoichiometric amounts of EtMgBr] and toluene (1 mL) were added. This
reaction mixture was stirred overnight (> 12 h) at room temperature or with heating
before quenched by 1M HCI (5 mL). The aqueous layer was extracted with CH2Cl (3 x
5 mL), dried over MgSOQs,, filtered, and concentrated under vacuum. The residue was
then dissolved in a minimum amount of CH>Cl, (ca. 1 mL) and precipitated into MeOH
(100 mL). The precipitate was collected and dried under vacuum.

Polycondensation between organolithium reagent and dimethoxyarenes 7

In a dry Schlenk flask charged with argon, organolithium reagent (0.3 mmol, THF
solution) was prepended according to the protocol expounded before. THF was then
removed under vacuum at 0 °C. Toluene (1 mL) was then added, stirred for 1 minute and
again removed under vacuum. After that, dimethoxyarenes 7 (0.3 mmol), Ni(cod). (0.03
mmol), SIMes (0.03 mmol, SIMes was in-situ prepared by treating SIMes « HCI with
stoichiometric amounts of EtMgBr) and toluene (1 mL) were added. This reaction mixture
was stirred overnight (> 12 h) at 90 °C before quenched by 1M HCI (5 mL). The aqueous
layer was extracted with CH2Cl (3 x 5 mL), dried over MgSOy, filtered, and concentrated
under vacuum. The residue was then dissolved in a minimum amount of CH>Cl; (ca. 1
mL) and precipitated into MeOH (100 mL). The precipitate was collected and dried under
vacuum.

Polycondensation between Grignard reagent 6 and ammonium salts 9.

In a dry Schlenk flask charged with argon, Grignard reagent 6 (0.3 mmol, THF solution)
was added. Then the ammonium salts 9 (0.3 mmol) and PdCI2(PCys). (0.003 mmol) was
added into the above solution of 6. The resulted mixture was stirred overnight (> 12 h)
at room temperature before quenched by water (5 mL). The mixture was extracted with
CH2Cl> (3 x 5 mL), dried over MgSO., filtered, and concentrated under vacuum. The
resulting residue was then dissolved in a minimum amount of CH2Cl» (ca. 1 mL) and
precipitated into MeOH (100 mL). The precipitate was collected and dried under vacuum.
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#UIE Supplementary Tables
Table 6-1. Reaction conditions, isolation results and "H-NMR information for products 8
obtained from polycondensation between Grignard reagent 6 and dimethoxyarenes 7.

Polymer 'H-NMR (500 MHz, CDCls, 25 °C)

5 7.69-8.19 (m, 12H), 2.21 (br s, 4H),
1.14 (m, 12H), 0.49-0.81 (m, 10H).

8aa (Catalyst A, r.t., 96%)
M, = 23.2 kDa, PDI = 3.02

5 7.77-8.19 (m, 12H), 2.39-1.77 (br s,
4H), 1.14 (m, 12H), 0.76-0.81 (m, 10H).

8ab (Catalyst A, r.t., 96%)
M, = 23.6 kDa, PDI = 2.73

5 7.73-8.32 (m, 12H), 2.19 (br s, 4H),
1.18-1.30 (m, 12H), 0.72-0.98 (m, 10H).

8ac (Catalyst A, r.t., 82%)
M, = 13.2 kDa, PDI = 2.53

5 7.19-8.13 (m, 12H), 2.37 (br s, 4H),
1.05-1.28 (m, 12H), 0.76-0.92 (m, 10H).

8ad (Catalyst B, 70 °C, 83%)
M, =11.3 kDa, PDI = 2.28
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8ad (Catalyst B, 70 °C, 83%)
M, =11.3 kDa, PDI = 2.28

5 7.66-7.82 (m, 10H), 2.10 (br s, 4H),
1.11 (m, 12H), 0.76-0.80 (m, 10H).

8af (Catalyst B, 70 °C, 86%)
M, = 13.6 kDa, PDI = 2.56

5 7.26-7.97 (m, 10H), 2.09 (br s, 4H),
1.01-1 (m, 12H), 0.77 (m, 10H).

8ag (Catalyst B, 120 °C, 93%)
M, = 12.7 kDa, PDI = 2.41

5 7.11-7.84 (m, 14H), 2.13 (br s, 4H),
1.29-1.33 (m, 12H), 0.80-0.89 (m, 10H).

8ah (Catalyst B, 70 °C, 80%)
M, = 14.3 kDa, PDI = 2.33

5 7.46-7.82 (m, 10H), 1.94-2.10 (m,
15H), 1.11-1.14 (m, 12H), 0.74-0.79 (m,
10H).

"CgH13

8ai (Catalyst B, 70 °C, 82%)
M, =9.2 kDa, PDI = 2.11

5 7.56-7.78 (m, 8H), 7.31-7.40 (m, 4H),
3.86 (d, J = 1.8 Hz, OH), 2.24 (br s, 1H),
2.00-2.06 (br s, 4H), 1.29-1.51 (m, 8H),
1.06-1.14 (m, 13H), 0.87-0.90 (m, 3H),
0.74-0.77 (m, 10H).
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5 7.70-7.85 (m, 12H), 2.14 (m, 4H), 1.14
(m, 12H), 0.80 (m, 10H)

8aj (Catalyst B, 70 °C, 93%)
M, = 10.6 kDa, PDI = 2.29

5 7.69-8.25 (m, 12H), 0.86-2.03 (m,
25H).

8ba (Catalyst A, r.t., 92%)
M, =17.9 kDa, PDI = 2.58

Table 6-2. Reaction conditions, isolation results and '"H-NMR information for products
obtained from polycondensation between organolithium reagents and dimethoxyarenes.

Polymer 'H-NMR (500 MHz, CDCls, 25 °C)

5 7.26-8.22 (m, 16H), 3.94 (br s, 4H),
0.84-1.43 (m, 46H).

R-product
Yield = 89%, M,, = 12.3 kDa, PDI = 2.36

5 7.26-8.22 (m, 16H), 3.98 (br s, 4H),
0.85-1.43 (m, 46H).

Yield = 84%, M,, = 13.1 kDa, PDI = 2.42
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Table 6-3. Reaction conditions, isolation results and "H-NMR information for products 8
obtained from polycondensation between grignard reagents 6 and ammonium salts 9.

Polymer 'H-NMR (500 MHz, CDCls, 25 °C)

5 7.68-7.86 (m, 6H), 2.13 (br s, 4H),
1.14-1.19 (m, 12H), 0.76-0.85 (m, 10H).

8ak

5 7.56-7.76 (m, 10H), 7.24-7.34 (m, 9H),
5.67 (s, 1H), 2.01 (br s, 4H), 1.04-1.12
(m, 12H), 0.71-0.77 (m, 10H).

8al

5 7.50-8.55 (m, 12H), 2.14 (br s, 4H),
1.11-1.21 (m, 12H), 0.76-0.81 (m, 10H).

8dk
Yield = 84%, M, = 13.5 kDa, PDI = 2.48
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B BNEICET S ERE
#—IH General Methods

Instrumentation.

All reactions were carried out in oven-dried glassware under a slightly positive
pressure of dry argon by using standard Schlenk line techniques or in Glovebox (Braun,
Labmaster SP). The oxygen and moisture concentrations in the glovebox atmosphere
were monitored by the O2/H,>O analyzer to ensure both were always below 0.1 ppm. Blue
LEDs (40W, Amax = 455 nm, Kessil AT60WE TUNA BLUE) were used for the light
irradiation. The light source was placed about 10 cm from the reaction vessel. And a fan
was used to maintain the temperature at no more than 10 °C above the room
temperature. NMR spectra were recorded on a Bruker AVANCE 111 500 spectrometer (FT,
500 MHz for "H). Chemical shift values are reported in ppm with the solvent resonance
as the internal standard (CHCls: 8 7.26 for 'H, 8 77.16 for "*C). Normal-phase column
chromatography was performed with YAMAZEN YFLC Al-580.

