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DDQ
DIBAL-H
DMA
DMF
DMSO
dppe
Gly
GPC

h
HOMO
Py
KIE
LPPP
LUMO

min

NBS
NMP
NMR

Ph
Piv
PPP
PPV

acethyl

buthyl

concentration
pentamethylcyclopentadienyl
doublet

dibenzylideneacetone
1,2-dichloroethane
dichloromethane
2,3-dichloro-5,6-dicyano-p-benzoquinone
diisobutylaluminium hydride

N, N-dimethylacetoamide

N, N-dimethylformamide
dimethyl sulfoxide
1,2-bis(diphenylphosphino)ethane
glycine

Gel Permeation Chromatography
hour

Highest Occupied Molecular Orbital
1sopropyl

Kinetic Isotope Effect

ladder poly(para-phenylene)
Lowest Unoccupied Molecular Orbital
minute

normal

N-bromosuccinimide
N-methylpyrrolidone

Nuclear Magnetic Resonance
ortho

para

phenyl

pivaloyl

poly(para-phenylene)
poly(p-phenylene vinylene)



TCNQ
temp
TFA
THF
TMS:20
TsOH
TTF

singlet

triplet

tertiary
1,4-Bis(dicyanomethylene)cyclohexadiene
temperature

trifluoroacetic acid

tetrahydrofuran

hexamethyldisiloxane

p-toluenesulfonic acid

tetrathiafulvalene
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L1 EBFTNAAAMB~DIEHZERA L n R RCEHDOEE

Fax NBHIZAEBEZENIZTH7OICEZL< OO0 P L TEl, 2OV L >NEFEE
Thbd, BRICEDLZETHEZ OB FHEENHEEIN, Bx OERIZOELE LD
LTELED, TENOOHBBOMBEEZARIZLIEDONETFT A AMEBIOMBETH DL, BT
TNRAAMBHITET )V VL 2T O LT HEEY 1A Z R LT 420897k
EREGUAEBILEY R ER DY, TNO OILEWRIE KB SRR L A 4 — KD
MEtZ2 8L LTHAEBFM SN TWD, KT TIE., AT A 2 EOBFFER JE 23 A T
oD, ARMENL, EEME CIIREPRNERBIRICTED Z &b, 7Y v MIFIZ X
STTNA REAERT D2 LN TE, EEMBAZMEN LR LERL TT AL 22T 5
NHENSTT7LXR T AIITEN, DORa A MELRLT W EVSZFfHmEZRALTND

3

o

— I HE IS Tz E TH 22, 20 AL BEUEIC Y Lo RFBEEEO L H 72
Kb TCEHEEEEZET I LORDH 2 ENAWVWE Sz (Figure 1) 4,

Figure 1. Examples of conductive molecules

"E>=<] O,

perylene TCNQ

ZDH%, RV~ —IZbHEEERH L VRSN 5, Flcpll, e—T—, 7 %A47T
Ry RLRIAURER—T LRI TEFLUNBOEEREEETH EEREEL 6, /
—VEERG SR EEFRBIZHE LY, AN, e —=H— w7 X AT Iy FbOHE
WEoNT LRy BECELIETICEZS OEENR) ~—"HEINL TS,

HEMELZ R TR v — I3 FROABAFEENER > TEME LR, TAENICEENR
L BTHENHEMENT LI L THRERPENY, AP EERELZRTHTDH D
(Figure 2),

Figure 2. Examples of conductive liner-polymer

PPV PPP

WEMHEEMZES T3, nEBF 2R oK FRSARAMMEER LA
FOWHEEL, TNENO s BEFHEPHEEN LTSI L RLETH D, FER



ROAW BTG S ICRB AL 2 E AL, WE R FEEEZ2 6T 20 ROEMmICERmT 52
EVRIRTHLZ EDRHMBNTWSD (Figure 3) 8,

Figure 3. Examples of ladder-type molecules

T, ZOX D R FIO o BERIEWICA~T o2 BN LGB RV a0t %
B ohla=—rnWEEF>Z %, LA - EROLDZENDLOGME S LITHE LT
WD 9 ZERRAT R RFE o MERREKRICEAT DL ZENTENET, ke RFEEERLE
GIZBWT DI ENTEDLEVIAET ANA ZAMBOREEENLTEMEBORENTE S
LEz2 b5 (Figure 4),

Figure 4. Examples of ladder-type n-conjugated molecules containing heteroatoms




1.2 C-H/IC-H ¥ v 7V v 7 K Jis D &5 Bl

C-HICHW v 7V RINTIBRMbEMEGRT 5 LT, BEBa Rz v a#
nr AL E S RILEME DI a2y T VI RIRE L X EEN OB R
e FiETH LN 10, CHICH > 7V v 7 RISOHNEEIT EL IE72wv 11, BUFIZ,
TN ORI &2 LLTIC R E < 3FBIZ /I TRT,

1.2.1 %FM C-HICH b v 7V v 7 K

51 C-HIC-H 1w 7V vV ISIE 5+ C-HIC-H 1 v 77V o 7 OGS BL A 2 % F
72orfM CHICH By 7V v 7Ok & i L, C-H #aiEHbnEZ 0 o una~7 ek
FHEALAMERE L L THWARLEND D720, EEORBPFUCHKNEL TWD, £z,
R0k ) CH BAEHANEZ 0 IZ WHEE TEHEEO KGO S & 5k 3
HImOIHEEE KB ERNDLEN S D70, BHREEE RO & RILE D % 5 1
CHCHN Y7V 7RISTHALIZSWE W) Rz FFo,
VLIRS B 2B B 5,

(@ ~T u HFEFRILEYDORED v 7V T RIS

HOETFAT7 22 EELE LESTM CHICH AEh vy 7V VI RISICE > TEF A
TxrEARTORCERE LTS (1) 12, FAT7 =2 20 C-HAFEIE 237
TU LI X ATEH AL EZ T T K, AR LY T Y AT T AN DT VY
LFEOBITHIBEEIC Lo CETF A7 2 U BNAEK L, 0O MORT YT ARAERT 5, 0 flio
PRI VY MIREIC L > TBILEND Z & THED 1 7 V3 ElEET 5,

PdCIy(PhCN); (3.0 mol%)

/@\ AgF (2.0 equiv) . 7\ I\ )

69%

Bao &%, SifiiliAx H W=7 YV —VHEOKRE D v S U RIS ERE LTS (K 2)
13, WERREANEE L EAKREZRR L, 7Y —VH 2D CHEEEDOKBIRF 42T 2 Lk
Tl xhx, AL 20 FDO T HINANKRED SV I THRIETH 5,

Me Me
1
N Cu(OAc); (20 mol%) N N
@[ P —— = < @
N air, xylene N N
140 °C, 12 h Md
90%



b) —“HEHO~T v FEFEEYWO 7 a2 H v TV 7 KIS
You bixFHoFreFAr=0 (XTI 770) Loruaxly 7 ) 7RIS Z®RE
LTWg (X 3) M, KEIETIER, FA 7= (b LIFE 7T ) ZigEHv 50BN

b5,

Pd(OAc); (2.5 mol%) 0] Me
!

L e Cu(OAC),*H,0 (1.5 equi
Me 1 u(OAc)z*H,0 (1.5 equiv) \\ .
N N / pyridine (1.0 equiv) N /
Wl - = >4 ©
)\ S 1,4-dioxane )\ N S
o7 NT N CH 0
Me

O 420°C 20h |
(3.0 equiv)

Ofial BHIEFERNVAT Y =LV EHET Y —VEEO I a2y ) VIR ERELTWS
(X 4) 15, KIEHBIIX3D You b oG LERETHD, AgFRFAED v 7V > 7KL
OIHFNTEHNTND ZENERICHLDICENTWDIN, TOMEIIRERAHATH S,

Pd(OAC), (5.0 mol%)
r\IMe | Cu(OAc), (2.0 equiv) r\IMe N
AgF (2.0 equiv)
s . 1 @
@:N)_ _<N DMF, air AN
wd 120°C, 22 h wed
(1.5 equiv) 90%

Glorius b lIr Y v AflEEZ Wz v 20 v 7 ) IO HE L TWD (50 5) 16,
CORGOIEERIZ3MOr vy AMIETH 5,

[(RhCp*Cl5),] (2.5 mol%)
AgSbFg (10 mol%)
CsOPiv (20 mol%)

Cu(2-ethylhexanoate),

o S PivOH (1.1 equiv) nBu” O S

t (o]
(3.0 equiv)  AMYyIOH, 120°C, 20 h

nBu

(0 ~Ta FHEBEEYMEBREDFERICEVH COLFHM 7 0 AR v 7Y v 7 Rk
Fagnou 5IE N7 TF VAV R— e XU BU DT 7a XDy 7Y o TG % #H
HLTWD (K 6) 17, 2MliD /3T V0 AMlERNIEER TH 5 D1 (a)0Mm) L FEETH 503,
EHEDORWSNC B2 HEE L L TV OIRTERLEETIRRL, XU BrD CHMARIZA~T 1
HEERO CHMEG LY BIEHE LI NI ERMLNTND, BEIEOX B2 HWT
POGEEZ EEE 5 2L THIMEEMEZNELLHEDL Z LI L TN D,




Pd(TFA), (10 mol%)
3-NO,-pyridine (10 mol%)
CsOPiv (40 mol%)
Cu(OACc), (3.0 equiv)
/©j\>_H ' H@ PivOH, 140 °C (MW > ) O ©)
ivOH,
Me N\ ( ) Me N\
Ac (excess) Sh Ac

81%

DeBoef Hix, XY 7TV ERMFEORVB L EOS TR RAD T T RKIGE
HmE LTS (A7) 18, Fagnou b DS & g U, ARG TIEEEREFHS T CRISET
I L TELENTZBAACF ZHBILT 22 L12X 0, BALH 2 i8IS+ 2 LT
LTWb, Mt IT 6 @ Fagnou 5O G EFRIEETH 5,

Pd(OAc), (10 mol%)
_@ H4PMo011VOyq (10 mol%) O A O @
AcOH, O, (3.0 atm) o)

(excess) 120°C, 8 h 98%

¥7-. DeBoef HiZ. NTEF LAY R—ILEBEEOR PO FR 7Ry
TV TRIGZCENT, BILANZ L > TEREDREDDL Z E2HREL TS (A 8) 19,

Pd(OACc), (25 mol%) O
\ Cu(OAc), (4.0 equw)
H+H
1,4-dioxane O N\ 539

(excess) 120°C, 24 h N
Ac (8)
Pd(OACc), (25 mol%)
\ AgOAC (4.0 equiv) A\ O
H + H R )
1,4-dioxane \
(excess) 120°C, 24 h Ac
43%

Beifuss HlX, ¥V o F o ERUBUFEKREDO T 0 AT Y T RIGIZ O
THE LTS (K 9) 20, KEIETIEH., RUBUOMBRIREOHIENRETH D |
R EBREEROBEEME L THELNTLEY> LW MEELRD D,



Pd(OAc), (20 mol%)
)ﬁ: — Ag,CO3 (3.0 equw) )k/[ >_C>
)\ />_H v / PivOH (3.0 equw) )\

0,, 130 °C

(excess)
73% (m:p=1.25:1)

Daugulis H1X, FERE~AT B EFRREO S FRITORNXN CHICH 7 a2 v
Uy RGO THE LTS (KX 10) 21, ZORGTIEETFEERXVEVROI Y
FEPETEZD W TavRbINTEEELBEEOSWATrEFEFRO CHG &
DETCXICH By 7 ) TRICHIEITT 522 & THRELAEY RO D,

Cul/1,10-phen. (10 mol%)
I, (1.3 equiv)

Me pyridine (0.5 equiv)
K3POy, (3.5 equiv)
e H o+ H—@ u > MeO 7 1 0
s~ Ngp 1:2-ClaCeHa, 130°C, 5.d S
Me

CN
Me 72%

() X—=o g P rRfEgoxXrEoMTcorsarxphy7F) 0

Shi HiE, =7 FuRPUrERVBUrOHFM 7R v 7Y v 7RG RS
LTWwWs ((11) 22, R—=T A4 uXvBrOBEEILS WD, T U0 AR X -
T m by al PN T <o T D, £, MEAAAWII AT VU LIS T2
filliidE & LT < 22X E< b TWnE AN, ARETHELDRL TV iHEILEMIT T Y
U LB T A ETART VU ALT Ty 7 OAEREMRI L, O KRIEEZWVTN S
PITRI A=A FuxXrB 0 CHEEUWORIZAEL /37 20 Lo K ORLAL
T L THHEELEIE, RT VT LI LD CHEGOEBKEEZREL TWD
EEZALNRTWVS,

Pd(OAC), (10 mol%)

R F Ag,CO3 (1.5 equiv) R F
'Pr,S (1.0 equiv)
L e LD
AcOH (1.0 equiv)
F F (excess) 120°C, 20 h F F
91%

10



1.2.2 BEmEZAWELSFHE CHICHA vy 7V v 7 Kk

Bl z AW+ CH/ICH H v 7V U RSO 2 SOOI &g L,
RN ER S B ICRALT 2 2 &L TMBEAZ LB OIS RICHEESE L LN TE DT

CIEEOBERW CHEAEZLORETYL CHICH 1y 7V Y RIS TS E D 2 &N
TE2, £, AENFET L2 L TISKOMELZHIETE 2R RS, L,
FMEZ ELERBEICHRIND EWVWIRERD D,

LRSS B 2 B0 2T 2,

(e) Biln it L Eimm DR 2 M2, BmEE2 A3 2 5 &GN E T I3% B &S

E%‘i

K

L 137N DCHCHET V=NV ATV T RIE
TE, S LI, BEREOMEAEAA VWL 227 2= VT Y = E DS
CHCHETYV =Ny 7Y rnaHsE L Tng (N12) 28, U YV OEHRFF N
SR ICEAL L, SR EE OSSR T 5 2 & TRUEB VRO AL M C-H # 6 Oif
PEAL LTS B, D%, BUEOEmWT Y — 10 C-HfEEOIEMAL, 3l X E oz
TCHIBEIC X0 BREE BT O D,

| Cu(OAc), (5.0 equw
2N /Q PlvOH 1 0 equw 12)
MeO /’\ mesitylene (
170°C,2h
(2.0 equiv)
59%

FEE, SO, 22V I VNNV EEREEOS U =L ERRELE L TCHWSZ E T, K
12 LRIBEDORIENETT A2 L Z2HE LTS (K 13) 24, ZOKETIIE Y I AN

Bl e L Tunvansg,
H , N
S Cu(OAc), (2.0 equiv) ,/Q
AcOH (1.0 equiv
ST o memE AP

74 /k o-xylene N_ N

NJ H™ "0 150°C, 4 h e
(2.0 equiv) NJ

94%

/]

FEEFEFEIC., REFBRHEEARLEE L LTHEMATETHS (K 14) 25, X2V 0%
FHEFETIRFOEHEFFVHADICF L — NICEMB I OGS T 5 2 & THAID % 5
TelE RN EL SN, RUB VRO CHESGZUM T2 RN TE S,

11



Me O H , N
%N Cu(OAc), (2.0 equiv) N |
N + 0 > Ny~ (14)
H N | o-xylene =N
X 135°C, 4 h o\©

(2.0 equiv)

() Bz AW BB RMEIC LD ~T o EEFERILEY & HEFERILENE DI 2 2D
v 7V v 7 OB
Sanford H 1%, 7,8-_> V¥ /) U v LR EOHEFHERILEH E DM CHICH v 7
Vo 7RG ERE LTS (R 15) 26, RV %) IR T VU AORNMT& LT Z
& T C-HEAIEMEZMRE L REBIBITAER L 00T U0 A& FHEIT 57D

bivd,

Pd(OAC), (10 mol%) X
Ag,COs (2.0 equiv) | N

X
| N Me Me
Z BQ (0.5 equiv)
‘ ' /@ DMSO (4.0 equiv) ‘ O )
O "o Me  130°c, 12h O Me
(excess) '

67%

Glorius H %, B Y U A2 H W=7 I FEE\EZFORE L BRI EOHFR (~T
nBEER) LOTHCHCHZeAhy 7Y v 7Ea@EL TS (K 16) 27, 3fivon
CULNENERTHD, TORIBICHEENLTNDEAFTH T a8 IEEE & EA R
KT 52T RAMIIDICE 2R B DORFE—KBHEOUM ZMREL TWVWD Z &
RSN TWD,

[(RhCp*Cly),] (2.5 mol%) o)
o Cu(OAc), (2.2 equiv)

H . i
: I NPy, + \© C‘68r6 (2.0eqU|?/) : O N(Pr), 16)
PivOH (0.5 equiv) O
H

CsOPiv (0.2 equiv)
(excess) 2-Cl-p-xylene
140°C, 21 h

66%

You bt .BMEEZ L OEFEFHRILEYM E~T o FEHFILEME D45+ C-H/ICH 1 v~
VU 7RG EHRELTWS (KX 17) 28, MISHEEMEITIC X > T, IR cH 5 RhIIDHE
R EDOTET— IR A~ATEREHFERO CH EEOUKIZEES L TWDZ ERRIFLTY

2o

12



X [(CP*RhCl,),] (5.0 mol%)

| \ Me AgSbFg (20 mol%) N Me
= Cu(OAc), (3.0 equiv
+)S§ (OAc), (3.0 equiv) SN (17)
H P DCE, 140 °C, 48 h A
(3.0 equiv)
70%

£72 You HliE, ~TrFHEEEHEE Y VDM C-HIC-H By 7Y v 7 K&
EHE LTS (K 18) 20, Z OIS TIEMMEENEWA~AT r FFRO C-HfEG A LT
TV LM Lo THIr SN2 D TiER<, BV VU T YU ABEICENAL LTZRIC
Yy 20O CHFAENRIIZEIRSND &0V KICHELZ R ONFRHETH D,

Pd(OAc), (10 mol%)
Phen.H,0 (0.5 equiv)
A N= AgOAc (3.0 equiv) A N=
p—'* s h=_) D D WAL
PivOH (1.0 equiv) Me S
(excess) 140°C, 24 h 73%

You, Lan 6%, v v AfiiiliZ WY I VLV EEZELA  F— L bnTa FHE
ke e on+H CHICH 7y 7 ) v 7RISEZ#HRE LTS (X 19) 30, BRI &
CH#AEEZ b O~T e EEFFRILEMNHFEL TN TEH, BAETHIEY I VLVEEZET
A F=n®O CHIEUWNREIZEIDZZLHARINATVDS,

[(Cp*RhCl5)5] (2.5 mol%)
AgSbFg (10 mol%)
Ag,CO3 (2.0 equiv)

PivOH (2.0 equiv)

U y DMF, 150 °C
(3.0 equiv)

13



1.2.35%3FWC-HCHD v 7V v IRk
%W CH/ICH Wy 7Y 7S REEORECRAEL GHEEEZLEE L
RCTHEHTHY ., ZERAUCED ORI REKIED 1 D ThH D, THEIT > TRIGH D H
ZATCETVWDEHOD M CHICHT v 7Y v 7 RSl m 2% Fv/= 4 1 C-H/C-H
Ty 7V T ROR & U TRIEISHI N D72 O RERTH 5,
LLFIZBOS B 2T B 5,

(@ 5 FWCHICHIF) L TITED IR — L DERK
K 51%, Buchwald-Hartwig 7 B AN v 7V U I RIEBIZ LDV T V=T 2 UGk
L4y C-HICH By 7Y v I RIEE T Ry M THERBIICITRY 2L THANY =)L
EERT D FREERSE LD (3 20) 8182,
Pd(OAc), (10 mol%)

