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1-2. BEMNREICHBESIhE=AYIFAOLY

1-2-1. head-to-tail A YV IFA Iz >

FVIAFHT = OFRFHIBWT, Btz m g 5720, s
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A, head-to-tail LD 3 SOLEBMEENTFIET S ' 3 SORMED S b,
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FATZ7 2 BRED LORUNRR /NI WD, FEERE L, EEREEN
RETHEN MBI TS

R R R
7\ s /' \_ s 7\ s
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Head-to-head Tail-to-tail Head-to-tail

Figure 1-2-1-1. BAZIZMIHZ AT D4V TF 47 = > O E FMER.
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fE(ES, AvE? 2D LTuxF AT 2 EONRT DY Al A VT
IOAR TV TRIGEF AT 2 DT a LG ER Y IKTZ 2L 5 T,
FAT7xra=y FOYET DLFEPHNGNLTND., Z7aAx vy 7Y I
JEDIZDDF AT = o p@idld, SMNERT A7 2 D52 FU LT IRT

UF AL LTI, F7ELLLIFARNEBEHR L CELN, TuxsF 47



=Y, FA Tz ENTaREaANTEEAI R (NBS) ZnsEsdE, T4

T2 afIBES T eEbEN, 55 . (Scheme 1-2-1-1)
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Scheme 1-2-1-1. Head-to-tail B4 F 47 = L -F 4 7 = U FESTERIE.

i, A6, AREBIUREEROEEAT L LT, head-to-tail LAY FF
F7 =2 FEKIZHD D--A RUA#ASE, MK 3, 2L, mVIEER
BONREZR LT 0 208 ICBWT, Hon ORI L-Fo=LRe
MR ATNETaETFET = EOWMK-EIMA 7V 7S (SMC) & N-
TaEanspEpA I R (NBS) #HW 7 bz ik Z LIk TF A

T xra=y FOYLIENRITHIL TV S, (Scheme 1-2-1-2)



"C6H13

"CeH13 "C6H13
Br | N
PA(PPha)s, NazCOs O s NBs O
// N

DME, reflux Brommatlon
SMC

SMC NBS

PO
POCI HO,C”™ "CN
DMF piperidirle

_ MK-1
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FAT 2PN /EONDL T EEHEL TV,
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Scheme 1-2-1-3. [EFHE S % V7~ head-to-tail A4 2F 47 = o DE K.
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EIN T RIS EBROIRTZ LISk oT, 90 BEAETHOAY AF AT =
YTV R —DERAEER L TWA. (Scheme 1-2-2-3) £/, fFbiizF 4~
= VT R v —E SV AT o BT p REE L LT

W e T A, 128%DNEEMSRE LI L2 REL TS 2,
1-2-3. AY3IFT=—LYE=LY

FLT7 4 N AR—Y =L LTHET LAY IFz= =03, 5t
ST HA Y ATFAT = UFEERE IR L T, I0tRS ok REA L TR
D, REEMNZWRINGZ & o7k EREB 2 R T2, AREERETKE
M7 & ~OERM B LCOISHAMEIES TS 2,

AV IFT=L B L UVDOARRRICIE, BT A T2t TF AT 2
7oAk & DI R AR-Heck [)ts, TZ= VAT IVIRAR VB AT IVETFF 7
= U HINVARF T VT kB KEO Horner-Wadsworth-Emmons (HWE) Ui % L <
X, A7 2 HVREFTT AT E RO McMurry B 7V > T RS2 3 —#%

WZHW BTN G 242,

(/1 N = S Pd cat. / | _ s . .
S Br I/ S (Mizoroki-Heck)

Base |/

@\/9 b & NS
S ?\OEt + OHC@ __base _ s (Horner-Wadsworth-Emmons)
OEt

) | /

(/j\ TiCly, Zn 5 NS (McMurry)
S |

CHO

Scheme 1-2-3-1. F4 7 = L -E = LiEA OTRLE.

Roncali 5%, KD oafirt L IEPAICT VX IVEEEATHZ LITL - T,
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wteom EL-F o=l o=l AV dv—D 10 F A 72 a=y hET
DEFICKPI L=, W 5I1%, n-7 TV F o L% Hnizdr Ik, McMurry
71 7"V > 7 i £ O Horner-Wadsworth-Emmons s 2 0 ik~ Z L1 L -
T, 2=v hOPRIEZIT> T\ 5. (Scheme 1-2-3-2) b7 F==1L =L
YAV Tv—IE, VIR UBAEET D266, EA AR AR kLD
I RGNS 7 B L, HOMO-LUMO X v v 7345 2 & %
B &M LTV 5 %

1) 'IBUOK

o A\
B R LY e B s
nCeH13/<;>\CHO + EtO’(FI;Et S 2) "BuLi "CeH1s™ g 7 \ /) CHO
DMF
1) ‘BUOK ‘Oﬁﬁ
- S
e F9 0 I\ S A
. nCGH13 S \ / S CHO
2) "BulLi
DMF
TiCly, Zn s S no.H
" . ]\ S 7\ / \ CeH13
THF "CeH1s™ g 4 \_/ N S 4 WA 7\

Scheme 1-2-3-2. F4 7 = - = )LiES DI IE.

*77, Roncali HiE, #V dF=L =L DOKRIKIZ Ce e 8721k
EMEEK L, EXILFENE L O EN R TEEZHCT, Z0UEEIH G )
IZLTW5. HOMO-LUMO F¥ % v 7O I D, AHKEGEmR & ~DIoH %

TRIBE LTS Y,

Scheme 1-2-3-2. F U dF =L =L % b OB EHEREMR B
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1-3 CHBESEEET®RKG

1-3-1. FA47z>0 CHFEAEETREG

P4, ~7 a EEREEMORFE-IKFE (C-H) #ETOEEY U —/AbRIGR
DENRHNHEAT T D BN SEEARE SN TEY, B, o WERE MBI ORERE
BTHDHFAT = T D RITE A TR TN D

FAT7 2O C-HEHET V= /ULRISIZET HREDIZE AL EDR, RTVT
MmN TeoNa AT V= E D H T T ROGCE T D A TH
D, ZNOOECHETEIL, Scheme 1-3-1-1 [ZRT L HIZHHEIND. T U —nx
TV LFENRT AT 2D oLl LREFEBRSOCEE Z T, TV —
T DY LFENTF AT = CBRAIN-BBET 20 B AR-Heck RO, 747 =
YDA BN EBT B N AR HEERNHEIT T D BRI A X BT e s oAb
(CMD) #2585, b LIIT A 720D aff @G Tl Xk A L DT
FT7 xR ED a7y 7 T RO E R CTHEIT T D 2 KRB S

T35,
]
s @ O
‘g~ ~Pd—Ar _HX g~ ~Pd—Ar
Pd-X o
Insertion U\ /-H elimination
—
Ar -H-Pd-X
BN ° I\
s~ H S
CMD D\
e ke, 0
J\ s~ ~Pd—Ar
R
Deprotonation A\ transmetalation@\
M Pd—Ar —

S S

Scheme 1-3-1-1. FA4 7 =D C-H A v 7V > 7 UG D USRS

Sharp I 3-F A7 =V ANR BT AT AL, BEEAI UV U LET M T %
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ANV T 22 )VIR AT 4 8T VY AAFET, M UREERT 1T e E
B-=bEARCBULN0°C ISSED &, 2 NEIRIICT U — b 4, NMP
T Pdy(dba); Z W TN S /D & SALARIIZT U — b sd 2 & & h
WELTWD. M PR T, 1A R-Heck R OBEHE T, NMP 4P T

1Z, SEAr RS THITL TS Z ENEEBEN TS 2. (Scheme 1-3-1-2)

CO,Et
CO,Et NO, NO, CO,Et - 2
ey ooy —— -
s
s~ H s
O,N
Pd(PPhs),, KOAc, toluene, 110 °C 67%
Pd,(dba);, KOAc, NMP, 110 °C. 51%

Scheme 1-3-1-2.

Fagnou DI U 7 BT IR AT 4 8T D0 DGR L filiiE O e L
EAWDETA 7 2 UFERETaET Y — L EDOMTHERMZC-HT U —
IACSOGSENTT 5 L E L TV D, BRI A Z k-7 e 1k (CMD) %
ROMEAIEE L CRY, DFT #HOMEL ZNEZLFL TS ¥, (Scheme
1-3-1-3)

Pd(OAc), 2%
PCy3-HBF3 4%

PivOH 30%
(e O B8 Ty (e
S DMA, 100 °C, 4 h S

91%

Scheme 1-3-1-3.

Daugulis 1% 2007 FEIZEHR/NT VT A, BN E LTCTFADT X~ FIb
RATZ 4w, VBV LEMWDE T4 T o VFHEREENT VLD
B TR C-H 7 U — /BSOS EITT % & 55 L TH Y *(Scheme 1-3-1-4),
2008 FFIZIE, il ED I Uikl 7 =) ha Y UEAL -, HEEE S LT ‘BuOLi
&5 WL EGCOLE 25 & 3 ufbT U —L & O TRUSHHEITT 5 L L
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TW5., ZONE, BuOLl IZXAF A7 = a7 a s Abt, = 71k
TUV—=eDruaxhy 7)o TRIGHEITL TS EELZ LTV 3.

(Scheme 1-3-1-5)

NHAC  Pd(OAc), 5 mol% NHAC
"BuAd,P 10 mol%
Db oo™ moarnm [
s KsPOs, NMP s
125 °C 51%

Scheme 1-3-1-4.

Cul/phenanthroline 10 mol%
B Et,COLi 3.0 eq. Q /\ O
H H o+ |
DMPU, 125 °C S

s
15h 85%

Scheme 1-3-1-5.

Doucet © 1% 2007 FIT/NT VT LML 4 FEORRAT 4 VENLFThH D
cis,cis,cis-1,2,3,4-tetrakis(diphenylphosphinomethyl)cyclopentane (Tedicyp)z H\ %,

FAT = UFHERD C-H 7 U —ABIZAE LT D 2. (Scheme 1-3-1-6)

Ph,P -
thpijppﬁz

(Tedicyp)
D7H . A 1/2 [PACI(C3Hs)] D, Ar
n S AcONa, DMAc, 150 °C ngy” S

Bu
Scheme 1-3-1-6.

=M OIE, 2T X REEZAETLF 47 = i8R E RT U U Ll & R 1%

T LEANT 23N SALDOT U —/HKIZAE) L T . (Scheme 1-3-1-7)

Pd(OAc), 0.1 mmol O

B
r P(o-biphenyl)-('Bu), 0.2 mmol
. @CONHPh Cs,CO5 6 mmol I\
S o-xylene, reflux, 18 h O S O
6 mmol 1 mmol
Scheme 1-2-6 96%

Scheme 1-3-1-7.
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FFF513, 2006 FIZEBTWBIMEDRA T 4 VB T2 & o a7 Al b R
fdRa2 AW T, 3 b7 V=L EDMITC-HI v 7V IR EITTHZ L2

LT 5 . (Scheme 1-3-1-8)

OMe OMe

RhCI(CO)(P[OCH(CF3)2l3)2 3 mol%
@H + I—@ Ag,CO3 1.0 eq. o\
s DME 1.0 eq. CSf < >

m-xylene, 150 °C, 30 min

73%
Scheme 1-3-1-8

F 72, 2009 FFEiZ1, [Ir(cod)(py)PCys]PFs (Crabtree’s catalyst) & fREEER 2 T =
LT U= E DT C-H By PV IREITTH L ami LT s ¥
(Scheme 1-3-1-9)

[Ir(cod)(py)PCy3]PFg 5 mol%
/@\ + Ag,CO3 1.1 eq. \
Sl m-xylene, 140 °C, 12 h s

99%

Scheme 1-3-1-9.

X 5122009 4E1TIE, 3-A R UF AT o lTxt L, HL TV A, RERRLE
ET, BN T2 52 & CAERIRZR T U — bR T 5 S L
T % % (Scheme 1-3-1-10)

2 2 H OMe
H OMe Ar=-| Ar’ OMe

+
H 7\ A Ag,COs H Ar' Ar? Ar'

S S
S m-xylene, 120 °C

L = PLOCH(CF3),]5, 80% (97 : 3)
= 2,2 -bipyridyl, 89% (1 : 99)

Scheme 1-3-1-10.

Su 513 2011 T, 2-AFNFF 7 = & 2,6-dimethoxybenzoic acid %

DMSO/DME IB&¥aEE T, RERER, /X7 20 AMBEAELE T 120 °C Bt &85 i
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ANRE VUG PN BT A7 = D C-H SR & ORIZ C-C fEA I
HENDZ L EWELTWDS . (Scheme 1-3-1-11)

/
9
0—  PA(TFA)/2PCy; 5 mol%

I\ HOOC Ag,COs B
g~ H + . S

o DMSO/DME, 120 °C, 24 h d

\
/

Scheme 1-3-1-11.

ML T N—TNE, FA 7 = O C-HERIZX LT, a vfbT UV —AF/E T,
BB L O7 b U v L ZRMALE L, 23T 20 Ml 2 F1u T 60-100 °C
TRICEATD &, TAHT7 2D o 37V —fbSnicra Xy 7Y 74
B HID Z & & R LT . (Scheme 1-3-1-12)

I\>—< >*R
S

Pd cat

I .
D7H . \©\ AgNO4/KF
Br~ S R

Scheme 1-3-1-12

Br

F72,2010 (21X, T4 7 = UFBER O C-H FE ATk L, fifit & L T Pd(P'Bus),,
YL LT 'BuOLi Z VT DMF H1 100 °C TS SHE S L&, BT U —LEB k&
VLT V=L DB TC-H Ay 7V I iT+5 2 L 2HME LTS ¥,

(Scheme 1-3-1-13)
Pd(Pt-Bu 5); 2.0 mol%
Q LiOt-Bu 3.0 eq. / \
H+ X— )R B =
DMF, 100 °C s

X=Cl, Br

Scheme 1-3-1-13
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TV — AL EAMC S, T4 T =D C-HFEGEEA LV 7 ¢ AURIGIZ B
TOHREBEANATONA TS, ZJHBIE, /X7 U0 Ll & b & L CHE
Fedi(ll), EEEeYD 7 AZ20MEE LTHWD &, 727 UV 2TV & DG
PNRINZEIT LT A7 = O C-HEEADNEZEA VT 4 AbShI B % 5

252 L HRBH LY (Scheme 1-3-1-14)

Pd(OAc),
Ph 7\ Cu(OAc),-H,O/LIOAC Ph /A _~CO."Bu
IS H + /\COZnBU Ph S 2
Ph DMF, 120 °C
HO HO 72%

Scheme 1-3-1-14

*7-, Bras Hl%, &RBBILFIORD IS FIRIBEZERILAIE LTHWS, F
F TR TTD el TOMRRC-HA VT UG ERE L TWnWD 4,

(Scheme 1-3-1-15)

i — /\@ Pd(OAc), I\
H " s

S DMSO/AcOH
02 69%

Scheme 1-3-1-15
1-3-2. FA2I2z2DC-HEESHTA M ERIE

FAT7 2D a LD T v N ACKRISE, fRx e RETHEOESEDL &
DE-ST, HAREREZEATEDLLOT A7 = O C-HIEAEBRINIGE L
THEETHY, HFa2hira b ALD 7= OMESLHERBIE S TN S.
Wk, FAT7 v affiOBT v FARIZE, TFALTTFULRLYFULT IR
PDAWONTEREY. FAT7 2~V F U LFIT, Hix e RKE 1Al L RE%E LK
JEER T LT o T, MRAREHRAITH) ZENTED. —7, AKY FU
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LFEE AT T AT V=V DT VT MM Z AND 7 2Ty 7Y TR
IRHE D 7Y RO E LTEBILTWD R, F=/L 1 F U AFEIIRSNE
MIEE BN, ~"aZFALT V=D h v 7V > T RS RIS T
SELZLIIRETH S, (Scheme 1-3-2-1)

"BuLi

or

Bu;SnCl Zd IcaBt

ryl-Br
ZnClp . (Murahashi coupling)
'PrO-Bpin

@\ Pd cat. 7\
s M Aryl-Br s @
(M = Bpin, ZnCl, SnBuj3)

Scheme 1-3-2-1. F= =)L) F 7 LAFEOKE & 72254,

ZZT, UFHELIZRIL, v7 v uh, AR, mUHFSLATHEMHRLE
BRI L LI Lo THEONLITFTZ=VEeRBEL DN v 7Y I RISH
—RIA TN TS, ZO—fF L LT, McCullough 5% 2-7 B E-3-~F /LT
F72rD50EVFULYA Y TrEAT IR (LDA) fFETF, VFAHEL
72#1Z, MgBryOEL E &R SEL Z LIk CF AT 2~ RV U LT
ERASE, Thide/~v—L L THY, = 7 UEEE T, BRSNS
£V head-to-tail IBIRMEDFH WK Y 3-~FUNFF T = %255 2 LITHRIILT
Pk, BT, AU TV LAERWD I a Al vy T T RIRENERIC
HATSHEDLSRMORBE LA 72 I TEY, Feringa b, F==/LUF U LfEL
N ACT V= DI a AN v TV TS EER L P TF Y F T A
TH7 e bAbLieF o= ) F U sflize, @BZHETIS, BRI T Y &

20



TBRISIZHWD Z N TE LR THFITAMRTGIETH L0, v VRS T
T1RRNT TR T AL ETH LR ED R TUHEDORMZILL TV D,

TFNIF LR FULT I REMWLTFAT7 2O 7 v ki &
STHRAETHT =LY F UL, T4 7 =00 CHBEAEBRKISIZEWT,
FHITHERTH LN, BREFEMEMES, 7aXh v 7Y 7RIS EEER
IZEITS A 72DIITS B A L5, 0F, ~/7X U LT IR, il
M7 I RBLOTAI=ZULAT I REAWET A7 =27 v b ARG D
BHIE DR AT T DO T D

Knochel 1%, EmWVW~ 7 X7 L7 I R TS TMPMeCLLICl  (TMP:
22,6,6-7 R T ATFNALERY D) FHWD &I ESERAT B EEHRIEEHD
C(sp))-H FEB D5 & P& BRI 5 THEIT L, A~ 7 3 > 7 AR AE S
5 FERRE LTS *M,. TMPMgCLLICl i% Knochel-Hauser ¥ 5k & L CTHIH 1,
LiCl DRI L O DB RO E T 5 Z L2k o> T, AR TH G
PHEITT D2 RO TWD P F£i, 51k, rEFEVEET I F,
TMPZnCI-LiCl B3 L, XY FAT 2> DA XN EIT o122, TV T
LA W e AT V= O a ATy Y T RSB LT
% %
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MeQMe le}
M

Me N Me

y ; H” N
MgCI-LiCl
@f\>—H mMgCI-LiCI 1 N—cHo
S THF, 25 °C, 24 h S 930/3
0
Wiilm

CHO Me '}l Me CHO CHO
ZnCI-LiCl

@E\ng e — N—znciLici Pa@bak/te_ O N\ O
S THF, 25 °C, 45 min S S
! CF3
92%

CF;

Scheme 1-3-2-2. TMPMgCI-LiCl 3 X O TMPZnCI-LiCl ZH\W\\7=F 47 = > DO~

koAb

NILHIE, 77— MIOT7 V=7 A7 2 K TMPAIBwLY & L <I13#igh7 2 K
TMPZn'Bu,Li* Z W THEFHEILAEW D C(sp)-HiEB Z 71 b+ 5 Z LI
LT, BRxB~T uBGERICAMOART VI =0 Lk LU RSN 4 Fi i
T 5 EERE L TWA. (Scheme 1-3-2-3)

©
) MeQMe
Me Me

Me N Me @

® | ;
coet M N Me CO,Et o Alg, | U
B Zn_ B iBu !B 1Bu
/I tBu"” “tBu /) t mH iBu mAIiEUSU
S H S Zn'Bu,li (0] THF, 1t, 2 h (0]
THF, rt 88%

89%

Scheme 1-3-2-3. 7L =W A7 — B XU T — &2 V72 C(spd)-H FEB D

B~ 2 b oAk,

Asselin, Langille 513, 3-AFNLF A7 = 2% LT 10 mol%?® TMP-H &
Grignard SUGEIZ W TGS S5 & 5L C-H fEE N RINAICH 7 = k1L
ENDHZLEREL TSP £9 TMP-H & Grignard SSHIZN G LT~ 7 %
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YU LT 2K (TMPMgCl) M¥EAET D, ZOT RV TLT I KRFAT7 2
DO7a ka5 EHRL LRI TMP-H A L, filtED 7 I 0 TN HELT
T 5 LW HEENIEE SN TS, (Scheme 1-3-2-4)

CHs iPrMgCl 1.3 eq. CHs CHs
[’§ TMP-H 10 mol% /JZTg TMSCI ,J[—§
CiMg

S THF, 66 °C, 18 h TMS S
80% (97:3) 60%
ClMg
TMPH
S MgCl

Scheme 1-3-2-4. filffi&: TMP-H & Grignard Ss#I7D> B 5 4E S H 7= TMPMgCI %

AWrEF4 707 a kAL,

1-3-3. C-HESEERZESRRGZAV - ARZARMHORIR

n R EI O GRIZIZZNE T, ARESEREE AH o e 0o
BAH 7Y TRIGHAVONTE R, KT TlE, CHEAEEY v 7Y
VIRGERWD, AT vt AR LA B U 7oA R R AR 0O Al LT
TR ANAT O TN D,

Zhang 51X, FA 7 = UKL X X T F R B ORI v Y
TERELTND., TAHT 2 bR T NA X B U R REER, HEE % U
IFl & UCHERB X T ¥ U AFE T, DMSO FCGEE D L, 47 =D C-H
fEAa LR EZTLARRoB O C-H RS THREICHENER S, ZORS
DT n BUEER O 22 A RIS L= %, (Scheme 1-3-3-1)
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R F Pd(OAc), 2.5 mol%
I\ s Ag,CO3 3.0 eq.
F H+H H
S \ / HOAC 2.2 eq.
DMSO, 140 °C

F F 83%
n type semiconductor

Scheme 1-3-3-1

Schipper, Fagnou &1, 7NV 7 ~7 o BUE SRR EIC AV DD K-
—MELE LTSN TWS, M) 727 I vdlb LA 2 —8 g it
BERMELOARICBNT, CH Ay 7V IRISERWA Z k- T, fH-
Ie-Stille 71 77U U T WD TWERERIEICEER T, &7 v 2 Dfifilgkic
R L7= " (Scheme 1-3-3-2)

CHO

Br /8
Q\CHO
Pd(OAC), (6 mol%)

PCy3 HBF4 (12 mol%

) N
N PIVOH, KQCO3
/©/ \©\ Toluene, 100 °C OHC S ] =
Br Br \ 89% S /
CHO
CN

NC” > CN
EtsN

N

ﬁﬂj )
NC gN\I S/\CN
CN

Scheme 1-3-3-2. ¥4 72O C-HI w7V U IR ZRIH LUTIm A2 —H g 45

B DG K.
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ZE O MEOIE, EFAF T T eETIAAA LD CH Y S
s Z2 R4 5 EfEA RSO IZm S L7z, Scheme 1-3-3-3 1273 X 912, B
We/Z 2w L, ENVER, IREET Y U AFIET, DMA R T, EEETL

BOE 5y 78 31800 D n R E D FREONI-Z & A 8ME L TnD 2

H3C CH3 H3C CH3 CqH CqH
8117 8117
) CeHi7 CsHiz Pd(OAC), (2 mol%) T
Vs n PivOH, K,CO5 S '
H S \ / + Br Br S \ /
DMA, 100 °C, 3 h n
CHj, H3C CHs;

H3C

M, = 31800
M,/M,, = 2.46

Scheme 1-3-3-3.

FEoiE, 3-TAF LT AT = Tk L, 3l S v FEFEE, PhI(OH)OTs (HTIB),
AL N Y AF T & (CF;),CH,0H (HFIP) &I, KsS®5 L, 2 81k
MEEZ Y, head-to-tail O EF A7 = VERINICHGZHZ EEZRHL TN,
ZDORINE, 3-TAFINF AT =D 2 LT PhI(OH)OTs 235 L CTAEL 5 F =
== F=T LR TMSBr FET, 9 =R FD3-TAXNLTFAT7 = EX
JETHZ LIRS TETF AT =0 B/{EONDLEEZXLNTWD. £, b1,

5 5472 head-to-tail L EF A4 7 = % iz MK-2 DIEREERITKEI L T

53
% 7.
/'CeH13
"CeH1s /'CeH13 Vi \; CeH1z /'CeH1z
3 ﬁﬁw&,[ﬁv% s B
s THIP s” TMSBr s S
OTs 3h 78%

Scheme 1-3-3-4.
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*7-,

YT N—TTlE, NIV LML T LR N5 F A7 =

AT — LD C-H I v TV U IRIGEE T T AR e 20 IR LU

W5 Z LT & o T, head-to-Tail BUA U ITFF 7 = > OARICHE L 7= **. (Scheme

1-3-3-5)
"CeH13
S H
Pd cat. CeH13
KF/AgNO3 Cul, Lil
EtO,C | ——————— EtO,C —_—
DMSO
86 %
Th-Br n Th-Br
Pd cat. Cotlrs Pd cat.
KF/AgNO4 ELO.C /B Br Cul,Lil  KF/AgNOz  Cul, Lil
_—— o
2 s ) 8% 72% 98%
DMSO
70%
Th-Br )
Pd cat. CeH1s
KF/AgNO3;  Cul, Lil 7\
EtO,C Br
72% 85% S 4

Scheme 1-3-3-5

CeHi3
EtOZCO—d—

91%

'CeH13

S /3
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1-4. FRXDOEM

AWIETIE, FATZ7 =20 CHMEREED v 7 ) IROMZERL, F47
T -TFF T2 UEE, TA T 2T U AREBLOT AT 2 - E =R
DRI IEDOBR /T 72, ¥ilo, 47 =2 O C-HEREED v 7
YIROGEMMB LTI T A7 = o -F 47 = VA TERIEL, head-to-tail BUAY =
FHT 2 RGN A Y TTFF T = EOREDREICHIE S A Y T
F7 2 DERICBNT, RO axX Ty TV TS ERWDSHELY b
BRI PR 015570, ZORIGROMREEITo 2.