Figure 6-1. S1 Photographs of the reaction equipments

Materials.

Unless otherwise noted, all starting materials including dehydrated solvents were
purchased from Aldrich Inc., Wako Pure Chemical Industries, Ltd., Tokyo Kasei Co.,
Anhydrous solvents were purchased from Kanto Chemical Co. Ltd. Katritzky salts were
prepared according to literature procedures 22,
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% _IH Experimental Section

General procedure for reactions between Katritzky salts 10 and alkyl alkenes 11

General procedure A:
Methyl (E/Z)-2-benzyl-4-(4-methoxyphenyl)but-3-enoate (12aa)

Ph fac-Ir(ppy)s (1.0 mol%)
Ph or
—>_®N — o om [Ru(bpy)s](PFg)2 (1.0 mol%)» Me00C om
+ e
weo.d Y7o / 0.1 M in DMSO N ¢
€02 BF blue LEDs, rt., 12 h >
Ph 4 Ph
10a (1.0 eq.) 1a(1.1eq.) 12aa

Katritzky salts 10a (111 mg, 0.2 mmol) and 1-methoxy-4-vinylbenzene 11a (29.5 mg,
0.22 mmol) were charged in a dried screw-cap reaction tube, then fac-Ir(ppy)s (1.3 mg,
0.002 mmol) or [Ru(bpy)s](PFs)2 (1.7 mg, 0.002 mmol) was added, the reagents were
dissolved in dry DMSO (2 mL) under N2> atmosphere in glove box. The tube was closed
and taken out from glove box, stirred under irradiation of blue LEDS (Amax = 455 nm) at
room temperature. After 12 hours, the reaction was quenched by H.O (10 mL), and then
extracted with ethyl ether (15 mL x 3). The organic layers were combined and dried over
MgSOs4, and the solvent was removed under reduced pressure. The residue was purified
by silica gel column chromatography using Hexane/AcOEt (20/1) as eluent to give the
titted compound 12aa as a colorless oil in 82% yield [Ir(lll), E/Z = 8 / 92] or 85% yield
[Ru(ll), E only].

12aa
MeOOC OMe
10a >N‘ /
Ph 12aa
12aa-E:

'"H NMR (500 MHz, CDCls): & 7.32-7.35 (m, 4H), 7.24-7.28 (m, 3H), 6.90-6.91 (m, 2H),
6.42 (d, J = 15.9 Hz, 1H), 6.16 (dd, J = 15.9 Hz, 8.8 Hz, 1H), 3.87 (s, 3H), 3.71 (s, 3H),
3.52 (m, 1H), 3.23 (dd, J = 13.5, 7.5 Hz, 1H), 2.99 (dd, J = 13.5, 7.5 Hz, 1H).

3C NMR (126 MHz, CDCls): 5 174.13, 159.40, 138.82, 132.19, 129.66, 129.19, 128.49,
127.66, 126.55, 124.78, 114.10, 55.42, 51.99, 51.56, 39.22.

HRMS (ESI): m/z: calcd for C19H2003 [M+Na]* 319.1305, found: 319.1308.

12aa-Z:

'"H NMR (500 MHz, CDCls): & 7.16-7.27 (m, 4H), 7.09-7.12 (m, 3H), 6.82-6.85 (m, 2H),
6.51 (d, J = 11.6 Hz, 1H), 5.61 (dd, J = 11.6 Hz, 10.4 Hz, 1H), 3.87-3.92 (m, 1H), 3.80
(s, 3H), 3.65 (m, 3H), 3.11 (dd, J = 13.7, 7.6 Hz, 1H), 2.86 (dd, J = 13.7, 7.6 Hz, 1H).
3C NMR (126 MHz, CDCls): 5 174.19, 158.81, 138.54, 131.59, 129.96, 129.16, 128.44,
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127.64, 126.57, 113.82, 55.39, 52.04, 46.56, 39.36.
HRMS (ESI): m/z: calcd for C19H2003 [M+Na]* 319.1305, found: 319.1306.

12ab
wooe, )
10a v /
Ph MeO
12ab

Using the General Procedure A, the titled compound was obtained as a colorless oil in
72% vyield [Ir(I), E/ Z = 4 | 96] or 74% yield [Ru(ll), E only].

12ab-E:

'"H NMR (500 MHz, CDCl;): 5 7.18-7.40 (m, 7H), 6.84-6.92 (m, 2H), 6.76 (d, J = 15.9 Hz,
1H), 6.25 (dd, J= 15.9, 8.8 Hz, 1H), 3.81 (s, 3H), 3.63 (s, 3H), 3.51 (dd, J= 15.0, 8.2 Hz,
1H), 3.17 (dd, J = 13.6, 7.9 Hz, 1H), 2.95 (dd, J = 13.6, 7.9 Hz, 1H).

3C NMR (126 MHz, CDCls): 5 174.16, 156.77, 138.86, 129.22, 128.83, 128.48, 127.57,
127.54, 126.95, 126.53, 125.86, 120.76, 111.03, 55.59, 52.04, 51.98, 39.28.

HRMS (ESI): m/z: calcd for C19H2003 [M+Na]* 319.1305, found: 319.1311.

12ab-Z:

'"H NMR (500 MHz, CDCls): & 7.16-7.26 (m, 4H), 7.06-7.08 (m, 3H), 6.84-6.91 (m, 2H),
6.63 (d, J = 11.3 Hz, 1H), 5.76 (dd, J = 11.3, 10.3 Hz, 1H), 3.80-3.82 (m, 1H), 3.76 (s,
3H), 3.63 (s, 3H), 3.09 (dd, J=13.7, 7.6 Hz, 1H), 2.87 (dd, J = 13.7, 7.0 Hz, 1H).

3C NMR (126 MHz, CDCls): & 174.22, 157.15, 138.60, 129.98, 129.10, 128.97, 128.81,
128.37, 127.88, 126.45, 125.49, 120.34, 110.56, 55.60, 51.96, 46.86, 39.36.

HRMS (ESI): m/z: calcd for C19H2003 [M+Na]* 319.1305, found: 319.1309.

12ac

MeOOC SMe
10a >N‘

Ph 12ac
Using the General Procedure A, the titled compound was obtained as a colorless solid
in 95% vyield [Ir(lll), E/ Z =18 / 82] or 99% yield [Ru(ll), E only].
12ac-E:
'"H NMR (500 MHz, CDCl;): 5 7.28-7.32 (m, 4H), 7.21-7.25 (m, 5H), 6.39 (d, J = 15.9 Hz,
1H), 6.23 (dd, J = 15.9, 8.5 Hz, 1H), 3.68 (s, 3H), 3.51 (dd, J = 16.9, 9.3 Hz, 1H), 3.21
(dd, J=13.6, 7.8 Hz, 1H), 2.97 (q, J = 6.9 Hz, 1H), 2.50 (s, 3H).
3C NMR (126 MHz, CDCls): 5 173.82, 138.54, 137.89, 133.66, 132.05, 129.07, 128.39,
126.76, 126.61, 126.50, 126.25, 51.92, 51.44, 39.03, 15.84.
HRMS (ESI): m/z: calcd for C19H200,S [M+Na]* 335.1076, found: 335.1070.
12ac-Z:
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'H NMR (500 MHz, CDCl3): & 7.20-7.31 (m, 5H), 7.08-7.13 (m, 4H), 6.55 (d, J = 11.6 Hz,
1H), 5.70 (dd, J = 1.6, 10.4 Hz, 1H), 3.87-3.92 (m, 1H), 3.68 (s, 3H), 3.14 (dd, J = 13.7,
7.3 Hz, 1H), 2.90 (dd, J = 13.7, 7.3 Hz, 1H), 2.51 (s, 3H).