OTf HoN Cézgcg3((11§2rlﬂfﬁ3) N
Q * O toluene, 100 °C ” Q D
(1.1 equiv) HH
(sequential rxn.) N

AcOH, toluene (20)
0,, 100 °C

69% (2 steps)

(W) HYFHNCHICHI v TV TICEBVR Y T T DA

Fagnou &I, E/NVBEZREE L, HIR N7 VU A&t LT, ZXHh THrH
C-HICHD v 7V v IRISHEITV, VRV T T E2BKTHFREZRELTWS, HifE
DROVICENSVEBEEEE L THWS ZE THREL BMLEWE AR T 2 2 & ITk
LTw5 (X 21) 320.33,

o Pd(OAc), (3.0 mol%) 0
K2CO3 (10 mol%)
> (21)
PivOH
H H air, 110 °C, 42 h 75%

@D B FNCHCHI TV T L b7 2F AV ) DA

MEBIZ, BREFHEK TN ORZEEFBREHEFT ATy AL VWD 2 LT, XX
T=URNL 7RV Y v EERTLFEEREL TS (X22) 34, 7I FNED
MBRIFR LN RT T AEMNTHIET, RUBUVBRA N MLO C-HEAG DU S, £
DAT v T LD CMD 4 TH ) ~FOXUEB VRO CHEAEOUKAREZ 22 &

14



TARIZ A7 VR EE R, Z I/ T7 D0 AENECRBEEST 2 2 & THRML
EMBERT D &V O ISP RB S TWD,

O
NH
PA(TFA), (7.0 mol%)
n > n (22)
Cobles™ W PhCO,H Cofl1s O
0,, 150 °C, 48 h
"CgH13 "CgH13
91%

G BFHNCHCHI TV TICED 70 F L DA

T, Ok, BT AMBIC LTI ) REEDAMRETEBEINLYT Y —v
EEMPOEDTNF L OEBERE LTS (K 23) 35, 3 m 7 ARG A RIS
DOIEHFETHY . 7 I 7 EPEMEE LT vy AEICEM L, XUB VRO AL ME
C-HHEDUIW 2 CRIGPEITT 2L WO MMM RBINTWND,

Me. NH
Me N2 [iRhCi(cod),] (1.0 mol%) v 2

Cu(OAC)»+H,0 (2.0 equiv)
> (23)
o-xylene, 130 °C, 4 h

H H 98%

&) HFNCHCHI TV ZICEBTINAL ) DA

Shi HIX TFA TR U AifIEZEH T 252 & T V7 == AT b b D7 VA L
J U DERIZOWTERE LTS (K 24) 3637, DARN= VHENRMIEIZRY, BRERT
WRT D AT EANLT D 2L TR UBRO AL ML C-H & OO N EIT T 5,

o Pd(OAc); (5.0 mol%)
Ag,0 (1.5 equiv) o
KQCO3 (25 equiv)

Q O TFA, 140°C, 24h Q'O (24)

H H
85%

WD) ~T o FEBEIEEME G ERIEVETCOL TR B A0 v 7 ) 7RG

Bittner 513, BN VA2 ETe b UEEHRTAT Oy A A VNS Z LT, 1,2,8-
MU T Y= ViFEEREIREE L2 FWN CHICH By 7 ) v RIS EITT 5 2 & 2
HLTWD (K25) 38, MUEEORNATRrEER CHMEGOT 1 bR/ T U0 Ll
Lo Tl & Dd Z & CRIEDNEITT 5,

15



N 0 Pd(OAG), (5.0 mol%) N o
N, | Cu(OAc), (1.0 equiv) N |
> N (25)
toluene, PivOH /

H
Oct Oct
H air, 140°C, 20 h ¢

96%

Bao Hld. A I XV — NFEEKE2EE L L2 +FWN C-HICH v 7Y v K w®is
LTW5 (K 26) 39, KntetE 1T 25 © Buttner 5 O E1FIERETH S, -, 3
FUUAfREORDVICE Y Al CH RO RSN ETT 2 Z &2/ O3 HE LT
I/\é 400

N Pd(OAc), (10 mol%) A
Cu(OAc), (1.2 equiv)

N
HH/N«J p-xylene, AcOH ] \J (26)

140°C, 24 h

Li, Guo H1%, 7V vFEEZ2EE L LT 250026 LAEDOKIEEZITo TV 5D (K
27) 41, Vo h—DRIEZEZDHDILETREBREZEAMNAVMOERBITI ZENTE S,

OMe  pg(0AC), (5.0 mol%) OMe
H H /N N AgOAc (2.0 equiv)

> NN (27
@\;N » AcOH @\/(jN f\/) (27)
n

N 110 °C or 120 °C N
n 36-48 h n=1:87%
n=2:85%
n=3:83%

Greaney %, 4y FHN C-HICH » v 7V VRISICE D 7T BBRILEVDO B 2 WE L
Tn5 (K28 2, SMLICEFRIELZ LAY F—ABEKZELEERIHOATND
N, TOELFRBEDTEDIZA L K=V 2O Ta b OBREENN T2 & T, NT
VULAEIZ X 5T m OB ERERKES IR oTNDE, i, 8 BBRILAHOAKT
X, Vo =B AFLr0RHEL BRI HE LRV, B RMEICERZZ/HFOY
YH—FHNTGE TR, BERR RN TO0 LMBICRAMN T HZ L TRERNT XA
IR ESGDL ZENTE DD, W CHICH » vy 71U v 7 OSHETT 5 (K
29) 42,

16



Pd(OAc), (10 mol%)

CHO Cu(OAc), (3.0 equiv) CHO
H K>COj3 (1.0 equiv)
A > N (28)
N DMA, 90 °C, 16 h N
77%
CHO Pd(OAc), (10 mol%) CHO
H Cu(OAc), (3.0 equiv)
\ K,CO3 (1.0 equiv) \
N - N (29)
l H DMA, 120 °C, 16 h l
A ) ) A
: CHO A A=CHy 0%
: : A=NBn:60%
e > S—pdt Y | i
N \
N
\
\\/ Bn

17



1.3 &3k

(1) GaN is one of the well known materials of LED. For examples of the reviews, see:
(a) Nakamura, S. Nature 1998, 281, 5379. (b) Ponce, F. A.; Bour, B. P. Nature
1997, 386, 351.

(2) For a recent review, see: Jurow, M.; Schuckman, A. E.; Batteas, J. D.; Drain, C. M.
Coord. Chem. Rev. 2010, 254, 2297.

(3) For an example of a review, see: Ling, M. M.; Bao, Z. Chem, Mater. 2004, 16, 4824.

(4) (a) Akamatsu, H.; Inokuchi, H.; Matsunaga, Y. Nature 1954, 175, 168. (b) Hush, N.
S. Ann. N. Y. Acad. Sci. 2003, 1006, 1. (c) Ferraris, J. P.; Cowan, D. O.; Walatka,
V.; Perlstein, Jr. and J. H. J. Am. Chem. Soc. 1973, 95, 948. (d) Coleman, L. B.;
Cohen, M. J.; Sandman, D. J.; Yamagishi, F. G.; Garito, A. F.; Heeger, A. J. Solid
State Commun. 1973, 12, 1125.

(5) (a) Naarmann, H. Ullmann’s Encyclopedia of Industrial Chemistry 2000, 295. (b)
Little, W. A. Phys. Rev. 1964, 134, A1416. (c) Surville, R. D.; Jozefowicz, M.; Yu, L.
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B _E RS FN CH/ICH hy 7 ) v IR ERAWEE~TrRF o £EZROWE
LD

2.1 %=

211 ~TuRFEF r ERRIEEWDER (REKRIE)
BT RS BRRICEMEART D ETHEER AL, o BERIIA~AT BRFZ 0D
WEAT LN THY ., L FICERDWNL OO HFENRHNLATWD,

() VF AL LAt EMEFRIET 5 Fik

WML ESHAVWONTEEZAKELE LT, 2200 v a8 ALEE Y == bE
WMoY FAb, BXOa vz 2o8ha~TalfEORISEHEE T DHHIERTLN
Tns K1) L BIE, YT 70 VBB EeBET DRI, A Mo e %
2ot T = bkEmE Y suu s T ERHWD, FAFRRFLUAMCL Zonaa s
CEHET LT R FALEMERISICHA WD Z 8 T, to~T e A b o R RICE A
RETHD, LonL, AROBRTHEY FULRISHICL DV FAEITH> Z LD ERE
RIS, o, WENMELS R WO MEARD D, 2. BHHLED B XIFR72
LED THITLBNER LT VA, BB ELZFFORNEMOLE. & KRR
INEBEPEIC R DR EET NE R 2R LTS,

I Li Li
"BuLi (2.0 equiv)
Ay T sr
-100°C, 0.5 h
MeO OMe MeO OMe
R, (1)

R,MCl, (1.05 equiv) M

to rt, overnight
MeO OMe

12%-63%
M = Si, Ge, Sn, B, P
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(b) & BAL OS2 RIS 5 Fik

2OHDOAEKIEZ, WA - EROLDO 7NV =TI X o THFE SN EICHERLEIS & v

LHETHD (2) 2,

TNAxFEML2 ) F LT T7H L= RTETLTYT =4 i

Ragl s, AT =BT nfFICREREL L TA~T i+ 2 H 5 B

(7vaxy e FUR) BT 2 BRORISTH D, Z ORUSIEIEE

FHATHTHEMAETH D (X 3),

R
R~sj-x

via IIDh
o *Si—Ph
X=Si~ph S
Ph
R = Me, Ph Ph=S8i~x
X =H, OEt Ph
I\I/Ie I\I/Ie 1) Li-Naphtha-
Me~qi— Me~qi— lenide
Si—OEt Si—OEt (8.0 equiv)
rt. 5 min
. . 2) 1, (8.0 equiv) Q
Eto_s,"Me EtO—SI|~Me (quench)
Me Me

1) Li-Naphthalenide (4.0 equiv)

rt, 5 min
2) |5 (4.0 equiv) (quench)

Y !
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e
/Si\
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53%-71%




(© INaAF L EOT =F X DB E R+ 5 Fik

SOHDOAMELILIO LDV —TIZ ko THRBEESNZAKRIETHY . U F A bizk<
ANaAF U DEANBIRINVAT L EOT =4 k904 v ~ORILKIEEHEE LT
Do R LTe~AT o FRFBICIIBROI LI UREENDL O, EinEOHE AW
ANAT ACBRISIZE Y Anval a1 0RETLHZETATrRF 200 o 3t
wRIEEMDOE K EERK L TS (Scheme 1) 3,

Scheme 1. Synthesis of heteroacene with triple cyclization followed by dechalcogenation

1) 'BulLi
2) E (S or Se)

»
>

3) 1 M ag. NaOH S
4) K3[Fe(CN)g] E—E E=S:80%
intramolecular T E = Se: 62%

) 1BulLi, -78 °C

1 ! izati 3) 1 M aq. NaOH
2) E (SorSe), tort triple cyclization

4) K3[Fe(CN)g], 1 h -

Cu (4.0 equiv) O O
neat \ /

250 ~ 350 °C

dechalcogenation E=S:84%
E = Se: 62%

A 2,38LWWScheme 1iZ/rLAZILA - EELAEABLEZEAKETIITNL., BE
CRAESH LT =4 VL ARG EFIHA L TWS, ZOoFEEFEEO~T ol %25
M LAV EDERLSERT 2RO RFETHLIN, VFULAFTT7HXZL=FKD
£ 9 7B VE LA SIS IRE 2 250°CLL L& LTITH By 2 7 BRSO X 9 7e il 7e
RInGEEEZLEE L TWAL AT, XN1ICRLEY FA bz e T 2BEHE & RRICERRE
AFARMENMES ) BE T NS RZELTWD,
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(D CXICHA v TV VRIS EFMT 5 Fik

4B DAREIZSEFIALEMDORE — O FUfEe L ~T 0 BEwBELAW D HRE— K
FMEEDNy TV TSI > Trn EREEDDOEKEZHET L5 FIETHY . EF
WEF DML TWERISERTH D,
HAROIITFAREEELHT 24 F—AFHEEOER T, BE— T A ZEEE2 LAY
DERTH BT ALEY D Brook S N "B X N7 =/ — WK EOREIZ L > TH
V79— ERZEFOREEZAE L. TN C-OTIC-H I v 7V v TN L - Th A FEE
Bratef v F—LOAMRKEZRSE L TWD (X4) 4, HELLEMTHEZ7unv T
X2 SO YT VEE L LA F - WHEGEDOELNILAENITIRAZEG > TNDH,
TAFZRSF EICFT7HZ VU REBEEATLIZEIITERY, Mo T, VKR IEE RS D -
WIZT A F—BFEHEEERITIER L, TD%O Brook BiffLiIZ k> THr A RIF7¥ v %k
BATLOLRRIZN) 77— FEDODBHBAGITW, TNENT VU L EZ W v 7
Uy TRIGDKIGEE L TWDONRFERTH 5,

O OH /L_Q imidazole
(T "

|
P Me o°c 12h

Pd(OACc); (5.0 mol%)
1) ‘BuLi (4.5 equiv) Pr\ / éppé 225 0 mol%) °
THF, -78 °C to rt Q Et,NH (18 equiv) R

2)PhNTQ(24equ) DMAgum°c,12h
IPr,NEt (3.0 equiv) OTfI
DMF, rt 82%

F, You L5 EFT7IFEMEEHCEBRAKZEY 7Y VI RIEE DTN
Buchwald-Hartwig 7 2 20 v 7V F RIS 6 179 2 & T RO » K R(LEWEH
LTWg (X5) 5, ZORISTIE2EEON v 7V VI RIEERANTWD, 1 2HDOH
7V TROSIET X FEEmEEZHWieaFE CHICH hy 7 ) vy IR ThbH, 73
RELAEEAS v ¥ 0 AR RN T 5 2 & Tr oy Al 4 v M C-H #5621 L.
FlE Ry FAET7 20O 247 CHEAGOEMALEZKHB LT CHCHD vy 7V 7K
JENEITT D, OB, NV F AT 20D 3 E RFELI-#%. Buchwald-Hartwig 7
BARy TV TR 6 (208D y 7V U ITRIG) ICX> THMAERYEZ SR L T
%o
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Piv Piv
\

\H RhCI(PPhs)s (5.0 mol%) NH
FQ Cu(OAC), (2.2 equiv) 7 O
+ >
/S TFA, mesitylene Q S
160 °C, 24 h 689%
()
Piv

1) NBS, CHCls, AcOH !
0°Ctort, 28 h 7 O

2) Cul (20 mol%) | Q S
N,N-dimethyIGly (20 mol%)

K3PO4 (2.1 equiv) 86%
DMF, 140 °C

INHOEREF@OAERIETHNONTWE Y FAH LG DA BIETHN STV
HVFULFTT7LE=RNIZEDET, OQOEGRIETHWOLNL T DLV aF MG %
AWtk D JFIE & L CRIERERRMTHY . BILEMOERNRES TH 513,
UAFZ-BEMEEATIEEST I NEEAEZFOERENLEIC R ATHNL D 5,
£, BATELIAT R FOMECMELROND,
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(e) heteroatom-H/C-H 7 v 7'V V' VKb Z R H 3 % ik
BfE - @A77 NV—7TlE, ~TuJif—KEMEEZMMA LIZBAKENL D v 7V o7
IGERWEZY T TV F LSRR AT 7 7V F LRy ROAKREEZREL TS (K
6,7) 8, ZNH 2ODFISICHBETHDIE, ~T R+ —KFEMHAEDO T V7 Al E 71X
NT VT LRI T D BAEBIT N L | Bl X e < T m IR O R FE - KFER A OGN
CEDBWAKFER S v TV T THD, TRHORINE, BEOKIGREROEZICR LT
LA TH LD, KW R FREZAT H~T il a0 o RIEWDERKIC

A LT 0,
XN, RhCI(PPhj);
\ 1) "BuLli, 78°CQ_O 0.5 mol%)
\_J _(©5mo d ®
e

S 2) Me,SiHCI, rt M ,Sli—H 1,4-dioxane
© 135 °C. 15 min
75% 60%

1) 'PrPCl, (3.0 equiv) Pre o
Bng

P/
80 OC 3h H’
o A A
2) Et3N, 0 °C, 10 min H

MgBr

’Pr\,
Pd(OAC), (5.0 mol%) O O O
THF, 65 °C, 24 h
/'\’Pr
87%
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2183 ~TuRTEA 1t EBRILAEDOAER (KiE)

AITE CHR Rk D ERIEEZEE 2., ~T R T2 508 o R R{IELEHD L V)
R RAEKRIEE LT, CHEEGRIEOY TRI Yy 7V U IR ERD FikEER%ET 52 &
WLz (X8, ~TurTRIBSNLT Y —nvikb~nTu7 ) —LEE2E 2bEWITKt

TEBeRMEL L OBEAZ/EHASE,. 2 FHNTOBENZ C-HICH #y 7V 7
EHEITESE LT, AT R RETEBEMEG D o BRI EMEERT D HIETH D, 1K
ETHEEIC v R M) 77— b E2ERD, HWEOAMBRENEL 225 2 LB
DERELZGULREOERN ULIZLITREIC 2 tnfEELTHITOND, FHITX
L.CHRFETDOH 7V U IRISTHEAT2EEIT LY B EL2 65570, JHEO
BB AEEETE, BREZEDLEMOERPES TR D EBBEZILND,

Y. cat. M
oxidant
O O == (Y f D
X

X, Y: heteroatom
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2.2 RMERF

KEIZHNWD ZLDTELUSEKREZRSIT D720, LB MAMEZ S SEE L L
TET7 2= Va2 (T 54 IXY =V EHWTEERFEZIT -7 (Table 1), £ F1XEHO
7z L5 RRIETHWLNTWDZ R Y U LAEIINRT VU Lt U, i E 7o I13ME
ERRACAIE LTHOW D OSSR ZH TR LIz, WO EE O C-H i 6 % Y)
WiL7eRIic~AT e B FRELIINVCE VRO CHEAZEM L. fi < BT X -
THMELEMEZBEA DS TH D, LarL, BEMEERIZL A LGV, b LT
IRILZ & W H fE R I 72 o 7= (entries 1-3), Entry 3 O R THERE /X T U0 A L HEEREH D 7
BT — MR FE2ZEANL— FRALFICEE S22 LT, entry 3 IZHARNEPR DT NITH
L7 (entryd4), £7-, HIEL L TRMBEY Y AZEMNT 5 Z & TIENME EL (entry
5), FrICHEENGHTH D Z L5 ->7- (entries 6 and 7), B2{bAl & L T AgF o fX
PV AgOPiv 2 L7722 & TIERN 30% I F L7 (entry 8) 23, fitfft L L T
Pd(OPiv)2, FE{bAl & LT Cu(OPiv)2 & AgF, WAl E LT CsF & fl W= RFIZIL RN i b
BL720, 2% DIRTHBMLEMEZHS Z £ TE T (entry 9),

Table 1. Screening reaction conditions with imidazole- type substrate

condltlons
N
O & 1 120150 120150°C ]
1a N

ontryb COhdItIOI"IS _ yield (%)
catalyst? oxidant® additive® solvent
(5-25 mol%) (2.0-4.0 equiv) (2.0-4.0 equiv)
Cp*RhCly], (5
19 CRREARS) cu(oAc) (20) — DCE  trace
2°  Pd(OAc), (25) AgOAc (2.0) — AcOH 15
3 Pd(OAc), (10)  Cu(OAc), + AgF (4.0) — DMF  trace
4 Pd(OPiv), (10)  Cu(OPiv), + AgF (4.0) — DMF 4
5 Pd(OPiv), (10)  Cu(OPiv), + AgF (4.0) Cs,CO; (2.0) DMF 12
6 Pd(OPiv), (10)  Cu(OPiv), + AgF (4.0) CsHCO; (2.0) DMF 33
7 Pd(OPiv), (10)  Cu(OPiv), + AgF (4.0) CsHCOj3 + CsF (4.0) DMF 44
8  Pd(OPiv), (10) Cu(OPiv), + AgOPiv (4.0) CsSHCO; + CsF (4.0) DMF 30
9 Pd(OPiv), (10) Cu(OPiv), + AgOPiv (4.0) CsF (2.0) DMF 52

3Entries 3-9: catalyst (10 mol%), 0.1 M. ®Entries 1-5: 120 °C; Entries 6-9: 150 °C.
¢Oxidant (2.0 equiv) and additive (2.0 equiv) were used. See ref.9a. ®See ref.9b.
fSee ref.9c.
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F 7o, BEH MBI O MEE 1T LT, Table 1 @ Entry 6 @5t % W TIEBE DR
a1 T o7 (Table 2), Z DR, DMF 2 b# L TH Y, KT DMA % W\ 7 IR I il
DEBNZ R TEWINEE 525 Z E RN oo, CHsCN % H 72 B ISR 2 KIE I 1)
EL72, BEERE N> 72, DMSO, NMP, dioxane, DCE # X O toluene % [\
oI IRIL R ICE £ o 72, DMF 2 & L C 120 °oC & 150 °C O 5 5 23 gl > % i it
L7z, BETORER, 120 o«C OB E TR WINELE 7228, \HEIX 150 oC O )58 Rif72
-7,

Table 2. Screening solvents with imidazole-typle substrates
Pd(OPiv), (10 mol%)

O Cu(OPiv), (2.0 equw
CsHCO3 (2.0 equw
N AgF (2.0 equiv)
O <\ ] solvent (0.1 M) j
1a N 120 °C or 150 °C

solvent (120 °C) yield (%) solvent (150 °C) yield (%)
DMF 37% 5 DMF 33%
NMP 5% CHACN <58%2
DMA 24% dioxane 13%
DMSO 1% DCE 15%
: toluene 1%

@Bad reproducibility.