B2 ETIE, 3EBRT AT = OMEREIRWL C-H Iy 7Y v 7R % H
W5 Z &2 Lo TMIBEAY head-to-tail HEIEICHITH S NT=A Y TF 47 = DRIR
EOBRFIZER ) LTz, 3 1E, Knochel-Hauser ¥idtl L CTHILN TV D, NS H
W 7 XU LT I RS, 3NEIRT A7 = 0 5 (0 T EERREY 2 il 7
a koAb, = AR WD -7 el BT AT 2D H T v
7 NZ £ 5T head-to-tail EF A7 =0 NELNDZEERHLE. 20K
JISEMBVIKTZLICL-T, | TRTFA7zra=y MEJERTE S
head-to-tail "4V FF 47 = > OHFN 72 G AL DRI LTz, by Eim &
D 2.2,6,6,-7 T AFNLERY U (TMP-H) %% L5 2% Knochel-Hauser i
FEORDVIZ, 10mol%? TMP-H &b F /L~ 7 x> v (EtMgCl) Z MW
THEERIC, MEEROR T a b oAbl =y F iz o0 > 7Y 7

FOSIMELT U, head-to-tail i A4V I F 47 = > OEFKICEEH L7-. (Scheme 1-4-1)
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"CeH13

Me>(j<Me " d "CeHis
"CeHiy Me” N7 "Me CeH1s Br
CiMg

S

! - ]\
j MgCI-LiCl /L—g Ni cat. s
) or S THF, 60 °C
Me Me "CeH13

Me H Me
(10 mol%) + EtMgClI

Scheme 1-4-1.

H3ETIE, 3MEMHRT ATz L 23-UV7 0T 4T =0 L OMERRT
B 7V TRINERREY RS Z LK D0IRRA ) AF 4T = OGRS
L, AHARSCHBEA VR EHWDUEROZIERAY TF 47 = OERIEIC
HARER T vt ADOMKLICKSh Lz, £72, R4V 2F 47 = > DARK
EBTE O FERFEIC BT, N-~T mER AL~ (NHC) B2 3 5=
TN Z AN D L TF AT 2w IRV T L 23- VT RET AT = NE

ESV AV ING A d Ry PRI 2 1Y TN i 7 N BN e B

n

Me H Me ) U\ ( N
"CeHiz (10 mol%) CeH1s N S
(g + EtMgCl ﬂ ] Ni cat. I\ s
s THFR reflx L M9 S THF, 60 °C s” N\ J
"CgH13
Scheme 1-4-2.

B4 ETE, IRV TLATIREAWETF A7 2Ol a b Ak LER
SERMEZ AN 7V RIS EMM LI TF A7 =D C-H fGESET U
— IALRS DRI LTz D TRk 4 5. 3 fii@#fF 47 = 2kt L T,
Knochel-Hauser 8 52 SOS S ¥ 5 &, MERRA 27 = R ALBSEITL, T
DU LAAFE TR, ~aZ AT U =V LRSS LT — LV EBRTF AT =
VIMELNZ. £, MBEEOT 2L Grignard KUSHIEHWS BT w kAL
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FIsZEFIALTHREEBRIC AN AT V=D 7 ) o T RIS EITT 5
AR U7, (Scheme 1-4-3)

Wiﬁlm

"CeH13
"CeHiz Me” "N” "Me C6H13 T
// \< MgCl / Pd cat. s
E——— 1| V/|
s THF, rt 9 THF rt Me
O\NQ Br—@—Me
H I\
7\ (10 mol%) + EtMgCl Pd cat. s
o Me
S THF, 60 °C THE
Scheme 1-4-3.

BSETIE, TV-LrE=b A Iv—0@RN e ERIEORE T T,
TR AT L= DI u Ry T T RISORE EITo T2
EZA, aVUAMBEERNAET VAT NAI =T AEE=AT L= D
7 aAI)y N T OSSN ERINET L E KD AF NN FERE 52 5K
JnE R LT, £ OIS N EEINT 5 & SO AMEE S AU R DS TR
Bt BT 5 &b nolz. 7 M OTIIRZRE L 25, ZRTHE
ALlerPyLbe RY REES FUBKIEL, YU LAT v axy Rz bz
D2 LI ko TRBESOS AR =RAICHEIT L2 2 L 2B 5202 L7z, (Scheme

1-4-4)
[RhCl(cod)],
R (2.5 mol%) O
Oae D 2. U
R THF, 60 °C O
Scheme 1-4-4.

29



56 FETIL, 3MEMT 47 = v ONEIRIRW e v 7Y I ROGEFIAT S
I$H7Y head-to-tail BRUZHH SN/ A ) IF ==L E=L OEKEIToT. 3
MEWRT F 7 = L (B)-2-Q- 7 BEZTF =/WN)TFTF 7 = & OERIRTIIR T >
TN T RONE R T DU AEAAAE T, RATHEAITL, 2 0OF AT = VRO
MIA L7 4 UBREG LT A7 = 3G b, MERRNR Ty 7 )
TRIGE# RS Z LItk -, 4F 47 ==y k% b D head-to-tail B4V
AFT=L =LA L., kRO N TE
Mizoriki-Heck [ % L < (% Horner-Wadsworth-Emmons (HWE) S % V5 &

BAEIZ R, SR vt A OREREAL SR STz,

Me ” Me U\/\
"CgHiz (10 mol%) "CeH13 S Br
CIMg

"CeH13
J j\ + EtMgCl ﬂ Pd cat. s m
_— _—
S THF, reflux s THF, 60 °C WA

"CgH13

Scheme 1-4-5.
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R Hy 7)) oI RIiEZEF AL - head-to-tai | &
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2-1. &8

FVIAFF T2y, RUFF 7208, AREEFR LT D28 ! AR
RURB M, a8k e Ctit o= L7 hr=27 AICAVWLRD,
T EERMELE LTI SN TS, 0 FRIBEEZ b ORIV FAT7 =0, AV
IF AT = ATBWT, MIEHAY head-to-tail HEIEICHIE SN b DI, o Rk
{KTd % head-to-head /33 L O tail-to-tail H & brie U Cle b Pt @ <, @
ISREDN B E N DI S < M SN TWD ¢ 244 2D, head-to-tail !
(CHIE S =AY TF AT = o OREEA RE O BRFRITAEA LBV TIE
HICHERRETH S.

Head-to-tail {4 U IF 47 = U ERUICENT, KD C-HEED 7 uxfkd
FAT7 2B (AKX, mUHR) LoraAhy 7Y TRINERY IR Z
WX oT, BN RENTERE>C LaLAans, EkiETIEIFo=LRo
VIR T TN A X RIS DN ERH Y, AT ==y FOYLRIC 2
TRZET LW ERR DT, HE=ETIE, FA 720D CHA Y
U TR E a7 AR D 2 TRV I head-to-tail A4 = F 47
= Y OERIEEZRE L TN D.

b L, 3MEET A7 = o OAERIR N7 7 R AR ET L, S8~ 2
TEXRNIE, BRERMELE A 2 a3 BHRF AT DA T Y
VIR EITD Z LI Ko T, head-to-tail MOF AT = L -FF T = UEEE DI
RCXDEB T ZOMBERIRT v 7 ) V7 OGEERVIKTZ EIck-T1
TRTFAT7zra=y FELR TE 258N R A RIEICR D D TRV E
Ez .
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L
R MgCI-LiCI R
ﬂ (TMPMgCI-LICl) /['g\
H H CIMg— g~ ~H
N| cat.

g
H s Br
Ni cat. /(S\(‘—Z/(j\ Ni cat. W

Scheme 2-1. 3-~FIINFF 7 = D7 a ki ALIZEBIT AALERIRMEORKE.

AKWFIETIL, NS\ R T LA ThHDH TMPMeCI-LiCl (Knochel-Hauser ¥
B TERAWDALERR BT 0 M oAb E = ViR RIS S 2 a2
TV T RNMZHER L,  head-to-tail BA Y T4 7 = L DA RIEDBIFE & 2K
L7z.

2-2. WMRLEBR
2-2-1. TMPMgCI-LiCl ZRWV= 3 BBRFA Iz VONEBERRNGEHAY TS
RiGZFIAY 5 head-to-tai | A Y IFF Iz o DER

BANS, 3-~F L LF A7 = (1a) @ TMPMgCIl-LiCl (Knchel-Hauser 35 %)
W7 7~ A28 T DALEREIRPEIZ DWW TRRET L 72, TMPMgCI-LiCl
Ela ZRUSSHTHKIZ, NN-PAFARNLVLT I K (DMF) LRSS EH &
WL THONAIBRNINTF T 2 2Rl T 562 812X o T, (E@ERMEL
S L7=. Scheme 2-2-1-1 (27”9 X 912, 1a & TMPMgCI-LiCl % =8 3 R
Jir SE 7214, DMF & SUS SEE LN AR E 'THNMR ICE W ifir L7z & 2 5,
5 NEDHPALEBRIRANZ AL I AL ST AR 1a-CHO A3 93% D#R{L=E CHf
RBEI, 2MRRNVINMEENTZT A7 = T e R I emnoT-.
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nCeH13 [ nC6H13 nCGH13
TMPMgCI-LiClI
HﬂH CILi-CIMgﬂ (nggCI-LiCI
S rt,3h S S
1a
)OJ\ nC6H13 nC6H13
_H NMe, | OHC—lzjg i;ﬁ;—CHo
rt, 1h S
93% 0%
1a-CHO

Scheme 2-2-1-1. 3-~FXINFF 7 = D7 v b ALIZEIT BAALERINEO B

At.

VT, 1a @O 5 AL TONEIEIRN 27 2 - oAb Z R 3 % head-to-tail B4
T2 FHT 2 UREB B ETT o 72, TMPMgCI-LICl & 1a & s S ¥, &
BEBIEFET, 2-7 0F3-~FUANFF T2 D v TV v TG EAT
VY head-to-tail D EF A7 = (3a) =5 2 DG %AT > 7. Table 2-2-1-1 {Z7R
TE91Z, NATrBERI AR (NHC) BT 8 24T 5/35 20 Afibli,
Pd-PEPPSI-SIPr’, # AW TIGEITo72& 25, T4%DIET 3a BNMEbhr-.
EA(NY-tert-7FIVIEAT 4 YW T7 VT A0V W& Z A, MISHHEITL,
IN=I% 74% Cd o 7=, NHC Ffi7 T 5, SIPr (1,3-EA(Q2,6-PA Y 7 rE /LT
oWV A XTIV T2 A VT V) ERETL=y IAEE W2 A, K
JEDRIRENHET L, EEMIC3a BN BGOND I Enbnole. £l =v/
S 2 F N 2 & SRR T b BOGSEST U, BAF2RIUER T H A DTz (88%).
—J, NHC B2 HWTIZ, EX(1,5-v7utdra2rxz )=y 10,
Ni(cod),, DHEHWTRILEIToT2E 2 A, ISKIFEALEET LR T2,
TJERAT 4 VENA, 13-EA(P T 2= VR AT 4 )T asRy (dppp) BE
O b=y v EHWT, 60°C, 27 BEIILN ST E 25, e ET LT

B, LR 520%I2 & B E o7 b= v Z A ER(R Y T = SRR T 4 ) A
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Wizl 25, ROsiiE e A EETES, 8%DIRT 3a 252 /2.

Table 2-2-1-1. BB A B Z AW, 3-~F T LF A7 (la) & 2-7E

BAFUNTFF T2 (2a) EONEERRBEA D Y 7Y TR, @

"CeH13

d 2a nCGH13
"CgHi3  TMPMgCI-LICI s~ Br
(1.2 eq.) catalyst (2.0 mol%) S /[ \
I\ \ / S
S rt,3h THF .
1a CeHiz  3a
Entry Catalyst Temp./°C, Time/h Yield/%"
1 Pd-PEPPSI-SIPr 60, 20 74
2 Pd(P'Bus), 60, 20 74
3 Ni(cod),/2SIPr 60, 20 >99
4 Ni(cod),/2SIPr rt, 20 88
5 Ni(cod), 60, 20 11
6 NiCly(dppp) 60, 27 52
7 NiCl,(PPhs), 60, 20 8

“ Unless otherwise noted, the reaction was carried out with 1a (0.5 mmol), TMPMgCI-LiCl (0.6 mmol),

2a (0.75 mmol) and catalyst (0.01 mmol) in THF. b Isolated yield.

WEBRI e A > 7V v 7 OB EFIR LT 4 ®{KE TO head-to-tail B4V =
FA T 2 DOEREIT T2, fER% Scheme 2-2-1-2 ICF L. BHoh/-eTF A4
7z 3a & TMPMgCI-LiCl % &S S/ 5 &, (ESERE72i 7 v N AL ET
L, =y EFIET, 2a &GRS HE2E 2 A, head-to-tail B> 3 &4
AFF T = 4a 3 T8% DU T HLALIZ. 5D 4a b [FERRICAERINAY 72
Ny 7TV TRISHEIT L, 4 &KA Y TF 47 = 5a DU 65% THE H LT,
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"CeH13

i,
s~ Br "CeH13

"CeH1z  TMPMgCILICl  Nj(cod),/2SIPr S I\
(1.2eq.) 0
d (2.0 mol%) L) s
S rt,3h THF
"CeHiz  3a, >99%
1a
2a "CeH13 "CeH13
TMPMgCI-LICI  Ni(cod),/2SIPr A\ S A\
(1.5eq.) (2.0 mol%) s ® s
i, 3 h THF ..
eH13
4a, 78%
TMPMgCI-LiClI 28 “Cefta Coftra
gClILi Ni(cod),/2SIPr
(1.5eq.) (2.0 mol%) se A N s_ I\
\ /S \/ S
rt,3h THF
"CgH13 "CeH13
5a, 65%

Scheme 2-2-1-2. (IEERM/2H 7V o F % AV 7= head-to-tail 4 =2 F

7 = DERK.

I, PLEDEIR 2T v 7Y o 7 s Z F Tz, head-to-tail A TF 47 =
v OfEERR A RRIEE, BIEEAHEE TH D MK-1, MK-2 OFERL2A IR
L7z. MK-1, MK-2 1%, @AFEEEARKRGEmICHWON D AR E L TRR%E
EN, EVEEEHSRE RS P Scheme 2-2-1-3 [ZRT X 912, 3 &K 4a
BLO4 ERAY TFAT 2 5a 2% LT TMPMgCI-LiCl % it S ¥ 727, /X
TIOU LRI T, 3-3— R9-ZF LW NN — L E RS 2 A, F
U IFF 7 = N UALESBIRAIC I AR — LA S =AY 4a-Ca,
5a-Cz DN ZVEIVEAF 72N TR B ivlz. 15 67 A I3 BEF O & sk o H i
k& —% LU, Vilsmeier-Haack i Z W7o I ik e &7 / Filfg & o

Knoevenagel fi5 %1795 Z 128> T, MK-1 BXL N MK-2 ~LFHER[GETH D

2d
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(O,
)
_/ CeH13

n
TMPMgCI-LICI  Pd-PEPPSI-SIPr O I\
saorsa (15eq) (2.0 mol%) Y O s H
n
—/

rt,3h THF
4a-Cz, 96% (n = 3)
5a-Cz, 65% (n =4)

NC._ _CO,H "Ceh1z
POCI; ~e2 O T\ CN
DMF base _
N SA CO,H
_/

MK-1 (n = 3)
MK-2 (n = 4)

Scheme 2-2-1-3. MK-1, MK-2 DR LA,

a REHLEETD 3 MERTF I T = OMEEIR D v 7 ) 7RG
ZFIF L, head-to-tail A U IF 47 = > DA AEIT - 72, KEHR % Scheme 2-2-1-4
IZF & Tz, bk B A R T 5 3 ME#RT 47 = > % TMPMgCI-LiCl % H
WD 3AFIUAFA T2y (1a) LT, 2278FF 4 7= (2b), 2-7 1
F3-A MR FA T2 20), 227 BEF3AFALFA T2 2d) BLO 2-
TOEI-INANFIATNFINT AT = 2e b=y TORBEFIE T, hy 7V T
FOG ¥ T2 & 2 A, head-to-tail BUCHIH S N7 EF A7 = By BAFZRIR
RTELNTE. 77, 3-AFALF A7z (d) BLOR 3-7 L4277 LF/LF
A7z 1k LTH, MERIRZRE T 0 M ALBUSHAEITL, M5
FAT = URRIFRIGRTHELNZ. BONIETF A7 = 6ea & 2¢ DS %
Toll 25, NMERIRKARD v 7V v VRIS ET UBEBRIE DR/ 5 4 —F

FT7 =T 55%DIETE LN,
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R2

~ (3, 2
7\ TMPMgCI-LiCl Br
S r, 3 h Ni(cod), + 2SIPr

1 (2.0 mol %)
CGH13
CGH13 ”C6H13
S /
/
\ OCHs
6ab, 81% 6ac, 87% CH;  6ad, 78%
06”13 CHa CH2>3C4F9
s I\
\ /| S
(CH2)3C4Fg "CgH13 "C6H13
6ae, 77% 6da, 77% 6ea, 80%
FSO\C;J/UCHZ):%CAFQ
"CgH13
7, 55%

Scheme 2-2-1-4. k4 7pE #2495 head-to-tail AV 2 F 47 =

2-2-2. fMICRES BRI ROVDLT S FEAVEIMNBRFA DO OD
SERRNGHY TY VI REEHMAT 5 head-to-tai | A Y ITFA 70D
B

TMPMgCI-LiCl (Knochel-Hauser ¥i%5) 1%, b F&EfmED 2,2,6,6-7 b7 A F /b
B Yy (TMP-H) 2203 E 32528, D TMP-H Z fil it & 0 53 2 & 23
AIHE & 72U, head-to-tail LAY 47 = D LV R ARRIEIZRY 5 5
LB IMEEIToT.

3AFIUNATFAF 7 (1a) & 10 mol%® TMP-H b= F /L~ 7RI 7 L

(EtMgCl) & Z3=yi T, 24 RSOt 872, DMF EROLSET72 L2 A, ST
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DHASERANT AL LS I ERB MR B, 2 M3 LSz F 4

7 = AT R EN o 1

<<_§:C6H13 TMP-H (10 mol%) [ "CeHi3 CeH13
EtMgCl
s alinsd
H=\g 1 reflux, 24 h | OMeg g~ MoCl
1a
)?\ nC6H13 nCGH13
A WMe, OHC«@ @CHO
rt, 1h
95% 0%

1a-CHO
Scheme 2-2-2-1. filfi& TMP-H & EtMgCl 2 FHV 7= 1a ONLERIML 7 1 ko

(s

ZOMD 2% T I E2HNT, 1la DT v R ARICKT DALEERIEO KRG
ZATo 7o, FER % Table 2-2-2-1 ICE & 7. b= F L~ 7 X T AL 10 mol%
DT IUVET, la DT v~ AURISEAT 2724, DMF & UGS ED Z &1
FoT, BoNDBEVINTF AT = O EFREZFHAE L. 1a 1T LT,
10 mol%? TMP-H & EtMgCl %, THF ¥4, &3 FC 24 FE RIS S H 5 & X
JEMFET L, 1a-CHO Z3RINICH 2 72703, USR] Z 10 Bific 35 Llinfbg
B L7z (56%). TMP-H # vy, =RiRC 24 RS S/ 5 & 1a-CHO DA
ZBINICH 2 5708, #nfb3RIT 28%F T L7=. TMP-H % H 712 EtMgCl
Ela ZR T, 24 RSS2 &2 A, IGFEET LT, A4 Y
a7 2y (PrpNH) BLOY 7 o~fi L7 v (Cy,NH) &AW TK
JSHAT -T2 & T4, bR LONERE L I T2/ R E o7, T T
AFNTZF L TT I (TMEDA) W& 25, FONMIESEIT LR

7.
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Table 2-2-2-1. il 2 #%k 7 I > & EtMgCl & H\\ /= 1a O 7 v ARz iT 5

ALEDERIRPE O,

Entry Amine Temp./°C, Time/h  Conv./% (5 fi7./2 {ir)”
1 none reflux, 24 <1%
2 TMP-H rt, 24 28 (>99/1)
3 reflux, 10 56 (>99/1)
4 reflux, 24 95 (>99/1)
5 Pr,NH reflux, 24 86 (93/7)
6 Cy,NH reflux, 24 80 (90/10)
7 TMEDA reflux, 24 <1%

“ The reaction was performed with 1a (0.5 mmol), EtMgClI (0.6 mmol), and amine (0.05 mmol) in THF
(0.6 mL). * Conversion and the ratio of 5-formylated and 2-formylated product was estimated by "H NMR

spectroscopic analysis.

fitllt 8> TMP-H & EtMgCl ZH\\ %, 3 fLEBRT 47 = » OALE BRI 72 i 7
2 kU AUBOS AR T 5 head-to-tail FF 7 = L -FF 7 = UG DB EAT -
7z. Table2-2-2-2 |\Z/RT XKD, Flix D=y 7V fililliz HWT, 1lak 2a D>
7V T RGO/ E1T o 7. NiCly(dppp) & VT, 60°C, 24 FE G E21T -
=L 2 A, 90%DINER T head-to-tail B & F A7 = > 3a 315 5172, NiCly(dppe)
ZHWTHRERICEOSDEIT L, BAFRINERT 3a 5.2 7. TMPMgCI-LiCl %
AN ISITBNT, &b BRWHREZ G272, SIPr 264 5= v 7Ltz /i
WT 60 °C, 20 RN ZAT o728 24, BORESE THET, 77%DIHET 3a 5-
Z7Tz. NHC Fefii+T&H B IPr (1,3-BA(2,6- A V7N T 2=\ I XV

D2 AVFY) LR T 2= R AT 4 (PPhy) HbHoO= v A fift
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NiCL(PPh3)IPr, Z W& 24, Hb RIS ISHET L, EENIZ 3a = 5
252 LTz, NiCly(PPhs)IPr Z V5 &, 2K CTH BAF72I0E T 3a &
B 252 ENbmnot-.

Table 2-2-2-2. flix D= )itz H\/c1a L 2a D v 7V TG, ¢

"CeH13
d 2a "CoHis
"CgHq3 EtMgCI s~ Br
l—g TMP-H (10 mol%)  catalyst (2.0 mol%) ~ _S<__{/ S\
S reflux, 24 h THF \/

1a "CeHiz  3a

Temp./°C,
Entry catalyst EtMgCl (eq.) 2a (eq.) Yield/%"

Time/h

1 NiCly(dppp) 1.0 1.0 60, 24 90
2¢ NiCl,(dppe) 1.0 1.0 60, 24 77
3 Ni(cod),/2SIPr 1.0 1.0 60, 20 77
4 NiCl,(PPh3)IPr 1.2 1.2 60, 2 89
5¢ NiCl,(PPhs)IPr 1.2 1.2 60, 20 >99

“ Unless otherwise noted, the reaction was performed with 1a (0.50 mmol) in THF (2.0 mL). ” Yield of

the isolated product. © The reaction was carried out with 1a (1.0 mmol) in THF (3.0 mL).

T, 4 &R E TO head-to-tail LAY IFF 7 = OGRS T 5 FHORKFT
BiTo7=. o7 3a % LC, 10 mol%? TMP-H & EtMgCl % i S5 &
AERIRAO 22 7 1 b AL LT L, NiCl(dpppfFIETF, 2a LW v 7 VU VK
JnZAT D L, T8%DINR T head-to-tail B ¥ —F A4 7 = 4a NG HINT-. 4a &
2a DALERINAR T v 7V T IRISHEIT L, 53%DINHET 4 &K Sa 235 H i
o, FAT7zra=y NOJEREICLEN - T, IEROK TR I N0,
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KO EIT 12825, 3allk LT 1.5 Y& EtMgCl 2 W TS E1T
ST ZAH, %D T da NG HND Z Lo oTz. 72, 4alZxil, 1.8
WMEOD EtMgCl # HW TG EIT-o72 8 2 A, 5a OYEDN 62%2m EL7=. A
W2 EtMgCl D EZ IS5 &, RN LT 52 &2 lET 572018, &
WIMBIZ L D7 v R ALDOREZRZ1T>7-. 3alZxfL, 1.0 ¥&D EtMgCl &
10 mol%® TMP-H % TRt T, 24 FE RS S & 7%, DMF &S S w7 &
T ANF VOVELITEE L TR T OALE CEIRAYIC AL I b S iz R
3a-CHO 7353 b7y, Ba{bER1E 83% & SUMITTE T LTV Rdro 72, 3a lZxf L,
1.5 4 &D EtMgCl Z W T 7" 1 b AbIG#, DMF &S SHT2E 2 A, X
JRIEZE T L, 3a-CHO E BT 47 =D 2 ODofiid & HIZHNL I M a4
RIS, TILEI 69%, 31%DE LR TR LN TS Z LR bholz. TORR
B, 1.0 JED EtMgCl Z WK, 7w hAvfbSnuTWhWinWweF 47 =
DY, WEROKTFTEH N TWZEEZ LN, 1.5 ¥ED EtMgCl W5 &Y
T=ArEED, e b ALREERICHEITL, YT =F b 2a DNy
U & ZIESLRBNTIA G > TWZR WL E TERAIZHETT L7272 IR W L L
leeFZZTN5D.

"CoH13

Coftrs EtMgClI s~ Br "CeH13
/I TMP-H (10 mol%)  NiClo(dppp) (2.0 mol%) m
H H -
S reflux, 24 h THF, 60 °C H{ g/ H

n n+1

EtMgCl EtMgCI
n=2,78% (1.0 eq.) n=2,90% (1.5eq.)
n=3,53% (1.0eq.) n=3,62% (1.8 eq.)

Scheme 2-2-2-2. (EZEIRAIH 7V o % F A L7z head-to-tail B AU 25

7 = DAERK
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2a DS VIZ, 2-Z7aa3-~FNF 47 = (8a) ZHV /=, head-to-tail !
AV AFH T = B O 1T > 7=, NiCly(dppp) % filliElZ VT, 1a & 8a D
% 60 °C, 20 BEfT-72E 2 A, 19%DURIZ & Y F 72, NiCly(PPhs)IPr
EHWTRISZAT 2128 24, RUSHEIRINTHEIT L, 88%DILRT 3a 2355
N7-. 3a & 8a D&Y, NiCly(PPha)IPr /F7E T, #EATL, INE 92% T 4a 155

,4a L 8a DN w7V U TRIGEITSTZE 2 A, 5aD 67%DIRTH L.