13C NMR (126 MHz, CDCls): 5 174.00, 138.41, 137.51, 133.38, 131.52, 129.12, 128.79,
128.46, 126.89, 126.74, 126.61, 126.40, 52.07, 46.63, 39.31, 15.87.

HRMS (ESI): m/z: calcd for C1oH2002S [M+Na]* 335.1076, found: 335.1082.

12ad

MeOOC 1’Bu
10a >N‘

Ph 12ad
Using the General Procedure A, the titled compound was obtained as a colorless oil in
68% yield [Ir(Ill), E/ Z =39/ 61] or 94% yield [Ru(ll), E only].
12ad-E:
'"H NMR (500 MHz, CDCl;): 5 7.27-7.33 (m, 6H), 7.18-7.21 (m, 3H), 6.40 (d, J = 15.9 Hz,
1H), 6.19 (dd, J = 15.9, 8.8 Hz, 1H), 3.64 (s, 3H), 3.45-3.50 (m, 1H), 3.17 (dd, J = 13.4,
7.9 Hz, 1H), 2.93 (dd, J = 14.2, 6.6 Hz, 1H), 1.31 (s, 9H).
3C NMR (126 MHz, CDCls): 5 174.08, 150.93, 138.78, 134.09, 132.59, 129.21, 128.52,
126.58, 126.22, 125.62, 52.03, 51.58, 39.15, 34.73, 31.44.
HRMS (ESI): m/z: calcd for C22H2602 [M+Na]*" 345.1825, found: 345.1821.
12ad-Z:
'"H NMR (500 MHz, CDCls): 5 7.86 (d, J = 8.5 Hz, 1H), 7.46 (d, J = 8.2 Hz, 1H), 7.18-
7.34 (m, 9H), 3.65 (s, 3H), 3.37-3.41 (m, 1H), 3.12 (dd, J = 13.7, 6.1 Hz, 1H), 2.86 (dd,
J=13.4,7.9 Hz, 1H), 1.30 (s, 9H).
3C NMR (126 MHz, CDCls): & 197.95, 175.50, 157.11, 134.21, 129.16, 128.70, 128.14,
126.79, 126.59, 125.66, 42.39, 39.47, 38.01, 35.28, 31.23.
HRMS (ESI): m/z: calcd for C22H2602 [M+Na]*" 345.1825, found: 345.1829.

12ae
MeOOC OH
10a >N‘ /
Ph 12ae

Using the General Procedure A, the titled compound was obtained as a colorless oil in
86% vyield [Ir(lll), E/ Z = 46 / 54] or 66% yield [Ru(ll), E only].

12ae-E:

'"H NMR (500 MHz, CDCls): & 7.28-7.31 (m, 2H), 7.20-7.24 (m, 5H), 6.78-6.79 (m, 2H),
6.37 (d, J=15.9 Hz, 1H), 6.09 (dd, J = 15.9, 8.8 Hz, 1H), 3.68 (s, 3H), 3.49 (dd, J = 15.9,
8.2 Hz, 1H), 3.19 (dd, J = 13.6, 8.1 Hz, 1H), 2.95 (dd, J = 13.7, 7.0 Hz, 1H).

3C NMR (126 MHz, CDCI3): & 174.50, 155.50, 138.73, 132.27, 129.67, 129.18, 128.52,
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127.89, 126.60, 124.62, 115.60, 52.12, 51.58, 39.20.

HRMS (ESI): m/z: calcd for C1gH1sO3 [M+Na]* 305.1148, found: 305.1143.

12ae-Z:

'"H NMR (500 MHz, CDCls): & 7.20-7.31 (m, 5H), 7.06-7.12 (m, 2H), 6.78-6.80 (m, 2H),
6.53 (d, J = 11.6 Hz, 1H), 5.64 (dd, J = 11.4, 10.3 Hz, 1H), 3.92 (dd, J = 18.0, 7.3 Hz,
1H), 3.68 (s, 3H), 3.14 (dd, J = 13.7, 7.6 Hz, 1H), 2.90 (dd, J = 13.7, 7.3 Hz, 1H).

3C NMR (126 MHz, CDCI3): & 174.42, 154.92, 138.46, 131.66, 130.14, 129.09, 128.45,
127.88, 126.52, 115.30, 52.14, 46.61, 39.36.

HRMS (ESI): m/z: calcd for C1gH1sO3 [M+Na]* 305.1148, found: 305.1145.

12af

oo,
10a V- /

Ph 12af HO
Using the General Procedure A, the titled compound was obtained as a colorless oil in
93% vyield [Ir(lll), E/ Z = 14 | 86] or 77% yield [Ru(ll), E only].
12af-E:
'"H NMR (500 MHz, CDCls): & 7.12-7.33 (m, 7H), 6.89-6.92 (m, 1H), 6.78-6.80 (m, 1H),
6.59 (d, J=15.9 Hz, 1H), 6.24 (dd, J = 15.9, 8.8 Hz, 1H), 5.06 (br, 1H), 3.70 (s, 3H), 3.54
(dd, J=15.9,7.6 Hz, 1H), 3.23 (dd, J = 13.6, 7.5 Hz, 1H), 2.97 (dd, J = 13.6, 7.5 Hz, 1H).
3C NMR (126 MHz, CDCls): 5 174.17, 152.96, 138.68, 129.25, 128.93, 128.89, 128.58,
127.75, 127.54, 126.68, 124.06, 120.99, 115.98, 52.15, 51.97, 39.11.
HRMS (ESI): m/z: calcd for C1gH1sO3 [M+Na]* 305.1148, found: 305.1148.
12af-Z:
'"H NMR (500 MHz, CDCls): & 7.16-7.24 (m, 4H), 7.03-7.05 (m, 2H), 6.73-6.88 (m, 2H),
6.50 (d, J = 11.3 Hz, 1H), 5.91 (dd, J = 11.0, 10.5 Hz, 1H), 5.07 (br, 1H), 3.72 (s, 3H),
3.62 (dd, J = 15.9, 9.5 Hz, 1H), 3.16 (dd, J = 13.6, 6.3 Hz, 1H), 2.85 (dd, J = 13.7, 8.5
Hz, 1H).
3C NMR (126 MHz, CDCls): 5 173.91, 152.93, 138.20, 132.84, 129.76, 129.21, 129.13,
128.45, 127.20, 126.65, 122.91, 120.47, 115.74, 52.35, 46.79, 38.34.
HRMS (ESI): m/z: calcd for C1gH1sO3 [M+Na]* 305.1148, found: 305.1153.

12ag

MeOOC NH2
10a >N‘

Ph 12ag
Using the General Procedure A, the titled compound was obtained as a yellow oil in
67% yield [Ir(Il), E/ Z =30/ 70] or 57% yield [Ru(ll), E only].
12ag-E:
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'"H NMR (500 MHz, CDCl;): 5 7.17-7.31 (m, 7H), 6.65-6.66 (m, 2H), 6.34 (d, J = 15.9 Hz,
1H), 6.05 (dd, J = 15.7, 8.7 Hz, 1H), 4.10-3.76 (1H), 3.66 (s, 3H), 3.46 (dd, J=15.9, 7.9
Hz, 1H), 3.17 (dd, J = 13.7, 7.9 Hz, 1H), 2.94 (dd, J = 13.7, 7.0 Hz, 1H).

3C NMR (126 MHz, CDCls): 5 174.28, 145.86, 138.92, 132.53, 129.20, 128.48, 127.67,
126.52, 123.36, 115.34, 51.96, 51.61, 39.26.

HRMS (ESI): m/z: calcd for C1gH19NO2 [M+Na]® 304.1308, found:304.1316.