Table 3 @ entry 1 (Table 1 @ entry 8) 705 & BTN A 1] B3 X< | GG O i
{t. %47 -7 (Table 3), = D#EH. AgOPiv % 20 mol% 2 &9 2 & TULERN 72% 217 L
L7z (entry 2), L2> L. AgOPiv Z R L 72 WM TIL 36% ICIE KT L 7= (entry 3),
CsF D2, H L <% AgOPiv & CsF DOifi % entry 2 D 5ME0 O Z N E R\ T2 & %
HLiZEZA, WThOLEBIENIK T L (entries 4 and 5), Pd(OPiv)z L < %
Cu(OPiv)e R\ 72 & 2 A, HIMEAWIZIZFE A LGB > 7- (entries6and 7), =
OIS THEHA L T 5EEAIE Cu(OPiv)e TH Y | AOMEIZ 2l THL Z &b, Off
® Pd & 2MliCEbT 20 LERFOEIT, HBRMNICIZI1IYETHLIEEZLND, £
2T, CulOPiv): D &% 1.2 Y&EICHWO LTHRFLIZEZ A, WRITKEIEKTLE

(entry 8), F72, CsF % 1.2 ¥ &EITWO L7eFHTHEMET2ITo 722, RIEIZHE £ -
7= (entry 9), Pd(OPiv)e D&% 5 mol%lZ b L CHRIHEDO KL 2T/ o728 2 A,
Pd(OPiv)2 % 5 mol%, Cu(OPiv)z % 2 ¥ &, AgOPiv % 15 mol%., CsF % 2 Y &, KH &
L C DMF % H W= HIE A DOILRIL 64% & 72> 7= (entry 10), F 7z, S K
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ASWFMIICIER 35 Z L CHIMEAEM Z T0% IR TH D5 Z & N TE 72 (entry 11), entry
11 D EED 5 AgOPiv O & % 5 mol%, 20 mol%, 30 mol%IZZ5 8 L, KIS 4 24h & L
THRHFEToTEER. BREEYOIERITENZI 40%, 50%, 3T LRoToZ b
(entries 12-14) . AgOPiv ® & (% entry 11 2779 15 mol% 23 fid 72 > 7=, £7-. entry 11
D% Bz L, Pd(OPiv)e, Cu(OPiv)2, AgOPiv D h U v X —T =4 v nEFnT 7
— MIEE L THIEEZIToTcE 2 A, WED 54%IZIK T L7z (entry 15),
ZORISTIEREIAERY & LT PivOH A U %, PivOH BRISIZH 2 5B E I LT
To70. WO —HIZ PivOH 2] LIS Z1TR o7& 2T A, INERIT 26% /K F L7
(entry 16), Table 1 THWLAM DULHE N CsF LA DI OBMIZ L > TH EL Tz
b, CsFO&EEIX PiVOHOFFTHD EBEXTWVND,

Table 3. Further optimization of reaction condition

O conditions O
N \ DMF, 150 °C, 24 h N \

& .

1a N 2a N

conditions
entry  Pd(OPiv), Cu(OPiv), AgOPiv  CsF yield (%)
(mol%) (mol%) (mol%)  (equiv)
1 10 200 200 2.0 52
2 10 200 20 2.0 72
3 10 200 0 2.0 36
4 10 200 20 0 30
5 10 200 0 0 32
6 10 0 20 2.0 3
7 0 200 20 2.0 10
8 10 120 20 2.0 25
9 10 120 20 1.2 46
10 5 200 15 2.0 64
11 5 200 15 2.0 70 (62%°°)
12 5 200 5 2.0 40
13 5 200 20 2.0 50
14 5 200 30 2.0 37
15 5 200 15 2.0 54¢4d
16 5 200 15 2.0 26°

aTH NMR yield. Plsolated yield. °48 h. 9Pd(OAc),, Cu(OAc),, and AgOAc
were used instead of Pd(OPiv),, Cu(OPiv), and AgOPiv. °DMF/PivOH
(9/1) was used as a solvent.
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Table3 @ Entry 10 ® 5 CRIGRE Z# 5t L7z (Table 4), £ DO#5%E. 150 oC DKfIZ
BHHBEBWINERNG SN~ (entries 1-3),

Table 4. Screening reaction temperature with an optimized condition
Pd(OPiv), (5.0 mol%)

Cu(OPiv), (2.0 equiv)
O AgOPiv (15 mol%) O
CsF (2.0 equiv)
N DMF, 24 h N
SIS
N\ \S
O 1a Nj 2a Nj

entry  temp (°C) vield (%)

1 140 51
2 150 64
160 52

Table3 ® entry 13 O F{ TRISIEE Z it L7= (Table 5), ZD#55. 0.10 M D K;(iZ
b BWIENG 672 (entries 1-3)

Table 5. Screening concentrations with an optimized condition
Pd(OPiv), (5.0 mol%)

Cu(OPiv), (2.0 equiv)
O AgOPiv (20 mol%) O
CsF (2.0 equiv)

>

N 0 N
O <\Nj DMF, 150 °C, 24 h O \N]

1a 2a

entry conc (M) ield (%)

1 0.050 43
2 0.10 50
3 0.20 26

WEAE I BIZH ESED7H, NT VT A EOZENTWDEASICEAEOLE Y % B
MIEDLZETATVULLEEBEOBGKRELESE D Z L TEITCEE S
5 EEZ . CsF L3R oRMAIZ DWW THF L7z (Table 6), L2xL. W OHE HIL
LT L7z (entriesl-b), FriZ, RAT 4 U ZRMA L L THWESLGE, X7V T LT
T DERPBEZ 5722 &b, RSO TH 5 PAOPiv)e 28 0ffilciEc s TL
FOTH, RAT 4 ARV RERMULIEKEEHEXTINENRESKEFLEbDEERZ S
5 (entries 3 and 4),
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Table 6. Screening additives with an optimized condition

Pd(OPiv), (5.0 mol%)
Cu(OPiv), (2.0 equiv)

AgOPiv (15 mol%)
O CsF (2.0 equiv) O
additive (10 mol%)
N DMF, 150 °C, 24 h N
XS (=)
N N

1a 2a
entry additive yield (%)

0 none 64

1 Ph;P=0 39

2 Et;P=0 41

3 (4-CF3CgH4)3P 28

4 [3,5-(CF3)2CgH3]3P 21

5 1,10-Phenanthroline 54

YL EO&MF#HE LV PA(OPiv)2 % 5 mol%, Cu(OPiv): % 2 ¥ & AgOPiv % 15 mol%.
CsF % 2 Y&, W& LT DMF Z# M, RIS Z 48 FEfEl & T 5 b stk & L
7=
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2.3 EERF

231 RUAAIFS—NEELEE
L LR EZHCWTE 7 2=V B HT OV AL IX Y — L ERELE L TR Z
1To7-fE R, 8% DINKRTHMERMZHE L Z RN Txl (X9),

Pd(OPiv), (5.0 mol%)

Cu(OPiv), (2.0 equiv)
O AgOPiv (15 mol%) O
CsF (2.0 equiv)
> 9)
N DMF, 150 °C, 48 h N
VRN (O
N N

1b 2b 88%

232 XUV FAT = VERUDEER
A IFY =N EGUEE TRELLZRIGEREZMN, E7 2=V EGT 50 Y FF
TxrEEBEELTRIRET 272, BIEAEY O ERITIRIRIZE £ 72 (Table 7,
entry 0), 2O b, BEICEENDIAT O EBFRICE > TRBREN LD Z LN
EroNleled, XUV TFFA T2 v EGOEEEZN VLIS DOEERF 21T o712, 2.3.1
WA IFY =V EGUEE TRELLIERMEND CsF RV TG ZAT o 72/ R,
IWEN LT ELZ (entry 1), 76> T, BIEBM TH S PvVOH IRV YV T4 7 = &5
HRECTEZELZE 2 nWEEZLND, £, AgOPiv D EZ# Rt L7255, AgOPiv
ZZ 1Y E EHWEE ZICNROSBENR D bivle (entries 2-4), UL EOFER %Kiz,
{fE#) & LT Cu(OPiv)2 & AgOPiv # N 2 Y &T DH W, CsF 2RI L 72 W5 T
JSEAT T 2A, BRMEEM A 55% DINRTHSH Z &N TE 7 (entry 5), entry 513
itz 2B VWL REORD, BILAZR T ETCTo2midaiTo & 25,
Cu(OPiv)2 Z M7 AgOPiv # 3 YU BH WAL CTHMLAEMZINREL B LN T
&7z (entry 6), AgOPiv ® b V{2 Cu(OPiv): D A% LAl L L CTHWEEHA, B E
THRISIT AL EIT LR o7 (entry 7)o FIFOREEZIT oMK, AgOPiv % 3 Y4
BEHV. ROSKHZ 48 FHIZT 22 L THLEMZ 80%DINRTHL Z LN TS
(entry 8), AgOPiv D&% 3 ¥ &LV L THNEEFLEL A2 -7 (entry 9), Entry
8 D4l & FLi L C¥ % DMF/PivOH (9/1) %72 1% PivOH IC & & L CILE R ) E3 % 7>
EDMMRE L2y, IEITE TIKT L7 (entries 10 and 11), PivOH i34 I ¥ Y — /L %
BURBEZMHA LR IXRRY JOSZREF LR 7,
LEORFIED . entry 8 D&M fcmi st & LT,
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Table 7. Screening reaction conditions with benzothiophene-type substrate

Pd(OPiv), (10 mol%)
Cu(OPiv); (x mol%)
AgOPiv (y mol%)

CsF (z mol%)

DMF, 150 °C, 24 h

1e
entry X y z

0 200 15 200

1 200 15 0

2 200 30 200

3 200 100 200

4 200 200 200

5 200 200 0

6 0 300 0

7 200 0 0 0

8 0 300 0 80° (659)

9 0 400 0 75°¢
10 0 300 0 69%°
11 0 300 0 70°f

a'H NMR yield. PPd(OPiv), (5 mol%). °48 h. dIsolated yield.
®DMF/PivOH (9/1) was used as a solvent. PivOH was used as a solvent.

NV FHT 2O SNACRBRLERT T, INVA=VEefG T 2EE 2T, &l
L&t ot 2iTo 72 (K 10-14), TORER, WTFNLHA L FREU EOETH
B EMEBDLZENTE, $7-, 2270 E 72 VEAETHARE CHREEITo 124
R, RIFBRTORBEZHES Z &2 HLEY &1

KGN T T DA =V TCEITHRENPBRER T2 AT 5EEATRIEL -, TORME, I

5

HZENnTET (K 14),

RNSFERTTLI LR EMEEMEDRESHFLrZenTaiz (X 11),

Pd(OPiv), (10 mol%)

0 AgOPiv (3.0 equiv)
Q / DMF, 150 °C, 48 h

S
3b
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Pd(OPiv), (10 mol%)
O o) AgOPiv (3.0 equiv)
Q / DMF, 150 °C, 48 h

S
3a go% 42
70% (1.46 g)
Ph Pd(OPiv), (10 mol%) Ph
N AgOPIv (3.0 equiv) N (12)
S S
3c 4c  66%
O Pd(OPiv), (10 mol%) O
AgOPiv (3.0 equiv)
> (13)
Q / DMF, 150 °C, 48 h Q /i
S S
3d 4d

Pd(OPiv), (10 mol%)
Br O AgOPiv (3.0 equiv) Br o O 1
Q / DMF, 150 °C, 48 h /

()
\
()]

EERIZ3O) v a2Ghe"v Yy F A7 220, R EEEZ W TRISZAT 2 7208,
FOSDEHEL L CHMEEMZR/RL Z N TERNoTe (XN1b), RTIPULT T VI D
EERBO LN b, 3Mlid Y L PAOPiv)e ZEIL L TLE S 72D, HIO KRG
WHEAT Lol bDLEZOND, o T, MDY MEEHDO X SR 2D T VD
L2 R T 2 b O FUEEIIAFENEN T RWATEER D D,

Ph Pd(OPiv), (10 mol%) Ph
P. AgOPiv (3.0 equiv) P.
> 15
Q Z_Q DMF, 150 °C, 48 h (19)
S S
noT™M

ROV TFF T2 D27 ==V EATHEEEZ V., &b L& TRE 21T
SN, BEEEMTIIZEAEELN T, RSO ERENEI <z (KX 16),
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O Pd(OPiv), (10 mol%) O
AgOPiv (3.0 equiv)
O / O DMF, 150 °C, 48 h O J O
S

trace

(16)

283314V F—LZ2ELEE

A NHE LK ER Y F A 722 RETComaTLY., REICEENA2~T
0 HEERICE > TR RMBILA N R D EE 2T, 3 MICEREEE A v R—L & k&
BEL, RV F A 720 EERRETCORBEEEEH ORI EITo72, LrL, B

bz 2<HFHILIXTTE o7z (entry 1), EORIGTEOLEDOD, £ F—)L
D2 DRFE—IKFRAOIEEALTIIMBEHENEETHLH Z L% Gaunt LD 7L — 70
WMELTEY O KFIETHA > F=1D 2(128BF %5 C-HC-HB »7V 7 TidPivOH
DA THD EE 27, Entry 1 & [FEEIC AgOPiv Zig{bAl & L CHW., &% DMF 2
5 PivOH [ZAH L TR ZT-72& 25, BRELEWR DTN RBOERT LI &R
W72 L7z (Entry 2), entry 1 B8 X2 OFER LY AgOPiv ZELAI L LTl S 720 &5
% . Cu(OPiv): (LA & L CRISE TR 2T 2 A, BRLEME 46%INETH D Z &
MNTE7 (entry 3), F7=., filifft&E D AgOPiv DIRMIZINE DK T # 72 (entry 4),
LLEX Y| entry 3 &M & Lz,
Table 8. Screening reaction conditions with 3-bridged indole-type substrate

Me Me
I Pd(OPiv)s (10 mol%) !

N O oxidant N Q
Q 4 PivOH, 150 °C, 24 h O 4
N N

Me Me
entry oxidant result
128 AgOPiv (3.0 equiv) no T™M
2 AgOPiv (3.0 equiv) ™ W;”Segsgerve g
Cu(OPiv), (2.0 equiv) 46%P
SOOI e

3DMF was used as a solvent. Isolated yield. €'H NMR yield.

Table 8 DEEDEFR LEOATFNEEZ 7 2 = VEICET L2 KE T, 75% DINETH
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HEBRYESELZENnTE (K 17), BB LI 7 2=V EE 208 SEE TR KIE
Wk ELZEHB E LT, KSANE 2722 &X° Thorpe-Ingold Zh 5 2R3 & 2 55,

! Pd(OPiv), (10 mol%) '

N Cu(OPiv), (2.0 equiv) N
ivOH, 150 °C, 36 h N
Me

WIZ 2N EBEE T HA4 > F—aiEg L L, BiEE LT DMF 2 HWTKIG%E
1To7me TOFER, B1%DODNKRTHWWERM ZHS S Z N TE- (KX 18),

Ph
N Me  Pd(OPiv); (10 mol%)
7 N Cu(OPiV); (2.0 equiv)
DMF, 150°C, 36 h

39

51%

27 ==V VB ERTHA Y R &2 E L L TRIEZ{T> 72 (Table 9), Z®
fEF. AgOPiv & L < 1% Cu(OPiv): #efb Al & L CHWERIZ, HIEAEWE 30% b L <
1L 46% DINFECTHDH Z LN TE 7=, (entries 1 and 2),

Table 9. Screening oxidants with 2-biphenyl indole
Pd(OPiv), (10 mol%)
Cu(OPiv), (2.0 equiv)
oxidant

DMF, 150 °C, 36 h

oxidant yield (%)

1 AgOPiv (3.0 equiv) 30
2 Cu(OPiv), (2.0 equiv) 47

BT ==V a T4 R—=LaEEHE L TN ETT>7 (Table 10), L2 LT
MICK L, LA & LT CulOPiv)e Z W RFICEREEMITIZE A E/B N2 o T
(entry 1), B&{LHI%Z AgOPivICER Liz& Z A, HMAEMD Z A1%NETHDLZ LN T
& 72 (entry 2), LLEDORRNS ., HlERBEAHIT~T v FHERZT TIER BB HALIC
bELEINDZ EDB o,
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Table 10. Screening oxidants with 3-biphenyl indole

Q Pd(OPiv); (10 mol%)

oxidant
O / O PivOH, 150°C, 36 h
)
1d Me
entry oxidant result

. . trace TM
1 Cu(OPIV)2 (2.0 €quV) g\ \yas recovered

2 AgOPiv (3.0 equiv) 45%°2

3|solated yield.

2HIZY v AX Y REEAE R T LA R— V&2 E L LTRIEE1T - 72 (Table 11),
fb#l & LT Cu(OPiv)e & W72 E, HEULEWIZ <G onh o7 (entry 1), BR{LAI
Z AgOPivIZER L7z 2 A, BRLEWE 44% DINERTHDL Z &N TE - (entry 2),

Table 11. Screening oxidants with indole containing P=0-bridge at 2-position

Phy P Me  Pd(OPiv), (20 mol%) Ph

] N oxidant
DMF, 150 °C, 36 h

P Me

\ 4

3i
entry oxidant yield (%)
1 Cu(OPiv), (2.0 equiv) 0
2 AgOPiv (3.0 equiv) 44

QPNWCANKR U BEEBTHA4 Y R— V& HE L L TIGEIT > 72 (Table 12), BE{LAl
E LT CulOPiv)e Z W -0, HEMLAW %2 1T%INETHD Z LN T& 7= (entry 1), &
{bAl%Z AgOPiv ICEHE L= & 2 A, HEHMEAWDILEN 35%I121M £ L7 (entry 2),
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Table 12. Screening oxidants with indole containing SO»-bridge at 2-position

O\‘S’/O Me Pd(OPiv), (20 mol%)
7 N’ oxidant
DMF, 150°C, 36 h
3j
entry oxidant yield (%)

1 Cu(OPiv), (2.0 equiv) 172
2 AgOPiv (3.0 equiv) 352 (23°)

aTH NMR yield. PIsolated yield.