"CgH13
] = "CeH13 1) EtMgCI (1.5 eq.)
CeHis EtMgCI (1.2 eq.) X 2a0rsa S A\ TMP-H(10 mol%)
X TMP-H (10 mol%) S v ) S reflux, 24 h
flux, 24 h NiCly(PPhg)IPr 2) 2a or 8a
S ret (2 mol%) "CgH13 NiCl,(PPhs)IPr (2 mol%)
60°C,20 h >99% (X = Br) 60°C,26h
88% (X = Cl)
nCeH13 nCSH13 1) EtMgCl (1 8 eq) nCGH13 nCGH13
TMP-H(10 mol%) i
I\ s U\ reflux, 24 h \S s. 4\
S S
Sy s 2)2aor 8a 1 \_/
"CeH13 gl(l)colé(Pans)lPr (2 mol%) "CeH13 "CeH13
92% (X = Br) ’ 76% (X = Br)
92% (X = Cl) 67% (X = Cl)

Scheme 2-2-2-3. (LEIEIRAI D 7V > Z i Z F|FH L7z head-to-tail A4V =25

7 = DERK

EF A7 2T A7 2 b LK IFF—TF A T2 e X —FF T = DfL
BRI D > 7V TS EFIH LTz head-to-tail B4 Y IF4 7 = DA%
fTo72. Scheme 2-2-2-4 |Z/R T X 51T, 3alcxt L CT vEfbaniz T4 7 =
DIy TV TROGEAT 128 2A, 4 BIKA Y TF 47 = D% 69%DILERTH
bNT-. 4a LT T X —F AT ON TV TS HHEITL, 6 BIRAY

TF AT 9aMN 2% THESNT.
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"CgH13

s. [\ NCeHis "CeHys
n \ / S Br
CeH13 EtMgCI S /A S 7\
s, J\ TMP-H 10 mol% "CeH13 \ / S N\ /J S
\ / S reflux, 24 h NiCl,(dppp) (2.0 mol%) 1CeHy3 NCsHy3
"y THF, 60°C, 24 h 5a. 60%
3a
"CeH13 "CeH13
I\ s_ J \
"CeH13 "CeH13 EtMgCI S \ / s~ Br "CeH13
I N s U\ TMP-H 10 mol% "CeH13 H@H
SN/ s reflux, 24 h Ni(cod),/2SIPr (10 mol%) S /g
"CHrs THF, 60°C, 43 h 9a, 52%
4a

Scheme 2-2-2-4. EF A7 2T AT 2 b LTI =T AT =X —

FF 7 = ONEIERIRA T >~ 7V T RO

3K UNFF T 2D (1a) OALEEIRAR T o S ALERIH+ 5 Z Lok
ST, BALHIRED v 7Y v VRIS OBE 21T - 72 2. 1a OLESRIRF 72 i 7
0 h AL EITo721%, Smol% Dt b (1) fFET, MEBEHFHEXT, =il 24 K

IS EET L 2 A, tail-to-tail B EFF 7 = o 69%DILER TIEH T,

"CeH13

nC6H13 EtMgCl / \
TMP-H (10 mol%)  CuCl, (5.0 mol%) S
I\ \ / S
S THF, reflux, 24 h THF, O, (1atm)
n
1a rt, 24 h CeH1z  10a, 69%

Scheme 2-2-2-5. BRAVHIRED v 7V > F S ZE WS tail-to-tail BF 47 = -

FF 7 = UFER DR
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2-3. &ER

MEFENY T 327 5T D TMPMeCLLICl (Knochel-Hauser ¥54&) FVW 5 &
3NLEIRT A7 = o OAERINAV RN 7 2 R ACBOSDET L, = v 7 VAl
E£F, 227 0E3-EfRT A7 =2 Ny 7 ) T RISEAT D & head-to-tail D
EFA T 2 RSO, TORIGEMREDIET Z EI28 5T, head-to-tail A Y =
FAT 2 ORREER LTZ., £, ZOGMRIEEEEEA#EOFE TH D MK-1
BLUOMK2 OFAXEEMIIGHTHZ LN TE7/-.  TMPMgCI-LiCl ki b
(2, filtE O TMP-H b= T L~ 7 320 A HNTEH 3MEHRT 47 =
DOALESEIRE 727 1 b AL HETT L, 6 B E T head-to-tail HlA Y XF4~7

= Y DERIZEI) LT,

2-4. EERIA

General

All the reactions were carried out under nitrogen atmosphere. 'H NMR (300 MHz) and
BC NMR (75 MHz) spectra were measured on Varian Gemini 300 as a CDCl; solution
unless noted. The chemical shifts were expressed in ppm with CHCl3 (7.26 ppm for 'H)
or CDCl; (77.0 ppm for 13C) as internal standards. IR spectra were recorded on Bruker
Alpha with an ATR attachment (Ge). High resolution mass spectra (HRMS) were
measured by JEOL JMS-T100LP AccuTOF LC-Plus (ESI) with a JEOL MS-5414DART
attachment or JEOL JMS-700 MStation (FAB) at the Graduate School of Material
Science, Nara Institute of Science and Technology. For thin layer chromatography
(TLC) analyses throughout this work, Merck precoated TLC plates (silica gel 60 F254)
were used. Purification by HPLC with preparative SEC column (JAI-GEL-2H) was

performed by JAI LC-9201. Gas chromatography analyses were carried out with
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SHIMADZU GCMS-QP2010 Plus. TMPMgCI-LiCl was prepared by following the
literature procedure'? and stored in the freezer as 1.0 M THF solution. Nickel catalysts,
Ni(cod),, NiCly(dppp) and NiCly(dppf) were prepared according to the literature
procedures'. Ni(cod),/2SIPr solution was prepared prior to use by the addition of THF
to the mixture of Ni(cod), (0.01 mmol) and
1,3-Bis(2,6-diisopropylphenyl)imidazolidin-2-ylidene (0.02 mmol) in a Schlenk tube
under a nitrogen atmosphere. Other chemicals were purchased and used without further
purification.

The reaction of 3-hexylthiophene with N, N-dimethylformamide in the presence of
Knochel-Hauser base: To a solution of TMPMgClI- LiCl (0.75 mmol) in 0.75 mL of
THF was added 3-hexylthiophene (1a, 0.090 mL, 0.50 mmol) dropwise under an
nitrogen atmosphere. After stirring at room temperature for 3 h, 1.25 mL of THF and
N,N-dimethylfromamide (0.50 mL, 6.46 mmol) were successively added and stirring
was continued for further 1 h. The mixture was quenched by hydrochloric acid (1.0 M,
1.0 mL) and the solution was poured into the mixture of diethyl ether/water and two
phases were separated. Aqueous was extracted with diethyl ether twice and the
combined organic layer was dried over anhydrous sodium sulfate and concentrated
under reduced pressure to leave a crude oil, which was purified by column
chromatography on silica gel (hexane/EtOAc = 20/1) to afford 91.0 mg of
5-formyl-3-hexylthiophene'* (1a-CHO, colorless oil, 93%), while
2-formyl-3-hexylthiophene was not obtained at all. "H NMR & 0.89 (t, J = 6.8 Hz, 3H),
1.17-1.40 (m, 6H), 1.59-1.71 (m, 2H), 2.64 (t, J=7.7 Hz, 2H), 7.37 (s, 1H), 7.60 (d, J =
1.4 Hz, 1H), 9.87 (d, J = 1.3 Hz, 1H); >C NMR 3§ 14.0, 22.5, 28.8, 30.1, 30.3, 31.5,

130.3, 137.1, 143.6, 144.7, 182.9; IR (ATR) 2956, 2928, 2856, 1671, 1435, 1388, 1236,
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1191, 1133, 858, 756, 734, 666 cm”'; HRMS (DART-ESI+) Caled for CjH;;0S

[M+H]": 197.1000; found: m/z 197.0997.

5-(3-Hexylthiophen-2-yl)-3-hexylthiophene'> (3a): To 25 mL Schlenk tube
equippedwith a magnetic stirring bar was added 0.60 mL of THF solution of
TMPMgCI-LiCl (0.60 mmol). To the solution was added 3-hexylthiophene (1a, 0.090
mL, 0.50 mmol) and stirring was continued for 3 h. Then, 0.90 mL of THF,
2-bromo-3-hexylthiophene (2a, 0.15 mL, 0.75 mmol) and a 0.02 M THF solution of
Ni(cod),/2SIPr (0.01 mmol) were added successively. The mixture was allowed to stir at
60 °C for 20 h. After cooling to room temperature the mixture was quenched by
hydrochloric acid (1.0 M, 1.0 mL). The solution was poured into the mixture of diethyl
ether/water and two phases were separated. The aqueous phase was extracted with
diethyl ether twice and the combined organic phase was dried over anhydrous sodium
sulfate. Removal of the solvent left a crude oil, which was purified by chromatography
on silica gel using hexanes as an eluent to afford 169.8 mg of 3a as a light yellow oil
(>99%). "H NMR & 0.79-0.96 (m, 6H), 1.20-1.45 (m, 12H), 1.57-1.70 (m, 4H), 2.60 (t, J
=7.8 Hz, 2H), 2.74 (t, /= 7.8 Hz, 2H), 6.88 (m, 1H), 6.92 (d, /= 5.2 Hz, 1H), 6.93 (d, J
= 1.5 Hz, 1H), 7.14 (d, J = 5.2 Hz, 1H); °C NMR § 14.1 (x2), 22.6 (x2), 29.0, 29.1,
29.2,30.4, 30.5, 30.7, 31.6, 31.7, 119.9, 123.3, 127.3, 129.8, 131.0, 135.8, 139.3, 143.5;
IR (ATR) 2955, 2926, 2855, 1457, 1411, 1377, 1200, 1085, 832, 724, 687, 651 cm';

HRMS (DART-ESI+) Calcd for Co0Hz;S; [M+H]'™: 335.1867; found: m/z 335.1864.

5-(5-(3-Hexylthi0phen-2-yl)-3-hexylthi0phen-2-yl)-3-hexylthi0phene1 6 (4a):

Synthesis of 4a was carried out in a similar manner to that of 3a with 2a and 1a shown
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above. '"H NMR & 0.79-0.99 (m, 9H), 1.19-1.46 (m, 18H), 1.51-1.73 (m, 6H), 2.61 (t, J
=7.7 Hz, 2H), 2.69-2.82 (m, 4H), 6.89 (m, 1H), 6.923 (d, J = 5.2 Hz 1H), 6.924 (s, 1H),
6.96 (d, J= 1.4 Hz, 1H), 7.15 (d, J= 5.2 Hz, 1H); 3C NMR 5 14.1 (x3), 22.6 (x3), 29.0,
29.2 (x2), 29.3 (x2), 30.4, 30.5, 30.6 (x2), 31.7 (x3), 119.9, 123.5, 127.1, 128.6, 130.0,
130.6, 130.9, 133.9, 135.5, 139.5(x2), 143.6; IR (ATR) 2955, 2926, 2856, 1462, 1378,
1214, 1194, 1085, 832, 759, 729, 688, 649 cm’'; HRMS (DART-ESI+) Calcd for

C30Hy4sS; [M+H]": 501.2683; found: m/z 501.2697.

5-(5-(5-(3-Hexylthiophen-2-yl)-3-hexylthiophen-2-yl)-3-hexylthiophene-2-yl)-3-hex

ylthiophene™ (5a): Synthesis of 5a was carried out in a similar manner to that of 3a
with 2a and 1a shown above. '"H NMR § 0.79-1.07 (m, 12H), 1.20-1.50 (m, 24H),
1.58-1.80 (m, 8H), 2.61 (t, J= 7.7 Hz, 2H), 2.71-2.83 (m, 6H), 6.90 (s, 1H), 6.928 (d, J
= 5.2 Hz 1H), 6.935 (s, 1H), 6.95 (s, 1H), 6.97 (s, 1H), 7.16 (d, J = 5.2 Hz, 1H); "°C
NMR & 14.1 (x4), 22.6 (x4), 29.0, 29.21, 29.22 (x2), 29.3 (x2), 29.4, 30.4, 30.50, 30.51,
30.56, 30.64, 31.7 (x4), 120.0, 123.5, 127.2, 128.4, 128.7, 130.1, 130.5, 130.6, 130.9,
133.6, 134.0, 135.5, 139.6 (x2), 139.7, 143.6; IR (ATR) 2953, 2923, 2855, 1671, 1534,
1463, 1377, 1200, 1086, 832, 727, 690, 650 cm-1; HRMS (ESI+) Caled for

C40H5984[M+H]+: 667.3517; found: m/z 667.3500.

9-Ethyl-3-(3,4°,4”-tris-n-hexyl-[2,2°,5’,2”|terthiophene-5-yl)-9H-carbazole'’

(4a-Cz) : To 20 mL Schlenk tube equipped with a magnetic stirring bar was added 4a
(173.6 mg, 0.34 mmol) at room temperature. To the resulting mixture TMPMgClI-LiCl
(0.41 mmol, 1.0 M in THF) was added and stirring was continued for 3 h. Then, THF

(0.60 mL), 3-i0do-9-ethylcarbazole (133.5 mg, 0.41 mmol) and PEPPSI-SIPr (4.62 mg,
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0.0068 mmol) were added successively. The mixture was allowed to stir at 60 °C for 28
h. After cooling to room temperature the mixture was quenched by hydrochloric acid
(1.0 M, 1.0 mL). The solution was poured into the mixture of diethyl ether/water and
two phases were separated. The aqueous phase was extracted with diethyl ether twice
and the combined organic phase was dried over anhydrous sodium sulfate. Removal of
the solvent left a crude oil, which was purified by chromatography on silica gel
(hexanes/EtOAc = 50/1) and preparative HPLC to afford 226.9 mg of 9a (yellow oil,
96%). 1H NMR & 0.81-1.00 (m, 9H), 1.21-1.49 (m, 18H), 1.46 (t, J = 7.1 Hz, 3H),
1.55-1.82 (m, 6H), 2.63 (t, J = 7.7 Hz, 2H), 2.71-2.91 (m, 4H), 4.39 (q, J = 7.1 Hz, 2H),
6.90 (d, J = 1.4 Hz, 1H), 6.99 (d, J= 1.4 Hz 1H), 7.00 (s, 1H), 7.19 (s, 1H), 7.23-7.29
(m, 1H), 7.35-7.44 (m, 2H), 7.49 (ddd, J = 8.0, 7.1, 1.1 Hz, 1H), 7.72 (dd, J = 8.5, 1.7
Hz, 1H), 8.15 (d, J = 7.7 Hz, 1H), 8.31 (d, J = 1.4 Hz, 1H); 13C NMR & 13.8, 14.08
(x2), 14.1, 22.60, 22.63, 22.64, 29.0, 29.2, 29.3 (x2), 29.7, 30.1, 30.47, 30.54, 30.6,
31.67 (x2), 31.7, 37.5, 108.6, 108.7 117.4, 119.0, 119.8, 120.5, 122.8, 123.3, 123.8,
124.9, 125.3, 125.9, 127.0, 128.0, 128.8, 130.4, 134.2, 135.7, 139.4, 139.5, 140.3, 140.4,
143.1, 143.6; IR (ATR) 3048, 2953, 2926, 2854, 1599, 1492, 1468, 1378, 1345, 1232,
1153, 1125, 834, 800, 745, 727, cm™; HRMS (ESI+) Caled for CuHsgNSs [M+H]™:

694.3575; found: m/z 694.3553.

9-Ethyl-3-(3,4°,4”,4’-tetra-n-hexyl-[2,2°,5°,2”,5”,2*’|quaterhiophene-5-yl)-9H-car

bazole'’ (5a-Cz): Synthesis of 11a was carried out in a similar manner to the synthesis
of 10a (orange oil, 65%) from 8a (183.0 mg, 0.27 mmol), TMPMgCI-LiCl (0.32 mmol,
1.0 M in THF), 3-iodo-9-ethylcarbazole (102.7 mg, 0.32 mmol) and PEPPSI-SIPr (3.67

mg, 0.0054 mmol) at 60 °C for 27 h. "H NMR & 0.80-1.00 (m, 12H), 1.23-1.43 (m, 24H),
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1.46 (t, J = 7.1 Hz, 3H), 1.59-1.84 (m, 8H), 2.62 (t, J = 7.7 Hz, 2H), 2.69-2.91 (m, 6H),
439 (q, J = 7.1 Hz, 2H), 6.90 (s, 1H), 6.95-7.00 (m, 2H), 7.01 (s, 1H), 7.20 (s, 1H),
7.23-7.29 (m, 1H), 7.36-7.45 (m, 2H), 7.50 (ddd, J = 8.2, 6.9, 1.1 Hz 1H), 7.73 (dd, J =
8.5, 1.7 Hz, 1H), 8.15 (d, J = 7.7 Hz, 1H), 8.32 (d, /= 1.7 Hz, 1H); >C NMR § 13.8,
14.09 (x2), 14.11, 14.13, 22.62, 22.63, 22.65, 22.66, 29.0, 29.24, 29.27, 29.29, 29.3,
29.5,29.7, 30.4, 30.5 (x2), 30.55, 30.59, 31.67, 31.69, 31.72, 31.73, 37.6, 108.63, 108.7,
117.5, 119.1, 119.9, 120.6, 122.9, 123.4, 123.8, 125.0, 125.3, 126.0, 127.1, 128.2, 128.3,
128.8, 130.0, 130.8, 133.7, 134.3, 135.6, 139.5, 139.6, 139.7, 140.4, 140.5, 143.2,
143.6; IR (ATR) 3048, 2953, 2925, 2854, 1599, 1492, 1466, 1456, 1378, 1346, 1331,
1299, 1275, 1232, 1200, 1153, 1125, 833, 799, 780, 765, 745, 727, 629, 616 cm™;

HRMS (ESI+) Calcd for CsyHgoNS;Na [M+Na]": 882.4211; found: m/z 882.4297.

General procedure for the preparation of bithiophene (terthiophene) of different
substituents: The reaction was carried out in a similar manner to the synthesis of 6a
with TMPMgCI-LiCl for metalation (room temp., 3 h) and 2 mol % of Ni(cod),/2SIPr
(60 °C for 24 h).

5-(Thiophen-2-yl)-3-hexylthiophene (6ab): '"H NMR & 0.90 (t, J = 6.7 Hz, 3H),
1.21-1.42 (m, 6H), 1.57-1.70 (m, 2H), 2.58 (t, /= 7.4 Hz, 2H), 6.79 (m, 1H), 7.00 (dd, J
=3.6,5.4 Hz, 1H), 7.01 (s, 1H), 7.15 (dd, J=1.1, 3.6 Hz, 1H), 7.19 (dd, /= 1.1, 5.4 Hz,
1H); >C NMR § 14.1, 22.6, 29.0, 30.3, 30.5, 31.6, 118.9, 123.3, 124.0, 125.0, 127.6,
136.9, 137.8, 143.9; IR (ATR) 2955, 2926, 2856, 1462, 1453, 833, 817, 729, 690 cm’";

HRMS (DART-ESI+) Calcd for C14H;9S, [M+H]+: 251.0928; found: m/z 251.0930.

5-(3-Hexylthiophen-2-yl)-3-methylthiophene (6ea): 'H NMR & 0.88 (t, J = 6.6 Hz,
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3H), 1.21-1.41 (m, 6H), 1.55-1.68 (m, 2H), 2.28 (d, J= 0.9 Hz, 3H), 2.74 (t, J = 7.7 Hz,
2H), 6.87 (m, 3H), 6.92 (m, 2H), 7.15 (d, J = 4.9 Hz, 1H); C NMR 5 14.1, 15.7, 22.6,
29.1.29.2, 30.7, 31.6, 120.6, 123.4, 128.2, 129.8, 130.8, 136.0, 137.8, 139.4; IR (ATR)
2955, 2925, 2856, 1462, 1453, 855, 832, 723, 686, 648 cm’'; HRMS (DART-ESI+)

Calcd for Cy5sHy; S, [M+H]+: 265.1085; found: m/z 265.1086.

5-(3-Methylthiophen-2-yl)-3-hexylthiophene (6ae): '"H NMR & 0.89 (t, J = 6.6 Hz,
3H), 1.21-1.43 (m, 6H), 1.56-1.70 (m, 2H), 2.38 (s, 3H), 2.60 (t, J = 7.8 Hz, 2H), 6.87
(d, J=5.2 Hz, 1H), 6.88 (s, 1H), 6.96 (d, J= 1.1 Hz, 1H), 7.12 (d, J= 5.2 Hz, 1H); °C
NMR (75 MHz, CDCI3) 6 14.1, 15.3, 22.6, 29.0, 30.4, 30.5, 31.7, 119.7, 122.9, 126.8,
131.3, 131.4, 133.6, 136.2, 143.6; IR (ATR) 2955, 2926, 2855, 1462, 1453, 864, 830,
703, 643, 617 cm; HRMS (DART-ESI+) Caled for C15H21S2 [M+H]": 265.1085;

found: m/z 265.1088.

5-(3-Methoxythiophen-2-yl)-3-hexylthiophene (6ac): 'H NMR & 0.89 (t, J = 6.6 Hz,
3H), 1.21-1.40 (m, 6H), 1.56-1.68 (m, 2H), 2.58 (t, /= 7.7 Hz, 2H), 3.94 (s, 3H) 6.79 (s,
1H), 6.86 (d, J= 5.5 Hz, 1H), 7.04 (d, J =5.5 Hz, 1H), 7.05 (s, 1H); 13C NMR ¢ 14.1,
22.6,29.0,30.4,30.4, 31.7, 58.8, 115.6, 116.9, 118.4, 121.2, 124.2, 134.5, 143.0, 153.0;
IR (ATR) 2954, 2928, 2854, 1563, 1535, 1461, 1378, 1256, 1071, 826, 757, 708, 642
cm”; HRMS (DART-ESI+) Caled for C15H210S2 [M+H]+: 281.1034; found: m/z

281.1034.

5-(3-Hexylthiophen-2-yl)-3-(4.,4,5,5,6,6,7,7,7-nonafluoroheptan-1-yl)thiophene

(6da): 'H NMR & 0.87 (t, J = 6.7 Hz, 3H), 1.20-1.43 (6H, m), 1.56-1.69 (2H, m),
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1.89-2.24 (4H, m), 2.67-2.78 (4H, m), 6.90-6.95 (3H, m), 7.16 (1H, d, J = 5.2 Hz); "*C
NMR § 14.0, 21.0 (t, Jer = 3.4 Hz), 22.6, 29.1, 29.2, 29.6, 30.2 (t, Joy = 22 Hz), 30.7,
31.6, 120.7, 123.6, 126.7, 129.9, 130.6, 136.8, 139.7, 141.2; IR (ATR) 2942, 2920, 2852,
1458, 1347, 1219, 1132, 832, 719 cm’™'; HRMS (DART-ESI+) Caled for Ca1HasFoSs

[M+H]": 511.1176; found: m/z 511.1176.

5-(3-(4,4,5,5,6,6,7,7,7-Nonafluoroheptan-1-yl)thiophen-2-yl)-3-hexylthiophene

(6ad): 'H NMR & 0.89 (t, J = 6.8 Hz, 3H), 1.20-1.43 (6H, m), 1.56-1.69 (2H, m),
1.86-2.20 (4H, m), 2.60 (t, J = 7.7 Hz, 2H), 2.85 (t, J = 7.5 Hz, 2H), 6.89-6.95 (3H, m),
7.20 (1H, d, J=5.2 Hz); C NMR & 14.0, 21.2 (t, Jor = 3.5 Hz), 22.6, 28.2, 29.0, 30.4
(t, Jcor = 22 Hz), 30.4, 30.5, 31.7, 120.3, 124.2, 127.8, 129.2, 132.0, 135.1, 137.1, 143.8;
IR (ATR) 2942, 2926, 2851, 1456, 1351, 1223, 1132, 879, 719 cm’'; HRMS

DART-ESI+) Caled for Co1H4FoS, [M+H]™: 511.1176; found: m/z 511.1169.
(

5-(5-(3-Methoxythiophene-2-yl)-3-hexylthiophen-2-yl)-3-(4,4,5,5,6,6,7,7,7-nonafluo
roheptan-1-yl)thiophene (7): 'H NMR § 0.88 (t, J = 6.7 Hz, 3H), 1.23-1.44 (m, 6H),
1.57-1.72 (m, 2H), 1.89-2.24 (m, 4H), 2.72 (t, J = 7.7 Hz, 4H), 3.97 (s, 3H), 6.87 (d, J =
5.5 Hz, 1H), 6.92 (d, J= 1.1 Hz, 1H), 6.95 (d, J= 1.1 Hz, 1H), 7.03 (s, 1H), 7.07 (d, J =
5.5 Hz, 1H); >C NMR & 14.0, 21.0 (t, Jor = 3.4 Hz), 22.6, 29.2, 29.3, 30.1 (t, Jor = 22
Hz), 30.6, 31.7, 58.9, 115.2, 116.9, 120.4, 121.6, 125.6, 126.2, 128.8, 132.9, 136.9,
139.4, 141.1, 153.5; IR (ATR) 2956, 2930, 2857, 1565, 1545, 1528, 1460, 1385, 1356,
1220, 1167, 1132, 1105, 1071, 1010, 928, 880, 828, 737, 718, 642 cm’'; HRMS (ESI+)

Calcd for Cy6HosF9OS3; [M+H]+: 623.1159; found: m/z 623.1169.
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General procedure for the reaction of 3-hexylthiophene (1a) with EtMgCl/TMP-H
(10 mol%) and 2-bromo-3-hexylthiophene (2a) : To a 20 mL Schlenk tube equipped
with a magnetic stirring bar was added a THF solution of EtMgClI (1.21 mL, 1.2 mmol)
and TMP-H (0.017 mL, 0.1 mmol). To the solution was added 3-hexylthiophene (1a,
0.180 mL, 1.0 mmol) and stirring was continued under reflux for 24 h. Then, 1.8 mL of
THEF, 2-bromo3-hexylthiophene (2a, 0.239 mL, 1.2 mmol) and NiCl,(PPhs3)IPr (15.6 mg,
0.02 mmol) were added successively. The mixture was allowed to stir at 60 °C for 20 h.
After cooling to room temperature the mixture was quenched by saturated aqueous
solution of ammonium chloride (1.0 mL). The solution was poured into the mixture of
diethyl ether/water and two phases were separated. Aqueous was extracted with diethyl
ether twice and the combined organic layer was dried over anhydrous sodium sulfate
and concentrated under reduced pressure to leave a crude oil, which was purified by
column chromatography on silica gel using hexanes as an eluent to afford 335.2 mg of

5-(3-hexylthiophen-2-yl)-3-hexylthiophene (3a, light yellow oil, >99%)).