12ag-Z:

'"H NMR (500 MHz, CDCls): & 7.06-7.26 (m, 6H), 6.68 (m, 3H), 6.49 (d, J = 11.3 Hz, 1H),
5.57 (dd, J = 11.2, 10.4 Hz, 1H), 4.20 (br, 2H), 3.95 (dt, J = 13.3, 5.3 Hz, 1H), 3.66 (s,
3H), 3.13 (dd, J =13.7, 7.9 Hz, 1H), 2.90 (dd, J = 13.7, 6.7 Hz, 1H).

3C NMR (126 MHz, CDCls): 5 174.29, 138.64, 131.83, 129.94, 129.24, 129.10, 128.42,
127.51,126.71, 126.53, 115.30, 51.99, 46.62, 39.43.

HRMS (ESI): m/z: calcd for C1gH1sNO2 [M+Na]* 304.1308, found: 304.1306.

12ah

MeOOC @ OMe
10a >N‘ /

Ph 12ah
Using the General Procedure A, the titled compound was obtained as a colorless oil in
95% vyield [Ir(lll), E/ Z = 41 / 59] or 96% yield [Ru(ll), E only].
12ah-E:
'"H NMR (500 MHz, CDCls): & 7.29-7.36 (m, 3H), 7.21-7.24 (m, 3H), 6.58-6.69 (m, 2H),
6.51 (d, J=15.9 Hz, 1H), 6.21 (dd, J = 16.2, 8.8 Hz, 1H), 3.81 (s, 3H), 3.68 (s, 3H), 3.50
(dd, J=15.9, 7.9 Hz, 1H), 3.20 (dd, J =13.7, 7.9 Hz, 1H), 2.97 (dd, J = 13.7, 7.0 Hz, 1H).
3C NMR (126 MHz, CDCls): 5 173.98, 161.88, 160.42, 159.90, 138.67, 129.18, 128.03,
127.98, 127.14, 127.10, 126.60, 125.00, 117.22, 110.41, 101.72, 55.69, 52.03, 39.18.
HRMS (ESI): m/z: calcd for C19H19FO3 [M+Na]* 337.1210, found: 337.1215.
12ah-Z:
'"H NMR (500 MHz, CDCls): & 7.17-7.36 (m, 4H), 7.03-7.12 (m, 2H), 6.58-6.68 (m, 2H),
6.52 (d, J = 10.1 Hz, 1H), 5.78 (dd, J = 10.2, 10.2Hz, 1H), 3.82 (s, 3H), 3.74-3.78 (m,
1H), 3.67 (s, 3H), 3.13 (dd, J = 13.6, 7.8 Hz, 1H), 2.90 (dd, J = 13.7, 7.0 Hz, 1H).
3C NMR (126 MHz, CDCls): 5 173.93, 161.82, 160.42, 159.86, 138.43, 130.79, 129.63,
129.19, 128.50, 128.03, 127.15, 126.60, 124.59, 116.44, 109.66, 101.52, 55.68, 52.04,
47.06, 39.21.
HRMS (ESI): m/z: calcd for C19H19FO3 [M+Na]* 337.1210, found: 337.1202.
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12ai
Cl

MeOOC OIVIe
10a >’V‘

Ph 12ai
Using the General Procedure A, the titled compound was obtained as a colorless oil in
96% vyield [Ir(lll), E/ Z = 20 / 80] or 89% yield [Ru(ll), E only].
12ai-E:
'"H NMR (500 MHz, CDCl;): & 7.17-7.40 (m, 7H), 6.87 (d, J = 8.5 Hz, 1H), 6.30 (d, J =
15.9 Hz, 1H), 6.13 (dd, J = 15.9, 8.5 Hz, 1H), 3.92 (s, 3H), 3.68 (s, 3H), 3.48 (dd, J =
15.5, 7.4 Hz, 1H), 3.19 (dd, J = 13.6, 7.8 Hz, 1H), 2.95 (dd, J = 13.6, 7.2 Hz, 1H).
3C NMR (126 MHz, CDCls): 5 173.90, 154.61, 138.61, 131.07, 130.56, 129.19, 128.53,
127.97, 126.64, 126.17, 126.06, 122.78, 112.06, 56.33, 52.07, 51.49, 39.13.
HRMS (ESI): m/z: calcd for C19H19ClO3 [M+Na]® 353.0915, found: 353.0923.
12ai-Z:
'"H NMR (500 MHz, CDCl;): 5 7.01-7.31 (m, 7H), 6.86-6.88 (m, 1H), 6.48 (d, J = 11.3 Hz,
1H), 5.69 (dd, J = 11.4, 10.3Hz, 1H), 3.92 (s, 3H), 3.84 (dt, J = 13.1, 5.4 Hz, 1H), 3.69
(s, 3H), 3.15 (dd, J=13.6, 7.2 Hz, 1H), 2.88 (dd, J = 13.7, 7.6 Hz, 1H).
3C NMR (126 MHz, CDCls): 5 173.92, 154.16, 138.33, 130.55, 130.41, 129.98, 129.14,
128.87, 128.50, 128.07, 126.66, 122.26, 111.83, 56.26, 52.11, 46.61, 39.20.
HRMS (ESI): m/z: calcd for C19H19ClO3 [M+Na]® 353.0915, found: 353.0917.

12aj
Br
MeOOC @ OH
10a >"" /
Ph 12aj

Using the General Procedure A, the titled compound was obtained as a colorless oil in
74% vyield [Ir(I1), E/ Z = 62 / 38] or 45% yield [Ru(ll), E only].

12aj-E:

'"H NMR (500 MHz, CDCl3): & 7.47 (d, J = 2.1 Hz, 1H), 7.28-7.31 (m, 2H), 7.19-7.24 (m,
4H), 6.97 (d, J = 8.5 Hz, 1H), 6.29 (d, J = 15.9 Hz, 1H), 6.11 (dd, J = 15.9, 8.8 Hz, 1H),
5.51 (s, 1H), 3.68 (s, 3H), 3.47 (dd, J=15.9, 7.9 Hz, 1H), 3.19 (dd, J= 13.6, 7.8 Hz, 1H),
2.94 (dd, J=13.6, 7.2 Hz, 1H).

3C NMR (126 MHz, CDCls): 5 173.93, 151.89, 138.58, 131.22, 130.93, 129.83, 129.19,
128.55, 127.41, 126.67, 126.22, 116.18, 110.60, 52.11, 51.47, 39.15.

HRMS (ESI): m/z: calcd for C1sH17BrOs [M+Na]* 383.0253, found: 383.0255.

12aj-Z:

'"H NMR (500 MHz, CDCl3): 6 7.11-7.31 (m, 6H), 6.94-6.99 (m, 2H), 6.47 (d, J = 11.6 Hz,
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1H), 5.68 (dd, J = 11.6, 10.4Hz, 1H), 5.56 (s, 1H), 3.78-3.84 (m, 1H), 3.70 (s, 3H), 3.47
(dd, J = 15.1, 7.2 Hz, 1H), 3.15 (dd, J = 13.4, 7.0 Hz, 1H), 2.87 (dd, J = 13.6, 7.8 Hz, 1H).
3C NMR (126 MHz, CDCls): 5 173.96, 151.45, 138.33, 131.20, 130.56, 130.45, 129.61,
129.18, 128.96, 127.39, 126.66, 126.20, 115.87, 110.59, 66.02, 52.11, 46.62, 39.15,
15.42.

HRMS (ESI): m/z: calcd for C1sH17BrOs [M+Na]" 383.0253, found: 383.0254.