2P ANAR=NVEEERTHA Y R=LZ2E L L TEERFE1T o772 (Table 13),
DMF Z &gt & L, Cu(OPiv)e & AgOPiv # TN E (kA & L TN ZITo 7o /R, Wi
NOLELTREONERTHIELEWEHD Z LN TE 7 (entries 1 and 2), W%
PivOH |2 # L CRERICHRFT L2 R, Cu(OPiv): (LAl & L7-FEZ entry 1 £ 0 H 1Y
FTPNET L72A (entry 3), AgOPiv ZfE ] L72KFICILE DM ENFRD 57 (entry 4),

Table 13. Screening oxidants with indole containing carbonyl-bridge at 2-position
O

Me  Pd(OPiv), (10 mol%)

oxidant

solvent, 150 °C, 48 h

entry oxidant solvent yield (%)2
1 Cu(OPiv), (2.0 equiv) DMF 64
2 AgOPiv (3.0 equiv) DMF 58
3 Cu(OPiv), (2.0 equiv) PivOH 44
4 AgOPiv (3.0 equiv) PivOH 88 (64)

a'H NMR yield. PlIsolated yield.

LEORFTED, 4 F— 2 a0 E Tk 2mIbA NS~ Oy — A TR DR
Lot
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< Cu(OPiv)e MBI A & L T i i 72 JE B RE >

(R2NCHANBR =NV EBETDHA L R—IV 2 ANVK U BIEEZAT DA R—,
BIO2MIZ 7 2=V U BIBEATHA Y R—ATIEEDLLOBILAITHKISHNEITT S
728, o)
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234XV TS U RELEE

SNICEFREE LA T HN Y 7702 E e LTHY, RIE%EIT > 72 (Table 14), X
YIS TFFT 2 G REE TORESKM (table 7, entry8) TRIGZEAT > TR, Bk
AWTIFEALEBOENT, MESHORIERD N EICHFH LN (entry 1), RIZ 20T
BrathaAy R=NZ2EE L LIEREORESM (table 8, entry 3) THRISZ1T o 7o F.
HAEAD DOILEIT 16%ICE £ -7 (entry 2), SHLICEEBEEFFOA v F— L& LH L L
B DR S (table 9, entry 2) Z MW TRISZAT > 72fE R, HAMEEW Z LR 64% T
BHZENTET (entry 3), LU, 2AICHNVAR=NVEBEEEZ G A F— L& iLH L
L 7=BF D4t (table 12, entry 4) & H W 2GR, XKL 8%ICHE £ > 7= (entry 4),
QNICEEE G A Y RV B2 RE L LEROREERT PivOH 2723, Ry 75 v

T o B TOREEM TH D DMF O F BB WILERGE LT,

Table 14. Screening reaction conditions with N,N-diphenylbenzofuran-3-amine

Ph Pd(OPiv); (10 mol%) Ph
N oxidant N
Q Z_Q solvent, 150 °C, 36 h Q i O
3d © 4d ©
entry oxidant solvent yield (%)?

1 AgOPiv (3.0 equiv) DMF trace

2 Cu(OPiv), (2.0 equiv) PivOH 16

3 Cu(OPiv), (2.0 equiv) DMF 64°

4 AgOPiv (3.0 equiv) PivOH 8

aTH NMR yield. Plsolated yield.

ST 2= VTR 7T 0 RE L L CRIGEE{T> 72 (Table 15), >
FA T o EEREE TORESM (table 7, entry 8) & W ZfER, HAMLA W 2 IR
B<fGr&mT&z(entryl), — .1 ¥ F— % & 0 E CTORiE S (table 9, entry
2) TIXHMMEEDOILFEIX 256%72 > 7= (entry 2),
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Table 14. Screening oxidants with 3-biphenyl benzofuran

O Pd(OPiv), (10 mol%)
oxidant

O ) O DMF, 150°C, 36 h
o)

19

entry oxidant yield (%)?

1 AgOPiv (3.0 equiv) 83 (59°)
2  Cu(OPiv), (2.0 equiv) 25

a"H NMR yield. Plsolated yield.

2T == Ve BT O Y 7T 2 HE LTRIFMF 21T > 72 (Table 16),
VT T 2 G RE CORIESM (table 7, entry 8) ZHWEAER. 31% DU T
HHJAERY A3 b7z (entry 1), A & R— /v & 5 e BE T O A 5 (table 9, entry 2)
TIXEAE A DILRN 17% 72 > 72 (entry 2), entry 1 O KSR 2 48 B IZIE R L T
HINEITH E Y LFE IR o7 (entry 3), Entry 1 OISR %2 24 FFf & L, il &
Z 20 mol%IZHE° L TG ZAT R 272 & ZA BHMLEM Z 3T% DR THL Z ENTE

7= (entry 4),
Table 16. Screening oxidants with 2-biphenyl benzofuran

O Pd(OPiv), (10 mol%) O
oxidant

O / O DMF, 150 °C, time
o o

1f 2e
entry oxidant time (h) yield (%)?
1 AgOPiv (3.0 equiv) 18 31
2 Cu(OPiv), (2.0 equiv) 18 17
3 AgOPiv (3.0 equiv) 48 35
4 AgOPiv (3.0 equiv) 24 37Pc

a1H NMR yield. PPd(OPiv), (20 mol%). Isolated yield.
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2357 AR, FAv=U A, MERBEELEE
BERFE L TITAR, I~ DB XU ER 7% & L EE THRFTT 21T > 72 (Table
1T, NV FAT7 2 BLOA U F= V2B 0EEELZRF LA, Mhoga b Bk
EMEIZEANERLZEBTERNT,
Table 17. Results of Si, Ge, S-bridged substrates
cat. Pd(OPiv),
u(OPiv), or AgOPlv
Q @ DMF or PivOH

150 °C, 36-48 h

Me\Si,Me Meb éMe |v|e\G éMe

trace <1% <1%
S S S [}j
<1% <1% <19, Me
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2.4 BERMEERCIHTIER
BB X ORGSR & it L7 R R o THRIZBILAIN R DR E o7z,
WRBALAZEETHDERE LT, ORBEICEENLI~T B EER, BLUOORMEICH
WHNTRRF (Z2= L BRI AR =V EE2ET), D2oNE26N15,
WAL A 2 BE BT ENLD~AT o FRERE EABRTF ToBE LM R % Figure 1
R, BEBEORMEmE LT, BERNDLVR=VEBRLY U A4AFY FEBO X 9 72
REMEDLEEE G AL TODHHEAIT AgOPiv M EE{LAI L LTRECTH D, RENERKTO
Lo RBIHEMEOREEZEATVDLEHAIT Cu(OPiv)e 23 L TV 5, & W 9 [ 235
bz, Flo, BERA LV R—oA I XY — )V ERRTHEREBREREFERKSZZTI
SWRUYFFH T 2 ROR Y 7T 0 ELTODEA L AgOPiv (LAl & L Tixili
o, KENEEBERREFERSEZTOT VA IF Y =LA F—=AEGFATND
A1 Cu(OPiv)e B L TV D E W) HHE LR bz,
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Figure 1. Tendency of efficient oxidants in each substrates

Y. cat. Pd(OPiv),

Cu(OPiv), or AgOPiv Y
DMF or PivOH Q e
HH

(o]
1507C.24-48h v -0, NPh, P(=0)Ph

C=0, 1,2-CgH4
electron-withdrawing electron-donating
-€ bridge >
CO, P=0 1,2-C6H4 N
inactiveto
electrophilic
attack p—’ AgOPiv AgOPiv AgOPiv
A S
H
-gm — AgOPiv —
O
S
Hm — AgOPiv Cu(OPiv),
hetero- \O
aromatic ~
moiety Hm —_— AgOPiv Cu(OPiv),
/
Me
H
_ém AgOPiv Cu(OPiv), Cu(OPiV),
!
\ Me
tive t o~
oo N— %2, Cu(OPiv)
electrophilic H—< | “. — 2 —
attack \N . '::; (+ cat. AgOPiv)

AgOPiv TRUAFRINEZLZ 5 2 - IEEIZx L, B{bAl & LT Cu(OPiv)e & W TG &2 17
Sl 2 A B E T 2ROGTETE T BRI 572, Ziicxt L, Cu(OPiv): T &
Wit R & 5 2 T BRIk L, AgOPiv e fbAl &L L THWKIG 21T - 25 acid, R #E
ML L TEREEMAHELNR D, b L UTEIR E WO RICR - T,

Figure 2 IZHI(ID A A > LB DA A4 DB IILENN 2 -7, A A A > O e EALIL 8 (1D
A A DOBETLE NI BRENI LRGN D 16,
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Figure 2. Oxidation-reduction potential of Cu?* and Ag*

cell reaction E°(25°C)/V
Cu? +e =Cu* 0.159
Cu®* +2e”=Cu 0.340

Ag* + e = Ag 0.799

UEORERNL, BT AR TBILINICS WEEZ AW KIS T, B Amn
AgOPiv Z HW B E R H Y | LI A5 Cu(OPiv)2 TIE /ST Z A 7 v R O E 1
fkRnTERNneEEZEZOND, £, BFEE THRIELIAPLTVWEEZ WG TIE, M
71D 5 Cu(OPiv)e THHI L T OIS A EITIED Z LN TE LD L, R S A
EITLRDBEHELLTLE S =D, B D AgOPiv ORI S 72V, £, EH
W&o THRBERBILRIN R > Tz &b, Cu(OPiv)e & AgOPiv O&E I RT Vv
D O B2 TR R W Z LA E T,

ANTRERROMBBIZLIOLT, M LEEEOT THRBIC AR, Fr~v=UL, b L
CIEMERFREENTVLEECTITHMEEMEHGL ZENTEhrote, ZOHM L
LT, FA4F, PV ABIOHRER ORI EROKREZ IR T OND, KL
TLEBEBERCEZRFORERIZIZENAL LV /AL, AT EHRELFERE OB
WELN ST DICRISREIT LB bN D, FRICKL, FA4F, Fr~v=ULsB &
O TR FEEPRELS AT R FRBEEFFRLEOBHENENTZD, ~T 0
BERORSE —KFMAER OS5 +/H CHCHA 7V 7 X055 +WNC-HCHD vV
YT IMARNZ o T, B ET D C-CHRBBERPEITLRhoTExbND, U VET
HIRFPEDPREVN, VA F T Rz 5 Z & T Thorpe-Ingold R 121k, ~7
FERENXVEVRPMELIL TN CHICH 7y 7 ) v IRIEDEZ DT 2ol
LEZOND,
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2.5 RIHEEREIZ DWW T

2.5.1 BWHEBHR

Figure 3 IZIAKINICEB T HHERKICHEEDO —HZ R LD TH D, /N7 T 0 Al

PAd(OPiv)e D BN L — MR FIZ KD AT o FHFREO C-HEGNH 7 1 ks CMD HH

(Concerted Metallation-Deprotonation %) 13 Z& ColE i, 7V — ATy

LFETHLHTHEAZEL D, AKOEEIC L > TRXUEBUEREO CHFGD 7 v kingl
THEPND L THHEKRBRAENRT D, ZOFHIEKEBNLD/NT 20 LFEO IR TR ILEE S
Lo THLEMDENRT 5, TRIEFEAD AT VT L EIZHE L TWORMFITE AL —
MEANTuFEFERO2OTHY, BLGICEES N DD I ENOEBEN AT VT MIEALT
LLeEZOND, Elo, THEAPOTHAEB ~OENAKISICHETH D Z &b,
NIV LN T DS PREAN S TRAEBICE LS EBREBEO = XL F — L4 K
NIET T TRt s,

C-XIC-H 1y 7V v 7 KT %R TARRKI EITE D KIS T 575, Fagnou b0 7L
— TG AEIC LY PREEANO TR BICESEBRREO = XL X —HEM AT S
L ENFRHAEBICHICT DILFROERICEZLETHDL Z LA R LTS M4, Fio, #
HOTN—TIEFEMFBRFCEY, BOREOREO N F—ME2FORM B2 TH D
ZEERLTND 15, RIS TORMFIZTHEETHDLZ b, HLREORSD N —
PEEZFFORBERE L TV D EHEHTX 5,

Figure 3. A part of reaction mechanism
cat. Pd(OPiv),

AgOPiv or Cu(OPiv),
DMF or PivOH Q

150 °C, 24-48 h Y = O, NPh, P(=0)Ph
C 1

=0, 1,2-CgHg4
Pd(OPiv), Y,
\ Y.
3T C Q)
H
R pd” "X
o . :
PivOH O PivOH S
tgy S: solvent
A B

UTIEEEBEED R =T 7272 —HoO—% %7 (Figure 4) 1, kb RWVILHE
45 27 DMF [ R —Hn@ns oo, DMSO 72 8 X0 IX FF—MHIFERWEETH D,
DMF 2 L TW2HH L LT, br o ERWRF—Mazbol &nBExbND, £,
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— AR T B OBIE CIXB AR REMN TOHFBEL TWDLZ ERMbR TN D,
DMF (& RF—MZ2 AL TWAEN ARFICDMAZRE LD W7 7 F 2 —E2 AL T
7oz, DMF &% e U CTHWERIZETHINBEO BN A L —XZHEIT LI D & F
Abid,

Figure 4. Solvent propaties (DN and AN)

solvent DN AN
DMSO 29.8 19.3
DMA 27.8 13.6
NMP 27.3 13.3
DMF 26.6 16.0
1,4-dioxane 14.8 10.8
CH3CN 14.1 18.9
benzene 0.1 8.2
DCE 0 16.7

DN: Donor Number
AN: Acceptor Number
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2.5.2 H#ERE RS HEE

UbEOoZBESEEREZD &, ARISOREERICH#EIZ 2 2B 2615,

1 2OOHEERISHEE TR OB ThH S (Scheme 2, route A), /X7 ¥ 7 A fili i
Pd(OPiv)e D BN L — FEULFIZ L D ~T R BFHFRO CHAEAH 7 1 b CMD A
R TH EHE»N, THEAZEL D, NT VT LARLICIEEORMGNFET DD
CZIWCEEREMT A EBZ 2L LND (step D), FeW\ T, FRIEAADOE S L — MELFIT X
STRUVBUVERO CHfAED T 1 b RREROEME T LN, IKFE—T7 DU LS
MR END Z & THRIEBRAERT S (step 1D, T XA V7 VHE BT Y
LAOMMEIE 2 THY . 2 CulOPiv)e 7213 AgOPiv IC k- CTlgfb &b Z & T4 o
RIVT RGN T XY A 7 VKR CHRERSID (step III-b), &1 R5IHEDLEE
ERATEEORIETIE, BFHGEORBLZICREORKIS LKL T 4o 720 A
FEDOAERMNE Z VI <, B{E D X ViV AgOPiv # kAl e LTHWDLRERH - 7=
LEZDND, 1o T, step III-b N U 2 LA 2 kD D ERKTH D Z LN REIND,
D%, BITHBEEIZ X > CTHREAW R AR I N D &I /T o0 AADM S F A S
v (step IV-b) . fiiffHr 1 7 L ANEHAF 5,

2 DO OHETE SR IXT R DB Y TH 25 (Scheme 2, route B), step II £ Tid route A
LR—Thd, TO%, RXIZVULFOEBETHIBEICL > THRNIEHE OfiNT 2T A
FENERKT 25 (step III-a), ECHBEEO@FE T, BLAI & L TEDLIL TV D Cu(OPiv):
FF AgOPIvV ICHEEORIGE LI ~T u FFEROANT 0 i FRRAT 5 Z L TRITZH
A7 NVHEE B ORMFPREFANRICRY BorbiBEsRESNDL EELOND, Offi
TV AFED Cu(OPiv)2 £ 7213 AgOPiv IZ X » TEML &AL, 240/ 3T 20 AFEN A
Eh?b (step IV-a),
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Scheme 2. Plausible reaction mechanism
Y.
Y3
X .
Pd(OPlv)Z -
step IV-b step IV-a ﬁg PivOH
CuOPlv or Cu(0
Cu OPiv), route B
Q AgOPlv
|vX Q O

te A PivO~
step 1ll-b step lll-a ; step Il
CuOPlv or Cu(0
/
Cu( OP|v Pd'X o PivOH
AgOPlv é M

X, Y: heteroatom
M: Cu(OPiv), or AgOPiv
S: Solvent
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2.5.4 KIE O #HIE

R JEOERER 2T R5 72012, KIE OWEZ1TR->72 (X 11), 3Ll 7=/ Fv
KE oY F A T2 BLORVEBUEBOS SOKER T2 EARZICESR L -GS
M, BOSHIH BB CO UG E 2 ik L C KIE 2k, ZoOfEE, KIE OfFIx 1.1
LY FERO C-HFGIEMALIZAISICI T 5 BB Tl &ERRm® I,

o)
Q ZQ a2y
Pd(OPiv), (10 mol%) s
4b

AgOPiv (3.0 equw)

DMF, 150 °C
KIE=1.1

D  3b-D

FERIC, BT = /) F UV EEEONU Y F AT =2V BIUORY Y FAT = 200K
FR 2 EAKFRICEMR LZEE 2 W TSI BB IC 31T 5 BSOS IEE O g 217 - 7o
(X 12), L2 L., RIGEIBERZ D GKFE L BRRORMEENBR S o=, Z O
O KIE 2RI 22 83T hanolc, KRERAKZOZHBRIENE Z o722 &b,
Scheme 3 IZB T 2 KA AR LICBRICHNIC K > THEREDNHAE L Z LRI S
No, £, SHBEZ? D ZOBRRNRBH SN, ~T i HFRO C-H & IENME
fEDBHE IO TR EHERTE 5720, W ITAEEEME Tl EBZ oD, F
72, ZOFEHR XY Scheme 3 D step [T AW NINTZEEZBILD,

o)
Sy 50
Pd(OPiv), (10 mol%) s

AgOPiv (3.0 equw)
DMF, 150 °C

© H/D scrambling ©
ays® O
D S S

PLEDOFER LV . = O S O B L%
IRCEBUBRORFEY BCICE I B2 -EE

(12)

THIEECTH D Z ENRB I N7, BE
TKIEHEZIT2H9 2% FELTWD,
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2.6 ARGEDEV T B LHEZETHILEMOER~DIGH

2.6.1 C-H/IC-H % v 7V ¥ VK& DBFt

BRI LT AFIEEZ, KIbREZ 2hITAT2REICEMH Lz (X 13), NILICERR T
Eobe 7= VB —E L, WREOWEEZHNE L TARTIF I TF LT 2= V%
ROV FF T2 NTEHEANLEEEE S AL, KR T 70, £ORE., 41 C-H/C-H
T TV TR 20 ETCHEAT L, BRI DY 62% OIHETH L, KIGAEZ 1 22 Frd
FHTHEEE L CENMETT 5 2 & KIGPHEIT Lz,

T "CgH47
Pd(OPiv), (30 mol%) ]
AgOPiv (6.0 equiv) CeHi7

nC H >
i DMF, 150 °C, 48 h
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2.6.2 HOMO-LUMO T X V¥ —Z DA D th#