Synthesis of head-to-tail-type-sexithiophene 9a from 4a and
2-bromo-5-(5-(3-Hexylthiophen-2-yl)-3-hexylthiophen-2-yl)-3-hexylthiophene:

Synthesis of 9a was carried out in a similar manner to that of 3a with 2a and 1a shown
above. The reaction of 4a (160 mg, 0.31 mmol), TMP-H (0.031 mmol), and EtMgCl
(0.31 mmol, 0.99 M in THF), at 66 °C for 45 h and following addition of
2-bromo-5-(5-(3-Hexylthiophen-2-yl)-3-hexylthiophen-2-yl)-3-hexylthiophene (270 mg,
0.47 mmol) and Ni(cod),/2SIPr (0.031 mmol) (stirring at 60 °C for 43 h) afforded 160.9

mg of the sexithiophene as a reddish solid (52%). '"H NMR & 0.79-1.00 (m, 18H),
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1.12-1.50 (m, 36H), 1.57-1.75 (m, 12H), 2.51-2.66 (m, 4H), 2.70-2.83 (m, 8H), 6.90 (s,
1H), 6.92 (d, J = 5.2 Hz 1H), 6.93 (s, 1H), 6.94-7.00 (m, 3H), 7.01 (s, 1H), 7.15 (d, J =
5.2 Hz, 1H); IR (ATR) 2925, 2855, 1463, 832, 730 cm’'; HRMS (FAB+) Caled for

CeoHssSe[M]": 998.5054; found: m/z 998.5023.
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SHEMFA Iz vONMERRMLGHETO L
EBRERMEZAVIORAY T VI RIGER
AL, #EAHREICHE SN =SIERA ) ITFA T
T VDFRBER
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3-1. ¥#E

AV AFF T = CFBARIL, BEN, KT R TZERMmeNTEY, i
BREETMEHIHONONLD n HERHMEL L LTER S TWD. RS, A
IR T R & R EER B KOV SR KRS B 2 & A
DEREETT A A~OIGHREFINTE Y, BACHIEN STV 5.
FA 7 = URFIERITERE LTeA Y IF AT =7 > RY = —I%, Advincula
<2 Biuerle 5 DB RFFEICRE S D K 91T, HERMAEY, B O A
BB LORE ST A RO R CAOISHABRES TV, fEk, 4 ) 25
A7 2T R = —DBRRITBNTIE, AR YEICHEAX L 23-07
RETA T2 DR AN T ) TG EERY KT Z I Ko THERBT
b TEk. "CoAKIER, Gonthy 7Y v IROARMEE L TR #E
b L BBRERMBL A AW axhy 7Y RSO 2 TRZZELT, #tts
JEEL CTWS HIETH D, Leno T, #itfeETcod) I F4 7207
FU =25 O3S O TLRELEL T2 (Scheme 3-1-1). £ D
T2, ZWRNIREIED BRI TEII AR AT B W CHEFICEHERRETH D

H/@\R . LiﬂR Snor® M/@\R

s lithiation S transmetalation

_78 °C (M =S8n, B)
Br X —R Br
\ S
/) Buli SnorB /) B
T B N\ s + R
Pd cat. S \ / lithiation ~ transmetalation Pd cat.

cross coupling -78°C cross coupling

Scheme 3-1-1. fERDOA YV DF A7 =7 R ~—DERIE

HFNL, 2 FETHR/Z K 91T, Knochel-Hauser 3 (TMPMgCI-LiCD) '

F 213 AE R D TMP-H & Grignard SUGHI 2 W2 3BT 47 = » O {E 3R
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REG7e i7" m bl = bz et o 7 ) RIS EFRIFT 5 2 &
12X 5T, head-to-tail DAY TF A7 = U ARIEOBFICKH L TG, P
T, 3T, IMEMRT AT = v B ALEEIRAICHL 7 1 b A LRI,
= TR T, 23-O7 0T AT 2l v TV T EAT D RO
3REAV AF AT =GO, ZORT v FRh Y 7Y T RS AR IR
TZLIZEoT, IERDAERARRHEAVRED I 0 2Ty T RS %
H b FEICHS, Gl7 et 20ffi b4 ) 3 F 4727 R <
— DN 7RG RAEDBHF IS LT D TReik ¥ 5.

3-2. HRLEEE
3-2-1. IEMBRFA Iz VDOMERBIRMGEHY T VI REEZRAWNS#EEHH
BIcHEINA=0ERA ) TFA 7 OoDERK

AN, BRABMILZ WD, 3-~F LT A7 (1a) L 23-P70FE
FAT7 = (2a) LDOH v TV T RISOMR AT 572, Scheme 3-2-1-1 27”7
£ 912, 1a & 10 mol%® TMP-H ELifEfb=F /L~ 7 7 L (EtMgCl) % SO
S, SPLENLEERAICHL 7 7 b oAb L7412, 2.0 mol%? NHC Fifi 1 ' %
BT 5= i, NiCly(PPhs)IPr'” Z(E T, =i 24 BEIG SHZ L 25,
RO 3 BIRA ) IF AT = 3a RNEERMICH LN, £, |, 1045 T
ty 78% & N9 BAF 7RI T 3a & 5 2. 7=. NiCly(dppp) & = v 7 /Vfilgt & L CTHW,
60°C, 24 FFHpS S W& 2 A, BUNMTHEIT L7722y, IRME T LZ (55%).

69



Br "CeH13

@Br »

n ]
CeMia Etmgel "CeHra| s
/\ TMP-H (10 mol%) U Nicat. (20mal%) j \ g
e Kol V]
S ;’4le-'] reflux 9 S THFE S \ /)
2.5 equiv. 3a CgHi3

55% (NiCly(dppp), 60 °C, 24 h)
>99% (NiClo(PPh)sIPr, t, 24 h)
78% (NiClo(PPh)sIPr, rt, 10 min)

Scheme 3-2-1-1. 3-~"F L J/LF 47 (1la) £ 23-UV7a®F 47 (2a)

DH > 7V T .

PEBRIRD 2T 7Y v T ROGE RV IRT Z L2 K- C, 15 &IRE TOHER
FVIFF T =2 DEREIT>T-. Scheme 3-2-1-2 IZ/RT L 91T, F5H4L72 3a

& 10 mol%® TMP-H 3 L TY EtMgCl Z3Ei F, 24 FEfiL S8 5 &, SR
RG> TORDoNIZ B W TALERIRAICHL 7 7 R ALREITL, = v 7Ll
WAFIET, 2a L v 7V U I G%E 60°C, 24 BT 9 Z L2k » T T BED

SR A Y TFF 7 = 4a 73 9% DR TR L2, 1FHIT 4a & 2a DALE
BRI > 70 I ROS B HEIT L, 5a & 46% DR TH 2 72,

RIS, FNFAaT Ve VEEZATL AV IFFT7 2 o GlkaiTo7. 307
AT T XAV IEEAT D 1b' & iR O TMP-H 3 L O EtMgCl O K& %17 -
& A, SALTORRM M7 a b AL HEIT L, HiL T NiCly(PPhs)IPr 777E
T, 2a EUEEITH &3 BAELSY IF AT 20 3 NERNICEORE. HHN
o3 ERL 2 LD TN T ROS B RIERBNTEIT L, T0%DINERT T VA1
TNXNIEEGT D T E&E b BELNT.
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\ 1) TMP-H (10 mol%)
EtMgCI
reflux, 24 h

2)2a

3a "CeHis  THF,60°C, 20 h

1) TMP-H (10 mol%)
EtMgCI
reflux, 24 h
2) 2a
NiCly(PPh3)IPr (2.0 mol%)
THF, 60 °C, 24 h

Scheme 3-2-1-2. (Vi E®INAIH » 7V &2 AW 15 B E TONRAY =

NiClo(PPh3)IPr (2.0 mol%)

4a, >99%

"CgH13
"CgH13

5a, 46%

FF 7 = DEK.
Br
(CH2)3C4Fg
RS
s Br AN
TMP-H . \ d
(10 mol%) NiCly(PPhz)IPr
EtMgCl (2.0 mol%) /' \ s
THF, reflux THF s \ /)
24 h
b 3b,>99%  (CHy)3C4Fy
C4Fg(H2C)3
Br
i
S r (CH2)3C4Fg
TMP-H (10 mol%) NiCl,(PPhg)IPr (CH2)3C4Fg
EtMgCl (2.0 mol%)
THF, reflux THE
24h 60 °C, 20 h
4b, 70%
(CH2)3C4Fg

Scheme 3-2-1-3. 7/ F a7 /X LA ONIERAF Y SFF 7 = DERK.



WIZ, BONTENERRA Y TF A7 =2 3a, da bffixpy 7 ueTF 472
N AT V= e DB T T RISEIT, ki 723k A ) 574
7 x VIHIR DGR AT o T2, DR % Scheme 3-2-1-4 DFE L7z, 3a & 2,5-
vZuxFA Ty 2¢) EDOH v TV T K% NiCly(PPh)IPr f7E F, 1T-
el ZA, FBRICBOCHEITL, EEMIC e 25272, 4a & 2¢ & DRUSE
Tolcl A, 158K Se Z BRIFRINETEH 7. 44 & 135- M) 7T mENE
V@) EORIRIE, 8TV A, PA-PEPPSI-IPr, fFFET, #EITL_UE

VB A TNCE T AR A Y SF 47 = UEEER §5d R 90% THE S LT,

Br
N Jo!
Br s Br Br Br
2c or 2d

TMP-H
(10 mol%) NiCl,(PPhg)IPr Pd-PEPPSI-IPr
EtMgClI (2.0 mol%) (2.0 mol%)
3a or 4a
THF, reflux THF, 60 °C
24 h

"CeH13

4c, >99%

"CeHiz  "CeHus

5d, 90%

Scheme 3-2-1-4. fE& 723k A Y SFF 7 = VEHERO AR

BLRA ) TF AT =, 3a B XN da, ORRLARED v 7Y T OGO
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7o 3a b L<id4a &, il TMP-H 35 X O EtMgCl &8 T, 24
FRERISO S ¥ 7214, 5.0 mol%DIEALE (II) fFE T, MhEiTo72L A, KE
I TIRTHD 6a, Ta NHRREDINETELIL7-. (Scheme 3-2-1-5)

TMP-H (10 mol%)

EtMgCl CuCl, (5.0 mol%)
3a or 4a  reflux, THF 0, (1 atm)
24 h

6a, 64%

Scheme 3-2-1-5. QIR A Y TFF 7 = L OEALEIRET T » 7V v TR,

AR LTk 3 B, 7 &BEA ) IF AT 2 DI LRLEHRDID, a
> C-HAEETD, 7 aEbOMit & To7-. 3allkt L T35 48D N-7 2
A4 K (NBS) ZESHED E 3250 C-HFEGNY 1E(LE7- 3a-Br;
PIFHIL, 2.2 ¥ED NBS & 0°C TRIS S D &F I VHRITEE L 72 C-H #
B OIHTAEZBIRANZ 7 2 TR EIT LT 3a-Br, MG O, 4a kLT, 5
M EDNBS i S5 &~F I VIRICEHRE LTz C-H 56 O A THLERIRIIC

TR HEIT L, 3a-Bry 2N RAFRIGRTH L7, (Scheme 3-2-1-6)
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"CeH13

"CeH13 [Cts
X\, Br \ H \ Br
\ d NBS NBS
(35eq) (22eq
. ' N S & 1hr THF, 0°C
s\ rtto 60 °C
NCeH

"CeH13 "CgH43
3a-Br,, 98%

CeH13
CeH
613 NBS5.0eq.
—_—
THF/ACOH,
0°C

4a-Br4, 80% nC6H13

Scheme 3-2-1-6. IR A Y TF 47 = o OAEIER 7 2 (b5,

3-2-2. RERFAVIFAIVERICEITEZENY T U TDORIEE

93 2-1 fi TR L ST, HERA Y IFA T = UARRIZEBWT, 2all
®FLTC2.54ED 1a & ORULIE, NiCly(PPhy)IPr Z iRz VN 5 & Zh=RAI i
METL, =R 10 5T TI8%DIFET Ia 252 5& W) ZE&Nbholc. ZD
FOSMZBWT, KENZET L TWARWZL b b, Yy 7Y 7Kk 3ad
KRN ON, B/ Iy 7TV 7K 8T BoNRNENS ZERD
x> 7z, Scheme 3-2-2-1 12T K 91T, 1a kLT, 1.0 Y&ED 2a DL EIT-
7ol ZA, 3a DHN N%DOILETHLI, 8a T HELNT, REIED 2a
S4%[EN STz, FAT7 =2 360D C-Br kA, 2470 C-Br ka0 &tk
PIENZ ER— A O TWDIZHE b bT, ZORINIY v 7Y &~
TIROIHBZ G2 5 WS RRRIR RIS EEZ R LToT20, S 6RIMFTEITo7.
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n 5 1) metalation of 1a with \ D
CeH1a r EtMgCI/TMP-H (10 mol%) S Br
{/ \S . U\ THF, reflux, 24 h J\ s I\ S
S g~ TBr 2) NiCl(PPha)IPr 3 s
ta(10equv)  2a (05 mmol) (2.0 mol%) W \ /
a (1.0 equiv. a (0.5 mmol i
THF, rt, 10 min 33 41% "CeHis 8a, 0% ”C5H13

Scheme 3-2-2-1. 1a & 2a @ 1:1 a2 1T 5 34K .

& 7B A R AE A2 FIV T, 1a & 2a O 11 S EITWEG LD B 0%
RPECHOWTHEEIT -T2, TOREE A Table 3-2-2-1 ITE LD/, NTTV T AL
fitlfc PA-PEPPSI-IPr & VT 60 °C, 23 ¢, 1:1 K& T-72L 25, 3at 8a
DIFEWINENTI 17%, R2%DPERTHE LI, ZJERRAT 4 VBN 2R
D= 7 Vi, NiCly(dppe), =AW= & Z A, 3a ODHD 33%DINETH LI
7=. NiCly(dppp)Z FI T 1:1 KIS EAT-72L 25, 3a & 8a DIREMINENTN
6%, 14%DINZETH LAV, NiCly(dppH)d L < IE PA(P'Bus), W TG ZIT -
el A, B2 ATV TR PEIRINIELND Z LD oTehy, IR
IR T L.
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Table 3-2-2-1. ff*4 REBEBEAE AL H 2, 1a & 2a O 11 SIZEIT H1ER
L

Temp./°C, Yield/%"
Entry catalyst

Time/h 3a 8a
1 NiCL(PPh3)[Pr  rt, 10 min 41 0
2 Pd-PEPPSI-IPr 60, 23 17 32
3¢ NiCly(dppe) 60, 24 33 0
4 NiCly(dppp) 60, 24 6 14
5 NiCly(dppf) 60, 24 <1 21
6° Pd(P'Bus), 60, 24 <1 26

“ Unless otherwise noted, the reaction was carried out with 1a (0.50 mmol), 2a (0.5 mmol), TMP-H (0.05

mmol), EtMgCl (0.50 mmol), and catalyst (0.01 mmol) in THF (2.0 mL). » Yield of the isolated product. ¢

The yield of 3a and 8a was estimated by 'H NMR spectroscopic analysis.

WIZ, TN TRV LFORDVIZ, TR B AT vE L

LIETFZ=VAXE 2a D 1] inkx/NT V0 MllEIT 572, Scheme 3-2-2-2

R TEIIT, 4~F N2 N TFARE = ALFF T 2a LD 1:1 Kt

o, RIGDU LIEET, To728 2AF ) vy v 7K 8a UK 83%T

e hEx, hy 7Y 7K 3a 1T 1% Thotz. Fo=LRha B AT

NWERWT 1 BOSEIT> THREROMEM 3R S, 8aB LW 3a =#F N Zil

80%, S%DINFETH % 7.

76



N
[Pd,(dba);]-CHCl5 \ d 5
nC6H13 Br (50 mOIOA)) r

[g . U\ PPh; (20 mol%) 7\ S 7\ s
Mg S S\ S\
0.5 mmol 2a (05 mmol) 3a nC5H13 8a nCGH13

M="BusSn 7% 83%

Bpin 5% 80%

Scheme 3-2-2-2. Fo = )lha U AT VB INFZ= )L AR 2a LD 1:1 X

BalpF A7 FER L L, 2a EOGEEIT-T. 2a 25 LT, 1.2 Y&
D 1%, TMP-H (10 mol%) & EtMgCl ZH W T~ v koAb Liztkiz, =v /7
JVRMBEAFAE TN, 2a L IREITV, GO NI ORPNEL R L7, Scheme
3223 ICFDFERE T LD, 2-AF VT AT 2 1e & 2a ODRULIE, 60 °C,
24 T, B v TV UK 3e I3 34%DILE TR DI, B/ T
VIR 8e ITOTINNIHER I AT ThoTe. 3-TIVFATFA T2 ThDH 3-A
FNTFH 7z (), 3-FT7FALFA 72 (1g) BIR3-FTF UV ALF47 =
v (1h) & 2a EDORIGEATST2E A, H TV TIRO BB IERINE D
iz, )Xy [b] 47 x> (i) & 2a & ORINMTRINAIZEITL, Uh T
U 7K 31 ZIUHE 49% ThH 2 7. MEBROTFTA 7 2 (1) ORIGHHEITL,
CHy VTR OREIE49% TH 272, XV [b] 772 (1k) & 2a
EDREEATSTZE A, Py T ) 7R3k BIER 22%DINRTH L, £

DNy 7N o TIRITEL G LN o T,
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R Br 1) metalation of 1a with
EtMgCl/TMP-H (10 mol%)
ﬂ . U\ THF, reflux, 24 h R
H™>g” R s” BT 2)NiCly(PPhs)IPr
(2.0 mol%)

2a (0. I
1, 0.6 mmol a@5mmol)  Tie 60ec, 24 1

anH17 nC12H25

S S S
1e 1f 19 1h
3e, 34% 8e, 3%° 3f, 51% 8f, 0% 39, 56% 89, 0% 3h, 33% 8h, 0%

02 0 @,
S Q (®)
1i 1j 1k

3i, 49% 8i, 0% 3j, 49% 8j, 0% 3k, 22% 8k, 0%

* Unless otherwise noted, the reaction was carried out with 1 (0.6 mmol), 2a (0.5 mmol), and
NiCl,(PPh3)IPr (0.01 mmol) in 2.0 mL of THF at 60 °C for 24 h. " Isolated yield. The yield was calculated

on the basis of amount of 2a. “ The yield was determined by GC analysis.

Scheme 3-2-2-3. B4 2 F 47 = L iFEAk (12 48) & 2a LOG*?

WIZ, LOPDH 12 YED Z-~F AT AT 2 (la) LEkx w7 0T
V=2 DH 7V v T RISOIRFE 24T > 72, Scheme 3-2-2-4 (221 6 Difii A
HELD. 25-UT7REFA T (20) & 1a L ORIGNE, EAITHEITL,
B —FF 7 x3e RINICHZ, £/ 7V TR 8 HbN ol ¥
TR0y, 140708y 2D, 13-V rERrEr 2m) B
S 12-vT7emEXRE 2n) L la btDRIGEIToTZEZA, Vv v
K31, 3m, 3n DHEETNENRIFRIGRTE 272 12- 7 na 28 (20)
ED L ISEAT2TE 24, 3In DAZERWICE 2, 8nlTE<HELNR)-
Tz, VINEEAR—Y—ICHTAY T R T AT 20 2p & 1a L ORIGE
1Tolce A, Phy TV TREE ) Iy TV TIREDIREMNE I,
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ZIEN 27%B LR 17%DIETH - 7.

Scheme 3-2-2-3 3 & U Scheme 3-2-2-4 DFERNE, oa A b7 U — T
TN TR AED 11 KIS, NHC BN 726325 = v 7 /U filtlf a2 v
HE, RFE-NBTUREBRITBOWCEENIC T v 7 T RISBEITL, Yy
TN TERPIBINIZELND E WD T e bhote., ZEN YTV TN
1T UT2s B2 BRI BB I I X D00 > TR WD, = LD EVIRITTENL S

NHC BN I K 2 BTG KD BWTFF 7 = V-Ni-F 47 = > ORI i
N2 OHOD C-Br i ~OBEMNMESNT-EEZ HNLD. —F5, Larrosa b 23
L7z T Fdigp e AT V= VD& v 7V o7 & gh RIS T
SH LT Dy Ml PA-PEPPSI-IPr Z W2 & ZAE ) 1y 7 U T REE
TN B2 T2 s, FAT7 2 -F4 7 = VR TERSIZB W TIXZEY
TN TSRV ERTRBREND. BbT7 ==~ TR AL 23
V7 uETFAT 2 (2a) & D 111 KIS % NiCL(PPhy)IPr # W TIT o728 2 A,
)W TV T EBEERDE LTHOND Z ERHR SN 2 b Ok
Ko, ZEI Y7V UV RISOFRBUL, S EOBITIKTFT o2& %
bivd.
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"CeH1s S
"CeHq5 1) metalation of 1a with | b @ N\ |
- S

EtMgCI/TMP-H (10 mol%) "CgHys
1\ THF, reflux, 24 h 3
X X + H

S 2) NiClo(PPhg)IPr (2.0 mol%)  "CgHi3

2 (X =Br, Cl) 1a(1.0-12eq)  'HF 60°C,24h x

21
3c, 36% 8c, 0% 31, 45% 81, 0% 3m, 44% 8m, 0% 3n,44% 8n, 0%
Cl
"yt
Cl S Si S

/ \

20° 2p°
3n,36% 8n, 0% 3p,27% 8p, 17%

* Unless noted, the reaction was performed with 1a (0.6 mmol), haloarene (0.5 mmol) and NiCl,(PPh;)IPr
(0.01 mmol) in 2.0 mL of THF. ” Isolated yield. The yield was calculated on the basis of amount of 1a. ©
The reaction was carried out with 2a (0.5 mmol). ¢ The yield was estimated by "H NMR analysis. ¢ The

reaction was carried out with 0.254 mmol of 2p.

Scheme 3-2-2-4. kx g b7 U —n b 1a (1.0-1.2 48) L OK&?

Tt R EATHEREIZBWC, ZEI v 7Y VIRICRRELT 5 B 2 b,
KBS, la D~ TR U LFEE VY NVEEAN—Y—IZHTHV T nEET A
Tx2p EDOIGE, BTV TIRE DI TN TIROBEMES
e, THUHORRIE, BESIC Ko THESNTr e X v 7Y T RIS %
W #HfE G mAICR T D, MBEBEROSICBERL D, 22 ZoRIGIE
= v 7 VR BALRAIN &R A M 0 K LT, n R E S TNBEI L T
WS bDTHD. ZDX D RMIERBEN O RIZE >T, 258D C-Briails

THEFBLISBIMEE N b D EZEZ B 5 (Scheme 3-2-2-5).
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Br Ni Br NiBr

oS S S
rS—hi—< 1557 e 137
S —<\j\nc H reductive [S \ /nC H oxidative S \ nC.H
6113 s 6113 I, 6113
elimination addition

Scheme 3-2-2-5. FR(VAFIIN & & CROMEEZ & & 72 9 il )

3-3. fEiR

3MLEWRT A7 = o OMCEREIRW 727 1 ARG & 23- T RETFH T
e DH T TG AR RS Z L2 Lo, MEEA PRI HIE S sy
BRRA Y AFF 7 = DRI EBIEDBHIIC R LTz, £72, Bonis
Bk AV TF 47 = Ak x Zea A E DT T U T ROSHHETT L,
xR A ) TF AT = R E G AT

NHC i+ 232 =y F Vi z ns &, 3-~F v FF T =L 2,3-
VIREFAT 2Dy 7Y TRORE, EFWICHERRTRETL, Fhb
LITRIS LI ZA, POy TV T RkORhEb 2, €70y 7 ) v 7K
B BRSNS KRS E R LT

3-4. SEERIA

General

All the reactions were carried out under nitrogen atmosphere. '"H NMR (300 MHz) and
BC NMR (75 MHz) spectra were measured on Varian Gemini 300 as a CDCIlj; solution
unless noted. The chemical shifts were expressed in ppm with CHCl3 (7.26 ppm for 'H)
or CDCl; (77.0 ppm for 13C) as internal standards. IR spectra were recorded on Bruker
Alpha with an ATR attachment (Ge). High resolution mass spectra (HRMS) were
measured by JEOL JMS-T100LP AccuTOF LC-Plus (ESI) with a JEOL MS-5414DART

attachment or JEOL JMS-700 MStation (EI) at the Graduate School of Material Science,
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Nara Institute of Science and Technology. For thin layer chromatography (TLC)
analyses throughout this work, Merck precoated TLC plates (silica gel 60 F254) were
used. Purification by HPLC with preparative SEC column (JAI-GEL-2H) was
performed by JAI LC-9201. Gas chromatography analyses were carried out with
SHIMADZU GCMS-QP2010 Plus. Nickel catalysts, NiCl,(dppe) and NiCl,(dppp), was
prepared according to the literature procedures. > Other chemicals were purchased and

used without further purification.

The reaction of 3-hexylthiophene (1a) with EtMgCl and a catalytic amount of
TMP-H followed by coupling with 2,3-dibromothiophene (2a): To a 50 mL Schlenk
tube equipped with a magnetic stirring bar were added a 0.99 M solution of EtMgCl in
THF (7.5 mL, 7.5 mmol) and TMP-H (0.01 mL, 0.75 mmol). To the solution was added
3-hexylthiophene (1a, 0.048 mL, 7.5 mmol) and stirring was continued under reflux for
24 h. The reaction mixture was cooled to 0 °C (CAUTION: Otherwise, exotherm by the
reaction causes boiling of the solvent.) and then 1.5 mL of THF, 2,3-dibromothiophene
(2a, 0.074 mL, 3.0 mmol) and NiCl,(PPh3)IPr (7.8 mg, 0.01 mmol) were added
successively. The mixture was allowed to stir at room temperature for 24 h. The mixture
was quenched by saturated aqueous solution of ammonium chloride (1.0 mL). The
solution was poured into the mixture of diethyl ether/water and two phases were
separated. Aqueous was extracted with diethyl ether twice and the combined organic
layer was dried over anhydrous sodium sulfate. Concentration of the solvent under
reduced pressure left a crude oil, which was purified by column chromatography on
silica gel using hexanes as an eluent to afford 1.25 g of 3a (yellow oil, >99%). '"H NMR

6 0.80-0.97 (m, 6H), 1.16-1.43 (m, 12H), 1.46-1.69 (m, 4H), 2.55 (t, J = 7.6 Hz, 2H),
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2.56 (t, J= 7.6 Hz, 2H), 6.83 (d, J= 0.8 Hz, 1H) , 6.89-6.92 (m, 2H), 6.96 (d, J= 1.3 Hz,
1H), 7.14 (d, J= 5.3 Hz, 1H), 7.23 (d, J= 5.3 Hz, 1H); °C NMR § 14.1 (x2), 22.6 (x2),
28.9 (x2), 30.39 (x3), 30.43, 31.6, 31.7, 119.9, 121.2, 124.1, 127.7, 129.1, 129.6, 131.6,
132.2, 134.6, 137.1, 143.2, 143.3; IR (ATR) 2954, 2926, 2855, 1465, 1457, 1377, 1271,
1201, 840, 780, 728, 695, 673, 649 cm™'; HRMS (DART-ESI+) Calcd for Cp4HisS;

[M+H]": 417.1744; found: m/z 417.1746.