12ak
MeOOC
10a >N‘ /
Ph 12ak

Using the General Procedure A, the titled compound was obtained as a colorless oil in
71% yield [Ir(ll), E/ Z =15/ 85, used DMA as solvent] or 73% yield [Ru(ll), E only].
12ak-E:

'"H NMR (500 MHz, CDCl3): & 7.17-7.33 (m, 10H), 6.40 (d, J = 15.9 Hz, 1H), 6.22 (dd, J
=16.0, 8.7 Hz, 1H), 3.64 (s, 3H), 3.48 (dd, J = 16.5, 7.9 Hz, 1H), 3.17 (dd, J=13.6, 7.8
Hz, 1H), 2.93 (dd, J = 13.6, 7.2 Hz, 1H).

3C NMR (126 MHz, CDCls): 5 173.96, 138.69, 136.84, 132.82, 129.20, 128.67, 127.77,
126.97, 126.61, 126.50, 52.04, 51.56, 39.14.

HRMS (ESI): m/z: calcd for C1gH1sO2 [M+Na]* 289.1199, found: 289.1123.

12ak-Z:

'"H NMR (500 MHz, CDCls): 5 7.07-7.32 (m, 10H), 6.58 (d, J = 11.6 Hz, 1H), 5.70 (dd, J
= 11.6, 10.5 Hz, 1H), 3.86-3.91 (m, 1H), 3.65 (s, 3H), 3.11 (dd, J = 13.6, 7.5 Hz, 1H),
2.87 (dd, J=13.7, 7.3 Hz, 1H).

3C NMR (126 MHz, CDCls): 5 174.09, 138.43, 136.59, 132.13, 129.12, 128.94, 128.66,
128.44, 128.38, 127.24, 126.59, 52.07, 46.47, 39.33.

HRMS (ESI): m/z: calcd for C1gH1sO2 [M+Na]* 289.1199, found: 289.1126.

12al

Me
MeOOC / @ Me

10a
Ph 12al Me

Using the General Procedure A, the titled compound was obtained as a colorless oil in
65% vyield [Ir(lll)] or 73% yield [Ru(ll)]. fac-Ir(ppy)s and [Ru(bpy)s](PFs). gave same
product.

12al:

'"H NMR (500 MHz, CDCl3): 8 7.17-7.20 (m, 2H), 7.11-7.12 (m, 3H), 6.73-6.73 (m, 2H),
6.21 (d, J=16.2 Hz, 1H), 5.56 (dd, J = 15.4, 9.6 Hz, 1H), 3.62 (s, 3H), 3.42-3.47 (m, 1H),
3.14 (dd, J=13.7,6.7 Hz, 1H), 2.84 (dd, J=13.7, 8.5 Hz, 1H), 2.16 (s, 3H), 2.02 (s, 6H).
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*C NMR (126 MHz, CDCls): 5 174.21, 138.81, 136.36, 136.04, 133.61, 131.58, 131.00,
129.26, 128.56, 126.56, 52.05, 51.92, 38.74, 21.06, 20.72.
HRMS (ESI): m/z: calcd for C21H2402 [M+Na]* 331.1669, found: 331.1662.

12am
MeOOC @ OMe
10a /
Ph Me 12am

Using the General Procedure A, the titled compound was obtained as a colorless oil in
88% yield [Ir(lll), E only] or 55% yield [Ru(ll), E only]. fac-Ir(ppy)s and [Ru(bpy)s](PFs)2
gave same product.

12am:

'"H NMR (500 MHz, CDCl;): & 7.04-7.29 (m, 7H), 6.84-6.86 (m, 2H), 6.28 (s, 1H), 3.80
(s, 4H), 3.66 (s, 3H), 3.42 (t, J = 7.8 Hz, 1H), 3.25 (dd, J = 13.7, 7.9 Hz, 1H), 2.94 (dd, J
=13.7, 7.3 Hz, 1H), 1.88 (s, 3H).

3C NMR (126 MHz, CDCls): 5 173.88, 158.29, 139.53, 133.45, 130.26, 130.22, 129.09,
128.55, 128.47, 126.42, 113.64, 57.14, 55.40, 52.02, 36.90, 15.96.

HRMS (ESI): m/z: calcd for C20H2203 [M+Na]* 333.1461, found: 333.1465.

12an
wooe )
520
Ph 12an

Using the General Procedure A, the titled compound was obtained as a colorless oil in
68% vyield [Ir(lll)] or 77% yield [Ru(ll)]. fac-Ir(ppy)s and [Ru(bpy)s](PFs)2 gave same
product.

'"H NMR (500 MHz, CDCls): & 7.24-7.27 (m, 2H), 7.07-7.20 (m, 6H), 6.97-6.99 (m, 1H),
6.34 (s, 1H), 3.64 (s, 3H), 3.49 (t, J = 7.6 Hz, 1H), 3.25 (dd, J = 13.7, 8.2 Hz, 1H), 2.95
(dd, J=13.7, 7.3 Hz, 1H), 2.78 (t, J = 8.2 Hz, 2H), 2.26-2.40 (m, 2H).

3C NMR (126 MHz, CDCls): & 173.49, 139.23, 137.61, 134.87, 134.17, 129.08, 128.54,
127.33, 127.01, 126.61, 126.53, 126.22, 125.95, 54.82, 52.09, 36.83, 28.17, 25.52.
HRMS (ESI): m/z: calcd for C2oH190, [M+Na]* 314.1277, found: 314.1273.
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12a0
MeO

MeOOC / @ OMe
10a

Ph 12a0
Using the General Procedure A, the titled compound was obtained as a colorless oil in
92% vyield [Ir(lll)] or 98% yield [Ru(ll)].
12a0:
'"H NMR (500 MHz, CDCl;): 5 7.02-7.22 (m, 7H), 6.77-6.83 (m, 6H), 5.95 (d, J = 10.4 Hz,
1H), 3.83 (s, 3H), 3.78 (s, 3H), 3.65 (s, 3H), 3.45-3.49 (m, 2H), 3.08 (d, J = 13.3 Hz, 1H),
2.86 (d, J=13.4 Hz, 1H).
3C NMR (126 MHz, CDCls): & 174.54, 159.27, 143.81, 138.70, 134.95, 131.81, 130.93,
129.35, 128.63, 128.37, 126.45, 123.91, 113.67, 113.61, 55.43, 55.37, 51.98, 48.22,
39.53.
HRMS (ESI): m/z: calcd for C2sH2604 [M+Na]* 425.1723, found: 425.1721.
12ap

7
MeOOC / @ OMe

10a MV

Ph 12ap
Using the General Procedure A, the titled compound was obtained as a colorless oil in
95% yield [Ir(Il), E/ Z =42/ 58] or 89% vyield [Ru(ll), E/ Z=83/17].
12ap-E:
'"H NMR (500 MHz, CDCls): & 7.15-7.29 (m, 6H), 7.08-7.10 (m, 2H), 6.99-6.99 (m, 2H),
6.85-6.87 (m, 2H), 6.77-6.79 (m, 2H), 6.00 (d, J = 10.4 Hz, 1H), 3.77 (s, 3H), 3.64 (s,
3H), 3.39-3.44 (m, 1H), 3.07 (dd, J = 13.4, 6.7 Hz, 1H), 2.86 (dd, J = 13.6, 8.1 Hz, 1H).
3C NMR (126 MHz, CDCls): 5 174.30, 159.13, 143.98, 139.31, 138.46, 134.36, 129.56,
129.19, 128.39, 128.22, 127.34, 127.14, 126.31, 123.83, 113.49, 55.27, 51.83, 48.05,
39.37.
HRMS (ESI): m/z: calcd for C2sH2403 [M+Na]* 395.1618, found: 395.1623.
12ap-Z:
'"H NMR (500 MHz, CDCl;): & 6.99-7.28 (m, 10H), 6.76-6.87 (m, 4H), 6.00 (d, J = 10.4
Hz, 1H), 3.77 (s, 3H), 3.63 (s, 3H), 3.42 (dd, J = 17.2, 8.1 Hz, 1H), 3.05-3.11 (m, 1H),
2.83-2.89 (m, 1H).
3C NMR (126 MHz, CDCls): & 174.42, 159.26, 144.11, 142.25, 138.59, 131.52, 130.92,
128.25, 128.20, 127.51, 127.28, 126.45, 125.61, 113.62, 55.40, 51.97, 48.18, 39.49.
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HRMS (ESI): m/z: calcd for xxxx [M+Na]* 395.1618, found: 395.1617.