HOMO-LUMO T /L ¥ — DM /N S 72 bE5 %X HOMO 7> 5 LUMO ~OE BB 23 i
2R < £ HOMO-LUMO F v v ZICHKR T HRBER TONDORINN L Z 57
D, AHEHEBE R EMSS OFET 72 E~OICHBHIfFF S TWD 17, LR o T, KRFEENR
WA Ry v 72D RN MR E L o bEMOERICFI A TENX, Filef
BEREME D TOARIEEZ R T ZENTELLEE X, T2 T, KIbAZ 1 frEliZen
AT LHEEEZHOCTRICEZITRSTEBRICART 2 B2 N E5~T v i+ o & E
o HOMO-LUMO % v v 7% bz L 7= (Figure 5), DR, 2 20{tEWD
HOMO-LUMO ¥ % v 7 1XE A EED Lo iz,

Figure 5. Comparison of HOMO-LUMO gap between monomer and dimer

-117 eV -1.24 eV

LUMO N - LUMO
> 4.38 eV 4.36 eV <

-5.55eV -5.60 eV

HOMO < \. HOMO
@)

() ()

(3
S /390 twist

B3LYP/6-31G*

ZZ T, 2&BLIALEY OV ICHIE 2 s 2 R B RICEWE & Gk
952 & T.HOMO-LUMO =X /v X —ZN XV RWVLEMEH/RDHZ ENTEDH EE 2T,
TR, DFTEHE LV | WIE e PG Z2 R o n BEREEH TIE AN X ¥ v 7 035k<
5Dz e Enz (Figure6), €2 T, AFEXZEMT 52 LT, 20 K5 RRIER
HAEE Z RO n B RIEEW DR AR TE R0, BT 5HZ L& LT,
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Figure 6. Comparison of HOMO-LUMO gap between monomer and ladder molecule

-Lirev -1.47 eV

LUMO D - LUMO
> 4.38 eV 3.78 eV <
-5.25eV

-555eV § HOMO
HOMO y

o)
a9

S

B3LYP/6-31G*
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2.6.3 AFEZRAVEAERFEBELZ RO o EBERILEWDERK

L& BT EFEO> 72 Ly E ) v h—L LTER, WiEOm EZHE LT
WRIFITFNT 2= VHEEBAN LR T 7 2T T2 > 7208, BRL
EMERLZENTE R (N 14), HAERMOMBT ZiT-o72& 2 A, 'THNMR IZH
WTHEFEERICB TS 7 e by ZFaAn7o— RICEH &, GPC TEWRERE T
WHLEZ NG, FARBE LT I~ —b L ER Y ~v—DERBRBEINTZ, £
DEAEWIE, XY FAET 2 rELETOS R C-HIC-H By 7V v 7 RISIZ LD AR
LizEBEZ TS, EFEMO > HD 1 5Tix, CH/IC-H B v 7 U > 7Rtk O AR I FE
IR o7 e b rofbsy 7 MEN 0.5ppm FEERES M~ 7 h LTz,

FOERMPERT HBICIESFN CHICH 7y 7Y v ZRIGENETF LI LR E LD
N5,
r 'CgH47
%ijl izgﬁ.':zz<§:z:u?¢‘;/°{
DME150%L48h' "CgH17

X 141ZBWT, 77X L) h—%2 L0 ETIX 20 CON W C-HICHD v
U TSR EIT Lo BHEHE LT, 2200RERNBAEWVCIET &z, —HFT
O CHICH Ay 7V 7RISIZE 2T C-CRBBAEMRLEZEEIZ, b9 —HDOIGERNE
TIREEOFEELZ RELS<ZTFTLEY, 2BHEDOS TN CH/CH # v 7V > 7 KIGH
HEITL Aot E 2T, £2C, 2O0DIERAZES T D701, 1LE 6 ML LR
= EELOE LRV L L REETHERMNEITo7- (X 15), LrL., ZoH
BTHHMAERZZEAEHELNT, NV ~—ROBIERDPHEONTZ, ZOFIZ
TRV A —FEREE ERKIC, e hrofbF 7 MEDS 0.5ppm R KR
~VT7 LA R DT NICHE LN,
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Pd(OPiv), (30 mol%)
AgOPiv (6.0 equiv)

DMF, 150 °C, 48 h

(15)

anH17 <1%

UL EOREF O SR, Figure Ta ® X 512, Fl— x & FH LI 2 DOROE R 2 & T HEE
MW, 57N CH/ICH 7y 7V 7RISTRHIEEMDERZITH> Z LT3 TE o
ool T AT o RF 2 FZ WM o R REAEW O G RHRICAKFEZEH T 21213,
2 OO RN — w BT EICFE LR NE D ICEEEZHEF L, T 20T TH 1N
C-HICH W v 7 ) v 7 KIE&AT/e 12D HIZ, 2 0D E~T v JjilF o Bk VA £ 2 28
&9 2GR N L& 2 7= (Figure 7b),
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Figure 7. Strategies for synthesis of ladder n-conjugated molecules by C-H/C-H coupling reaction

(a) Failed synthetic route

W‘I.?H C-H/C-H
& & o= o
H H

(b) New synthetic route

X X
C-H/C-H Y.
B @ E D@ e
Installation
of Linker @ @ @

X: halogen
Y: heteroatom

KB RT T La2 6T 28EE26K L, 2N CHCHT Y7V v I RIS%E 20
FICiToleth, 20D RFE—REMAELZFAL T 7 o=V EEEAT L L TATRH
T EGLIRVEE T 7 R RILAEMEEGRT D L E2BE 2Tz, LinL, 55N C-H/IC-H %
v 7Y I IRSIFHETE S, R ~—ROBIERY B E LR, NUEBVRICERER &
BALLLZETCRIGENRTFTL, B ET 295N C-HICH By 7V UV IRISHEZ D
AR Y FFH 7 =2 DRF— KFBREARLETOSFM C-HIC-H By 7Y v 7RIS
TLTLESLBDEEZEZLND, -2 T, BRIERTOLI XU BUBROBIKE
B2 LS5 EREZEAETIC VUBRBEBEANT DM EN DD BRI,
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Ar Ar

Pd(OPiv), (30 mol%)
AgOPiv (6.0 equiv)

DMF, 150 °C, 48 h

UEDORREEEZ, 7R EZ2EERVVRODVICTVATAT o=V U BB E S LREE

EERE L THRBEITTo72 (R 16), 2 MTRIRICS TN C-HICH 1> 7Y v 7 KIS %#4T -
e, 2% DWRTH v 7Y THEFMEZ/RLZENTE I, ZOH, 2OD0F~T 1
AT n B RHMAEEBFCRY 7o LU BAERT <L, DDQ & A X v ALK
AR M WTEBEE R 18 2R L TR LI S FRICRIS 21T o2, TOREER. BRLEY
T% 18%DINETHL Z LN TE -, FIELAEMIZ 365 nm D RO EZRHF LI2L 25,
saaR)AREKTBLOCBERTERLENE R, A0 E R LT, BERXIOKED
INEDOLBIZHOWTHRFT LTS,
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<0 Q

Pd(OPiv), (30 mol%)

AgOPiv (6.0 equiv)
DMF, 150 °C, 48 h

DDQ (1.2 equiv)

>
>

CH,3SO3H/DCM, 0 °C
0.5h

23%

Blue fluorescence (CHCI5 solution, 365 nm)
fluorescence (solid, 365 nm)

59



2.7 & C#k

(1) (a) Dubac, J.; Laporterie, A.; Manuel, G. Chem. Rev. 1990, 90, 215. (b) Chen, R.-F.;
Fan, Q.-L.; Zheng, C.; Huang, W. Org. Lett. 2006, &, 203.

(2) Yamaguchi, S.; Xu, C.; Tamao, K. J. Am. Chem. Soc. 2003, 125, 13662.

(3) Okamoto, T.; Kudoh, K.; Wakamiya, A.; Yamaguchi, S. Org. Lett. 2005, 7, 5301.

(4) (a) Shimizu, M.; Mochida, K.; Hiyama, T. Angew. Chem. Int. Ed. 2008, 47, 9760. (b)
Shimizu, M.; Mochida, K.; Asai, Y.; Yamatani, A.; Kaki, R.; Hiyama, T.; Nagai, N.;
Yamagishi, H.; Furutani, H. J. Mater. Chem. 2012, 22, 4337. (¢) Shintani, R.;
Otomo, H.; Oka, K.; Hayashi, T. J. Am. Chem. Soc. 2012, 134, 7305.

(5) Huang, Y.; Wu, D.; Huang, J.; Guo, Q.; Li, J.; You, J. Angew. Chem. Int. Ed. 2014, 53,
12158.

(6) For example reviews of Buchwald-Hartwig cross coupling reaction, see: (a) Surry, D.
S.; Buckwald, S. L. Chem. Sci. 2011, 2, 27. (b) Hartwig, J. F. Acc. Chem. Res. 2008,
41, 1534.

(7) For example reviews of Brook rearrangement, see: (a) Brook, A. G. Acc. Chem. Res.
1974, 7, 77. (b) Fleming, I.; Barbero, A.; Walter, D. Chem. Rev. 1997, 97, 2063.

(8) (a) Ureshino, T.; Yoshida, T.; Kuninobu, Y.; Takai, K. J. Am. Chem. Soc. 2010, 152,
14324. (b) Kuninobu, Y.; Yoshida, T.; Takai, K. J. Org. Chem. 2011, 76, 7370. (c)
Kuninobu, Y.; Origuchi, K.; Takai, K. Heterocycles 2012, 85, 3029 (d) Kuninobu, Y.;
Yamauchi, K.; Tamura, N.; Seiki, T.; Takai, K. Angew. Chem. Int. Ed. 2013, 52,
1520.

(9) (a) Dong, J.; Long, Z.; Song, F.; Wu, N.; Guo, G.; Lan, J.; You, J. Angew. Chem. Int.
Ed. 2013, 52, 580. (b) Dwight, T. A.; Rue, N. R.; Charyk, D.; Josselyn, R.; DeBoef, B.
Org. Lett. 2007, 9, 3137. (¢c) Han, W.; Mayer, P.; Ofial, A. R. Angew. Chem. Int. Ed.
2011, 50, 2178.

(10) Grimster, N. P.; Gauntlett, C.; Godfrey, C. R. A.; Gaunt, M. J. Angew. Chem. Int.
Ed. 2005, 44, 3125.

(11) (a) Mayer, U.; Gutmann, V.; Gerger, W. Monatshefte fiir Chemie 1975, 106, 1235.
(b) Gutmann, V. Electrochimica Acta. 1976, 21, 661.

(12) (a) Beesley, R. M.; Ingold, C. K.; Thorpe, J. F. J. Chem. Soc. Trans. 1915, 107, 1080.
(b) Jung, M. E.; piizzi, G. Chem. Rev. 2005, 105, 1735. (c) Bachrach, S. M. /. Org.
Chem. 2008, 73, 2466.

(13) For a review of CMD pathway, see: Lapointe, D.; Fagnou, K. Chem. Lett. 2010, 39,
1118.

60



(14) Gorelsky, S. I.; Lapointe, D.; Fagnou, K. J. Am. Chem. Soc. 2008, 130, 10848.

(15) Lafrance, M.; Lapointe, D.; Fagnou, K. Tetrahedron 2008, 64, 6015.

(16) b 25 LA 5513 % (L)

(17) For examples, see: (a) Nakagawa, T.; Suzuki, T.; Kénig, M.; Guldi, D. M.; Matsuo,
Y. Chem. Commun. 2013, 49, 10394. (b) Orti, E.; Crespo, R.; Piqueras, M. C.; Tom4s,
F. J. Mater. Chem. 1996, 6, 1751. (c) Kaya, I; Yildirim, M.; Kamaci, M. Eur. Polym.
J. 2009, 45, 1586. (d) Kaya, I; Yildirim, M.; Avci, A. Synthetic Metals 2010, 160,
911. and references therein.

(18) (a) Zhai, L.; Shukla, R.; Rathore, R. Org. Lett. 2009, 11, 3474. (b) Rathore, R.;
Kochi, J. K. Acta Chem. Scand. 1998, 52, 114. (c) Rathore, R.; Zhu, C.; Lindeman, S.
V.; Kochi, J. K. J. Chem. Soc., Perkin Trans. 2 2000, 1837. (d) Handoo, K. L.; Gadru,
K. Curr. Sci. 1986, 55, 920. (e) Eberson, L.; Hartshorn, M. P.; Persson, O. J. Chem.
Soc., Perkin Trans. 21997, 195.

61



I
|1l
{1t
S
o

cat. Pd(OPiv),
AgOPiv or Cu(OPiv),
v Y.
7 (CsF) O
“ DMF or PivOH Q /X
H H 150 °C, 24-48 h up to 80%

O, NMe, S
-o NPh, P(=O)Ph, SO,
C=0, 1,2-C¢H,

\

RT YT LS O G L < IRERREAIEZ VD FN T o e C-H/C-H 1 v
TV ITRIGIC L BB DO~T o it a2 Gl n HERCEME R T 2 HBFIELZHFE L
72 (X1, n HERLAMITEATEE~T & LTIE, BBR, EFE, MEBIVY
VIRERETFTOND, Flo, AT RS TIERVLEODO I NAR = NVERSL T 2= LG E
ANT&T,

AKFEFWERD C-HIC-H By 7V 7RISTHOWOLNTWRIN o To~T v i 128446 %
BTt EMERBE LT 2N TE D, Fo, ERELHB L, Hilic#iEs b oREA
HWHZENTEDLEEBIT U TFAITL Y RLERPEE LT 20BN RN,
BOL A E2RGICAEKRTEDLZ ENMIFETE S, £ (LAW3k DX 57 C-H/IC-H &
TV RGOSR EZZFAFFR ETCRhINNE e r 250 AEbEMHAATRETH 5,

Flo, AFEEZHVWLIZETH ROV s R FHEZH T H2LEWOERHITH 2 &
WTED, DX 57 bAE®HO HOMO-LUMO ¥ v v 713 < . BEE O Z WIS 5 4
HEEHLTWED, EFREEICENDG EZZONDZ 0D, BFT A AMEE LT
DODHAPHFEFTELILEMHOARICARFEEH VDL LR TELZLEZ LD,

LSH%BOBEE LT, RERNCHMILEMERL ZENTE P AF, Fr~v=
A, WER R EESOREICRH L THWAZ ENRTE S C-HICH 1y 7V v 7k
DRFER LT o b, RFEOEEEAMELINET 2 LR TENIR, KFER~T BR
Tt r MRRMCEMOERIEDOH N R FIED 1 DITRD I ENRHFTE S,
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FNE  RRE

General. All reactions for substrate scope were carried out in a dry solvent except
pivalic acid under an argon atmosphere. Dried solvents were purchased from Wako
Pure Chemical Industries and Kanto Chemical. Pivalic acid was purchased from Tokyo
Chemical Industries and Aldrich Co. Other reagents were purchased from Wako Pure
Chemical Industries, Kanto Chemical, Tokyo Chemical Industries, and Aldrich Co.
[Cu(OPiv),] was prepared from CuCO; [Cu(OH),]."" AgOPiv was prepared from
AgNO,.”) NMR yield was calculated by comparison with TMS,0. NMR spectra were
recorded on JEOL ECX500 (500 MHz for '"H NMR and 125 MHz for ?C NMR) and
JEOL ECS400 (400 MHz for 'H NMR, 100 Hz for ?C NMR, and 160 Hz for *'P NMR)
spectrometers. Proton chemical shifts are reported relative to residual solvent peak
(CDCl; at 6 7.26 ppm, CD3;CN at 6 1.94 ppm, CD;0D at & 3.31 ppm, acetone-d¢ at &
2.05 ppm, THF-dg at 6 3.58 ppm). Carbon chemical shifts are reported relative to
CDCl; at 8 77.0 ppm, CD;CN at 8 1.30, CD3;OD at 6 49.0, and acetone-d¢ at & 29.8.
Phosphorus chemical shifts are reported relative to H;PO4 as an external standard at
0.00 ppm. Infrared (IR) spectra were recorded on a JASCO FT/IR 410 Fourier
transform infrared spectrophotometer. ESI-mass spectra and DART-mass were
measured on a JEOL JMS-T100LC AccuTOF spectrometer for HRMS. FAB-mass
spectra were measured on a JEOL JMS-700 MStation for HRMS. GPC purification was
conducted on a Japan Analytical Industry Co., Ltd. LC9210NEXT equipped with
JAIGEL-1H and JAIGEL-2H, and CHCI; was used as an eluent. UV-Vis spectra were

recorded on a SHIMADZU UV-1800 UV/Vis spectrophotometer in spectral grade
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solvents in a 1.0 cm quartz cell. Fluorescence spectra were recorded on a SHIMADZU
RF-5300PC spectrofluorophotometer in 1.0 cm quartz cell.
Compounds 1a,P1 1b, 1e,%1 1£,1% 22,171 2p,1%1 2¢,1 24,1 2¢,1'1] 3p,12 34,

K] AR 3g,“4] 3h,"] 3j,[16] 4d,“7] and 4h!"'® are already known.
Preparation of substrates

2-([1,1'-Biphenyl]-2-yl)-1-methyl-1H-indole (1c).

Q Me [Pd(OACc),] (10 mol%)
/ N 0, (1.0 atm) Me

Q B(OH), * AcOH, 25°C, 24 h

(1.5 equiv)

1c 50%

To a mixture of [1,1'-biphenyl]-2-ylboronic acid (1.19 g, 6.00 mmol) and Pd(OAc);
(89.8 mg, 0.400 mmol) in AcOH (16 mL) was added 1-methyl-1H-indole (500 uL, 4.00
mmol) under O, atmosphere. The mixture was stirred at 25 °C for 24 h, quenched with
sat. aq. NaHCOs;, and extracted with Et,O (3 x 80 mL). The combined organic layer
was dried over Na,SQy, filtrated, and concentrated under vacuum. The residue was
purified by column chromatography on silica gel (eluent: hexane/dichloromethane =
30/1, then 15/1) to afford 2-([1,1'-biphenyl]-2-yl)-1-methyl-1H-indole (1c, 571 mg,
50 % yield).

White solid; '"H NMR (400 MHz, CD3CN) & 7.66-7.42 (m, 5H), 7.31-7.16 (m, 6H),
7.13 (dd, J=7.4,7.4 Hz, 1H), 7.04 (dd, J = 7.4, 7.4 Hz, 1H), 6.40 (s, 1H), 3.15 (s, 3H);
3C NMR (100 MHz, CD;CN) & 143.1, 142.3, 141.8, 138.4, 133.3, 132.2, 131.3, 130.3,

130.0, 129.2, 129.1, 128.6, 128.2, 122.3, 121.2, 120.7, 110.7, 103.3, 31.2; IR (KBr1, v/
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em’™') 3053, 2943, 1535, 1462, 1422, 1385, 1337, 1311, 1235, 1131, 1097, 1072, 1006,
955, 919, 769, 743, 699, 672, 612; HRMS (DART") Calcd for C;H;7N (M+H")

284.1434, Found 284.1441.