Synthesis of 4a: To a 20 mL Schlenk tube equipped with a magnetic stirring bar was
added 3a (520.9 mg, 2.5 mmol) at room temperature. A 0.99 M solution of EtMgCl
(1.26 mL, 1.25 mmol) in THF and TMP-H (0.021 mL, 0.125 mmol) were added and
stirring was continued under reflux for 24 h. Then, THF (0.74 mL),
2,3-dibromothiophene (2a, 0.057 mL, 0.50 mmol) and NiCl,(PPh3;)IPr (7.8 mg, 0.01
mmol) were added successively. The mixture was allowed to stir at 60 °C for 20 h. After
cooling to room temperature the mixture was quenched by saturated aqueous solution of
ammonium chloride (1.0 mL). The solution was poured into the mixture of diethyl
ether/water and two phases were separated. The aqueous phase was extracted with
diethyl ether twice and the combined organic phase was dried over anhydrous sodium
sulfate. Removal of the solvent left a crude oil, which was purified by chromatography
on silica gel (hexanes/EtOAc = 50/1) to afford 466.9 mg of 4a (orange oil, >99%). 'H
NMR 8 0.88 (t, J = 6.5 Hz, 12H), 1.19-1.41 (m, 24H), 1.49-1.66 (m, 8H), 2.55 (t, J =
7.6 Hz, 8H), 6.84 (s, 1H), 6.85 (s, 1H), 6.89 (s, 2H), 6.70 (d, /= 1.4 Hz, 1H), 6.92 (d, J
= 1.4 Hz, 1H), 6.97 (d, J = 1.4 Hz, 1H), 6.98 (d, /= 1.4 Hz, 1H), 7.19 (d, J = 5.3 Hz,
1H), 7.20 (s, 1H), 7.24 (s, 1H), 7.31 (d, J = 5.3 Hz, 1H); °C NMR & 14.1, 22.6, 28.9,

30.36, 30.41, 31.6, 120.0, 120.2, 121.2, 121.4, 124.9, 127.9, 128.1, 128.9, 129.0, 129.2,
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129.5, 130.4, 130.9, 131.3, 131.85, 131.93, 132.0, 132.8, 133.1, 134.2, 134.4, 135.3,
136.6, 136.9, 143.1 (x2), 143.2 (x2); IR (ATR) 2954, 2925, 2854, 1464, 1377, 1202,
839, 800, 777, 731, 673, 645 cm™'; HRMS (ESI+) Caled for Cs;HesNaS; [M+Na]™:

935.2951; found: m/z 935.2955.

Synthesis of 5a: Synthesis of Sa was carried out in a similar manner to the synthesis of
4a (dark red viscous oil, 46%) from 4a (538.5 mg, 0.589 mmol), EtMgCl (0.59 mL,
0.589 mmol, 0.99 M in THF), TMP-H (0.010 mL, 0.059 mmol), 2,3-dibromothiophene
(10, 0.027 mL, 0.235 mmol) and NiCl,(PPh3)IPr (9.17 mg, 0.012 mmol) at 60 °C for 24
h in 1.0 mL of THF. "H NMR & 0.77-0.98 (br m, 24H), 1.22-1.44 (br m, 48H), 1.45-1.71
(br m, 16H), 2.42-2.64 (br m, 16H), 6.77 (s, 1H), 6.80 (s, 1H), 6.80-6.83 (m, 3H), 6.84
(s, 1H), 6.86 (s, 2H), 6.87-6.92 (m, 4H), 6.94-6.98 (m, 4H), 7.221 (d, J = 5.3 Hz, 1H),
7.225 (s, 1H), 7.24 (s, 1H), 7.26-7.29 (m, 3H), 7.30 (s, 1H), 7.35 (d, J = 3.5 Hz, 1H);
PCNMR § 14.1, 22.6, 28.9, 30.3, 30.4, 30.5, 31.66, 31.67, 120.0, 120.1, 120.20, 120.23,
121.17, 121.22, 121.40, 121.44, 125.4, 128.0, 128.1, 128.19, 128.21, 128.1, 129.04,
129.09, 129.1, 129.2, 129.3, 129.6, 129.7, 129.8, 130.42, 130.44, 130.6, 131.1, 131.39,
131.43, 132.0, 132.06, 132.12, 132.2, 132.31, 132.34, 132.59, 132.64, 133.2, 133.4,
133.7, 134.2, 134.3, 134.45, 134.47, 134.50, 134.8, 135.10, 135.11, 136.1, 136.57,
136.63, 136.90, 136.94, 143.18, 143.20, 143.22 (x2), 143.3 (x2), 143.4 (x2); IR (ATR)
2954, 2925, 2854, 1462, 1454, 1434, 1414, 1391, 1378, 1203, 1092, 838, 732, 667, 642

cm'l; HRMS (FAB+) Calcd for CjosH128S15 [M]+: 1904.5827; found: m/z 1904.5823.

Synthesis of 3b: Synthesis of 3b was carried out in a similar manner to the synthesis of

3a (yellow oil, >99%) from 3-(4,4,5,5,6,6,7,7,7-nonafluoroheptan-1-yl)thiophene (1b,
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0.277 mL, 1.25 mmol), EtMgCl (1.26 mL, 1.25 mmol, 0.99 M in THF), TMP-H (0.021
mL, 0.125 mmol), 2,3-dibromothiophene (2a, 0.057 mL, 0.5 mmol) and NiCl,(PPh3)IPr
(7.8 mg, 0.01 mmol) at 60 °C for 27 h in 2.0 mL of THF. '"H NMR & 1.82-2.20 (m, 8H),
2.67 (t,J=7.2 Hz, 2H), 2.68 (t, J= 7.2 Hz, 2H), 6.89 (s, 2H), 6.94 (s, 1H), 6.96 (d, J =
1.5 Hz, 1H), 7.14 (d, J= 5.2 Hz, 1H), 7.27 (d, J= 5.2 Hz, 1H); °C NMR & 21.0 (t, Jo.r
= 3.8 Hz), 29.52. 29.54, 30.1 (t, Jc.r= 22 Hz), 121.0, 122.2, 124.5, 127.3, 128.7, 129.6,
131.6, 132.2, 135.4, 137.9, 141.0, 141.1; IR (ATR) 1219, 1168, 1132, 1010, 880, 848,
737, 719 cm’l; HRMS (DART-ESI+) Caled for CysHioF 5S35 [M+H]+: 769.0361; found:

m/z 769.0338.

Synthesis of 4a: Synthesis of 4a was carried out in a similar manner to the synthesis of
4a (yellow viscous oil, 80%) from 3b (960.7 mg, 1.25 mmol), EtMgClI (1.26 mL, 1.25
mmol, 0.99 M in THF), TMP-H (0.021 mL, 0.125 mmol), 2,3-dibromothiophene (2a,
0.057 mL, 0.5 mmol) and NiCly(PPh3)IPr (7.8 mg, 0.01 mmol) at 60 °C for 19 h in 2.0
mL of THF. 'H NMR & 1.79-2.22 (m, 16H), 2.66 (t, J = 7.4 Hz, 8H), 6.89 (s, 2H),
6.89-6.91 (m, 4H), 6.96-7.00 (m, 2H), 7.198 (s, 1H), 7.199 (d, J = 5.3 Hz, 1H), 7.24 (s,
1H), 7.33 (d, J = 5.3 Hz, 1H); °C NMR § 21.00, , 21.01, 29.54, 29.55, 29.59, 30.2 (t,
Jer= 23 Hz), 121.1, 121.3, 122.2, 122.4, 125.3, 127.6, 127.7, 128.5, 128.7, 129.3,
129.7, 130.5, 131.1, 131.5, 131.97, 132.03, 132.1, 133.1, 133.3, 134.9, 135.2, 135.8,
137.4, 137.7, 141.0, 141.1, 141.16, 141.20; IR (ATR) 2952, 1462, 1356, 1219, 1168,
1132, 1010, 927, 880, 849, 737, 720, 646 cm™; HRMS (ESI+) Calcd for CssHzF36S7

[M]":1616.0287; found: m/z 1616.0262.

Synthesis of 4¢: To a 20 mL Schlenk tube equipped with a magnetic stirring bar was
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added 3a (416.7 mg, 1.0 mmol) at room temperature. To the solution 0.99 M EtMgCl
(1.01 mL, 1.0 mmol) in THF and TMP-H (0.017 mL, 0.10 mmol) were added and
stirring was continued under reflux for 24 h. Then, THF (0.6 mL),
2,5-dibromothiophene (2¢, 0.045 mL, 0.40 mmol) and NiCl,(PPh3)IPr (6.2 mg, 0.008
mmol) were added successively. The mixture was allowed to stir at 60 °C for 23 h. After
cooling to room temperature the mixture was quenched by saturated aqueous solution of
ammonium chloride (1.0 mL). The solution was poured into the mixture of diethyl
ether/water and two phases were separated. The aqueous phase was extracted with
diethyl ether twice and the combined organic phase was dried over anhydrous sodium
sulfate. Removal of the solvent left a crude oil, which was purified by chromatography
on silica gel (hexanes/EtOAc = 50/1) to afford 371.2 mg of 4c¢ (yellow oil, >99%). 'H
NMR 6 0.89 (t, J = 6.6 Hz, 12H), 1.19-1.43 (m, 24H), 1.48-1.73 (m, 8H), 2.56 (t, J =
7.6 Hz, 8H), 6.88 (s, 4H), 6.94 (d, J= 1.2 Hz, 2H), 6.99 (d, J = 1.2 Hz, 2H), 7.10 (s, 2H),
7.19 (s, 2H); >C NMR § 14.1, 22.6, 28.9, 30.36, 30.38, 30.42, 30.44, 31.65, 31.67,
120.3, 121.4, 124.5, 126.2, 128.2, 128.9, 131.0, 132.5, 134.3, 134.8, 135.7, 136.5, 143.3,
143.4; IR (ATR) 2954, 2925, 2854, 1513, 1464, 1377, 1202, 834, 793, 734, 643, 626

cm'l; HRMS (ESI+) Caled for CspHgsS7 [M]+: 912.3053; found: m/z 912.3076.

Synthesis of 5c¢: Synthesis of Sc¢ was carried out in a similar manner to the synthesis of
4c¢ (dark red viscous oil, 87%) from 4a (228.38 mg, 0.25 mmol), EtMgCl (0.25 mL,
0.25 mmol, 0.99 M in THF), TMP-H (0.004 mL, 0.025 mmol), 2,5-dibromothiophene
(2¢, 0.011 mL, 0.1 mmol) and NiCl,(PPh3)IPr (1.56 mg, 0.002 mmol) at 60 °C for 20 h
in 0.5 mL of THF. '"H NMR & 0.88 (t, J = 6.5 Hz, 24H), 1.14-1.40 (br m, 48H),

1.50-1.66 (br m, 16H), 2.55 (t, J = 7.6 Hz, 16H), 6.85 (d, J = 1.1 Hz, 2H), 6.86 (d, J =
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1.1 Hz, 2H), 6.87-6.89 (m, 4H), 6.91-6.94 (m, 4H), 6.98 (d, J = 1.4 Hz, 2H), 7.00 (d, J =
1.4 Hz, 2H), 7.15 (s, 2H), 7.25 (s, 4H), 7.26 (s, 2H); °C NMR § 14.05, 14.06, 22.58,
22.59, 28.92, 28.93, 30.35, 30.36, 30.38, 30.41, 30.5, 31.6, 31.7, 120.2, 120.3, 121.3,
121.5, 125.0, 126.2, 128.1, 128.3, 129.1, 129.2, 129.8, 130.32, 130.34, 130.4, 131.8,
132.09, 132.13, 132.4, 133.4, 134.1, 134.4, 134.7, 135.6, 135.8, 136.5, 136.8, 143.28,
143.31, 143.40, 143.42; IR (ATR) 2955, 2925, 2855, 1723, 1680, 1464, 1377, 1261,
1200, 1093, 1019, 839, 798, 735, 673, 663, 640 cm’; HRMS (ESI+) Caled for

Clongzgsls [M]+I 19045827, found: m/z 1904.5855.

Synthesis of S5d: Synthesis of 5d was carried out in a similar manner to the synthesis of
5c (dark red viscous oil, 90%) from 4a (328.9 mg, 0.36 mmol), EtMgClI (0.36 mL, 0.36
mmol, 0.99 M in THF), TMP-H (0.006 mL, 0.036 mmol), 1,3,5-tribromobenzene (2d,
31.48 mg, 0.1 mmol) and PEPPSI-IPr (1.35 mg, 0.002 mmol) at 60 °C for 20 h in 0.5
mL of THE. "H NMR § 0.86-0.90 (m, 36H), 1.18-1.42 (m, 72H), 1.49-1.66 (m, 24H),
2.55 (t,J=17.6 Hz, 24H), 6.83-6.87 (m, 6H), 6.88 (br s, 6H), 6.94 (br s, 6H), 6.99 (d, J =
1.4 Hz, 3H), 7.00 (d, J = 1.3 Hz, 3H), 7.30 (s, 3H), 7.32 (s, 3H), 7.51 (s, 3H), 7.77 (s,
3H); °C NMR § 14.0, 22.60, 22.61, 29.0, 30.35, 30.41, 30.47, 31.66, 31.68, 120.1,
120.3, 121.3, 121.5, 122.2, 126.7, 128.1, 128.2, 129.0, 129.1, 129.9, 130.3, 131.6,
132.00, 132.06, 132.11, 132.4, 132.7, 133.3, 134.2, 134.4, 134.9, 135.0, 136.5, 136.9,
141.5, 143.2 (x2), 143.3, 143.4; IR (ATR) 2954, 2926, 2854, 1682, 1591, 1521, 1463,
1410, 1377, 1202, 1143, 1096, 1048, 837, 734, 684, 643, 612 cm™'; HRMS (ESI+) Calcd

for C162H192821 [M]+Z 2808.9159; found: m/z 2808.93512.

Synthesis of 6a: To a 20 mL Schlenk tube equipped with a magnetic stirring bar was
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added 3a (208.35 mg, 0.50 mmol) at room temperature. To the solution 0.99 M EtMgCl
0.61 mL, 0.6 mmol) in THF and TMP-H (0.008 mL, 0.050 mmol) were added and
stirring was continued under reflux for 24 h. Then, 1.4 mL of THF and copper(Il)
chloride (3.36 mg, 0.025 mmol) were added successively. The mixture was allowed to
stir under O, atmosphere at 60 °C for 26 h. The mixture was quenched by saturated
aqueous solution of ammonium chloride (1.0 mL). The solution was poured into the
mixture of diethyl ether/water and two phases were separated. Aqueous was extracted
with diethyl ether twice and the combined organic layer was dried over anhydrous
sodium sulfate and concentrated under reduced pressure to leave a crude oil, which was
purified by chromatography on silica gel (hexanes) to afford 1324 mg of
homo-coupling product 6a. '"H NMR & 0.89 (t, J = 6.6 Hz, 12H), 1.23-1.42 (m, 24H),
1.52-1.66 (m, 8H), 2.56 (t, /= 7.6 Hz, 8H) , 6.85-6.90 (m, 4H), 6.94 (d, J= 1.3 Hz, 2H),
6.98 (d, J = 1.3 Hz, 2H), 7.20 (s, 2H); *C NMR & 14.06, 14.07, 22.59, 22.60, 28.9,
30.37, 30.40, 30.43, 30.46, 30.66, 31.68, 120.3, 121.4, 126.4, 128.2, 129.0, 131.2, 132.6,
134.3, 134.6, 136.6, 143.3, 143.5; IR (ATR) 2955, 2925, 2854, 1465, 1457, 1437, 1377,
1260, 1201, 1091, 1018, 828, 798, 734, 672, 638 cm’'; HRMS (ESI+) Calcd for

C4sHe3S6 [M+H]+: 831.3254; found: m/z 831.3264.

Synthesis of 7a: Synthesis of 7a was carried out in a similar manner to the synthesis of
6a (red viscous oil, 51%) from 4a (182.7 mg, 0.20 mmol), EtMgCl (0.20 mL, 0.20
mmol, 0.99 M in THF), TMP-H (0.003 mL, 0.02 mmol) and CuCl, (1.34 mg, 0.01
mmol) under oxygen atmosphere at room temperature for 20 h in 0.8 mL of THE. 'H
NMR 6 0.89 (t, J= 6.6 Hz, 24H), 1.21-1.44 (br m, 48H), 1.51-1.66 (br m, 16H), 2.55 (t,

J=7.6 Hz, 16H), 6.85 (d, J= 1.1 Hz, 2H), 6.86 (d, J = 1.1 Hz, 2H), 6.87-6.90 (m, 4H),
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6.90-6.95 (m, 4H), 6.99 (d, J = 1.3 Hz, 2H), 7.00 (d, J = 1.3 Hz, 2H), 7.26 (s, 2H), 7.27
(s, 4H); °C NMR 5 14.08, 14.09, 22.60, 22.62, 28.94, 28.95, 28.96, 30.37, 30.38, 30.40,
30.43, 30.47, 31.66, 31.68, 120.2, 120.3, 121.4, 121.6, 126.6, 128.1, 128.3, 129.1, 129.2,
129.9, 130.4, 130.8, 131.9, 132.1, 132.2, 132.4, 132.5, 133.4, 134.1, 134.4, 134.6, 135.0,
136.5, 136.8, 143.29, 143.32, 143.41, 143.44; IR (ATR) 2954, 2925, 2854, 1519, 1464,
1377, 1261, 1201, 1094, 1043, 830, 799, 734, 643 cm™'; HRMS (FAB+) Calcd for

Cio4H126S14 [M]": 1822.5949; found: m/z 1822.5782.

Bromination of 3a and 4a with N-bromosuccinimide (NBS)

Synthesis of 3a-Br,: To a 20 mL of Schlenk tube equipped with a magnetic stirring bar
were added 3a (208.35 mg, 0.5 mmol) and THF (3.0 mL). After cooling to 0 °C in ice
bathe, NBS (35.6 mg, 0.20 mmol) was added in one portion and the resulting mixture
was stirred at 0 °C for 1 h. Additional NBS (35.6 mgx4 + 17.8mg, 0.2 mmolx4 + 0.1
mmol) was then added at 0 °C with an interval of each 1 h. The mixture was quenched
by water and the solution was poured into the mixture of diethyl ether/water and two
phases were separated. Aqueous was extracted with diethyl ether twice and the
combined organic layer was dried over anhydrous sodium sulfate and concentrated
under reduced pressure to leave a crude oil, which was purified by chromatography on
silica gel (hexanes) to afford 280.7 mg of 3a-Br, (yellow oil, 98%). 'H NMR §
0.79-0.96 (m, 6H), 1.14-1.42 (m, 12H), 1.43-1.67 (m, 6H), 2.52 (t, J = 7.6 Hz, 2H) ,
2.54 (t,J=17.6 Hz, 2H), 6.77 (s, 1H), 6.84 (s, 1H), 7.08 (d, /= 5.3 Hz, 1H), 7.25 (d, J =
5.3 Hz, 1H); °C NMR & 14.1, 22.6, 28.8, 29.5, 29.61, 29.63, 31.59, 31.61, 109.1, 110.3,
124.8, 127.6, 129.0, 129.3, 131.2, 131.7, 134.1, 136.5, 142.1, 142.3; IR (ATR) 2954,

2925, 2855, 1463, 1402, 1377, 1201, 1177, 1092, 999, 876, 837, 783, 729, 695, 641
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cm’'; HRMS (DART-ESI+) Caled for Co4Hs ’Br®'BrS; [M+H]": 574.9934; found: m/z

574.9924.

Synthesis of 3a-Br;: To a 20 mL of Schlenk tube equipped with a magnetic stirring bar
were added 3a (208.35 mg, 0.5 mmol) and THF (3.0 mL). NBS (177.99 mg, 1.0 mmol)
was added in one portion and the resulting mixture was stirring at room temperature for
1 h. Additional NBS (133.49 mg, 0.75 mmol) was then added and the reaction mixture
was heated to 60 °C and was allowed to stir at 60 °C for 1 h. Further addition of NBS
(17.80 mg, 0.10 mmol) followedand the mixture was allowed to stir at 60 °C for 12 h.
After cooling to room temperature, the mixture was quenched by water and the solution
was poured into the mixture of diethyl ether/water and two phases were separated.
Aqueous was extracted with diethyl ether twice and the combined organic layer was
dried over anhydrous sodium sulfate and concentrated under reduced pressure to leave a
crude oil, which was purified by chromatography on silica gel (hexanes) to afford 335.5
mg of 3a-Br; (yellow oil, >99%)."H NMR & 0.76-1.01 (m, 6H), 1.12-1.44 (m, 12H),
1.45-1.62 (m, 6H), 2.52 (t, J = 7.5 Hz, 2H) , 2.53 (t, J = 7.5 Hz, 2H), 6.74 (s, 1H), 6.80
(s, 1H), 7.06 (s, 1H); °C NMR & 14.1, 22.6, 28.9, 29.4, 29.57, 29.60, 31.57, 31.60,
109.7, 111.0, 112.0, 127.9, 129.4, 131.6, 132.1, 132.2, 132.8, 135.2, 142.1, 142.4; IR
(ATR) 2955, 2925, 2855, 1522, 1461, 1403, 1377, 1200, 1174, 1096, 1002, 972, 829,
793, 776, 725, 705, 665, 642 cm™; HRMS (DART-ESI+) Calcd for CasHzo " Br*'Br,Ss

[M+H]": 654.9019; found: m/z 654.9019.

Synthesis of 4a-Br4: To a 20 mL of Schlenk tube equipped with a magnetic stirring bar

were added 4a (182.7 mg, 0.2 mmol), acetic acid (2.0 mL) and THF (2.0 mL). After
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cooling to 0 °C in ice bathe, NBS (71.19 mg, 0.40 mmol) was added in one portion and
the resulting mixture was stirring at 0 °C for 1 h. Additional NBS (35.6 mgx3, 0.2
mmolx3) was then added at 0 °C with an interval of each addition for 1 hand then the
mixture was allowed to stir for 1.5 h. The mixture was quenched by water and the
solution was poured into the mixture of diethyl ether/water and two phases were
separated. Aqueous was extracted with diethyl ether twice and the combined organic
layer was dried over anhydrous sodium sulfate and concentrated under reduced pressure
to leave a crude oil, which was purified by chromatography on silica gel (hexanes) to
afford 280.7 mg of 4a-Br, (orange oil, 80%) '"H NMR & 0.89 (t, J = 6.5 Hz, 12H),
1.17-1.41 (br m, 24H), 1.46-1.64 (m, 8H), 2.53 (t, J= 7.6 Hz, 8H), 6.77 (s, 1H), 6.79 (s,
1H), 6.845 (s, 1H), 6.852 (s, 1H), 7.10 (s, 1H), 7.15 (s, 1H), 7.17 (d, J = 5.3 Hz, 1H),
7.32(d,J=5.3 Hz, 1H); C NMR & 14.07, 14.08, 22.57, 22.58, 28.8, 29.46, 29.48, 29.6,
29.7, 31.58, 31.61, 109.2, 109.4, 110.4, 110.7, 125.4, 127.9, 128.1, 128.8, 128.90,
128.94, 129.6, 130.0, 131.0, 131.3, 131.48, 131.51, 131.6, 132.6, 133.5, 133.6, 133.8,
135.9, 136.0, 136.3, 142.23, 142.26, 142.37, 142.41; IR (ATR) 2953, 2925, 2855, 1512,
1461, 1408, 1377, 1200, 1178, 1095, 1001, 974, 835, 759, 728, 710, 677, 668, 649, 612
cm'l; HRMS (ESI+) Caled for C52H6079Br281Br2NaS7 [M+Na]+: 1250.9330; found: m/z

1250.9363.

Synthesis of 2-(4-hexylthiophene-2-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane
(1a-Bpin) with EtMgCl and TMP-H (10 mol%): To a 50 mL Schlenk tube equipped
with a magnetic stirring bar were added 0.99 M EtMgCl (3.9 mL, 3.9 mmol) in THF
and TMP-H (0.051 mL, 0.3 mmol). To the solution was added 3-hexylthiophene (1a,

0.539 mL, 3.0 mmol) and stirring was continued under reflux for 24 h. After cooling to
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room temperature 2.0 mL of THF was added. The reaction mixture was cooled to 0 °C
and then trimethylborate (0.681 mL, 3.3 mmol) was added dropwise. The reaction
mixture was stirred at room temperature for 10 min and then was quenched with 0.1 M
hydrochloric acid. The mixture was poured into water/EtOAc and two phases were
separated. Aqueous was extracted with diethyl ether twice. The combined organic layer
was dried over anhydrous sodium sulfate and concentrated under reduced pressure to
leave a crude oil (yellow oil). To 50 mL Schlenk tube equipped with a magnetic stirring
bar were added the obtained crude oil, pinacol (389.9 mg, 3.3 mmol) and 5.0 mL of
1,4-dioxane. After stirring at 80 °C for 40 h, the mixture was poured into water/EtOAc
and two phases were separated. Aqueous was extracted with diethyl ether twice. The
combined organic layer was dried over anhydrous sodium sulfate and concentrated
under reduced pressure to leave a crude oil, which was purified by column
chromatography on silica gel using hexane/EtOAc (100/1) as an eluent to afford 521 mg

of  2-(4-heyxlthiophene-2-yl)-4,4,5,5-tetramethyl-1 ,3,2—di0xaborolane24

(1a-Bpin,
yellow oil, 59%). '"H NMR & 0.88 (t, J = 6.7 Hz, 3H), 1.24-1.40 (m, 6H), 1.34 (s, 12H),
1.51-1.67 (m, 2H), 2.62 (t, J= 7.7 Hz, 2H) , 7.21 (s, 1H), 7.47 (s, 1H); >C NMR § 14.0,
22.5,24.6 (x4), 28.9,29.9, 30.5, 31.6, 127.4, 138.3, 144.5; IR (ATR) 2978, 2957, 2928,
2856, 1688, 1545, 1444, 1380, 1372, 1326, 1301, 1270, 1214, 1198, 1165, 1142, 1112,
1026, 1000, 961, 854, 832, 772, 685, 665 cm”; HRMS (DART-ESI+) Calcd for

Ci6HsBO,S [M+H]": 295.1903; found: m/z 295.1900.

The reaction of 2-(4-hexylthiophene-2-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane
(1a-Bpin) with 2a: To a 20 mL Schlenk tube equipped with a magnetic stirring bar were

added 2-(4-heyxlthiophene-2-yl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane  (1a-Bpin,
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147.1 mg, 0.5 mmol), 2,3-dibromothiophene (2a, 0.057 mL, 0.5 mmol),
Pd,(dba);-CHCIl; (25.8 mg, 0.025 mmol), PPh; (26.2 mg, 0.1 mmol), aqueous solution
of potassium carbonate (2.0 M, 0.75 mL, 1.5 mmol) and 2.0 mL of THF. The reaction
mixture was allowed to warm to 70 °C and stirred for 41 h. The mixture was poured into
the mixture of diethyl ether/water and two phases were separated. Aqueous was
extracted with diethyl ether twice. The combined organic layer was dried over
anhydrous sodium sulfate and concentrated under reduced pressure to leave a crude oil,
which was purified by column chromatography on silica gel using hexane as an eluent
to afford 132.9 mg of 2-(3-bromothiophene-2-yl)-4-hexylthiophebne (8a, pale yellow
oil, 81%) and 9.7 mg of 3a (5%)

2-(3-Bromothiophene-2-yl)-4-hexylthiophebne (8a): '"H NMR § 0.89 (t, J = 6.6 Hz,
3H), 1.24-1.44 (m, 6H), 1.57-1.72 (m, 2H), 2.61 (t, /= 7.6 Hz, 2H), 6.94 (d, /= 1.3 Hz,
1H), 7.00 (d, J = 5.3 Hz, 1H), 7.15 (d, J = 5.3 Hz, 1H), 7.24 (d, J = 1.3 Hz, 1H); °C
NMR § 14.0, 22.6, 28.9, 30.3, 30.4, 31.6, 107.5, 120.8, 124.0, 128.0, 131.8, 132.6,
133.9, 143.5; IR (ATR) 2955, 2926, 2855, 1511, 1463, 1377, 1343, 1209, 1140, 1081,
864, 854, 836, 798, 738, 701, 668, 647, 629, 611 cm™'; HRMS (DART-ESI+) Calcd for

C14H1879Br83 [M+H]+: 329.0033; found: m/z 329.0036.