12aq
FsC

MeOOC / @ OMe

10a v

Ph 12aq
Using the General Procedure A, the titled compound was obtained as a colorless oil in
78% vyield [Ir(Il), E/ Z =63/ 37] or 78% vyield [Ru(ll), E/Z=93/T7].
12aq-E:
'"H NMR (500 MHz, CDCls): & 7.51-7.53 (m, 2H), 7.18-7.24 (m, 3H), 6.99-7.06 (m, 4H),
6.89-6.90 (m, 2H), 6.76-6.81 (m, 2H), 6.05 (d, J = 10.4 Hz, 1H), 3.79 (s, 3H), 3.68 (s,
3H), 3.29-3.34 (m, 1H), 3.10 (dd, J = 13.4, 5.8 Hz, 1H), 2.86 (dd, J = 13.4, 8.8 Hz, 1H).
3C NMR (126 MHz, CDCls): 5 174.05, 159.51, 143.22, 143.07, 138.38, 133.67, 130.09,
129.40, 128.50, 128.47, 126.60, 125.19, 124.77, 113.80, 55.44, 52.16, 48.27, 39.31.
HRMS (ESI): m/z: calcd for CosH23F303 [M+Na]* 463.1492, found:463.1499.
12aqg-Z:
'"H NMR (500 MHz, CDCls): & 7.47-7.49 (m, 2H), 7.24-7.25 (m, 3H), 6.99-7.00 (m, 4H),
6.76-6.84 (m, 4H), 6.10 (d, J= 10.4 Hz, 1H), 3.83 (s, 3H), 3.67 (s, 3H), 3.54 (dd, J=15.9,
9.5 Hz, 1H), 3.10 (d, J = 19.2 Hz, 1H), 2.88 (d, J = 19.5 Hz, 1H).
3C NMR (126 MHz, CDCls): & 174.05, 159.14, 145.75, 143.23, 138.32, 133.67, 130.89,
130.68, 130.09, 129.59, 129.31, 128.50, 128.47, 127.65, 126.73, 126.60, 126.18, 125.18,
124.76, 113.90, 55.39, 52.15, 48.17, 39.35.
HRMS (ESI): m/z: calcd for CasH23F303 [M+Na]* 463.1492, found: 463.1493.

12ba

MeOOC OMe
10b >M /
Me 12ba

Using the General Procedure A, the titled compound was obtained as a colorless oil in
73% vyield [Ir(Il), E/ Z =25/ 75] or 78% yield [Ru(ll), E only].

12ba-E:

'"H NMR (500 MHz, CDCls): & 7.30 (d, J = 8.5 Hz, 2H), 6.84 (d, J = 8.5 Hz, 2H), 6.42 (d,
J=15.9 Hz, 1H), 6.13 (dd, J = 15.9, 7.9 Hz, 1H), 3.80 (s, 3H), 3.70 (s, 3H), 3.27-3.33
(m, 1H), 1.36 (s, 3H).

3C NMR (126 MHz, CDCls): & 175.27, 159.31, 130.68, 129.79, 127.59, 126.65, 114.09,
55.40, 52.04, 43.28, 17.64.

HRMS (ESI): m/z: calcd for C13H1603 [M+Na]* 243.0992, found: 243.0992.
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12ba-Z:

'H NMR (500 MHz, CDCls): 5 7.25-7.31 (m, 2H), 6.83-6.90 (m, 2H), 6.48 (d, J = 11.6 Hz,
1H), 5.59 (dd, J = 11.4, 10.2 Hz, 1H), 3.81 (s, 3H), 3.70 (s, 3H), 3.28-3.31 (m, 1H), 1.29
(s, 3H).

*C NMR (126 MHz, CDCls): & 175.47, 158.86, 130.06, 129.53, 127.62, 126.67, 113.92,
55.42, 52.08, 38.94, 18.59.

HRMS (ESI): m/z: calcd for C13H1603 [M+Na]* 243.0992, found: 243.0987.

12ca

MeOOC OMe
10c o

Me 12ca
Me

Using the General Procedure A, the titled compound was obtained as a colorless oil in
67% vyield [Ir(lll), E/ Z = 45/ 55] or 65% yield [Ru(ll), E only].
12ca-E:
'H NMR (500 MHz, CDCl3): 6 7.31 (d, J = 8.8 Hz, 2H), 6.85 (d, J = 8.8 Hz, 2H), 6.39 (d,
J=15.9 Hz, 1H), 6.05 (dd, J = 15.7, 9.6 Hz, 1H), 3.80 (s, 3H), 3.69 (s, 3H), 2.83 (t, J =
9.0 Hz, 1H), 2.03-2.12 (m, 1H), 0.95 (dd, J = 15.7, 6.9 Hz, 6H).
3C NMR (126 MHz, CDCls): & 174.66, 159.32, 132.56, 129.84, 127.64, 124.66, 114.09,
57.58, 55.45, 51.77, 31.41, 21.00, 20.06.
HRMS (ESI): m/z: calcd for C15H2003 [M+Na]* 271.1305, found: 271.1309.
12ca-Z:
'"H NMR (500 MHz, CDCl3): 5 7.27-7.30 (m, 2H), 6.90-6.93 (m, 2H), 6.60 (d, J = 11.6 Hz,
1H), 5.60 (dd, J = 11.6, 10.4 Hz, 1H), 3.84 (s, 3H), 3.75 (s, 3H), 3.32-3.36 (m, 1H), 2.00-
2.06 (m, 1H), 0.90 (dd, J = 20.0, 6.9 Hz, 6H).
3C NMR (126 MHz, CDCls): & 174.53, 158.74, 132.57, 131.75, 130.16, 127.79, 113.84,
55.37, 52.10, 51.81, 31.93, 20.70, 19.97.
HRMS (ESI): m/z: calcd for C15H2003 [M+Na]* 271.1305, found: 271.1309.

12da

MeOOC OMe
Me 10d >-

12da
Me
Using the General Procedure A, the titled compound was obtained as a colorless oil in
61% vyield [Ir(lll), E/ Z =12/ 88] or 65% yield [Ru(ll), E only].
12da-E:
'"H NMR (500 MHz, CDCl;): 5 7.26-7.31 (m, 2H), 6.83-6.85 (m, 2H), 6.41 (d, J = 15.9 Hz,
1H), 6.01 (dd, J = 15.9, 9.2 Hz, 1H), 3.81 (s, 3H), 3.69 (s, 3H), 3.22-3.27 (m, 1H), 1.67-

83



1.73 (m, 1H), 1.57-1.64 (m, 1H), 1.48-1.56 (m, 1H), 0.90-0.94 (m, 6H).

13C NMR (126 MHz, CDCls): 5 175.10, 159.32, 131.54, 129.78, 127.61, 125.78, 114.10,
55.45, 51.96, 47.88, 41.82, 25.83, 22.86, 22.25.

HRMS (ESI): m/z: calcd for CisH2203 [M+Na]* 285.1461, found: 285.1464.

12da-Z:

'H NMR (500 MHz, CDCls): 5 7.26-7.28 (m, 2H), 6.90-6.92 (m, 2H), 6.54 (d, J = 11.6 Hz,
1H), 5.54 (dd, J = 11.3, 10.4 Hz, 1H), 3.84 (s, 3H), 3.74 (s, 4H), 1.65-1.70 (m, 1H), 1.52-
1.57 (m, 1H), 1.45-1.50 (m, 1H), 0.92-0.96 (m, 1H), 0.90 (s, 3H), 0.73 (s, 3H).