3-([1,1'-Biphenyl]-2-yl)-1-methyl-1H-indole (1d).
[Pd(PPh3)4] (15 mol%)

Q (pin)B Xantphos (5 mol%) Q

Cs,CO3 (2.0 equiv)

+ 74 _
O Br N 1,4-dioxane, 100 °C, 18 h O 2 O
Me N
(1.1 equiv) Me
1d 45%

To a mixture of I-methyl-3-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1H-indole
(2.05 g, 7.97 mmol), Pd(PPhs)4 (1.26 g, 1.09 mmol),
4,5-bis(diphenylphosphino)-9,9-dimethylxanthene (208 mg, 0.360 mmol), Cs,COs,
(4.72 g, 14.5 mmol) in 1,4-dioxane (24 mL) was added 2-bromo-1,1'-biphenyl (1.68 g,
7.25 mmol). The mixture was heated at 100 °C for 18 h. After the reaction, H,O was
added to the resulting mixture and the mixture was extracted with Et,O (3 x 50 mL).
The combined organic layer was dried over Na,;SOy, filtrated, and concentrated under
vacuum. The residue was purified by column chromatography on silica gel (eluent:
hexane/dichloromethane = 5:1, then 1:1) to afford
3-([1,1'-biphenyl]-2-yl)-1-methyl-1H-indole (1d, 910 mg, 45 % yield).

Pale yellow solid; 'H NMR (400 MHz, CDsCN) & 7.57-7.51 (m, 1H), 7.46-7.36 (m,
3H), 7.30 (d, J = 8.5 Hz, 2H), 7.26-7.21 (m, 2H), 7.18-7.10 (m, 4H), 6.92 (dd, J = 7.9,
0.9 Hz, 1H), 6.80 (s, 1H), 3.62 (s, 3H); °C NMR (100 MHz, CD3CN) & 143.4, 142.0,
137.7, 134.5, 132.3, 131.6, 130.2, 129.6, 128.8, 128.4, 127.9, 127.7, 127.4, 122.3,

120.5, 120.2, 116.2, 110.4, 33.1; IR (KBr, v / cm™) 3054, 2935, 1597, 1546, 1480,
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1375, 1328, 1246, 1217, 1160, 1133, 1090, 1054, 1011, 940, 815, 771, 741, 701, 654,

614; HRMS (FAB") Calcd for C;H;7N (M+H") 284.1434, Found 284.1441.

2-([1,1'-Biphenyl]-2-yl)benzofuran (1f).!”!

O (HO),B Pd(PPhs)4 (4 mol%)
/ e} K>CO3 (1.5 equiv)
. >
O Br toluene/EtOH (7/3)
80°C,19h

1f19%
A mixture of 2-bromo-1,1'-biphenyl (1.68 g, 7.20 mmol), benzofuran-2-ylboronic acid
(1.28 g, 7.90 mmol), and K,COs3 (5.40 g, 10.8 mmol) in toluene/EtOH (7/3) was heated
to 80 °C for 19 h. To the resulting mixture was added H,O, and the mixture was
extracted with Et,0O (3 x 50 mL). The combined organic layer was dried over Na;SOy,
filtrated, and concentrated under vacuum. The residue was purified by column
chromatography on silica gel (eluent: hexane) to afford

2-([1,1'-biphenyl]-2-yl)benzofuran (1f, white solid, 368 mg, 19% yield).

3-([1,1'-Biphenyl]-2-yl)benzofuran (1g).

[Pd(dba),] (7 mol%)
O TfO Xantphos (7 mol%) O
CSQCO3 (1 5 equiv)
+
O B(OH), g 1,4-dioxane, 100 °C, 24 h O / O
O
19 26%

A mixture of benzofuran-3-yl trifluoromethanesulfonate (2.00 g, 7.51 mmol),
[1,1'-biphenyl]-2-ylboronic acid (1.49 g, 7.51 mmol), Pd,(dba); (302 mg, 0.526 mmol),

4,5-bis(diphenylphosphino)-9,9-dimethylxanthene (304 mg, 0.526 mmol), and Cs,CO;
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(3.68 g, 11.3 mmol) in 1,4-dioxane (30 mL) was heated at 100 °C for 24 h. To the
reaction mixture was added H,O, and the mixture was extracted with Et,O (3 x 60 mL).
The combined organic layer was dried over Na,SOy, filtrated, and concentrated under
vacuum. The residue was purified by column chromatography on silica gel (eluent:
hexane, then hexane/dichloromethane = 25:1), and further purification using GPC to
afford 3-([1,1'-biphenyl]-2-yl)benzofuran (1g, 540 mg, 26 % yield).

Colorless solid; "H NMR (400 MHz, CD3CN) ¢ 7.54 (ddd, J = 6.7, 1.6, 1.4 Hz, 1H),
7.50-7.43 (m, 5H), 7.29-7.24 (m , 2H), 7.21 (dd, J = 8.5, 1.4 Hz, 1H), 7.19-7.14 (m,
4H), 7.05 (td, J = 7.4, 0.9 Hz, 1H); >C NMR (100 MHz, CD3CN) & 155.8, 144.0, 142.5,
131.9, 131.6, 130.6, 130.1, 129.2, 128.9, 128.6, 128.1, 127.8, 125.3, 123.6, 122.6,
121.4, 118.3, 112.2; IR (KBr, v / cm’") 3121, 3057, 3020, 1939, 1577, 1474, 1452,
1341, 1210, 1152, 1105, 1009, 960, 936, 913, 855, 817, 778, 748, 699, 616; HRMS

(FAB") Calcd for C2oH 40 (M") 270.1045, Found 270.1045.

3-(1-Naphthalenyloxy)benzo[b]thiophene (3a).

Br 1-naphthol (2.0 equiv) 0
z_Q K>,COs3 (2.0 equiv) O Z—Q
i ;

DMF, 120°C, 22 h
@)

I
71% O

DIBAL-H (2.5 equiv) O OZ_Q
toluene, rtto 70 °C, 5 h Q /S

3a >99%

This procedure was based on the reported one.'?) A mixture of
3-bromobenzo[b]thiophene 1-oxide (687 mg, 3.00 mmol), 1-naphthol (865 mg, 6.00

mmol), and K,COj3 (829 mg, 6.00 mmol) in DMF (6.0 mL) was heated at 150 °C for 22
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h. After the reaction, HO was added to the reaction mixture, and the mixture was
extracted with toluene (3 x 30 mL). The combined organic layer was dried over
Na,SO0y, filtrated, and concentrated under vacuum. The residue was purified by column
chromatography on silica gel (eluent: dichloromethane, then dichloromethane/EtOAc =
20:1, then dichloromethane/EtOAc = 5:1) to afford
3-(naphthalen-1-yloxy)benzo[b]thiophene 1-oxide (622 mg, 71 % yield).

To the mixture of 3-(naphthalen-1-yloxy)benzo[b]thiophene 1-oxide (622 mg, 2.13
mmol) in toluene (5.6 mL) was added DIBAL-H solution (5.4 mL, 1.0 M in toluene)
dropwise at 0 °C. The mixture was stirred at room temperature for 10 min, then heated
at 70 °C for 5 h. The resulting mixture was cooled to 0 °C, and aq. NaOH (2.0 M) was
added. The mixture was extracted with Et;O (3 x 20 mL), and the combined organic
layer was dried over Na,SQ,, filtrated, and concentrated under vacuum to afford
3-(naphthalen-1-yloxy)benzo[b]thiophene (3a, 588 mg, >99% yield)

Beige oil; '"H NMR (400 MHz, CDCl3) & 8.36-8.25 (m, 1H), 7.91 (dd, J = 6.9, 2.5 Hz,
1H), 7.87-7.75 (m, 2H), 7.65 (d, J = 8.1 Hz, 1H), 7.60-7.47 (m, 2H), 7.45-7.30 (m, 3H),
7.05 (d, J = 7.6 Hz, 1H), 6.67 (s, 1H); >°C NMR (100 MHz, CDCl3) & 153.3, 148.2,
138.0, 134.9, 132.1, 127.8, 126.7, 126.0, 125.7, 125.3, 124.2, 123.5, 123.1 (2C), 121.9,
121.1, 112.3, 107.0; IR (KBr, v / em™") 3059, 2637, 2300, 1595, 1506, 1391, 1365,
1259, 1229, 1155, 961, 869, 722; HRMS (FAB") Calcd for C;sH;,0S (M") 276.0609,

Found 276.0620.
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N,N-Diphenylbenzo[b]thiophen-3-amine (3c¢).

[Pd(dba),] (6 mol%)
BuzP*HBF 4 (6 mol%) Ph
|

Ph
NH Br NaO'Bu (1.2 equiv) N
+ / > I
S toluene
S

25 °C to 100 °C, 26 h
(1.1 equiv) 3¢ 21%

A mixture of 3-bromobenzo[b]thiophene (700 puL, 5.35 mmol), diphenylamine (997 mg,
5.89 mmol), Pd(dba), (184 mg, 0.320 mmol), ‘BusP.HBF, (92.8 mg, 0.320 mmol), and
NaO'Bu (617 mg, 6.42 mmol) in toluene (11 mL) was stirred at 25 °C for 2 h, then
heated at 100 °C for 24 h. After the reaction, H,O was added to the reaction mixture,
and the mixture was extracted with toluene (3 x 20 mL). The combined organic layer
was dried over Na,SQy, filtrated, and concentrated under vacuum. The residue was
purified by column chromatography on silica gel (eluent: hexane, then
hexane/dichloromethane = 50:1, then hexane/dichloromethane = 20:1) to afford
N,N-diphenylbenzo[b]thiophen-3-amine (3¢, 342 mg, 21 % yield).

White solid; '"H NMR (400 MHz, acetone-dg) & 7.98-7.90 (m, 1H), 7.41-7.32 (m, 2H),
7.31 (s, 1H), 7.28-7.20 (m, 5H), 7.06-6.94 (m, 6H); '*C NMR (100 MHz, acetone-d) &
148.5, 140.9, 140.1, 136.4, 130.0, 125.7, 125.0, 124.1, 123.2, 123.1, 122.8, 121.6; IR
(KBr, v / cm™) 3099, 1950,1584, 1519, 1490, 1427, 1355, 1274, 1239, 1105, 1074,
1051, 1018, 920, 876, 830, 761, 733, 691, 642; HRMS (FAB") Calcd for CyH;sNS

(M) 301.0920, Found 301.0914.
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N,N-Diphenylbenzofuran-3-amine (3e).

Ph
Ph o N
NH 2_@ cat. TSOHeH,0 Z_Q
+
toluene, reflux, 18 h C 5
@ O (Dean-Stark) 3e 4500/0
(1.2 equiv)

A mixture of benzofuran-3(2H)-one (5.02 g, 37.4 mmol), diphenylamine (7.60 g, 44.9
mmol), and p-toluenesulfonic acid monohydrate (190 mg, 1.00 mmol) in toluene (124
mL) was heated at 140 °C for 18 h in a flask equipped with Dean-Stark apparatus. To
the reaction mixture was added H,O, and the mixture was extracted with toluene (3 x
60 mL). The combined organic layer was dried over Na,SQ,, filtrated, and
concentrated under vacuum. The residue was purified by column chromatography on
neutral silica gel (eluent: hexane) to afford N,N-diphenylbenzofuran-3-amine (3e, 4.83
g, 45 % yield).

White solid; '"H NMR (400 MHz, CD;CN) & 7.65 (s, 1H), 7.53 (d, J = 8.5 Hz, 1H),
7.35-7.24 (m, 5H), 7.15-7.07 (m, 5H), 7.05-6.96 (m, 3H); C NMR (100 MHz,
CDs;CN) 6 155.8, 148.2, 144.1, 130.5, 130.3, 125.9, 125.7, 123.7, 123.6, 123.0, 121.0,
112.9; IR (KBr, v/ cm™) 3114, 3036, 1950, 1791, 1587, 1488, 1293, 1231, 1173, 1100,
1008, 890, 849, 748, 690, 651; HRMS (ESI") Calcd for C20H;sNO (M+H") 286.1226,

Found 286.1217.

(1-Methyl-1H-indol-2-yl)diphenylphosphine oxide (3i).

o, Ph
| Me P. Me
I N 1) "BuLi, THF/hexane (11/1), -78 °C Q 7 N

2) Ph,P(=0)Cl, - 78 °C to -20 °C
3i 77%

A THF (16 mL) solution of 2-iodo-1-methyl-1H-indole (1.03 g, 4.00 mmol) was cooled
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to -78 °C, and "BuLi solution (1.5 mL, 2.6 M in hexane) was added to the solution.
After stirring for 30 min, diphenylphosphinic chloride (745 uL, 4.00 mmol) was added
to the mixture, and the resulting mixture was stirred at — 20 °C for 2.5 h, then quenched
with H,O. The reaction mixture was extracted with EtOAc (3 x 50 mL). The combined
organic layer was dried over Na,SOy, filtrated, and concentrated under vacuum. The
residue was purified by column chromatography on silica gel (eluent: dichlromethane,
then dichloromethane/EtOAc = 2:1) to afford
(1-methyl-1H-indol-2-yl)diphenylphosphine oxide (3i, 1.02 g, 77 % yield).

Yellow solid; '"H NMR (400 MHz, CDCls) § 7.78-7.67 (m ,4H), 7.62-7.54 (m, 3H),
7.53-7.46 (m, 4H), 7.39-7.30 (m, 2H), 7.13 (td, J = 7.2, 1.8 Hz, 1H), 6.36 (d, J = 4.0
Hz, 1H), 3.87 (s, 3H); °C NMR (100 MHz, CDCl3) § 140.6 (d, Jcp = 8.5 Hz), 132.2 (d,
Jcp = 2.8 Hz), 132.0 (d, Jcp = 110 Hz), 131.9 (d, Jcp = 10.3 Hz), 130.7 (d, Jcp = 121
Hz), 128.6 (d, Jcp = 12.2 Hz), 126.0 (d, Jcp = 12.2 Hz), 124.4, 122.0, 120.3, 114.8 (d,
Jep = 16.0 Hz), 109.8, 32.3 (d, Jcp = 1.9 Hz); IR (KBr, v/ cm™) 3051, 2938, 1609,
1496, 1459, 1437, 1357, 1342, 1308, 1235, 1192, 1105, 1077, 996, 900, 803, 761, 730,

699, 634, 607; HRMS (FAB") Caled for C,;H;sNOP (M") 331.1121, Found 331.1128.
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3-((2'-Bromo-[1,1'-biphenyl]-2-yl)methyl)-5-(4-octylphenyl)benzo[b]thiophene

(3k).

O 5 Ar O
r .
. Z_Q KoCO3 (2.0 equiv) g, o
Br OH
O s DMF, 120 °C, 22 h Q /
I

Ar
S
1
(@]

(2.0 equiv) 79%

.: ; i Ar
. DIBAL-H (2.5 equiv)
Ar = —§‘©’n08H17 | Br O
: toluene O 7
S

25°Ct070°C,5h

3k 98%

A mixture of 3-bromo-5-(4-octylphenyl)benzo[b]thiophene 1-oxide (835 mg, 2.00
mmol), 2'-bromo-[1,1'-biphenyl]-2-o0l (1.00 g, 4.00 mmol), and K,CO3 (553 mg, 4.0
mmol) in DMF (10 mL) was heated at 120 °C for 22 h. The reaction mixture was
extracted with toluene (3 x 100mL). The combined organic layer was dried over
Na,SO0y, filtrated, and concentrated under vacuum. The residue was purified by column
chromatography on silica gel (eluent: hexane/EtOAc = 9/1, then 3/1, 1/1) to afford
3-((2'-bromo-[1,1'-biphenyl]-2-yl)methyl)-5-(4-octylphenyl)benzo[b]thiophene
1-oxide (930 mg, 79%).

A DIBAL-H solution (2.1 mL, 1.5 M in toluene) was added to a toluene (8.5 mL)
solution of
3-((2'-bromo-[1,1'-biphenyl]-2-yl)methyl)-5-(4-octylphenyl)benzo[b]thiophene (930
mg, 1.59 mmol) dropwise at 0 °C. The mixture was heated at 70 °C for 5 h, and aq.
NaOH (2.0 M) was added to the resulting mixture. The reaction mixture was extracted

with toluene (3 x 50 mL). The combined organic layer was dried over Na,SOy, filtrated,
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and concentrated under vacuum. The residue was dissolved to dichloromethane, then
the solution was passed through a short pad of silica gel to afford
3-((2'-bromo-[1,1'-biphenyl]-2-yl)methyl)-5-(4-octylphenyl)benzo[b]thiophene  (3k,
892 mg, 98%).

Beige oil; 'H NMR (400 MHz, CDCls) 8 7.96 (d, J = 0.8 Hz, 1H), 7.81 (d, J = 9.0 Hz,
1H), 7.69-7.60 (m, 2H), 7.58 (d, J = 7.8 Hz, 2H), 7.47-7.36 (m, 3H), 7.35-7.23 (m, 4H),
7.20-7.12 (m, 2H), 6.71 (s, 1H), 2.71 (dd, J = 8.2, 7.4 Hz, 1H), 1.78-1.66 (m, 2H),
1.49-1.30 (m, 10H), 0.97 (t, J = 6.7 Hz, 3H); >’C NMR (100 MHz, CDCl;) § 154.5,
148.0, 142.0, 138.7, 138.2, 137.3, 136.5, 132.7, 132.5, 132.0, 131.6, 131.5, 129.4,
128.9, 128.8, 127.1, 126.9, 124.5, 123.9, 123.3, 123.0, 119.1, 117.8, 107.5, 35.6, 31.9,
31.5,29.5,29.4,29.3,22.7, 14.1; IR (KBr, v/ cm™) 3111, 3055, 3023, 1908, 604, 1553,
1528, 1158, 1115, 1094, 1065, 1051, 1027, 1005, 943, 878, 847, 806, 660, 613; HRMS

(DART+) Calcd for C34H33BrOS (M+H+) 569.1514, Found 569.1512.
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Typical procedure for the synthesis of heteroatom-containing mw-conjugated

molecules

Method X: A mixture of 3-([1,1'-biphenyl]-2-yl)benzo[b]thiophene (le, 57.3 mg,
0.200 mmol), [Pd(OPiv),] (6.2 mg, 20 umol), and AgOPiv (125 mg, 0.600 mmol) in
DMF (2.0 mL) was heated at 150 °C for 48 h. To the resulting mixture was added sat.
aq. NaHCO;. The mixture was extracted with toluene (3 x 25 mL). The combined
organic layer was dried over anhydrous Na,SO,, filtrated, and concentrated under
vacuum. The residue was applied to a short pad of silica gel and eluted by a mixture of

CH,Cl, and EtOAc. Then the solution was concentrated and the residue was purified

by GPC to afford benzo[b]phenanthro[9,10-d]thiophene (2d, 31.0 mg, 55 % yield).

Method Y: A mixture of N,N-diphenylbenzofuran-3-amine (3e, 57.1 mg, 0.200 mmol),
[PA(OPiv);] (6.2 mg, 20 umol), and [Cu(OPiv),] (106 mg, 0.400 mmol) in DMF (2.0
mL) was heated at 150 °C for 36 h. To the reaction mixture was added sat. aq. NaHCOj;.
The mixture was extracted with toluene (3 x 25 mL). The combined organic layer was
dried over anhydrous Na,SOy, filtrated, and concentrated under vacuum. The residue
was applied to a short pad of silica gel and eluted by the mixture of CH,Cl, and EtOAc.
Then the solution was concentrated and the residue was purified by GPC to afford

10-phenyl-10H-benzofuro[3,2-b]indole (4e, 28.8 mg, 64 % yield).