Synthesis of 4-hexyl-2-tributylstannylthiophene (1a-Sn"Bu3)*® with EtMgCl and
TMP-H (10 mol%): To a 20 mL Schlenk tube equipped with a magnetic stirring bar
were added 0.99 M EtMgCl (1.2 mL, 1.2 mmol) in THF and TMP-H (0.017 mL, 0.1
mmol). To the solution was added 3-hexylthiophene (1a, 0.18 mL, 1.0 mmol) and
stirring was continued under reflux for 24 h. After cooling to room temperature 2.8 mL

of THF was added. The reaction mixture was cooled to 0 °C and then tributyltin
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chloride (0.325 mL, 1.2 mmol) was added dropwise. The reaction was allowed to warm
to room temperature and stirred for 1 h. The mixture was poured into water and aqueous
was extracted with diethyl ether. The combined organic extracts were washed with KF
aqueous solution to remove the unreacted tin residue and then dried over anhydrous
Na,SO4. After removal of the solvent, the residue (pale yellow oil) was used directly to
further coupling reactions. '"H NMR & 0.83-0.94 (m, 12H), 1.02-1.15 (m, 6H), 1.21-1.42
(m, 12H), 1.46- 1.69 (m, 8H), 2.65 (t, /= 7.7 Hz, 2H), 6.96 (d, J = 0.8 Hz, 1H), 7.19 (d,

J=0.8 Hz, 1H)

The reaction of 4-hexyl-2-tributylstannylthiophene (1a-Sn"Bus) with 2a: To a 20 mL
Schlenk tube equipped with a magnetic stirring bar were added
4-hexyl-2-tributylstannylthiophene ~ (1a-Sn"Bu;, 2287 mg, 0.5 mmol),
2,3-dibromothiophene (2a, 0.057 mL, 0.5 mmol), Pd,(dba);-CHCl; (25.8 mg, 0.025
mmol), PPh; (26,2 mg, 0.1 mmol) and 3.0 mL of DMF. The mixture was allowed to stir
at 100 °C for 34 h. After cooling to room temperature the mixture was quenched by
water. The solution was poured into the mixture of diethyl ether/water and two phases
were separated. Aqueous was extracted with diethyl ether twice and the combined
organic layer was dried over anhydrous sodium sulfate and concentrated under reduced
pressure to leave a crude oil, which was purified by chromatography on silica gel
(containing 10 wt% of K,COs3) using hexanes as an eluent to afford 137.3 mg of 8a
(83%) and 15.1 mg of 3a (7%).

Representative procedure for the 1:1 raction of thiophene derivatives with
haloarenes: To a 20 mL Schlenk tube equipped with a magnetic stirring bar were added

0.99 M EtMgCl (0.505 mL, 0.5 mmol) in THF and TMP-H (0.008 mL, 0.05 mmol). To
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the solution were added 3-hexylthiophene (2a, 0.09 mL, 0.50 mmol) and stirring was
continued under reflux for 24 h. Then, 1.4 mL of THF, 1,3-dibromobenzene (2m, 118
mg, 0.5 mmol) and NiCl,(PPh3)IPr (7.8 mg, 0.01 mmol) were added successively. The
mixture was allowed to stir at 60 °C for 24 h. The mixture was quenched by saturated
aqueous solution of ammonium chloride (1.0 mL). The solution was poured into the
mixture of diethyl ether/water and two phases were separated. Aqueous was extracted
with diethyl ether twice and the combined organic layer was dried over anhydrous
sodium sulfate and concentrated under reduced pressure to leave a crude oil, which was
purified by column chromatography on silica gel using hexanes as an eluent to afford
89.7 mg 1,3-bis(3-hexylthiophen-5-yl)benzene (3m, 44%, pale yellow oil). 'H NMR
(CDCl3, 300 MHz) 6 0.90 (t, J = 6.8 Hz, 6H), 1.18-1.48 (m, 12H), 1.59-1.75 (m, 4H),
2.63 (t,J=17.7 Hz, 4H), 6.89 (d, J= 0.9 Hz, 2H), 7.20 (d, /= 1.3 Hz, 2H), 7.31-7.39 (m,
1H), 7.48 (dd, J = 1.7, 7.0 Hz, 2H), 7.79 (t, J = 1.7 Hz, 1H); *C NMR (CDCl;, 75
MHz) ¢ 14.1, 22.6, 29.0, 30.4, 30.6, 31.7, 119.7, 123.1, 124.7, 124.8, 129.3, 135.3,
143.6, 144.3; IR (ATR) 2954, 2926, 2854, 1600, 1577, 1559, 1549, 1489, 1465, 1458,
1377, 1261, 1204, 1088, 1025, 880, 837, 787, 729, 687, 668, 652, 633 cm™'; HRMS
(DART-ESI+) Calcd for CoH3sS, [M+H]:411.2180; found: m/z 411.2164.
2,3-bis(3-methylthiophen-5-yl)thiophene (3f)

'H NMR (CDCls, 300 MHz) & 2.23 (d, J = 0.9 Hz, 3H), 2.25 (d, J = 0.9 Hz, 3H),
6.82-6.86 (m, 1H), 6.89-6.91 (m, 2H), 6.95 (d, /= 1.3 Hz, 1H), 7.12 (d, /= 5.3 Hz, 1H),
723 (d, J = 5.3 Hz, 1H); °C NMR (CDCl;, 75 MHz) & 15.65, 15.69, 120.7, 120.8,
122.0, 122.1, 124.1, 124.2, 128.7, 129.7, 130.1, 131.6, 132.1, 134.6, 137.2, 137.5,
137.6; IR (ATR) 1551, 1523, 1444, 1399, 1380, 1253, 1201, 142, 1090, 1031, 991, 875,

837, 797, 779, 737, 693, 645 cm’'; HRMS (DART-ESI+) Caled for C4H3Ss
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[M+H]":277.0179; found: m/z 277.0188.

2,3-bis(3-octylthiophen-5-yl)thiophene (3g)

'H NMR (CDCls, 300 MHz) & 0.88 (t, J = 6.6 Hz, 6H), 1.11-1.42 (m, 20H), 1.47-1.68
(m, 4H), 2.47-2.63 (m, 4H), 6.83 (s, 1H), 6.87-6.92 (m, 2H), 6.96 (d, J = 1.3 Hz, 1H),
7.13 (d, J= 5.3 Hz, 1H), 7.23 (d, J = 5.3 Hz, 1H); *C NMR (CDCl;, 75 MHz) & 14.1,
22.7,29.3, 29.41, 29.43, 30.40, 30.43, 31.9, 119.9, 121.2, 124.1, 127.7, 129.1, 129.6,
131.7,132.2, 134.6, 137.1, 143.2, 143.3; IR (ATR) 2955, 2924, 2854, 1462, 1378, 1256,
1201, 1045, 840, 797, 725, 695, 645 cm™; HRMS (DART-ESI+) Caled for CagHy;S3
[M+H]":473.2370; found: m/z 473.2358.

2,3-bis(3-dodecylthiophen-5-yl)thiophene (3h)

'H NMR (CDCls, 300 MHz) & 0.88 (t, J = 6.6 Hz, 6H), 1.61-1.41 (m, 36H), 1.50-1.64
(m, 4H), 2.49-2.61 (m, 4H), 6.83 (s, 1H), 6.87-6.91 (m, 2H), 6.96 (d, J = 1.3 Hz, 1H),
7.13 (d, J = 5.3 Hz, 1H), 7.23 (d, J = 5.3 Hz, 1H); *C NMR (CDCl;, 75 MHz) & 14.1,
22.7,29.3,29.4,29.48, 29.5, 29.63, 29.66, 29.70, 30.44, 30.45, 30.5, 31.9, 119.9, 121.2,
124.0, 127.8, 129.2, 129.7, 131.7, 132.2, 134.6, 137.2, 143.2, 143.3; IR (ATR) 2954,
2916, 2872, 2849, 1466, 871, 847, 736, 722, 712, 700, 645 cm™'; HRMS (DART-ESI+)
Calcd for C36Hs7S5 [M+H]+:585.3622; found: m/z 585.3608.
2,3-bis(benzo[b]thiophen-2-yl)thiophene (3i)

'H NMR (CDCls, 300 MHz) & 7.28 (d, J = 5.3 Hz, 1H), 7.27-7.37 (m, 5H), 7.39 (d, J =
5.3 Hz, 1H), 7.42 (s, 1H), 7.69-7.80 (m, 4H); *C NMR (CDCls, 75 MHz) & 122.1 (x2),
123.4, 123.6, 123.7, 12431, 124.33, 124.46, 124.48, 124.7, 125.6, 130.3, 132.66,
132.68, 135.1, 137.4, 139.6, 139.9, 140.1, 140.6; IR (ATR) 1260, 1155, 1091, 1020, 862,
798, 744, 724, 709, 696, 685 cm’; HRMS (DART-ESI+) Calcd for CaoH,3Ss

[M+H]":349.0179; found: m/z 349.0165.
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2,3-bis(benzo|b]furan-2-yl)thiophene (3k)

'H NMR (CDCls, 300 MHz) & 6.99 (s, 1H), 7.08 (s, 1H), 7.21-7.36 (m, 4H), 7.43 (d, J =
5.3 Hz, 1H), 7.48 (d, /= 5.3 Hz, 1H), 7.50 (d, /= 3.5 Hz, 1H), 7.53 (d, J= 3.5 Hz, 1H),
7.57 (s, 1H), 7.59 (s, 1H); *C NMR (CDCls, 75 MHz) § 104.6, 105.3, 111.15, 111.19,
121.0, 121.1, 123.0, 123.2, 124.5, 124.8, 126.2, 128.81, 128.84, 128.9, 129.0, 129.1,
149.6, 151.5, 154.4, 154.6; IR (ATR) 1450, 1257, 1170, 1160, 1144, 1110, 1098, 1066,
1011, 946, 882, 863, 810, 799, 751, 739, 670, 660 cm™; HRMS (DART-ESI+) Calcd for
C0H30,S [M+H]":317.0636; found: m/z 317.0642.
1,2-bis(3-hexylthiophen-5-yl)benzene (3n)

'H NMR (CDCls, 300 MHz) § 0.89 (t, J = 6.7 Hz, 6H), 1.19-1.43 (m, 12H), 1.46-1.63
(m, 4H), 2.52 (t, J="7.5 Hz, 4H), 6.70 (d, /= 1.3 Hz, 2H), 6.84 (d, /= 1.3 Hz, 2H), 7.32
(dd, J= 3.4, 5.8 Hz, 2H), 7.48 (dd, J = 3.4, 5.8 Hz, 2H); >C NMR (CDCls, 75 MHz) &
14.1, 22.6, 28.9, 30.4, 30.5, 31.7, 120.4, 127.6, 128.5, 130.7, 134.0, 142.3, 143.1; IR
(ATR) 2955, 2926, 2855, 1490, 1465, 1377, 1200, 1105, 1048, 984, 843, 760, 726, 651,
634 cm’'; HRMS (DART-ESI+) Caled for CyeHssS; [M+H]":411.2180; found: m/z
411.2187.

Bis(3'-hexyl-2,2'-bithiophen-5-yl)dimethylsilane (3p)

'H NMR (CDCls, 300 MHz) & 0.64 (s, 6H), 0.88 (t, J = 6.6 Hz, 6H), 1.21-1.41 (m, 12H),
1.53-1.72 (m, 4H), 2.56 (t, J= 7.6 Hz, 4H), 6.80 (d, /= 1.3 Hz, 2H), 7.03 (d, /= 1.3 Hz,
2H), 7.21 (s, 4H); >C NMR (CDCls, 75 MHz) § -0.29, 14.1, 22.6, 29.0, 30.3, 30.5, 31.7,
119.3, 124.8, 125.5, 136.16, 136.22, 136.7, 144.0, 144.1; IR (ATR) 2955, 2926, 2855,
1461, 1453, 1416, 1252, 1215, 1191, 1071, 995, 854, 832, 799, 779, 738, 697, 676, 642
cm'; HRMS (DART-ESI+) Caled for CsoHiSsSi [M+H]:557.1860; found: m/z

557.1875.

97



(5-bromothiophen-2-yl)-(5'-hexyl-2,2'-bithiophen-5-yl)dimethylsilane (8p)

'H NMR (CDCl3, 300 MHz) § 0.62 (s, 6H), 0.89 (t, J = 6.7 Hz, 3H), 1.21-1.39 (m, 6H),
1.56-1.69 (m, 2H), 2.57 (t, J= 7.6 Hz, 2H), 6.81 (d, /= 1.3 Hz, 1H), 7.03 (d, /= 1.3 Hz,
1H), 7.06 (d, J=3.5 Hz, 1H), 7.11 (d, J= 3.5 Hz, 1H), 7.18 (d, /= 3.5 Hz, 1H), 7.21 (d,

J=3.5Hz, 1H)
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4-1. B8

EBREBEME A RN c~T e EERICEW E TR a7 At e D C-H 71 >
TV TRORE, HEROANT u EER-GEREE G S Ak e Dy m R
v P U TR E B LT, AR B AR S L2 sh B R R L LT
HEHENTWD B2 AT a &R GRS L, AFEEDE e
BEMEREL 22 LICH WD D 728D, T D X 9 R0 T ORI A RIEDBR I A
AL RSB W TEERPETHD. LEN->T, ~TuBEHFBRO C-H HEETOD
EAZH 7 ) T RONIHEEICAARFIEL LTHERSA TN S.

EHE, 52 mTR/= X 912, Knochel-Hauser ¥4 (TMPMgCI-LiCl) ° £ 7-
(FAbEE R0 2,2,6,6-7 N T AF LY P (TMP-H) & Grignard &7 2 AV
% 3NLEWT AT = v OFCERIR 2T v koAb e = 7 Uil 2 7z 2-
TuE3 EBRT AT 20Xy T O EFIRT S Z LICE o T,
head-to-tail DA ) TF 47 = VARIEOHBICHK DL WD . 2o
TMPMgCI-LiCl & U < (Zfilif £ > TMP-H & Grignard SCe# 2 B D & 3R T
RFFT 2 o ERBFEOIRAIEL, FAT = -F AT = VEERTERE T T <,
L= aZ AT V=D H v TV T RIGEIT) 2SI AT A
7TV EERTERRIRE CH D LB 2. B 4 ' 2-1 HiTlX, TMPMgCI
‘LiCl & W 3ALEWT A 7 = o ONLERIR 2B 7 R oAb e a7 oAb T
V=neDr a2y 7 72T 25 3 (\LEHRT A7 = ONEZER R
TV = EISDBRFEICHOWT, % 4 & 222 §iTlE, g 2 ;7 I&
Grignard LK E AW TFF 7 = RO RATE & BB A R AL 2 72
B AT V=D a Al T SIS ENAT D, T4 T = R

D C-H A TOEET U — /LRI DWW TR 5.
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4-2. BREBFE
4-2-1. TMPMgCI-LiCl Z AW\ 3 B FA 7z Y OMERIRMAGR TR LY
7 U—ILERiE

BUNT, BEAIRGRIET T, 3-~F AT A 7= (1a) e b7V —n
& DBEBESBMBLZ FH W C-H 1y 7Y U VRIS T HALEEREO K %
Tol=. TN OMERE Table 4-2-1-1 IZF D72, VF UL tert-7 FF U R
(LiO'Bu) Z¥ik & LTHW, 2.0 mol% D 3T 27 Afililt PA(P'Bus),, #1E T,
4-AFN-1-7TBERXE Y Qa) ERISSHETZEZ A, SALT Y —/UAKIK 5-Ar,
2T U — ALK 2-Ar BE 2,5 (20T U — U UIE 2,5-Ar, DRGNS BN,
PERIZZENEI 27%, 9%, 20% Th o7, fHEERE 7 vkl U o A ZRINAl &
L THWE, T 20 A, PACL(PPhs),, 17A4E F UG EAT o728 25 5-Ar 21%),
2-Ar (8%) B L TN2,5-Ar, (24%) DIREMNFFOIIZ. RIEA Y UL L E/SL
B R T AEFMAENCHNT ®, 2a £ C-H By 7V U I RUSEIT 258
THBIEIIRIAE T, 5-Ar, 2-Ar B 2,5-Ar, OREWE 5 2 7-.
TMPMgCI-LiCl ##F & L CHV, NHC BN FE2 AT 537 27 Afilfit,
Pd-PEPPSL-IPr " f77E T, 2a & OFUSHEATH &, MBS v 7 ) v 7ROk
NHEEIT L, 5-Ar DHD %D THLND Z Lotz —77,
TMPMgCl-LiCl DbV iz, ¥4 Y 7r e A7 I K (P,NMgCI-LICl) fir{#E#HR
PEBLIOWE L BT L, 5-Ar BE O 2-Ar DEILEI 28%, 2% DU TH:
SN, ZNHORERND, HREA X U7 v kb (CMD) JEX SgAr
FORE®RD TV —/ALROS T, MEERETIEBRET, v~ 72 T7LA7 IR
EHAWEBT 2 b AL E WD T U — A0 e b RWVEBRIMEZ R 2 & v

S77.
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Table 4-2-1-1. 3-~"FI)NF A7 (1la) EaF A7V — D C-HI >

TV T RO B AL EEIR M, ¢

M
S
R

"CeH13

1a
"CeH13

5-Ar

H + H/[;g\@\
R

additive

Pd cat. (2.0 mol%)

"CgH13

CeHia

o

2-Ar 2,5-Ar
Additive Yield/%”
Entry Aryl-X

Pd cat. (2.0 mol%) 5-Ar 2-Ar  2,5-An,

1¢ LiO'Bu 4-MeC¢H4Br (2a) 27 9 20
Pd(P'Bus),
24 AgNO+/KF 4-1C¢H4CO,Et 21 8 24
PACL,(PPhs),

3¢ K>CO3/BuCOONa 2a 13 29 42

Pd(OAc),/2PCys
4 TMPMgCl-LiCl 2a 91 0 0

Pd-PEPPSI-IPr

5 "Pr,NMgCl-LiCl 2a 28 2 0

Pd-PEPPSI-IPr

“ The reaction was carried out with 1a (0.50 mmol) and aryl halide (0.6 mmol) according to literature

procedure. ” The ratio of 5-Ar/2-Ar was determined by 1H NMR analysis.  In 1.0 mL of DMF at 100 °C

for 20 h. “In 1.0 mL of DMSO at 100 °C for 23 h. ¢ In 1.6 mL of DMA at 100 °C for 20 h.

WIC, Hexre 3 BLIRT AT =2 DT ) =GB B, (LIERIEORA
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BT o7, TIUH OFER% Table 4-2-1-2 I2F & 72, 3-AFLF A7 = (1b),
3-INAaTNNFRNTFF T2 1e BLO3-TV—VFF 7 1d & 4-A %
V-7 REXRCEY 2b) EOMUSE, MEERECHETL, 5 AT Y —r
(LS NI DB BAFRINETHHND Z ENbmoTlo. 3T V¥ =)L
BERTLFAT7 = 1e & 2b EDORUEEAToTo L 25, BRI,
5-Ar & 2-Ar DIEAEWH 6535 DELTHONAT. 3-A MR FAHT7 =0 (Uf) &
2b & DOFUSIE, 2 ALERENTEIT L, 20237 U — /b ST AR Y 46% DI
FTHELNT. ZHULINMEDO A DX VIO RIC LY, 20 TORIEHE
SHCEITLIZEEZ NS . 3T uETF AT 2 (1g) BLXO3AZT IR
EEHTDHF A7 x> 1h & TMPMgCI-LiCl # s SH= & 2 A, e k ik
DHEITL, NIV ULEAIET, 2a O v 7Y U I RINEITST2DS, J1y
TV U TERIIEL G LN o7, £ T, 1g B L WNh Ol m FAbE
12721212, NN-YVAFNHRNLLT I K (DMF) L RIGETY, fFbiihn

S VIR DN E IR VEIZZ U241 40:60, 0:100 TH - 7-.
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Table 4-2-1-2. TMPMgCI-LiCl & D8k 4 72 3AE#T A7 = D7 Y — Ak

(ZB T DALEERVEDORRES.

o Oee
R

R R
TMPMgCI-LICl  catalyst (2.0 mol%) -\ /A
AN Ho+
S THF, rt, 3 h rt R’ S -
5-Ar 2-Ar
Yield”
Entry -R R’ Catalyst Time/h
(5-Ar/2-Ar)°
1 -CeHy; (1a) CH; Pd-PEPPSI-IPr 20 91 (>99/1) (3aa)
2 -CH; (1b) OCH;  Pd-PEPPSI-IPr 2 87 (>99/1) (3bb)
3 «(CH,);C4Fo (1)  OCH;  Pd-PEPPSI-IPr 20 64 (>99/1) (3¢cb)
4 -4-(OMe)C¢H4 (1d) CHj NiCly(dppf) 21 56 (>99/1) (3da)
5 -C=C-C¢H3(le)  OCH;  Pd-PEPPSI-IPr 20 62 (65/35)
6 -OCH; (1f) OCH;  Pd-PEPPSI-IPr 21 46 (3/97)¢ (3fb)
7 -Br (1g) OCH;  Pd-PEPPSI-IPr 16 0 (40/60Y
8 -CONE, (1h) OCH;  Pd-PEPPSI-IPr 24 0 (0/100Y

“ Unless noted, the reaction was carried out with thiophene (0.5 mmol), TMPMgCI-LiCl (0.6 mmol), aryl

bromide (0.6 mmol) and catalyst (0.01 mmol) in 2.0 mL of THF. b Isolated yield. © Unless otherwise

specified, the ratio of 5-Ar/2-Ar was determined by 'H NMR analysis. ¢ The ratio of 5-Ar/2-Ar was

determined by GC analysis.  The reaction was performed with 0.50 mmol of 1-iodo-4-methoxybenzene. -

/

In the parenthesis, the metalation ratio, which was confirmed by formylation with DMF, was given.

BT, lalfEaona b7 U —LE OABEEIN D v 7 v P RS %

1T 7. 1a& TMPMgCI-LiCl& =3RRI s S8, SALa i7" m b oAb L72#1Z,

ERSRMEAET, RxRBAT V-V Eh o T U TRIGEATS T, £
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HOFER %, Table 4-2-1-31CF & O7-. lak2al OKIGIE, Pd-PEPPSI-IPr{FfE
FIRT, 20 CRERBICKIS L, 7 U — /b ST A R3aa7391% DI T
"ol —Ji, MERWERT 4 VENLFEHT 587 20 MM, PA(P'Bus),,
RN EZA, BEEMET L (20%) . AR T 4 VEML+TH D, 1,1
SEA(P T 2= VR AT 4 )7zt (dppf) BHTDH = v Lk,
NiCly(dppf), ZHWCTEISZEAT I &, By 7V v T RIS IRANHETT L81%D
NETIaax 52D Z LB hole. 12-EA(VT 2= /VIRAT 4 ))&
(dppe) AT 5= r /LK, NiCly(dppe) TIZUILEMETF L, 63% C3aak 5
2T, 14-EA(T T 2=V RAT 4 /)7 X (dppb) ° RV v 7 m~F L
RATZ 4 (PCy;) TIHRICHHET L o7, Fi2, 1ak2-7 mE3-~F
WNFFT 2 DTy TV T RO TR TEH -7, NHCENLATH % SIPr
(13- R2,6-P A TabNT 2= WA IEZS NP2 A4VFV) AT 5
=y AR e E 2 A, ROSIEIEE A EEITET, BERIZHDTNIT% T
bolo. BTHEESLE T RIIEEL b Ofkx e, BT U —/L (2b-e) Llal D
FIREAT 7oL 2A, WThvh BRAFRIE T v 7Y » TR/ .
lal4-7 nEL/EHRTT /L 2) LORISIE, T V0 LREEET, EITL
7=, WERIHE T L7 (35%) .

Table 4-2-1-41Z7 9 L 512, HALT UV —/ & OIS HNRINTHEIT L. 4-7
oo kLT (4a) Elal ORUGIE, NiCly(dppHIFEIE T, SRIE20WFRH TRIRAIZ
HEITL, 32a382% DR TH LN, 4-7mrT7=Y—/L (4b) , 7o~
Yo (4¢) BEXORI-Z7vm4(RY 70 F 0 AF )P (de) Llad DG
[IZEANHET L, WIS BRAFRIEETT U — /U bABIRHE H . 1ak
-7 XY FT V=)0 (4g) EDIRE, INEE3% TH v 7Y 7 ISH

1TL7=.
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Table 4-2-1-3. TMPMgCI-LiClZ %, 3-~F I ILFF 7 = (1a) LA 2R

{67 U — AL DONLEEIRA) 72 T 7D v T s, @

m TMPMgCI-LICl  catalyst (2.0 mol%) /8
H
H™ g~ ~H THF, rt, 3 h rt R S

1a 5-Ar

Entry Aryl-Br Catalyst Time/h Yield/%"
1 2a Pd-PEPPSI-IPr 20 91 (3aa)
2 Pd(P'Bus), 20 20°¢
3 NiCly(dppf) 20 81
4 NiCl,(dppe) 20 63
5 NiCl,(dppb) 20 9
6 NiCly(PCys), 20 0
7 Ni(cod),/2SIPr 20 7
8 2b NiCly(dppf) 25 77¢ (3ab)
9 CsHsBr (2¢) NiCly(dppf) 20 82 (3ac)
10 4-FC¢H,Br (2d)  Pd-PEPPSI-IPr 20 85 (3ad)
11 4-(CF3)C¢H,Br (2¢)  Pd-PEPPSI-IPr 5 88% ¢ (3ae)
12 4-BrC¢H4CO-Et (2f) Pd-PEPPSI-IPr 20 35 (3af)

“ Unless otherwise specified, the reaction was carried out with 0.5 mmol of 1a, 0.6 mmol of
TMPMgCI-LiCl and 0.6 mmol of aryl bromides in THF. ” Isolated yield. ¢ 1a: 0.55 mmol,
TMPMgCl-LiCl: 0.50 mmol, 2a: 0.6 mmol. ¢ The reaction was carried out with 0.5 mmol of aryl bromide.

¢ Accompanied by 3ae, 2,5-diarylated product was also obtained in 5% yield.
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Table 4-2-1-4. TMPMgCI-LiCl ZH\%, 3-~F I F A7 x> (la) LEkx 72

AT UV — /AL DNLERIREI 22 70 > 7Y o TR, ¢

Entry  Aryl-Cl Catalyst Time/h Yield/%
1 4-MeC¢H,4Cl (4a) NiCl,(dppf) 20 82 (3aa)
2 4-(OMe)CH4Cl (4b) NiCly(dppf) 20 90 (3ab)
3 CeHsCl (4¢) NiCly(dppf) 25 92 (3ac)
4 4-(CF3)CgH4Cl (4e) Pd-PEPPSI-IPr 5 92" ¢ (3ae)
5 2-Chlorobenzothiazole (4g) Pd-PEPPSI-IPr 31 83 (3ag)

“ Unless noted, the reaction was performed with 1a (0.5 mmol), TMPMgCI-LiCl (0.6 mmol), aryl
chloride (0.60 mmol) and a catalyst (2.0 mol%) in 2.0 mL of THF. ’ The reaction was carried out with 0.5

mmol of aryl chloride. ¢ Accompanied by 3ae, 2,5-diarylated product was also obtained in 7% yield.