13C NMR (126 MHz, CDCls): 5 175.18, 158.78, 130.87, 130.06, 129.42, 128.68, 113.85,
55.37, 52.02, 43.05, 42.38, 25.98, 22.80, 22.26.

HRMS (ESI): m/z: calcd for CisH2203 [M+Na]* 285.1461, found: 285.1469.

12ea
EtOOC OI\/Ie
10e \I\l‘ /

12ea
Using the General Procedure A, the titled compound was obtained as a colorless oil in
62% vyield [Ir(Ill), E/ Z= 111789 ] or 27% yield [Ru(ll), E only].
12ea-E:
'"H NMR (500 MHz, CDCl;): 5 7.29-7.33 (m, 2H), 6.83-6.85 (m, 2H), 6.43 (d, J = 15.9 Hz,
1H), 6.15 (dt, J = 15.9, 7.2 Hz, 1H), 4.17 (q, J = 7.1 Hz, 2H), 3.80 (s, 3H), 3.21 (d, J =
5.8 Hz, 2H), 1.28 (t, J = 7.2 Hz, 3H).
3C NMR (126 MHz, CDCls): 5 172.01, 159.38, 132.76, 129.79, 127.72, 119.86, 114.03,
60.83, 55.66, 38.56, 14.49.
HRMS (ESI): m/z: calcd for C13H1s03 [M+Na]* 242.0913, found: 242.0917.
12ea-Z:
'"H NMR (500 MHz, CDCl;): 5 7.21-7.23 (m, 2H), 6.88-6.89 (m, 2H), 6.57 (d, J = 11.6 Hz,
1H), 5.80 (dt, J = 11.6, 5.8 Hz, 1H), 4.15-4.19 (m, 2H), 3.82 (s, 3H), 3.33 (dd, J=7.3, 1.8
Hz, 2H), 1.27 (t, J = 7.2 Hz, 3H).
3C NMR (126 MHz, CDCls): 5 171.87, 158.81, 131.57, 130.09, 121.86, 113.90, 60.91,
55.43, 34.41, 14.38, 0.01.
HRMS (ESI): m/z: calcd for C13H1503 [M+Na]* 242.0913, found: 242.0912.

12fa

) O OMe

12fa
Using the General Procedure A, the titled compound was obtained as a colorless oil in
77% yield [Ir(I), E/ Z =11/ 89] or 89% yield [Ru(ll), E only].
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12fa-E:

'H NMR (500 MHz, CDCls): 5 7.30-7.33 (m, 2H), 6.84-6.87 (m, 2H), 6.51 (d, J = 16.2 Hz,
1H), 6.10 (dd, J = 15.9, 6.7 Hz, 1H), 4.40-4.45 (m, 1H), 4.27-4.32 (m, 1H), 3.81 (s, 3H),
3.37-3.43 (m, 1H), 2.52-2.58 (m, 1H), 2.24-2.32 (m, 1H).

13C NMR (126 MHz, CDCls): 5 177.57, 159.59, 133.00, 129.24, 127.76, 121.79, 114.16,
66.79, 55.44, 42.87, 29.44.

HRMS (ESI): m/z: calcd for C1sH1403 [M+Na]* 241.0835, found: 241.0835.

12fa-Z:

'H NMR (500 MHz, CDCl3): & 7.31-7.33 (m, 2H), 6.88-6.90 (m, 2H), 6.75 (d, J = 11.0 Hz,
1H), 5.49 (dd, J = 11.1, 9.3 Hz, 1H), 4.39-4.44 (m, 1H), 4.20-4.25 (m, 1H), 3.82 (s, 3H),
3.71-3.77 (m, 1H), 2.42-2.48 (m, 1H), 2.15-2.21 (m, 1H).

13C NMR (126 MHz, CDCls): 5 178.17, 159.30, 134.01, 129.85, 128.86, 124.84, 114.00,
66.80, 55.38, 39.53, 30.92.

HRMS (ESI): m/z: calcd for C1sH1403 [M+Na]* 241.0835, found: 241.0837.

12ga
NC /—.— OMe
10_g>- /
Ph 12ga

Using the General Procedure A, the titled compound was obtained as a colorless solid
in 83% vyield [Ir(lll), E/ Z =25/ 75] or 84% yield [Ru(ll), E only].

12ga-E:

'"H NMR (500 MHz, CDCl;): 5 7.29-7.39 (m, 7H), 6.89-6.90 (m, 2H), 6.67 (d, J = 15.9 Hz,
1H), 5.95 (dd, J = 15.6, 6.4 Hz, 1H), 3.84 (s, 3H), 3.64-3.68 (m, 1H), 3.04-3.12 (m, 2H).
3C NMR (126 MHz, CDCls): & 159.87, 136.49, 133.25, 129.35, 128.86, 128.55, 127.95,
127.51, 120.26, 120.00, 114.25, 55.45, 40.03, 36.74.

HRMS (ESI): m/z: calcd for C1sH17NO [M+Na]* 286.1202, found: 286.1211.

12ga-Z:

'"H NMR (500 MHz, CDCl;): 5 7.10-7.39 (m, 9H), 6.88-6.92 (m, 2H), 6.67 (d, J = 10.7 Hz,
1H), 5.56 (dd, J = 11.0, 9.8 Hz, 1H), 3.89-3.94 (m, 1H), 3.83 (s, 5H), 3.05-3.10 (m, 2H),
2.96-3.01 (m, 1H).

3C NMR (126 MHz, CDCls): & 159.35, 136.33, 133.59, 129.88, 129.31, 128.82, 127.96,
127.49, 123.72, 120.26, 114.19, 55.45, 39.56, 32.15.

HRMS (ESI): m/z: calcd for C1gH17NO [M+Na]* 286.1202, found: 286.1205.
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12hq
MeO

(o
10h

Using the General Procedure A, the titled compound was obtained as a colorless solid
in 69% yield [Ir(lll)] or 69% yield [Ru(ll)].

12hq:

'"H NMR (500 MHz, CDCl;): & 7.14-7.29 (m, 9H), 6.78-6.91 (m, 4H), 6.12 (t, J = 7.6 Hz,
1H), 3.82 (s, 3H), 3.77 (s, 3H), 3.46 (d, J = 7.6 Hz, 2H).

3C NMR (126 MHz, CDCls): 5 158.95, 158.78, 141.65, 141.46, 135.70, 132.47, 131.17,
128.63, 128.57, 128.53, 126.03, 125.94, 113.77, 113.58, 55.40, 36.08.

HRMS (ESI): m/z: calcd for C23H22.0, [M+Na]" 353.1512, found: 353.1511.

Using the General Procedure A, the titled compound was obtained as a colorless solid
in 69% vyield [Ir(ll)] or 71% yield [Ru(ll)].

12iq:

'"H NMR (500 MHz, CDCls): & 6.98-7.21 (m, 8H), 6.79-6.91 (m, 4H), 6.10 (t, J = 7.5 Hz,
1H), 3.83 (s, 3H), 3.78 (s, 3H), 3.48 (d, J = 7.5 Hz, 2H).

3C NMR (126 MHz, CDCls): 5 162.08, 160.13, 159.00, 158.83, 142.25, 135.55, 132.30,
131.11,130.42, 130.38, 128.61, 127.75, 127.69, 124.29, 124.13, 115.37, 115.19, 113.79,
113.59, 55.37, 29.25.