Imidazo[1,2-f]phenanthridine (2a). Method Y; [Pd(OPiv),] (3.1 mg, Q

N\

10 umol), [Cu(OPiv),] (106 mg, 0.400 mmol), AgOPiv (6.3 mg, 30 O N]
N
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pmol), CsF (60.8 mg, 0.400 mmol), 48 h. 27.1 mg, 62 % yield. '"H NMR (400 MHz,
CDCls) 6 8.67-8.60 (m, 1H), 8.40 (dd, J = 8.1, 1.4 Hz, 1H), 8.35-8.28 (m, 1H), 7.95 (d,
J=1.4Hz 1H), 7.81 (dd, J = 8.5, 0.9 Hz, 1H), 7.66-7.54 (m, 4H), 7.51-7.43 (m, 1H);
C NMR (100 MHz, CDCl3) & 142.4, 131.7, 131.5, 128.7, 128.6, 128.5, 127.4, 125.0,

124.1 (2C), 123.6, 122.3, 121.7, 115.8, 112.0.

Benzo[4,5]imidazo[1,2-f]phenanthridine (2b). Method Y;

[Pd(OPiv),] (3.1 mg, 10 pmol), [Cu(OPiv),] (106 mg, 0.400

mmol), AgOPiv (6.3 mg, 30 umol), CsF (60.8 mg, 0.400 mmol),
48 h. 47.1 mg, 88 % yield. '"H NMR (400 MHz, CDCl;) & 8.82 (d, J = 7.6 Hz, 1H), 8.45
(d, J = 8.5 Hz, 1H), 8.36 (d, J = 8.1 Hz, 1H), 8.32-8.23 (m, 2H), 8.03 (d, J = 8.5 Hz,
1H), 7.73-7.54 (m, 3H), 7.50 (dd, J = 7.6, 7.2 Hz, 1H), 7.47-7.37 (m, 2H); *C NMR
(100 MHz, CDCl3) & 147.3, 144.4, 134.2, 131.7, 130.2, 129.3, 128.9, 128.4, 125.9,

124.2,124.0 (2C), 123.3, 122.8, 122.1, 121.5, 120.2, 115.8, 113.8.

9-Methyl-9H-dibenzo[a,c]carbazole (2¢ from 1c). Method Y.
26.2 mg, 47 % yield. "H NMR (400 MHz, CDCl5) & 8.91-8.85 (m,

2H), 8.76 (d, J = 8.1 Hz, 1H), 8.69-8.63 (m, 1H), 8.61 (d, J = 8.1

Hz, 1H), 7.76 (dd, J = 7.2, 7.2 Hz, 1H), 7.70-7.66 (m, 2H),

7.62-7.55 (m, 2H), 7.51 (dd, J = 7.4, 7.4 Hz, 1H), 7.41 (dd, J = 7.4, 7.4 Hz, 1H), 4.33
(s, 3H); *C NMR (100 MHz, CDCl3) § 140.8, 134.6, 130.9, 129.9, 127.3, 126.9, 126.1,
125.6, 124.1 (2C), 123.9, 123.7, 123.58, 123.55, 123.4, 122.9, 121.8, 120.3, 113.4,

109.5, 34.5.
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9-Methyl-9H-dibenzo[a,c]carbazole (2¢ from 1d). Method X. Pivalic acid was used

as a solvent, 36 h. 23.2 mg, 45 % yield.

Benzo[b]phenanthro[9,10-d]thiophene (2d). Method X. 31.0 mg, 65 % yield. 'H
NMR (400 MHz, CDCl3) 6 9.03 (d, J = 8.5 Hz, 1H), 8.83 (d, J=7.6 Hz, 1H), 8.81 (d, J
= 7.2 Hz, 1H), 8.74 (dd, J = 8.1, 1.8 Hz, 1H), 8.19 (dd, J = 6.9, 1.6 Hz, 1H), 8.04 (d, J
=7.6 Hz, 1H), 7.78 (dd, J = 8.1, 7.2 Hz, 1H), 7.74-7.65 (m, 3H), 7.60 (dd, J =8.1, 7.2
Hz, 1H), 7.50 (dd, J = 8.1, 7.2 Hz, 1H); *C NMR (100 MHz, CDCls) § 139.2, 138.3,
137.6, 129.9 (2C), 129.6, 129.4, 128.0, 127.31, 127.29, 127.28, 125.6, 125.2, 125.1,

125.0, 124.7, 123.9, 123.8, 123.4, 123.2.

Phenanthro[9,10-b]benzofuran (2¢ from 1f). Method X.

[Pd(OPiv),] (12.3 mg, 40.0 pmol), 24 h. 19.6 mg, 37 % yield. 'H

NMR (400 MHz, CDCl3) & 8.80-8.68 (m, 2H), 8.61 (d, J = 7.6 Hz,
1H), 8.55-8.45 (m, 1H), 8.42-8.30 (m, 1H), 7.80-7.70 (m, 4H), 7.66 (dd, J = 7.6, 7.6
Hz, 1H), 7.55-7.43 (m, 2H); >C NMR (100 MHz, CDCls) & 155.4, 150.8, 130.2, 128.1,
127.8, 127.0, 126.74, 126.68, 125.2, 125.0, 124.7, 123.7, 123.4, 123.03, 122.96, 121.8,

121.4,121.3, 114.0, 111.6.

Phenanthro[9,10-b]benzofuran (2e from 1g). Method X, 36 h. 28.8 mg, 59 % yield.
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Benzo|[4,5]thieno[3,2-b|naphtho[2,1-d]furan (4a). Method X.

44.0 mg, 80 % yield. White solid. "H NMR (400 MHz, CDCls)

8 8.48 (d, J = 8.5 Hz, 1H), 8.11 (d, J = 8.1 Hz, 1H), 7.98 (d, J =

8.1 Hz, 1H), 7.91 (d, J = 8.1 Hz, 1H), 7.84-7.74 (m, 2H), 7.66 (dd, J = 7.6, 7.6 Hz, 1H),
7.54 (t, J = 7.6 Hz, 1H), 7.51 (t, J = 7.6 Hz, 1H), 7.40 (dd, J = 7.6, 7.6 Hz, 1H); "°C
NMR (100 MHz, CDCl3) & 154.1, 152.4, 141.7, 131.6, 128.5, 126.7, 125.5, 125.3,
125.0, 124.6, 124.4, 124.0 122.1, 120.2, 119.8, 119.6, 119.4, 118.0; IR (KBr, v/ cm™)
3586, 1590, 1508, 1439, 1410, 1371, 1334, 1306, 1259, 1162, 1089, 1050, 1013, 943,
872, 802, 748, 722, 701, 656; HRMS (FAB") Calcd for C;gH;00S (M") 274.0452,

Found 274.0451.

Benzo|[4,5]thieno[3,2-b|naphtho[2,1-d]furan (4b). Method X.

27.3 mg, 61 % yield. White solid. '"H NMR (400 MHz, CDCls) & Q © ) O
8.02 (d, J = 8.5 Hz, 1H), 7.89 (d, J = 8.1 Hz, 1H), 7.74 (dd, J = 7.1, °

0.9 Hz, 1H), 7.66 (dd, J = 7.6, 0.9 Hz, 1H), 7.49 (ddd, J = 7.6, 7.1, 0.9 Hz, 1H),
7.45-7.33 (m, 3H); °C NMR (100 MHz, CDCl3) & 158.8, 153.0, 142.0, 125.1, 124.94,

124.90, 124.4, 124.0, 123.3, 119.7, 119.6 (2C), 118.6, 112.6.

10-Phenyl-10H-benzo[4,5]thieno[3,2-b]indole (4c¢). Method X. Ph

N
30.0 mg, 50 % yield. Pale yellow oil. "H NMR (400 MHz, CDCls) Q / O

S
§ 7.90 (d, J = 8.5 Hz, 1H), 7.84 (dd, J = 6.5, 2.3 Hz, 1H),

7.68-7.53 (m, SH), 7.42-7.36 (m, 1H), 7.34-7.27 (m, 4H), 7.21 (dd, J = 7.6, 7.6 Hz,

1H); >C NMR (100 MHz, CDCls) & 143.1, 142.5, 137.9, 137.5, 129.7, 129.1, 128.2,
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127.7, 126.8, 124.3, 124.0, 123.9, 123.4, 122.1, 122.1, 120.5, 120.4, 119.3, 116.8,
111.0; IR (KBr, v/ cm™) 3054, 1749, 1593, 1502, 1450, 1417, 1338, 1270, 1210, 1100,
1058, 1022, 916, 846, 780, 736, 695, 650, 627; HRMS (ESI") calcd for CyoH;3NS

(M+H") 300.0841, Found 300.0853.

10H-Benzo[b]lindeno[2,1-d]thiophen-10-one (4d). Method X.

40.0 mg, 85 % yield. Orange solid. '"H NMR (500 MHz, CDCIl3) &

8.12 (d, J = 8.1 Hz, 1H), 7.78 (d, J = 8.1 Hz, 1H), 7.47 (d, J = 6.9
Hz, 1H), 7.42 (td, J = 7.5, 1.2 Hz, 1H), 7.35 (td, J = 7.5, 1.2 Hz, 1H), 7.31 (td, J = 6.9,
1.2 Hz, 1H), 7.23 (t, J = 7.5 Hz, 1H), 7.18 (d, J = 7.5 Hz, 1H); '*C NMR (125 MHz,
CDCly) & 187.5, 162.4, 144.2, 138.9, 137.1, 135.0, 133.8, 132.7, 129.7, 126.8, 125.5,

123.7,123.4, 123.2, 120.4.

10-Phenyl-10H-benzofuro[3,2-b]indole (4e). Method Y. 36.2 mg,

I|3h

64 % yield. Pale yellow oil. 'H NMR (400 MHz, CD;CN) & N O
7.93-7.86 (m, 1H), 7.73-7.58 (m, 6H), 7.51 (dd, J = 7.6, 0.9 Hz, Q /O

1H), 7.44 (t, J = 7.4 Hz, 1H), 7.36-7.24 (m, 3H), 7.26-7.19 (m, 1H); >*C NMR (100
MHz, CD;CN) § 159.3, 143.6, 139.5, 138.3, 129.7, 126.7, 126.4, 125.0, 123.9, 123.1,
122.5, 120.7, 118.6, 118.4, 117.4, 114.5, 112.7, 111.2; IR (KBr, v / cm™) 3061, 1922,
1885, 1595, 1546, 1509, 1452, 1398, 1362, 1332, 1209, 1137, 1095, 1052, 1015, 915,
806, 762, 735, 705, 621; HRMS (DART") caled for Cy0H;3NO (M+H") 284.1070,

Found 284.1080.
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5-Methyl-10-phenyl-5,10-dihydroindolo[3,2-b]indole (4f).

Method Y. Pivalic acid was used as a solvent. 47.0 mg, 79 % yield. N O
Pale beige solid. '"H NMR (500 MHz, CDCl3) 6 7.98 (dd, J = 7.1, |

1.4 Hz, 1H), 7.77-7.73 (m, 2H), 7.68 (dd, J = 7.1, 1.1 Hz, 1H),

7.63 (ddd, J = 8.0, 8.0, 1.7 Hz, 2H), 7.58 (d, J = 7.9 Hz, 1H), 7.49-7.42 (m, 2H),
7.34-7.24 (m, 3H), 7.10 (ddd, J = 7.4, 7.4, 1.1 Hz, 1H), 4.19 (s, 3H); °C NMR (125
MHz, CDCl;) 6 141.2, 140.6, 139.1, 129.5, 127.8, 126.3, 125.4, 125.2, 122.5, 121.9,
119.6, 118.4, 118.1, 117.5, 116.0, 114.6, 110.9, 109.5, 31.6; IR (KBr, v / cm™") 3049,
2929, 1871, 1742, 1595, 1567, 1503, 1437, 1400, 1366, 1325, 1232, 1128, 1077, 1015,
950, 909, 822, 779, 732, 701; HRMS (FAB") calcd for C,H 4N, (M") 296.1313, Found

296.1310.

5-Methyl-6-phenyl-5,6-dihydroindolo[2,3-b]indole (4g). Method Y.
30.3 mg, 51 % yield. Yellow solid. '"H NMR (400 MHz, CD;CN) §

7.94-7.87 (m, 2H), 7.69-7.56 (m, 5H), 7.41 (dd, J = 6.7, 2.3 Hz, 1H),

7.28-7.19 (m, 3H), 7.18-7.08 (m, 2H), 3.49 (s, 3H); '*C NMR (100 MHz, CD;CN) &
146.2, 142.2, 141.2, 137.8, 130.8 (2C), 129.7, 129.2, 123.1, 122.5, 121.9, 121.0, 121.0,
120.9, 119.1, 118.9, 111.1, 101.3, 31.3; IR (KBr, v / cm™") 3043, 2937, 1918, 1876,
1761, 1615, 1593, 1523, 1448, 1307, 1224, 1161, 1071, 1014, 949, 917, 846, 784, 842,

701, 686; HRMS (FAB") calcd for C2;H¢N, (M") 296.1313, Found 296.1325.

5-Methylindeno[2,1-b]indol-6(5H)-one (4h). Method X. PivOH was

used as a solvent, 36 h. 30.0 mg, 64 % yield. Red solid. "H NMR (400
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MHz, CDCl3) 8 7.63 (d, J = 8.1 Hz, 1H), 7.33-7.12 (m, 5H), 7.08 (d, J = 7.2 Hz, 1H),
6.96 (d, J = 7.6, 7.2 Hz, 1H), 3.85 (s, 3H); °C NMR (100 MHz, CDCl;) 5 184.7, 143.9,
140.3, 137.1, 136.9, 133.9, 133.4, 126.4, 125.9, 123.5, 121.9, 121.6, 121.2, 119.0,

111.4, 11.4.

5-Methyl-6-phenyl-5H-phosphindolo[2,3-b]indole 6-oxide (4i).
Method X. [Pd(OPiv);] (12.3 mg, 40.0 umol) was used as a catalyst,

36 h. 29.1 mg, 44 % yield. Light yellow solid. '"H NMR (500 MHz,

CD;0D) & 8.01 (d, J = 7.9 Hz, 1H), 7.80 (dd, J = 7.9, 4.0 Hz, 1H), 7.73-7.66 (m, 2H),
7.63-7.54 (m, 2H), 7.52-7.44 (m, 4H), 7.38 (t, J = 7.4 Hz, 1H), 7.27 (dd, J = 7.4, 1.1
Hz, 1H), 7.22 (ddd, J = 7.4, 7.4, 4.6 Hz, 1H), 3.75 (s, 3H); °C NMR (125 MHz,
CD;0D) & 145.1 (d, Jep = 7.7 Hz), 140.7 (d, Jcp = 15.3Hz), 135.9, 135.4, 134.9, 134.7
(dd, Jcp = 98.1, 2.7 Hz), 134.5, 132.0 (d, Jcp = 12.1 Hz), 130.7 (d, Jcp = 11.0 Hz),
130.5 (d, Jcp = 13.1 Hz), 130.1, 129.88 (d, Jcp = 109 Hz), 129.85, 127.9, 127.8, 126.5,
123.3 (d, Jep = 11.0 Hz), 122.5 (d, Jcp = 96.5 Hz), 122.3 (d, Jcp = 8.8 Hz), 112.3, 32.9;
IR (KBr, v/ cm™) 3453, 3054, 2929, 1591, 1491, 1437, 1388, 1346, 1257, 1201, 1121,
1058, 825, 784, 769, 749, 721, 704, 693, 667, 631; HRMS (FAB") calcd for

C21H{NOP (M") 329.0964, Found 329.0970.

6-Methyl-6H-benzo[4,5]thieno[2,3-b]indole 5,5-dioxide (4j).
Method X, 36 h. 12.6 mg, 23 % yield. Yellow solid; '"H NMR (500

MHz, CDCl3) & 7.84 (d, J = 8.0 Hz, 1H), 7.62 (d, J = 7.5 Hz, 1H),

7.60 (d, J = 7.4 Hz, 1H), 7.53 (dd, J = 7.5, 7.5 Hz, 1H), 7.46-7.35 (m,
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2H), 7.30 (dd, J = 7.5, 7.5 Hz, 2H), 4.00 (s, 3H); '°C NMR (125 MHz, CDCls) § 141.9,
141.3, 136.3, 133.7, 130.3, 127.0, 125.7, 122.3, 121.9, 121.3, 121.2, 120.7, 117.6,
111.2, 31.8; IR (KBr, v/ cm’") 3734, 3648, 3031, 2360, 1716, 1558, 1507, 1473, 1396,
1305, 1266, 1158, 1018, 910, 878, 777, 735, 667; HRMS (DART") calcd for

C1sH{NO,S (M+H") 270.0583, Found 270.0570.

6-(2-Bromophenyl)-3-(4-octylphenyl)benzo[4,5]thieno[3,2-b]benzofuran (4Kk).

n
Method X, 1.79 mmol scale. 616 mg, 61% yield. CaHr

White solid. "H NMR (400 MHz, CDCl;) § 8.15 (d, g,
J = 1.8 Hz, 1H), 791 (d, J = 8.5 Hz, 1H),

7.82-7.75 (m, 2H), 7.65-7.57 (m, 3H), 7.55 (dd, J = 7.6, 1.8 Hz, 1H), 7.49 (dd, J = 7.4,
1.1 Hz, 1H), 7.44 (dd, J = 7.6, 7.6 Hz, 1H), 7.38-7.32 (m, 2H), 7.27 (d, J = 6.7 Hz, 2H),
2.65 (t, J = 7.6 Hz, 2H), 1.71-1.60 (m, 2H), 1.41-1.22 (m, 10H), 0.90 (dd, J = 7.2, 6.7
Hz, 3H); °C NMR (100 MHz, CDCl;) & 155.9, 153.4, 142.3, 140.7, 138.4, 138.0,
137.4, 133.1, 131.9, 129.6, 128.9, 127.3, 127.2, 126.4, 126.4, 125.6, 124.4, 124.34,
124.26, 123.8, 123.1, 119.34, 119.27, 118.1, 35.6, 31.9, 31.5, 29.5, 29.4, 29.3, 22.7,
14.1; IR (KBr, v/ cm™) 3022, 2853, 1603, 1512, 1465, 1432, 1395, 1355, 1279, 1215,
1178, 1119, 1091, 1060, 1025, 932, 883, 839, 683, 650; HRMS (DART") calcd for

C34H3BrOS (M+H") 567.1357, Found 567.1342.
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KIE experiments

Synthesis of 3-(phenoxy-ds)benzo[b]thiophene (3b-D)

Br phenol-ds (1.7 equiv) D o
Z_Q K,COs3 (1.7 equiv) DQ Z—Q
S >~
o (D ¥
D 0]

S DMF, 120 °C, 3 h

88%

D
DIBAL-H (2.0 equiv) 0
> D /
toluene s
D
D D

25°Ct070°C,6h

3b-D 94%

This procedure was based on the reported one.'?’ A mixture of
3-bromobenzo[b]thiophene 1-oxide (916 mg, 4.00 mmol), phenol-ds (674 mg, 6.80
mmol), and K,CO; (940 mg, 6.80 mmol) in DMF (8.0 mL) was heated at 150 °C for 3 h.
After the reaction, H;O was added to the reaction mixture, and the mixture was
extracted with toluene (3 x 30 mL). The combined organic layer was dried over
Na,SO0y, filtrated, and concentrated under vacuum. The residue was purified by column
chromatography on silica gel (eluent: dichloromethane, then dichloromethane/EtOAc =
10:1) to afford 3-(phenoxy-ds)benzo[b]thiophene 1-oxide (874 mg, 88 % yield).