TMPMgCl-LiCl & H\ % 3L AT 4 7 = > OALE IR 727 U — AL ST
W BT7 V= VHENEWR LT 2,5-07 V=T F 7 = VIHEROIEE G E
2720 9 % LB 27 3aall BT D, MRRITIRA G S T2 20 TOT U —u{klE
LiOBu & /37 20 LA FW 7= 7Y o T ROSIC L - TER S L. 3aa
& 2b & DOJHIE, LiOBu & 2.0 mol%® PA(P'Bus), f#1E F, #ATL, 2R 7Y
— AL ST T0%DIRTHE . MBI E 7 vkl VU L&
FELTHWD CH Ay 7 ) RIS E AT2TL 24, 3aa & 4-3— R EZEE

e F )L L ORISETT L, 3aaf 28 45%DINERTE LT,

n,
"CeH13 CoFha
catalyst
/ \ addltlves
s H + X R Me
Me

3aa
AgNO4/KF, PdCIy(PPhj3),: 45% (3aaf, R = CO,Et)

LiOtBu, Pd(P'Bus),: 70% (3aab, R = OMe)

Scheme 4-2-1-1.
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4-2-2. (R E D 2 $k7 = > & Grignard RIGHIZRAWTRESELFAH Iz o0&
BRELNOQAFIEFTI—LEDIORDY TYVITRIG

41, TMPMgCI-LiCl Z W5 3-~F UL F 47 = (1a) ONLEEIRA) 7
i7" vk ABIZEBW T, TMPMgCI-LICl Ot v (2 filifiE > TMP-H & Grignard
BOGAZ VT b ARk 5 AR v S AR ET T 52 L 2RI LT
W5, £Z7T, 10mol%® TMP-H L HEfb=F L~ 7% 7 A (EtMgCl) % Hv
T, #x7p 3 MEBRT A7 2O T a R ALEIT S RIS, NT VT Al
fHAET, 4-71E MLz (2a) ERISEATV, 15O AR OALE R A
FEf L7z, 1a & TMP-H (10 mol%) & EtMgCl 2383 T, 24 R s S 7214,
Pd-PEPPSI-IPr f77E T, 2a & v 7V VI RIEEITHT2E 2 A, SMLOBRNT Y
— AL S NI AR 3aa IR 81% TR LN 3-TI VA a T VX NVTFF T = v
le, 3-7 U —VF A7 x> 1d & 2a EDOKISIE, 5 0L CHLERAICET L.
3BAFNFAT = (Ab) L 2a EDORISEIToTE A, BIREDSLRET L
72 (973). 3-TAX= T E Tz le b 4-TrET=Y—/L 2b) &DOIGE
1Tol2b A, By 7Y U TRISELT LT, IBRYEITHBIE T, 5-Ar & 2-Ar
DB 56:44 DERETH LN, 3-A v FF 7o Af) OT U —)b
EBOGEAT -T2 25, 260TT U — b ST AR 2-Ar MESEIICR B
L ENborol. ZiuE, A MRVEOBEENRICLILOTHDL EE X
TWwa !, —J, TMPMgCI-LICl Z Wi 71 koAb L 0 H@ERMEAME T L7z

(13:87).
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+

EtMgCl R R
R TMP-H BrOMe

/@\ (10 mol%) - 7\ X

H H

reflux, THE  Pd-PEPPSI-IP S S
S 24h " Me 2 Ar Me
5-Ar
"CeH13z Me (CH3)3C4Fg
y& y§ y@
S S S
99 <1 97 3 99 <1
1a 1b 1c
OMe "
CeH13
// OMe
7\ |\ 1 \§
S S S
99 <1 56 44 13 87
1d 1e¢ 1f

“ Unless otherwise noted, the reaction was carried out with 3-substituted thiophene (0.50 mmol),
4-bromotoluene (0.75 mmol), EtMgCl (0.60 mmol), TMP-H (0.05 mmol), and Pd-PEPPSI-IPr (0.01
mmol) in THF (2.0 mL). The ratio of 2- and 5-arylated products was estimated by 'H NMR spectroscopic
analysis. ” The ratio of 2- and 5-arylated products was determined by GC analysis. © The reaction was

performed with 4-bromoanisole (0.75 mmol).

Scheme 4-2-2-1. #Ex R 3PIBET 47 = OT V—ALIZE T HATERINPE. @

fikiit &> 2 %7 I > & Grignard SOGAIZ WA T A7 = O v kL AbK
JSNE, B2 2 TFH T = UFEEROT U = MEBORITIEH T2 2 N TE D &F
Zlz. £, xR 28T 2L EtMgCl ZWT, 2-AFLF A7 =2 (10)
OB v b ALDOREEIT 272, T OFERIL, Table 4-2-2-112F & 7=, ik
7'a N ALDOEITIE, BT e h AR NN-U A F ARV AT I R (DMF) &
DEISZEATV, BB 2-RVINV-5-AFLFH 7 = (1i-CHO) M OffER%
1To72. 10 mol% Dy v 7 a~F /L7 I (Cy,NH) ZHW\T, 60 °C, 12 HF
BISE S/ A, 97%DINER T 1i-CHO B EF L0, Tk 0 bV RIG
RER IR AME F L7=. TMP-H % H\ T 60 °C, 24 BRI SUG &24T o 72 & 2 A,
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94% DI THISDIELT L7223, 12 R TIIISD5E THET 81% DR TH >
o, 7~ AF T IV (CyMeNH), Y= F 7 I (EpNH) B &
W T7FAT Iy ("BuuNH) ZHWT 60 °C, 24 RIS SH-E 2 A, 1i D
i7" a b AbIRIZ E A EEIT LW ERb oz, YR V—T7TiE,  2-
7aa3~"FUNANFAT 2Ol e kAL, 10 mol%?® Cy,NH & EtMgCl
ERAWT, 60°C, 1 TR TTDZLE2HELTHD 2 LaLans, &
DM OV C-HAEEZAT 5 1O~ 7 ki fkid 60 °C, 1 Refi] THEAT L7
M, 23%DINRIZE EEDLZ LR oTz.

Table 4-2-2-1. il 5> 2 #: 7 I > & EtMgCl & V7= F 47 = L & B DRAE .

Me/@\MgCI DMF 0.5 mL Meﬂ\CHO

EtMgCl (1.2 eq.)

/@\ Amine (10 mol%)
Me—Ng”~H — >

THF S THF 2.0 mL S
1i t,1h 1i-CHO
Entry Amine Time/h Yield/%”

1 Cy,NH 1 23
2 6 76
3 12 97
4 24 99
5 TMP-H 5 71
6 12 81
7 24 94
8 CyMeNH 24 25
9 Et,NH 24 24
10 "Bu,NH 24 26

“ The reaction was performed with 1i (0.5 mmol), EtMgCI (0.6 mmol) and amine (0.05 mmol) in 0.60 mL

of THF. ” Isolated yield.
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Cy,NH (10 mol%) & EtMgCl ZH\W7= 1i O 7 1 b ARG E2 W T, &8
GBI T, ~a Ak T V= EDh v ) TR DR AT o 1.
B OFERE Table 4-2-2-2 DFE L 7=, 10 mol%? Cy,NH & EtMgCl % fu»
O v N ALK Z 60 °C , 24 AT > 7214, 2.0 mol%® NiCly(dppe)fF-1E
T, 47 8%F MLz (2a) EOKISNER 24 KT, 2hROITHEITL, TH
WIS v 7"V > TR 3ia 3% HvT=. NiCly(dpph) & AV, 60 °C 24 BE S
EAToT0 L 2 A, 68% DN T HM % 5 2 7213, NiCly(PPh;), 35 X U NiCly(dppp)
ERWD EENMET Lz, SR 7 4 VBN TFE2ET 53700 Al cH 5
PdCly(PPhs), 35 & O PACLy(dppf)-CH,CL, & VW= & & A, BAF72 IR T 3ia 235 5
AL7z. PA-PEPPSI-SIPr Z V% &, =R CTHUCEIRANIHEIT L, RAF7RINERT
HEM % 525 2 L idbho iz,
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Table 4-2-2-2. tRkAx 2E B BEMELEZ W, 22 AFAVTFAET7 =22 (i) OT Y

—JABROS. @

Br@—Me (2a)
EtMgClI (1.0 eq.)

/A Cy-NH (10 19 catalyst (2.0 mol% [\
MeD\H Yo (10 mol%) yst ( o) Me

S THF,60°C,24h THF 2.0 mL, 24 h S Me
1i 3ia

Entry catalyst Temp./°C Yield/%"
1 NiCl,(PPhs), 60 31
2 NiCl,(dppe) rt >99
3 NiCly(dppp) 60 23
4 NiCly(dppf) 60 68
5 PdCl,(PPhs), 60 82
6 PdCl,(dppf)-CH,Cl, 60 91
7 PdCly(dppf)-CH,Cl, rt 72
8 Pd-PEPPSI-IPr rt 87

“ The reaction was carried out with 1a (0.5 mmol), EtMgCl (0.5 mmol) and Cy,NH (0.05 mmol), 2a (0.6

mmol) and catalyst (0.01 mmol) in 2.0 mL of THF. ” Isolated yield.

a2 F 47 2 VFERE AT V=V EDh v 7 G E TS T %
NOOFER%Z Table 4-2-2-3 DE L=, 22AFALF A7 = (1) LEFHEERE
RLEFRIEDEH LT U —L & ORISIE, NiCly(dppe)fF(E T, IR
HEITLREBRINETH 7Y v T EEME 5252 ENbholz. 47T E
NN-CAFNALT =V 2) EDORISITEIT LD, RIETH-72 (38%).
RV BFA 72y Q) BIO2-TAF=LF4 71k ERALT Y —L &
D%, PA-PEPPSI-SIPr /77E T, #EAT L, RAFA2UERE T HINAERM % 5 % 1= 1%
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BEHOTF 7= (1) ER2ALT YV — DKL IRAICHETL, 2-7 Y —b
FHT7 2 U NBIFRINERTHE LN, XUV 77> (Im) & 2¢ & DRIGE
Pd-PEPPSI-SIPr f#1E T, 1To72L 24, #ITL, 7V — UbLAERYD 58%DIL

FCHONLE.

Table 4-2-2-3. #4772 T4 7 = VFHERERALT V—ND D v 7V TG

EtMgCI (10eq) R
k\‘::t"’@H Cy,NH (10 mol%) ~ catalyst (2.0 mol%) R / \
S THF, 60°C,24h  THF 2.0 mL S R
Temp./°C,
Substrate Aryl-Br catalyst Yield/%”
time/h

Me/@ 1i BFOMe 2a NiCly(dppe) rt, 24 >99 (3ia)
BrOOMe

1i rt, 24 79 (3ib)
2b

i ) 5 i, 24 97 (3ic)
i () g i, 24 08 (3id)
i ()R i, 23 76 (3ie)
Br.
i i, 23 75 (3ih)
2h
/
i o )N i, 23 38¢ (3ii)

@} y 2a Pd-PEPPSL-SIPr 11, 4 94 (3ja)
1 2b it, 5 90 (3jb)
1 2 1t, 20 62 (3jc)
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1j 2d rt, 22 95 (3jd)

1j 2e i, 5 96 (3je)
1j 2h rt, 18 66 (3jh)
1j 2i rt, 19 71 (3ji)
Y

n, = S

Cothis 2a rt, 22 75 (3ka)
1k
1k 2b 1t, 24 86 (3kb)

) 2 rt, 24 95 (31
s~ 11 a ; (3la)

11 2b 1t, 24 75 (31b)
11 2i rt, 24 70¢ (31i)

N
©\/O> o 2c rt, 22 58 (3me)

“ Unless noted, the reactionwasperformedwithsubstrate (0.5 mmol), EtMgCl (0.5 mmol), amine (0.05
mmol), aryl bromide (0.60 mmol) and catalyst (2.0 mol%) in 2.0 mL of THF. * Unless specified, isolated
yield. ¢ The yield was estimated by 'H NMR analysis. ¢ The reaction was carried out with thiophene (0.6
mmol), EtMgCl (0.6 mmol), amine (0.06 mmol), aryl bromide (0.50 mmol) and catalyst (2.0 mol%) in

2.0 mL of THF.

FIERDSRGRMETT, 47 = ViFEIR LT V) — L & OIS EITo 7. Table
4-2-2-4 [ ZRT X DI, 1i & 2a & ORUGIE, PA-PEPPSI-SIPr Z fiftfit & L CHw /=
& A, 60°C 24 R[] CREAICHEIT L, Jia ZEEBMICHE X7, —F, 1i L&
E7 V= E DRI THRIITH -T2, = v 7 ik, NiCly(dppe), %M=L
ZANEMET L7z (32%). 1i BL O &k Rt b T U —v & DJEIE, %)
HNHEIT L, By 7V TERYB BIFRIRTHELND Z Eldbho Tz,
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Table 4-2-2-4. $Ex 72 TF 47 = VFEEIR AT V—nNDH v 7V o T RGH. ¢

Temp./°C,
Substrate Aryl-Cl catalyst Yield/%"
time/h
Me@ 1i C'OMG 4a Pd-PEPPSI-SIPr 60, 24 >99 (3ia)
1i 4a NiCl,(dppe) rt, 24 32 (3ia)
1i C'OOMG 4b Pd-PEPPSI-SIPr rt, 24 82 (3ib)

1 o~ ) 4 it, 24 83 (3ic)
1 o )om 4 i, 24 52 (3ie)

@?5 4a 60, 21 74 (3ja)
s 1j ’

1j 4b rt, 19 63 (3jb)
1j 4c rt, 24 77 (3jc)
1j 4e rt, 19 82 (3je)

“ Unless noted, the reaction was performed with substrate (0.5 mmol), EtMgCl (0.5 mmol), amine (0.05

mmol), aryl chloride (0.60 mmol) and catalyst (2.0 mol%) in 2.0 mL of THF. ” Isolated yield.

W, BHIIR DTV —NVEEHET52,5-UT V—NVFFT7 = OERMITHE
H L7z, M#FFET V—7"TiE, PARINC 2,5-07 U — A F 47 = VBRI, 2,5-
DTV AVTFT Y AFHEERID BN T o+ MLV I R B RERT 2 & EHE
LTWB % 208, EMER25-07 U —AF47 2 OEMIEDORRITEE
Thbd. 25-V7 V—NTFH7 = DEKIT Scheme 4-2-2-2 2T K 5 2 LT
1To7z. Table 4-2-2-3 | IR LIZHIETAM LTZ 2-7 ) — v F AT = D 5 (L& fik

& Cy,NH & EtMgCl Z W Clii7 v hAb L7#ic, 3T 2P0 AiEfrfE
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T, BIb7 V=Dl ) RIS EIToTE DA, 25-UT V=T F 7
= UNELNTE.

Br—@R1
EtMgCI

@\H Cy,NH (10 mol%)  PEPPSI-SIPr (2.0 mol%) /s\
S THF, 60 °C, 24 h  THF, rt R
3la (R' = Me) 95%
3Ib (R?= OMe) 75%

(e
EtMgCl
Cy,NH (10 mol%) ~ PEPPSI-SIPr (2.0 mol%) O

1
THF, 60°C, 24 h THF, rt, 24 h R

5a(R1 Me, R = OMe) 51%
5b (R?= OMe, R? = CF3) 56%

Scheme 4-2-2-2. B2 7 )V —NVEEGTH 2,5-V 7V —VFF 7 = DERK.

-3. #EH

TMPMgCI-LiCl Z W72 3L AT 4 7 = o HALE RN 7227 1 b oAkl &
STRETDIFZ=NERFEE N AL T U —L E ORGIE, B4R
fFAE PICHEAT L, i@ &ERMIZT Y — b SN T AR DS L LT,
TMPMgCL-LiCl DX 0 2, filtido TMP-H LE{b=F L~ 7 %2 7 A& HW
THMEBRR 2T v b BT U —ACROSS T LTz, Z OfliiEon T
> L Grignard FUSKIZ WD F 47 = VBEEOR 7 0 b ALEZFIHT 5 2 &
IZEoT, BaxZeTF A7z iFlfkear AT V=N EeDh v 7Y TK
JISISER ST, BRLEMEL AT LT VAT AT = OREGRKRIZH
BB L7z,
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4-4. RERIF

General

General. All the reactions were carried out under nitrogen atmosphere. '"H NMR (300
MHz) and >C NMR (75 MHz) spectra were measured on Varian Gemini 300 as a
CDCl; solution unless noted. The chemical shifts were expressed in ppm with CHCl;
(7.26 ppm for 1H) or CDCl; (77.0 ppm for °C) as internal standards. IR spectra were
recorded on Bruker Alpha with an ATR attachment (Ge). High resolution mass spectra
(HRMS) were measured by JEOL JMS-T100LP AccuTOF LC-Plus (ESI) with a JEOL
MS-5414DART attachment or JEOL JMS-700 MStation (EI) at the Graduate School of
Material Science, Nara Institute of Science and Technology. For thin layer
chromatoraphy (TLC) analyses throughout this work, Merck precoated TLC plates
(silica gel 60 F254) were used. Purification by HPLC with preparative SEC column
(JAI-GEL-2H) was performed by JAI LC-9201. Gas chromatography analyses were
carried out with SHIMADZU GCMS-QP2010 Plus. TMPMgCI-LiCl was prepared by
following the literature procedure'® and stored in the freezer as 1.0 M THF solution.
Nickel catalysts, NiCly(dppe), NiCly(dppp), NiCly(dppb), NiCly(dppf), and
NiCly(PCys), were prepared according to the literature procedures.'* Other chemicals

were purchased and used without further purification.

General procedure for the reaction of 3-hexylthiophene (1a) with aryl bromide in
the presence of Knochel-Hauser base: To 20 mL Schlenk tube equipped with a
magnetic stirring bar was added TMPMgCI-LiCl (0.60 mmol, 1.0 M in THF) at room
temperature. To the resulting mixture 3-hexylthiophene (1a, 0.099 mL, 0.50 mmol) was

added and stirring was continued for 3 h. Then, THF (1.4 mL),
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4-methyl-1-bromobenzene (0.074 mL, 0.60 mmol) and Pd-PEPPSI-IPr (6.79 mg, 0.01
mmol) were added successively. The mixture was stirred at room temperature for 20 h
and quenched by hydrochloric acid (1.0 M, 1.0 mL). The solution was poured into the
mixture of Et,O/water and two phases were separated. The aqueous phase was extracted
with Et;O twice and the combined organic phase was dried over anhydrous sodium
sulfate. Removal of the solvent left a crude oil, which was purified by chromatography
on silica gel wusing hexanes as an eluent to afford 117.2 mg of
5-(4-methyphenyl)-3-hexylthiophene (3aa, colorless oil, 91%): 'H NMR 6 0.90 (t, J =
6.6 Hz, 3H), 1.23-1.44 (m, 6H), 1.58-1.73 (m, 2H), 2.36 (s, 3H), 2.61 (t, J = 7.7 Hz,
2H), 6.83 (d, /= 1.3 Hz, 1H), 7.11 (d, J= 1.3 Hz, 1H), 7.17 (d, J = 8.2 Hz, 2H), 7.49 (d,
J=18.2Hz 2H); C NMR § 14.1, 21.1, 22.6, 29.0, 30.4, 30.6, 31.7, 118.9, 124.0, 125.6
(x2), 129.4 (x2), 131.9, 137.1, 144.1, 144.2; IR (ATR) 2955, 2926, 2856, 1511, 1465,
1458, 812, 729, 649, 639 cm'l; HRMS (EI+) Calcd for C7H,,S [M]': 258.1442; found:

m/z 258.1439.

The reaction with 4-methyl-bromobenzene in the presence of LiO'Bu and 2.0mol%
of Pd(P'Bus),: The reaction was carried out in a manner described previously’® with
3-hexylthiophene (0.50 mmol), 4-methy-I-bromobenzene (0.60 mmol), LiO'Bu (1.5
mmol) in 1.0 mL of DMF to afford the mixture of 2-arylated and 5-arylated products,
and 3-hexyl-2,5-di(4-methylpheneyl)thiophene (colorless oil, 34.2 mg, 20%),

respectively. The ratio of 2-Ar/5-Ar was determined to be 25:75 by 'H NMR analysis.

The reaction with ethyl 4-iodobenzoate in the presence of AgNO3;/KF and 5.0

mol% of PACIL(PPhs),: The reaction was carried out in a manner described previously®
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with 3-hexylthiophene (0.50 mmol), ethyl 4-iodobenzoate (0.50 mmol), AgNO3 (1.25
mmol), and KF (1.25 mmol) in 1.0 mL of DMSO to afford the mixture of 2-arylated and
S-arylated products, and 3-hexyl-2,5-di(4-methylpheyl)thiophene (53 mg, 24%),

respectively. The ratio of 2-Ar/5-Ar was determined to be 29:71 by '"H NMR analysis.

The reaction with 4-methyl-bromobenzene in the presence of K2CO3//BuCOONa
and 2.0 mol% of Pd(OAc)2/2PCy3-HBF4: The reaction was carried out in a manner
shown in the literature’ with 3-hexylthiophene (0.50 mmol), 4-methy-l-bromobenzene
(0.50 mmol), K2CO3 (0.75 mmol), Sodium pivalate hydrate (0.15 mmol), Pd(OAc)2
(0.01 mmol) and PCy3-HBF4(0.02 mmol) in 1.7 mL of DMA to afford the mixture of
2-arylated and S-arylated products (colorless oil, 54.5 mg, 42%), and
3-hexyl-2,5-di(4-methylpheneyl)thiophene (colorless oil, 73.1 mg, 42%), respectively.

The ratio of 2-Ar/5-Ar was determined to be 69:31 by '"H NMR analysis.

5-(4-Methoxyphenyl)-3-methylthiophene (3bb, colorless solid, 87%): '"H NMR § 2.28
(s, 3H), 3.83 (s, 3H), 6.80 (s, 1H), 6.91 (d, J = 8.8 Hz, 2H), 7.02 (s, 1H), 7.52 (d, /= 8.8
Hz, 2H); *C NMR & 15.8, 55.3, 114.2 (x2), 119.1, 124.5, 127.0 (x2), 127.5, 138.5,
144.0, 159.1; IR (ATR) 3004, 2960, 2934, 2836, 1606, 1510, 1289, 1248, 1184, 1031,
826, 810, 746, 734, 707 cm'l; HRMS (EI+) Calcd for C,H;,08 [M]": 204.0609; found:
m/z 204.0609.

5-(4-Methoxyphenyl)-3-(4,4,5,5,6,6,7,7,7-nonafluoroheptan-1-yl)thiophene (3c¢h,
colorless oil, 64%): "H NMR & 1.89-2.06 (m, 2H), 2.07-2.23 (m, 2H), 2.72 (t, J= 7.3 Hz,
2H), 3.84 (s, 3H), 6.84 (d, /= 1.1 Hz, 1H), 6.91 (d, /= 8.8 Hz, 2H), 7.03 (d, J = 1.1 Hz,

1H), 7.51 (d, J = 8.8 Hz, 2H); '*C NMR § 20.9 (t, Jer= 3.7 Hz), 29.7, 30.2 (t, Jor= 22
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Hz), 55.2, 114.2 (x2), 119.2, 122.8, 127.0 (x2), 127.2, 141.7, 144.7, 159.2; IR (ATR)
1513, 1357, 1295, 1274, 1253, 1216, 1181, 1170, 1132, 1091, 1031, 1009, 878, 867,
851, 824, 741, 723, 709, 649, 604 cm™'; HRMS (DART-ESI+) Calcd for CigHFoOS
[M+H]": 451.0778; found: m/z 451.0781.

3-(4-Methoxyphenyl)-5-(4-methylphenyl)thiophene (3da): 56% yield. 'H NMR §
2.38 (s, 3H), 3.85 (s, 3H), 6.95 (d, /= 8.8 Hz, 2H), 7.21 (d, J= 8.0 Hz, 2H), 7.25 (d, J =
1.4 Hz, 1H), 7.50 (d, J = 1.4 Hz, 1H), 7.54 (d, J = 8.0 Hz, 2H), 7.56 (d, J = 8.8 Hz, 2H);
13C NMR 6 21.2, 55.3, 114.2 (x2), 117.9, 121.8, 125.7 (x2), 127.4 (x2), 128.8, 129.6
(x2), 131.6, 137.5, 142.7, 145.0, 158.9; IR (ATR) 1500, 1295, 1254, 1183, 1029, 830,

812, 751 cm™'; HRMS (EI+) Caled for C15H1¢0S [M]': 280.0922; found: m/z 280.0922.

3-Methoxy-2-(4-methoxyphenyl)thiophene (3fb, brown oil, 51 mg, 45%). I1H NMR 6
3.83 (s, 3H), 3.90 (s, 3H), 6.92 (d, J=5.5 Hz, 1H), 6.92 (d, /= 8.8 Hz, 2H), 7.10 (d, J =
5.5 Hz, 1H), 7.66 (d, J = 8.8 Hz, 2H); 13C NMR 6 55.3, 58.7, 114.0 (x2), 117.5, 121.1,
126.1, 126.7, 128.2 (x2), 152.8, 158.2; IR (ATR) 2956, 2936, 2847, 2836, 1609, 1549,
1510, 1462, 1378, 1291, 1266, 1246, 1180, 1098, 1070, 1035, 926, 830, 795, 707, 643

cm™; HRMS (EI+) Caled for C1,H205S [M]™: 220.0558; found: m/z 220.0561.

The reaction of 3-(1-octyn-1-yl)thiophene (1e) with aryl bromide in the presence of
Knochel-Hauser base: The reaction was carried out in a similar manner to that of la
with aryl bromide in the presence of Knochel-Hauser base with
3-(1-octyn-1-yl)thiophene (1e, 96.2 mg, 0.50 mmol), TMPMgCl-LiCl (0.60 mmol, 1.0
M in THF), 4-bromoanisole (2b, 0.075 mL, 0.60 mmol) and PEPPSI-IPr (6.79 mg, 0.01

mmol) at room temperature for 21 h to afford the mixture of 2-arylated and 5-arylated
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products. The ratio of 2-Ar/5-Ar was determined to be 35:65 by '"H NMR analysis.
5-(4-Methoxyphenyl)-3-hexylthiophene (3ab): 'H NMR & 0.90 (t, J = 6.6 Hz, 3H),
1.24-1.43 (m, 6H), 1.57-1.71 (m, 2H), 1.86-2.20 (4H, m), 2.60 (t, J = 7.7 Hz, 2H), 3.83
(s, 3H), 6.80 (d, /= 1.1 Hz, 1H), 6.90 (d, J = 8.8 Hz, 2H), 7.04 (d, /= 1.4 Hz, 1H), 7.51
(d, J = 8.8 Hz, 2H); °C NMR § 14.1, 22.6, 29.0, 30.4, 30.6, 31.7, 55.3, 114.2 (x2),
118.4, 123.5, 127.0 (x2), 127.6, 143.8, 144.2, 159.0; IR (ATR) 2956, 2926, 2851, 1608,
1511, 1296, 1255, 1181, 1032, 824, 712, 649 cm™; HRMS (EI+) Calcd for Ci7H,,0S
[M]": 274.1391; found: m/z 274.1389.