HRMS (ESI): m/z: calcd for C23H21FO, [M+Na]* 371.1418, found: 371.1413.
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% =I5 Three-component reactions

Ph Photoredox Catalyst NC |
@/ (2.0 mol%)
<:>—N Ph + CN  + ’
N\ 7o /4 0.1 M in Solvent
PH BF, MeO OMe blue LEDs, rt. MeO OMe
10

11r (1.2 eq.) 11q (1.5 eq.) 13jrq

Katritzky salts 10j (95.5 mg, 0.2 mmol), acrylonitrile 11r (12.7 mg, 0.24 mmol) and 4,4'-
(ethene-1,1-diyl)bis(methoxybenzene) 11q (72.1 mg, 0.3 mmol) were charged in a dried
screw-cap reaction tube, then photoredox catalyst (0.004 mmol) was added, the
reagents were dissolved in dry solvent (2 mL) under N2 atmosphere in glove box. The
tube was closed and taken out from glove box, stirred under irradiation of blue LEDs
(Amax = 455 nm) at room temperature. The reaction was quenched by H,O (10 mL), and
then extracted with ethyl ether (15 mL x 3). The organic layers were combined and
dried over MgSOQs4, and the solvent was removed under reduced pressure. The NMR
yields were determined by "H-NMR analysis using mesitylene as internal standard.

Entry | Photoredox Catalyst Solvent Reaction Time NMR Yield
1 [Ir(ppy)2(dtbbpy)]PFs DMSO 24 h 41%
2 [Ir(ppy)2(dtbbpy)]PFs DMSO 48 h 55%
3 [Ir(ppy)2(dtbbpy)]PFs MeCN 48 h 9%
4 [Ir(ppy)2(dtbbpy)]PFs DMA 48 h 37%
5 [Ir(ppy)2(dtbbpy)]PFs DMF 48 h 49%
6 fac-Ir(ppy)s DMSO 48 h 8%
7 [Ru(bpy)s](PFs)2 DMSO 48 h 9%
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General procedure for three-component reactions
General procedure B:

Ph
[Ir(ppy)2(ditbbpy)](PFe) NC |
@)= (2.0 mol%)
( —N Ph + CN + I
\ / [©] // O O 0.1 M in DMSO O O
o BF, MeO OMe blue LEDs, rt., 48 h MeO OMe
10j

11r (1.2 eq.) 11q(1.5eq.) 13jrq

Katritzky salts 1j (95.5 mg, 0.2 mmol), acrylonitrile 2r (12.7 mg, 0.24 mmol) and 4,4'-
(ethene-1,1-diyl)bis(methoxybenzene) 2q (72.1 mg, 0.3 mmol) were charged in a dried
screw-cap reaction tube, then [Ir(ppy)2(dtbbpy)](PFs) (3.7 mg, 0.004 mmol) was added,
the reagents were dissolved in dry DMSO (2 mL) under N2 atmosphere in glove box. The
tube was closed and taken out from glove box, stirred under irradiation of blue LEDs
(Amax = 455 nm) at room temperature. After 48 hours, the reaction was quenched by H.O
(10 mL), and then extracted with ethyl ether (15 mL x 3). The organic layers were
combined and dried over MgSOs, and the solvent was removed under reduced pressure.
The residue was purified by silica gel column chromatography using Hexane/AcOEt as
eluent to give the titled compound 4jrq as a colorless oil in 51% yield (38.1 mg).

1Mr

NC |
MeO OMe

13jrq

"H NMR (500 MHz, CDCls): 5 7.13 (dd, J = 25.2, 8.7 Hz, 4H), 6.88 (dd, J = 59.7, 8.7 Hz,
4H), 5.79 (d, J = 9.8 Hz, 1H), 3.85 (s, 3H), 3.80 (s, 3H), 3.37-3.42 (m, 1H), 1.20-1.64 (m,
13H).

13C NMR (126 MHz, CDCls): 5 159.73, 159.38, 145.14, 133.86, 130.97, 130.69, 128.81,
127.27,121.66, 120.81, 114.16, 113.79, 55.46, 41.32, 35.20, 33.04, 32.79, 29.12, 26.44,
26.10.

HRMS (ESI): m/z: calcd for CasHaoNO, [M+Na]* 398.2091, found: 398.2097.

13jrq:
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13jsq

Using the General Procedure B, the titled compound was obtained as a colorless oil in
58% vyield (55.9 mg).

'"H NMR (500 MHz, CDCls): & 7.33-7.36 (m, 5H), 7.11 (dd, J = 40.7, 9.0 Hz, 4H), 6.83
(dd, J=30.5, 8.8 Hz, 4H), 5.91 (d, J=10.1 Hz, 1H), 5.10-5.17 (m, 2H), 3.83 (s, 3H), 3.79
(s, 3H), 3.32-3.37 (m, 1H), 1.49-1.63 (m, 6H), 0.67-1.36 (m, 7H).

3C NMR (126 MHz, CDCls): & 174.66, 158.98, 158.73, 142.92, 136.21, 134.96, 131.93,
130.92, 128.53, 128.03, 125.11, 113.55, 66.15, 55.30, 43.77, 40.88, 35.19, 33.43, 32.86,
26.46, 26.25, 26.09.

HRMS (ESI): m/z: calcd for C32H3s04 [M+Na]* 507.2506, found: 507.2511.

13jtq

Using the General Procedure B, the titled compound was obtained as a colorless oil in
53% vyield (44.5 mg).

'"H NMR (500 MHz, CDCl;): 5 7.10-7.17 (m, 4H), 6.79-6.92 (m, 4H), 5.90 (d, J = 10.1 Hz,
1H), 4.14 (q, J = 7.1 Hz, 2H), 3.84 (s, 3H), 3.79 (s, 3H), 3.27-3.29 (m, 1H), 1.46-1.64 (m,
6H), 0.67-1.35 (m, 10H).

3C NMR (126 MHz, CDCls): & 175.07, 159.18, 158.88, 142.79, 135.20, 131.11, 128.66,
125.54, 113.69, 113.61, 60.55, 55.45, 55.39, 43.89, 41.04, 35.36, 33.67, 32.95, 26.63,
26.45, 26.26, 14.43.

HRMS (ESI): m/z: calcd for C27H3404 [M+Na]* 445.2349, found: 445.2352.
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13ktq

Using the General Procedure B, the titled compound was obtained as a colorless oil in
61% vyield (57.7 mg).

'"H NMR (500 MHz, CDCls): & 7.05-7.28 (m, 9H), 6.79-6.90 (m, 4H), 5.83-5.93 (m, 1H),
4.13-4.16 (m, 2H), 3.82 (s, 3H), 3.80 (s, 3H), 3.35 (s, 1H), 2.55 (d, J = 13.1 Hz, 1H), 1.45-
1.82 (m, 4H), 1.21-1.28 (m, 4H), 0.67-0.89 (m, 3H).

3C NMR (126 MHz, CDCls): 5 175.02, 174.84, 159.19, 158.93, 143.21, 142.94, 142.87,
142.78, 135.21, 132.05, 131.22, 131.15, 128.74, 128.52, 128.41, 128.32, 125.72, 125.38,
125.21, 113.71, 113.57, 60.64, 55.44, 44.33, 40.85, 40.18, 38.90, 38.33, 33.14, 30.60,
29.95, 19.97, 19.40, 14.41.

HRMS (ESI): m/z: calcd for C31H3s04 [M+Na]* 495.2506, found: 495.2510.

90



#EV4IE Additional Analysis and discussions

We have performed the luminescence quenching experiment (Figure 6-2) and the
Stern-Volmer analysis (Figure 6-3) for the [Ru] catalyst. The results are in accord with
the literature. *?? Both oxidative (Katritzky salt 10a) and reductive (styrene 11a)
qguenching took place. However, a control experiment with addition of TEMPO gave
only the capture product from 10a, indicating that oxidative quenching is the major

route in the current reaction.

Figure 6-2. The luminescence quenching experiment.
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Figure 6-3. The Stern-Volmer analysis.
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