To the mixture of 3-(phenoxy-ds)benzo[b]thiophene 1-oxide (874 mg, 3.53 mmol)
in toluene (10 mL) was added DIBAL-H solution (7.1 mL, 1.0 M in toluene) dropwise
at 0 °C. The mixture was stirred at 25 °C for 5 min, then heated at 70 °C for 6 h. The
resulting mixture was cooled to 0 °C, and aq. NaOH (2.0 M) was added. The mixture
was extracted with Et;O (3 x 30 mL), and the combined organic layer was dried over

Na,SO,, filtrated, and concentrated under vacuum. The residue was dissolved to
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dichloromethane and passed through a pad of silica gel to afford
3-(phenoxy-ds)benzo[b]thiophene (3b-D, 588 mg, 94% yield). Yellow oil. '"H NMR
(400 MHz, CDCls) 6 7.83 (dd, J = 7.9, 1.4 Hz, 1H), 7.76 (dd, J = 7.9, 1.4 Hz, 1H),
7.43-7.34 (m, 2H), 6.69 (s, 1H); IR (KBr, v/cm™) 3111, 3062, 2278, 1911, 1559, 1464,
1430, 1291, 1255, 1090, 1051, 1015, 960, 640, 865, 812, 780, 713, 656, 625; HRMS

(DART") calcd for Ci4H¢DsOS (M+H") 231.0782, Found 231.0773.

Benzo[4,5]thieno[3,2-b]benzofuran-6,7,8,9-d; (4b-D). White

solid. "H NMR (400 MHz, CDCl;) & 8.02 (d, J = 8.1 Hz, 1H), D

7.89 (d, J = 8.1 Hz, 1H), 7.49 (dd, J = 8.1, 0.9 Hz, 1H), 7.40 (dd,
J=8.1, 0.9 Hz, 1H); IR (KBr, v / cm’") 3019, 1391, 1216, 1150, 1089, 756, 669;

HRMS (DART") calcd for C14HsD4,OS (M+H") 229.0625, Found 229.0632.

KIE measurement using 3b
0.03

0.025 y =0.0054x + 0.003
?=0.9958

0.02 /
0.015
0.01 p—

0.005

Yield of 4b (‘\H NMR yield)

Time (min)

Figure S1. Initial reaction rate for the formation of 4b.
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Yield of 4b-D (‘H NMR yield)

0.025

0.02

0.015

0.01

0.005

KIE measurement using 3b-D

y = 0.0051x + 0.0002 Py

R*=10.9989

/

/

Time (min)

Figure S2. Initial reaction rate for the formation of 4b-D.

KIE value = 0.0054 / 0.0051 = 1.1
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Double cyclization

4,4'-Bis((5-(4-octylphenyl)benzo[b]thiophen-3-yl)oxy)-1,1'-biphenyl (5).

Br "CgHi7; Pd-PEPPSI-IPr Ar |
(1.2 mol%) ;

/ + / E Ar = _§©nC8H17
THF,0°C1040°C { :

S BrMg

0 :
(1.2 equiv) 84% '
Ar
Ar aq. H,O, Br
NBS (1.3 equiv) Br (1.0 equiv) )
THF / CH,CIL,/TFA (2/1) S
0°C to 25°C, 24 h S 25°C, 5h o)
© 88% 76%
(3.0 equiv)
Ar

1) 4,4'-dihydroxybiphenyl 0
(1.0 equiv) Q Z—Q
DMF, 120 °C, 15 h
2) DIBAL-H (8.8 equiv) Qiz O
toluene, 0 °C to 80 °C o
512%

Ar

A THF (26 mL) solution of 5-bromobenzo[b]thiophene (3.39 g, 15.9 mmol) and
Pd-PEPPSI-IPr (190 mg, 0.280 mmol) was cooled to 0 °C, a THF solution of
(4-octylphenyl)magnesium bromide, which was prepared from 4-bromoocthylbenzene
(4.5 mL, 19 mmol), magnesium (227 mg, 22.9 mmol), 1,2-dibromoethane (20 pL, 0.57
mmol), and THF (18 mL), was added to the mixture dropwise. The resulting mixture
was heated at 40 °C for 12 h, then quenched with aq. HCI. The mixture was extracted
with Et;O (3 x 100 mL). The combined organic layer was dried over Na,SOu, filtrated,
and concentrated under vacuum. The residue was purified by column chromatography
on silica gel (eluent: hexane) to afford 5-(4-octylphenyl)benzo[b]thiophene (4.30 g,

84% vield).
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A THF solution (40 mL) of 5-(4-octylphenyl)benzo[b]thiophene (4.00 g, 12.4
mmol) was cooled to 0 °C, NBS (2.87 g, 16.1 mmol) was added to the solution in the
dark. The resulting mixture was stirred at 0 °C for 10 min, warmed to 25 °C, and stirred
for 24 h, then quenched with aq. Na,S,03. The mixture was extracted with Et;O (3 x
150 mL). The combined organic layer was dried over Na,SOy, filtrated, and
concentrated under vacuum. The residue was purified by column chromatography on
silica gel (eluent: hexane) to afford 3-bromo-5-(4-octylphenyl)benzo[b]thiophene
(4.40 g, 88% yield).

To a mixture of 3-bromo-5-(4-octylphenyl)benzo[b]thiophene (4.40 g, 11.0 mmol),
dichloromethane (30 mL), and TFA (15 mL), aq. H,O, (35% solution, 1.1 mL, 11.0
mmol) was added at 25 °C. The resulting mixture was stirred for 5 h, then quenched
with aq. Na,CO; at 0 °C. The reaction mixture was extracted with dichloromethane (3
x 100 mL). The combined organic layer was washed with aq. NaHCO; and aq. Na,S,03,
dried over Na,SOy, filtrated, and concentrated under vacuum. The residue was purified
by column chromatography on silica gel (eluent: hexane/dichlromethane = 2, then 1/2,
then dichloromethane/EtOAc = 9:1) to afford
3-bromo-5-(4-octylphenyl)benzo[b]thiophene 1-oxide (3.80 g, 76% yield). The
compound should be stored under Ar atmosphere because of the sensitivity to oxygen.

A DMF (15 mL) solution of (3-bromo-5-(4-octylphenyl)benzo[b]thiophene 1-oxide
(2.85 g, 6.83 mmol), 4,4'-dihydroxybiphenyl (424 mg, 2.28 mmol), and K,CO; (944
mg, 6.83 mmol) was stirred at 120 °C for 15 h. The resulting mixture was quenched
with aq. HCI. The reaction mixture was extracted with toluene (3 x 120 mL). The

combined organic layer was washed with ag. NaHCOs; and aq. Na,S,0s3, dried over
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Na,SO0y, filtrated, and concentrated under vacuum to afford a crude product (3.02 g). A
toluene (48 mL) solution of the crude product (3.02 g) was cooled to 0 °C, then
DIBAL-H solution (20 mL, 1.0 M in toluene) was added to the solution dropwise. The
resulting mixture was heated at 80 °C for 5 h, then aq. NaOH (2.0 M) was added at 0
°C. The mixture was extracted with toluene (3 x 100 mL). The combined organic layer
was dried over Na,;SQy, filtrated, and concentrated under vacuum. The residue was
purified by column chromatography on silica gel (eluent: hexane, then
hexane/dichloromethane = 3/1, then 1/1) to afford
4,4'-bis((5-(4-octylphenyl)benzo[b]thiophen-3-yl)oxy)-1,1'"-biphenyl (5, 220 mg, 12%).
White solid. '"H NMR (400 MHz, CDCls) & 8.48 (s, 2H), 8.38 (d, J = 8.5 Hz, 2H), 8.16
(d, J = 8.1 Hz, 2H), 8.12-8.00 (m, 8H), 7.82-7.66 (m, 10H), 3.16 (dd, J = 8.1, 7.6 Hz,
4H), 2.23-2.10 (m, 4H), 1.94-1.70 (m, 20H), 1.40 (t, J = 6.5 Hz, 6H); >°C NMR (100
MHz, CDCl;) 6 157.0, 148.1, 142.2, 138.2, 137.8, 136.7, 135.9, 132.8, 128.9, 128.3,
127.2,124.8, 123.3, 119.1, 118.23, 107.6, 35.6, 31.9, 31.5, 29.5, 29.4, 29.3, 22.7, 14.1;
IR (KBr, v/ cm™) 30119, 1508, 1216, 929, 757, 669, 620; HRMS (DART") calcd for

C56H580282 (M+H+) 8273957, Found 827.3934.

3,3'-Bis(4-octylphenyl)-8,
8'-bibenzo[4,5]thieno[3,2-
b]benzofuran (6). Method
X, 80.0 umol scale.
[PA(OPiv);] (7.41 mg, 24.0

umol), AgOPiv (100 mg,
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0.480 mmol), DMF (1.6 mL), 48 h. 40.8 mg, 62 % yield. White solid. "H NMR (400
MHz, CDCl3) & 8.24 (d, J = 1.8 Hz, 2H), 8.02 (d, J = 1.8 Hz, 2H), 7.95 (d, J = 8.5 Hz,
2H), 7.76 (d, J = 8.5 Hz, 2H), 7.70 (dd, J = 8.5, 1.8 Hz, 2H), 7.67-7.61 (m, 6H), 7.32 (d,
J = 8.1 Hz, 4H), 2.68 (t, J = 7.6 Hz, 4H), 1.75-1.62 (m, 4H), 1.43-1.20 (m, 20H), 0.90
(t, J = 6.9 Hz, 6H); °C NMR (100 MHz, CDCls) & 158.4, 153.7, 142.5, 140.8, 138.6,
138.1, 137.1, 129.0, 127.2, 125.7, 124.8, 124.7, 124.6, 124.5, 119.3, 118.4, 117.8,
112.7, 35.7, 31.9, 31.5, 29.5, 29.4, 29.3, 22.7, 14.1; IR (KBr, v / cm’") 3621, 3019,
1722, 1523, 1215, 1037, 929, 757, 669; HRMS (FAB") Calcd for CssHs40,S: (M )

822.3560, Found 822.3519.
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Synthesis of a larger n-conjugated compound 9

MeO OMe
Br Br oM Pd(PPh3), (5.0 mol%) O O
/©/ e Na,CO; (10 equiv)
+
(HO),B toluene/EtOH/H,0 (2/2/1) O

Br, :
/
HO OH 8 HO o)
O (1.0 equiv) |
BBrs (3.0 equiv) O O K>CO5 (3.6 equiv) O O §

\

Me Me
91%

o)
CHyClI, DMF, 145°C, 12 h
ST )
Me Me Me Me 60%
91%
(1.5 equiv)

Br.
Y,
1) g
I
O (0.95 equiv) Qj/o OTQ
KoCOs (1.5 equiv) | Pd(OPiv), (30 mol%)
e IO O 2

|
S AgOPiv(6.0 equiv)

DMF, 150 °C, 8 h

2) DIBAL-H (3.0 equiv) DMF, 150 °C, 48 h
toluene, 0 °C to 40 °C O
12 h

DDQ (1.2 equiv)

CH,Cl,/MeSO3H (9/1)
0 °C, 30 min

A mixture of 1,2-dibromo-4,5-dimethylbenzene (2.38 g, 9.00 mmol),
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(4-methoxyphenyl)boronic acid (3.83 g, 25.2 mmol), Pd(PPh3)4 (520 mg, 0.450 mmol,)
and Na,COs (9.54 g, 90.0 mmol) in toluene/EtOH/H,O (2/2/1, 60 mL) was heated at
100 °C for 14 h. The reaction mixture was extracted with Et;,0 (3 x 150 mL). The
combined organic layer was dried over Na,SO,, filtrated, and concentrated under
vacuum. The residue was purified by column chromatography on silica gel (eluent:
hexane/dichloromethane = 5/1, then 2/1) to afford
4,4"-dimethoxy-4',5"-dimethyl-1,1":2',1"-terphenyl (2.60 g, 91%).

To a dichloromethane (16 mL) solution of
4,4"-dimethoxy-4',5'-dimethyl-1,1":2',1"-terphenyl (2.60 g, 8.17 mmol), BBr; (25 mL,
1.0 M in DCM) was added at 25 °C, and the mixture was stirred for 17 h. The reaction
mixture was cooled to 0 °C, then quenched with H,O. The mixture was extracted with
dichloromethane (50 mL) and EtOAc (3 x 100 mL). The combined organic layer was
dried over Na,SOy, filtrated, and concentrated under vacuum. The residue was purified
by column chromatography on silica gel (eluent: hexane/EtOAc = 5/1, then 1/1) to
afford 4',5'-dimethyl-[1,1':2",1"-terphenyl]-4,4"-diol (2.18 g, 92%).

A mixture of 3-bromobenzo[b]thiophene 1-oxide (183 mg, 0.800 mmol),
4',5'-dimethyl-[1,1":2',1"-terphenyl]-4,4"-diol (348 mg, 1.20 mmol), and K,CO; (398
mg, 2.88 mmol) in DMF (1.6 mL) was heated at 145 °C for 10 h. The reaction mixture
was extracted with toluene (3 x 50 mL). The combined organic layer was dried over
Na,SO0y, filtrated, and concentrated under vacuum. The residue was purified by column
chromatography on silica gel (eluent: dichloromethane, then dichloromethane/EtOAc =
5/1) to afford

3-((4"-hydroxy-4',5'-dimethyl-[1,1":2",1"-terphenyl]-4-yl)oxy)benzo[b]thiophene
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1-oxide (209 mg, 60 %).

A mixture of
3-((4"-hydroxy-4',5'-dimethyl-[1,1":2",1"-terphenyl]-4-yl)oxy)benzo[b]thiophene
l-oxide (190 mg, 0.430 mmol), 3-bromobenzo[b]thiophene 1-oxide (93.9 mg, 0.410
mmol), and K,COj3 (89.8 mg, 0.650 mmol) was heated at 150 °C for 8 h. The reaction
mixture was extracted with toluene (3 x 50 mL). The combined organic layer was dried
over Na,SQOy, filtrated, and concentrated under vacuum to give a crude product. The
crude product was dissolved in toluene (4.0 mL). DIBAL-H (2.0 mL, 1.5 M in toluene)
was added to the mixture at 0 °C, then heated to 40 °C, and stirred for 12 h. aq. NaOH
(2.0 M) was added to the resulting mixture at 0 °C. The mixture was extracted with
toluene (3 x 50 mL). The combined organic layer was dried over Na,SOy, filtrated, and

concentrated under vacuum. The residue was purified by column chromatography on

silica gel (eluent: hexane/dichloromethane 5/1) to afford
3,3'-((4',5'-dimethyl-[1,1":2',1"-terphenyl]-4,4"-diyl)bis(oxy))bis(benzo[b]thiophene)
(7, 163 mg, 68 %). Off-white solid; '"H NMR (400 MHz, CDCl3) § 7.81 (d, J = 7.8 Hz,
2H), 7.71 (d, J = 7.1 Hz, 2H), 7.42-7.30 (m, 4H), 7.23 (s, 2H), 7.11 (d, J = 8.6 Hz, 4H),
6.99 (d, J = 8.6 Hz, 4H), 6.66 (s, 2H), 2.36 (s, 6H); °C NMR (100 MHz, CDCl;) §
156.1, 147.8, 138.0, 137.3, 136.8, 135.9, 132.1, 131.7, 131.2, 125.2, 124.1, 123.1,
121.2, 117.4,106.9, 19.4; IR (KBr, v/ cm™') 3011, 2919, 1606, 1569, 1504, 1486, 1462,
1430, 1355, 1217, 1168, 1095, 1050, 1015, 925, 889, 867, 835, 754, 668; HRMS
(DART") Calcd for C36H270,S, (M+H ") 555.1453, Found 555.1462.

A mixture of

3,3'-((4',5'-dimethyl-[1,1":2',1"-terphenyl]-4,4"-diyl)bis(oxy))bis(benzo[b]thiophene)
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(7, 99.8 mg, 0.180 mmol), Pd(OPiv), (16.7 mg, 0.0540 mmol), and AgOPiv (287 mg,
1.08 mmol) in DMF (2.7 mL) was heated at 150 °C for 48 h. The reaction mixture was
extracted with toluene (3 x 50 mL). The combined organic layer was dried over
Na,SO0y, filtrated, and concentrated under vacuum. The residue was purified by GPC
(eluent: chloroform) to afford
8,8'-(4,5-dimethyl-1,2-phenylene)bis(benzo[4,5]thieno[3,2-b]benzofuran) (8, 46.2 mg,
42%). Pale yellow solid; '"H NMR (400 MHz, CDCl3) 6 7.96 (d, J = 7.8 Hz, 2H), 7.85
(d, J =7.8 Hz, 2H), 7.67 (d, J = 2.0 Hz, 2H), 7.45 (dd, J = 7.6, 1.2 Hz, 2H), 7.39-7.31
(m, 6H), 7.05 (dd, J = 8.6, 1.6 Hz, 2H), 2.41 (s, 6H); °C NMR (100 MHz, CDCls) &
157.6, 153.3, 141.9, 137.9, 137.1, 136.0, 132.3, 127.5, 125.1, 124.9, 124.8, 124.3,
123.9, 120.4, 119.6, 118.6, 111.7, 19.4; IR (KBr, v / cm™") 3010, 2917, 1615, 1518,
1452, 1394, 1310, 1260, 1215, 1197, 1161, 1135, 1119, 1088, 1053, 1016, 918, 874,
816, 726, 669; HRMS (DART") Calcd for C3¢H,30,S; (M+H *) 551.1140, Found
551.1123.

Methanesulfonic acid (0.4 mL) was added to a dichloromethane (3.6 mL) solution
of 8,8'-(4,5-dimethyl-1,2-phenylene)bis(benzo[4,5]thieno[3,2-b]benzofuran) (8, 68.3
mg, 0.120 mmol) at 0 °C. After 5.0 min, DDQ (31.8 mg, 0.140 mmol) was added to the
mixture, and stirred for 30 min. The resulting mixture was quenched with aq. NaHCO3,
and the mixture was extracted with dichloromethane (4 x 100 mL) and toluene (2 x 100
mL). The combined organic layer was dried over Na,SO,, filtrated, and concentrated
under vacuum. The residue was eluted with dichloromethane/toluene (1/1), and passed
through a pad of silica gel. The combined organic layer was dried over Na;SOy,

filtrated, and concentrated under vacuum. The residue was dissolved in heated toluene,
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then MeOH was added to the solution. The resulting mixture was cooled to 0 °C, then
filtration to afford a residue. The residue was purified by column chromatography on
silica gel (eluent: hexane/THF = 5/1) to afford the desired product 9 (15.3 mg, 23%).
Yellow solid: 'H NMR (500 MHz, THF-dg) § 9.14 (s, 2H), 9.11 (s, 2H), 8.64 (s, 2H),
8.10 (d, J = 8.0 Hz, 2H), 8.03 (d, J = 8.0 Hz, 2H), 7.54 (dd, J = 8.0, 6.9 Hz, 2H), 7.46
(dd, J = 8.0, 6.9 Hz, 2H), 2.58 (s, 6H); IR (KBr, v/ cm™) 3039, 2975, 2859, 1485, 1418,
1342, 1123, 1072, 970, 911, 753; HRMS (DART") calcd for C3sH;00,S; (M+H")
549.0983, Found 549.0985.

[We could not measure '°C NMR of 9 because of the low solubility.]
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Photophysical properties of larger n-conjugated compound 9

Wavelength / nm

Figure S4. Fluorescence spectrum of 9 in THF.
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Figure S3. UV-vis spectrum of 9 in THF.
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Table S4. Photophysical data of larger n-conjugated compound 9.

Solvent Absorption Emission Stokes
Aabs € Mem &l Shift
[ml® MTem™]  [nm]® [nm]
THF 368 57800 393 082 25

[a] Absorption maximum wavelength of the longest absorption
band. [b] Fluorescence maximum wavelength upon excitation at
368 nm. [c] Determined using quinine in agq. HySO,4 (& = 0.55)
as a standard.
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