5-Phenyl-3-hexylthiophene (3ac): '"H NMR § 0.79 (t, J = 6.9 Hz, 3H), 1.19-1.46 (m,
6H), 1.57-1.72 (m, 2H), 1.86-2.20 (4H, m), 2.61 (t, J= 7.7 Hz, 2H), 2.85 (t, J = 7.5 Hz,
2H), 6.86 (d, J = 1.1 Hz, 1H), 7.15 (d, J = 1.4 Hz, 1H), 7.26 (ddd, J = 8.0, 6.6, 1.4 Hz,
1H), 7.36 (td, J= 6.6, 1.4 Hz, 1H), 7.59 (dd, J = 8.0, 1.4 Hz, 1H); ’C NMR § 14.1, 22.6,
29.0, 30.4, 30.6, 31.7, 119.4, 124.5, 125.7 (x2), 127.2, 128.8 (x2), 134.7, 143.9, 144.2;
IR (ATR) 2955, 2926, 2854, 1496, 1453, 837, 758, 715, 690 cm™'; HRMS (EI+) Calcd
for CigHyoS [M]+: 244.1286; found: m/z 244.1283.
5-(4-Fluorophenyl)-3-hexylthiophene (3ad): 'H NMR & 0.93 (t, J = 6.6 Hz, 3H),
1.23-1.49 (m, 6H),1.59-1.75 (m, 2H), 2.63 (t, J = 7.7 Hz, 2H), 6.87 (d, /= 1.1 Hz, 1H),
7.07 (dd, J = 8.8 Hz, Ju.r = 8.8 Hz, 2H), 7.10 (s, 1H), 7.56 (dd, J = 8.8 Hz, Ju.r = 5.2 Hz,
2H); 13C NMR ¢ 14.1, 22.6, 29.0, 30.4, 30.6, 31.7, 115.7 (%2, d, Jc.r = 21.8 Hz), 119.4,
127.2 (X2, d, Jcr = 8.0 Hz), 130.9 (d, Jc.r = 3.4 Hz), 142.8, 144.3, 162.2 (d, Jc.r = 247
Hz); IR (ATR) 2955, 2927, 2856, 1509, 1465, 1232, 1159, 1095, 826, 810, 734 cm™;
HRMS (EI+) Calcd for Ci6H;oFS [M]+: 262.1191; found: m/z 262.1193.
5-(4-Trifluoromethylphenyl)-3-hexylthiophene (3ae): '"H NMR & 0.90 (t, J = 6.9 Hz,

3H), 1.21-1.45 (m, 6H), 1.58-1.72 (m, 2H), 2.62 (t, J = 7.6 Hz, 2H), 6.95 (d, J= 1.1 Hz,
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1H), 7.23 (d, J = 1.1 Hz, 1H), 7.60 (d, J = 8.5 Hz, 2H), 7.68 (d, J = 8.5 Hz, 2H); "°C
NMR s 14.1, 22.6, 29.0, 30.4, 30.6, 31.7, 120.9, 125.7, 125.8, 129.0 (q, Jc.r = 33 Hz),
129.4, 138.0, 142.1, 144.6; IR (ATR) 2956, 2927, 2857, 1615, 1324, 1166, 1124, 1068,
1017, 831 cm'l; HRMS (EI+) Caled for C;7H;9F3S [M]+: 312.1160; found: m/z
312.1160.

Ethyl 4-(3-hexylthiophen-2-yl)benzoate (3af): 'H NMR & 0.90 (t, J = 6.6 Hz, 3H),
1.41 (t,J="7.1 Hz, 3H), 1.24-1.38 (m, 6H), 1.54-1.71 (m, 2H), 2.62 (t, J = 7.7 Hz, 2H),
4.39 (q,J=17.1 Hz, 2H), 6.94 (s, 1H), 7.26 (s, 1H), 7.64 (d, J = 8.5 Hz, 2H), 8.03 (d, J =
8.5 Hz, 2H); "C NMR & 14.0, 14.3, 22.5, 28.9, 30.4, 30.5, 31.6, 60.9, 120.9, 125.2 (x2),
125.8, 128.9, 130.1 (x2), 138.8, 142.6, 144.6, 166.3; IR (ATR) 2953, 2925, 2856, 1707,
1606, 1274, 1181, 1107, 770, 695 cm-1; HRMS (DART-ESI+) Calcd for Ci9H250,S
[M+H]": 317.1575; found: m/z 317.1575.

5-(Benzothiazole-2-yl)-3-hexylthiophene (3ag): 'H NMR § 0.90 (t, J = 6.7 Hz, 3H),
1.20-1.47 (m, 6H), 1.59-1.77 (m, 2H), 2.64 (t, J= 7.7 Hz, 2H), 7.10 (d, /= 1.3 Hz, 1H),
7.32-7.40 (m, 1H), 7.43-7.50 (m, 1H), 7.50 (d, J = 1.3 Hz, 1H), 7.81-7.89 (m, 1H),
7.98-8.05 (m, 1H); °C NMR & 14.0, 22.5, 28.9, 30.28, 30.33, 31.6, 121.3, 122.8, 124.1,
125.0, 126.3, 129.7, 134.6, 136.7, 144.3, 153.7, 161.6; IR (ATR) 2956, 2923, 2856,
1502, 1466, 1456, 1437, 1429, 1312, 1256, 1217, 1192, 1131, 1016, 901, 865, 832, 823,
793, 754, 727, 705, 672 cm'l; HRMS (DART-ESI+) Calcd for C;7H0NS, [M+H]+:
302.1037; found: m/z 302.1038.
2-(4-Methoxyphenyl)-5-(4-methylphenyl)-3-hexylthiophene (3aab): The reaction
was carried out in a manner described previously with
5-(4-methyphenyl)-3-hexylthiophene (3aa, 129.2 mg, 0.50 mmol),

4-methoxy-1-bromobenzene (0.075 mL, 0.60 mmol), LiO'Bu (1.5 mmol) in 1.0 mL of
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DMEF at 100 °C for 20 h to afford 128.5 mg of 3aab as a colorless oil (70%). 'H NMR &
0.87 (t,J= 6.7 Hz, 3H), 1.17-1.41 (m, 6H), 1.56-1.73 (m, 2H), 2.36 (s, 3H), 2.62 (t, J =
7.8 Hz, 2H), 3.85 (s, 3H), 6.95 (d, J = 8.8 Hz, 2H), 7.14 (s, 1H), 7.18 (d, J = 8.8 Hz, 2H),
7.39 (d, J = 8.8 Hz, 2H), 7.50 (d, J = 8.8 Hz, 2H); °C NMR & 14.1, 21.1, 22.6, 28.8,
29.2, 30.9, 31.6, 55.2, 113.9 (x2), 125.0, 125.4 (x2), 127.2, 129.5 (x2), 130.4 (x2),
131.8, 136.7, 137.0, 139.0, 141.6, 158.9; IR (ATR) 2955, 2927, 2857, 1608, 1504, 1462,
1441, 1289, 1248, 1177, 1037, 1111, 908, 830, 812, 793, 757, 735, 669, 622 cm;
HRMS (ESI+) Calcd for C4H90S [M+H]+: 365.1939; found: m/z 365.1939.

2-(4-Ethoxycarbonylphenyl)-5-(4-methylphenyl)-3-hexylthiophene  (3aaf):  The
reaction was carried out in a manner described previously with
5-(4-methyphenyl)-3-hexylthiophene (3aa, 129.2 mg, 0.50 mmol), 4-iodobenzoate
(0.100 mL, 0.60 mmol), AgNO; (212.5 mg, 1.25 mmol), KF (72.6 mg, 1.25 mmol) in
3.0 mL of DMSO at 100 °C for 27 h to afford 3aaf as a colorless oil (45%). '"H NMR &
0.86 (t, J= 6.7 Hz, 3H), 1.15-1.37 (m, 6H), 1.41 (t,J= 7.1 Hz, 3H), 1.59-1.73 (m, 2H),
2.37 (s, 3H), 2.68 (t, J= 7.9 Hz, 2H), 3.85 (q, J = 7.1 Hz, 2H), 7.18 (s, 1H), 7.19 (d, J =
8.3 Hz, 2H), 7.51 (d, J = 8.3 Hz, 2H), 7.53 (d, /= 8.3 Hz, 2H), 8.09 (d, J = 8.3 Hz, 2H);
BC NMR § 14.0, 14.4, 21.2, 22.6, 29.1, 29.2, 30.9, 31.6, 61.0, 125.49, 125.52 (x2),
128.8 (x2), 128.9, 129.6 (x2), 129.8 (x2), 131.4, 135.5, 137.5, 139.4, 140.7, 143.4,
166.4; IR (ATR) 2954, 2925, 2856, 1716, 1605, 1503, 1457, 1405, 1366, 1308, 1271,
1178, 1104, 1021, 854, 812, 771, 721, 701 c¢m’; HRMS (DART-ESI+) Calcd for

Cy4H310,S [M+H]+: 407.2045; found: m/z 407.2040.

General procedure for the reaction of 3-substituted thiophene with

EtMgCl/TMP-H (10 mol%) and aryl bromide: To a 20 mL Schlenk tube equipped
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with a magnetic stirring bar were added a THF solution of EtMgCl (0.61 mL, 0.60
mmol) and TMP-H (0.008 mL, 0.050 mmol). To the solution was added
3-hexylthiophene (1a, 0.090 mL, 0.50 mmol) and stirring was continued under reflux
for 24 h. Then, 1.4 mL of THF, 4-bromotoluene (0.15 mL, 0.75 mmol) and PEPPSI-IPr
(6.8 mg, 0.01 mmol) were added successively. The mixture was allowed to stir at 60 °C
for 20 h. After cooling to room temperature the mixture was quenched by saturated
aqueous solution of ammonium chloride (1.0 mL). The solution was poured into the
mixture of diethyl ether/water and two phases were separated. Aqueous was extracted
with diethyl ether twice and the combined organic layer was dried over anhydrous
sodium sulfate and concentrated under reduced pressure to leave a crude oil, which was
purified by column chromatography on silica gel using hexanes as an eluent to afford
104.5 mg of 2-(4-methylphenyl)-4-hexylthiophene (3aa, colorless oil, 81%). The
2-arylated byproduct was not observed at all by "H NMR analysis of the crude mixture.

2-(4-Methylphenyl)-4-methylthiophene (3ba, colorless oil, 80%): 'H NMR & 2.28 (d,
J=0.8 Hz, 3H), 2.36 (s, 3H), 6.82 (s, 1H), 7.09 (d, J= 1.3 Hz, 1H), 7.17 (d, /= 8.1 Hz,
2H), 7.48 (d, J = 8.1 Hz, 2H); °C NMR § 15.8, 21.1, 119.6, 125.0, 125.6 (x2), 129.5
(x2), 131.9, 137.1, 138.5, 144.3; IR (ATR) 2919, 1514, 1457, 1201, 1184, 1119, 1036,
992, 917, 855, 811, 731, 711, 638 cm'; HRMS (DART-ESI+) Calcd for CoH)3S

[M+H]": 189.0738; found: m/z 189.0732.

Representative procedure for the reaction of thiophene derivatives with aryl halide
using Cy,NH (10 mol%)/EtMgCl: To 20 mL Schlenk tube equipped with a magnetic
stirring bar were added 099 M EtMgCl (0.5 mL, 0.5 mmol) in THF and

dicyclohexylamine (0.01 mL, 0.05 mmol). To the solution were added
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2-methylthiophene (1i, 0.048 mL, 0.50 mmol) and stirring was continued at 60 °C for
24 h. Then, 1.5 mL of THF, 4-bromotoluene (2a, 0.074 mL, 0.6 mmol) and NiCl,(dppe)
(6.79 mg, 0.01 mmol) were added successively. The mixture was allowed to stir at room
temperature for 24 h. The mixture was quenched by saturated aqueous solution of
ammonium chloride (1.0 mL). The solution was poured into the mixture of diethyl
ether/water and two phases were separated. Aqueous was extracted with diethyl ether
twice and the combined organic layer was dried over anhydrous sodium sulfate and
concentrated under reduced pressure to leave a crude oil, which was purified by column
chromatography on silica gel using hexanes as an eluent to afford 94.7 mg of
5-(4-methylphenyl)-2-methylthiophene (3ia, colorless solid, >99%).
2-methyl-5-(2-naphthyl)thiophene (3ih): 'H NMR (CDCls;, 300 MHz) § 2.54 (s, 3H),
6.78 (d, J=3.6 Hz, 1H), 7.24 (d, J = 3.6 Hz, 1H), 7.40-7.5 (m, 2H), 7.69 (d, J = 8.5 Hz,
1H), 7.77-7.87 (m, 3H), 7.97 (s, 1H); >C NMR (CDCls, 75 MHz) & 15.4, 123.2, 123.5,
124.0, 125.6, 126.3, 126.4, 127.6, 127.8, 128.3, 132.0, 132.4, 133.6, 139.7, 141.9; IR
(ATR) 1596, 1503, 1228, 860, 820, 799, 750 cm™; HRMS (DART-ESI+) Calcd for
Ci5sHi3S [M+H]+:225.0738; found: m/z 225.0735.
2-(4-methylphenyl)-5-(1-octyn-1-yl)thiophene (3kb): 'H NMR (CDCl;, 300 MHz) &
0.91 (t, J= 6.9 Hz, 3H), 1.22-1.40 (m, 4H), 1.38-1.52 (m, 2H), 1.55- 1.67 (m, 2H), 2.36
(s, 3H), 2.44 (t, J= 7.0 Hz, 2H), 7.06 (d, J = 3.6 Hz, 1H), 7.09 (d, /= 3.6 Hz, 1H), 7.17
(d, J = 8.2 Hz, 2H), 7.45 (d, J = 8.2 Hz, 2H); °C NMR (CDCl;, 75 MHz) § 14.0, 19.7,
21.1, 22.5, 28.5, 28.6, 31.3, 73.9, 95.1, 122.1, 122.9, 125.6 (X2), 129.5 (x2), 131.1,
131.8, 137.5, 144.5; IR (ATR) 2954, 2928, 2856, 1507, 1456, 1428, 1377, 1262, 1185,
1121, 817, 796 cm™'; HRMS (DART-ESI+) Calcd for C oH,3S [M+H]":283.1520; found:

m/z 283.1513.

129



2-(4-Methoxyphenyl)-5-(4-methylphenyl)thiophene (5a): 'H NMR (CDCl;, 300
MHz) ¢ 2.37 (s, 3H), 3.84 (s, 3H), 6.92 (d, J = 8.8 Hz, 2H), 7.16 (d, J = 3.8 Hz, 1H),
7.19 (d, J = 8.2 Hz, 2H), 7.22 (d, J = 3.8 Hz, 1H), 7.51 (d, J = 8.2 Hz, 2H), 7.55 (d, J =
8.8 Hz, 2H); °C NMR (CDCls, 75 MHz) & 21.1, 55.3, 114.3 (x2), 122.8, 123.4, 125.4
(X2), 126.8 (x2), 127.3, 129.5 (x2), 131.6, 137.1, 142.8, 143.0, 159.1; IR (ATR) 2916,
1606, 1543, 1518, 1499, 1468, 1454, 1440, 1309, 1291, 1273, 1247, 1180, 1123, 1112,
1032, 830, 795 cm™; HRMS (DART-ESI+) Calcd for CisH;;OS [M+H]": 281.1000;
found: m/z 281.1010.

2-(4-Methoxyphenyl)-5-(4-trifluoromethylphenyl)thiophene (5b): 'H NMR (CDCl,,
300 MHz) & 3.85 (s, 3H), 6.94 (d, J = 8.8 Hz, 2H), 7.20 (d, /= 3.8 Hz, 1H), 7.35 (d, J =
3.8 Hz, 1H), 7.56 (d, J = 8.8 Hz, 2H), 7.62 (d, J = 8.5 Hz, 2H), 7.70 (d, J = 8.5 Hz, 2H);
3C NMR (CDCls, 75 MHz) & 55.3, 114.4 (x2), 123.1, 124.0 (q, Jer = 271 Hz), 125.3,
125.4, 125.8 (q, Jc.r = 4.0 Hz, x2), 126.7 (x2), 127.0 (x2), 128.9 (q, Jcr = 32 Hz),
137.7, 140.5, 145.2, 159.5; IR (ATR) 1605, 1502, 1454, 1321, 1296, 1278, 1257, 1191,
1176, 1115, 1074, 1064, 1029, 1014, 831, 799 cm™; HRMS (DART-ESI+) Calcd for

CigH14F;0S [M+H]+: 335.0717; found: m/z 335.0705.
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5-1. ¥#E

RI TV —VLorBIXOAY I7 V-V L, AERSCKE, A8 EL B
FORHER LT VA Z R AT L7 br=7 AITHWLND, o R/
Bre LTHIfF SN TV D, HERIEAEME D LB EEER LR 7Y — L
BLOFY IT7 V=LKL, FEFREEMOMIC ZEFEG LA TR
HEE LR 7Y —L o= BEOA Y IT7 U — L= g, kR
DEMEE AT /A Az 5 BEMMER SO E L TiffShTng
ZFDI, HRRT V=L =LA ) I —DARIEDHRITAHA K
LR NI ICHERFETH 5.

R, TU—Lbre=b oA ) Iv—0FKICIE, FHEREE =AW LT
Flf a7 At & O Mizoroki-Heck i * b L 1%, 7 U —/L A F Lk Ak
ey = A5 )L & BHFRT LT & K & D Horner-Wadsworth-Emmons (HWE) S

AR IR Z LI Lo TTHOIL TS (Scheme 5-1-1). L2rL72ds b, fERIE
TlE 1=y bRIET A0, 2 TRZET L0, BEEOL=y %
FFoA Y A~ —% /(0 DIIIZEELET L L WIHREAR H - T-.

e DY
Br Heck reaction @
‘ EtO. /\‘ base @ P~
CHO HWE reaction @

Scheme 5-1-1. 7 U — L E =L VB OEKIE.

ABHFZETIE, 7TV —N&EREL FERE a7 s LIEEEFE e =1tk
Mt a ATy ) TR R IRTZ ENTENR, WEREOT Y —

Lol A ) dv—008K 7 vt 2 2@ TX 357 S RIEIC e 5
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EEZ, TV —N&RE (B, w732 vh, TAI=0nE L ITHES)
AT L= ORI a ATy T T RISDOBRR T o 1

(Scheme 5-1-2).

GIM +4K‘D ca+tb//tb

Scheme 5-1-2. 7V —&@fEEZHW=T U —L =L U HEROKIE.

BEGRMEEHN T —LaREl =1 T L= bRy Y
YT BOGNE, BEACHIER RSN TEY, TOWMERNL, T U LA T
WOHFEER YT A, AU DT LEEZ WD FECESND. 20T
DU N L FREAI L NS T ) — A EIE (RU#E, A%, AX) L
=T L= Db s v 21y ) U T RO STV D0, HiESe
VF UL E Vo REE SR EAVDLERH o

o, v YU LRA YDy LA WD T ) — VR (BT HE, TA K,
AR) e bA M E ORISIES, = & ORISIZET 2 MEFI % <
, E=AT L—r EDRIGITHERICRENTND .

—0, AT NAVI=ULNE, AV T 4 o OEGIMECL A AR KUK
BRI LCRIH SN TERY, AHAERLT L, ERICEER AR Mo Tx s
R, T U= AT =7 LERERIE LTHWD, =7 v ~OEMIN° F
W a0 ax iy 7V I ROE X, T U VEROEAEE LT
EHTHDL DA RRENRRENTWS., LrLanb, 7TU—ATI=
U LD IBWT, A LT 4 o ~OMBBESOS DS FIL R <, T U —

TNAIZTALE= AT L—r D aRXhy ) o RN ETT U, 5
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5-2. FRLEEE

T, Tz AT AI=UAla E AT LY (2a) LOKEE R YU AT
T, 17o72. fEFR%E, Table5-2-1(1CF LDz, VZF LT =L TI=0
A (1a-Ety) EAF L& 25mol% D7 v a(l,5-v 7 atr ¥y ym v A(])
% A <—, [RhCl(cod)],, DTFFE T, 60 °C, 3 BifEI i &/ 5 & (E)-AF /L (3aa)
B A3%DIETIFONT (Entry 1) . SOSKEM A 24 FFICHER L CTH, IEIT
M EL7Zedo7z (Entry2) . =¥ LD &EA 5.0 mol%IZE° LT, ML%E
1Tol=- & ZAIRTDLT N E LN HEE R BT R 57> 72 (Entry 3) .
WAL LT20 4B A Y T Ly by (PrnC=0) Wizt 5h, K
SRR 4L 60 °C, 3 FE] CEEMIINZ 3aa 2 525 Z LR o 7= (Entry 4) .
B TRISZEATT2 & 24, RISITET T2 080CRMET L2 (Entry 5) . iR
mFlE LTTrE Ry (MexC=0) b LT ary (MeBuC=0) %Mzt
A, FUSHETL, ERITZENZEN 2%, >99% CTh-7= (Entry6,7) . B KN
nX(,5-vrutrr2reya vy AD)X A ~—, [Rh(OH)(cod)],, Z itz
HAOWTHKIGTEITL, B3%DIETHWZ 5272 (Entry8) . B U A X |
X ¥ REEIR, [Rh(OMe)(cod)],, #HWTHILAEIT L (Entry9) . Zun
IV F a7 A XA ~—, [RhClnbd)],, BEYT 1 LF2 > il
fit ' RhCI(PPhs)s, 1F&NEAITIZZRWZ &3 h -7 (Entry 10,11) . C-H f5&
EEA LT 0 ALRINICHWSE NS, (R F AT ALY =)a Y
AN Y 7 1) R& A ~—"2 [RhCp*Cl],, Z W= & Z ARG IT4< #IT L
7otz (Bntry 12) . A F LT 2= LT VI =7 A (1a-Mey) & AF L 2 (2a)
DEORIE, AV T el B AAFHET, RIS L, ER&IC 3aa = 5

25 EMNbinotz (Entry 13) . £72, 1 48O Pr,C=0 ZH T, [ 94%
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T3aa MGo07 (Bntry14) . PAF LT 2= VT NAI =T LERTF LD
JSIZEBWT, Y F T by (EC=0) BEIUNU Y 7=/ (PhC=0) ik
M E LTHY, RISEIT728 24, THEI>99%, 84%DIR T HH )3
Bonlz (Entry15,16) . AV TFALT 2= AT AI=0 L, R T7z=)L
TNANI=ZLABILIONY 7007 2o VT AL ERATF LU EDRILHIET

L, BIFRINET3aax 52252 N0 -o7- (Entry 17,18, 19) .

Table 5-2-1. BV Al 2 W27 2= VTNV I =T A ERTF LD, ¢

©\ additive
AI Rh cat
THF/Hexane

1a209q 2a, 0.5 mmol
additive Temp./°C,
Entry R catalyst (mol%) Yield/%”
(2.0eq.) time/h
| Et [RhCl(cod)], (2.5) none 60, 3 43
2 [RhCl(cod)]> (2.5) none 60, 24 45
3 [RhCl(cod)], (5.0) none 60, 3 61
4 [RhCl(cod)]> (2.5) Pr,C=0 60, 3 >99
5 [RhCl(cod)]> (5.0) Pr,C=0 1t, 3 56
6 [RhCl(cod)]> (2.5) Me,C=0 60, 3 72
7 [RhCl(cod)]> (2.5) Me'BuC=0 60, 3 >99
8 [Rh(OH)(cod)], (2.5) Pr,C=0 60, 3 93
[Rh(OMe)(cod)]> Pr,C=0 60, 3 62
’ (2.5)
10 [RhCl(nbd)], (5.0) Pr,C=0 60, 3 3¢
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11 RhCI(PPhs)s (5.0) Pr,C=0 60, 3 3¢

12 [RhCp*Cly], (2.5) Pr,C=0 60, 3 0
13 Me  [RhCl(cod)]; (2.5) Pr,C=0 60, 3 >99
14 Pr,C=0 (1.0 eq.) 60, 3 94
15 Et,C=0 60, 18 >99
16 Ph,C=0 60, 25 84
17 ‘Bu  [RhCl(cod)], (2.5) Pr,C=0 60, 3 >99
184 Ph  [RhCl(cod)], (2.5) Pr,C=0 60, 40 >99
19 Cl  [RhCl(cod)], (2.5) Pr,C=0 60, 40 93

“ Unless otherwise noted, the reaction was performed with styrene (0. 5 mmol), arylaluminum (1.0 mmol),
ketone (1.0 mmol) and rhodium catalyst (0.0125 mmol) in 1.0 mL of THF and 1.0 mL of hexane. b
Isolated yield. ¢ The yield was estimated by "H NMR analysis. ¢ The reaction was carried out with 0.30

mmol of styrene.

WIS, Tx2= AT NAI=rybefia RERLZ AT 8= AT L= LD
v I TGO B T T2, T2 =TIV =T AR R AT L R
Ka, aPyafifiit o4 Y Ta bl NUOFET, KISSHEZ. 250k
R4, Scheme 5-2-1 ([ZF LDz, VAF LT 2=1T /LI =L (1a-Mey) B X
W2 F N T 2= T I =05 (1a-Ety) ZHWT, 4-AF /L AF L (2b),
4-A FXTAFLY (20) BLO4-T7AArRF Ly (2d) & DORISIE, 2R
ICHEIT L, BHRINETHMOAFARCFHEREZ 5252 Ehbhotz. ¥
TFNT 2= AT NAI=0UL (1a-Ety) & 4-RUTAFARAFALAF L (2e)
EDIINE, AT LR, 30%DICRIZE EFEofz. =V EROBRICERILZ A

THAFLU, 1-E=F T 2L (26),246- 8 AFLAF L2 (2g),2.3.4,5,6-
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NRUBTNFaAF L (2h) EORISE, EITTLHOORNERT LAY
W& G-z 72ino i, ZOREOKTIL, AV MIOBEBIEDOTFIEICL D, &
EBENFRRTHDLEEZOND. EoLF A7 20) LWV olonT b HEE
BB E DRSS BT LN, RINERICE EEoTe. £, VATFALT
TS AVT I =T AL trans-fo A FAAF LY (2) Ra-AFLAF LY (2k)
IRMEDTEBA VT 4 2 HNTY, IERITEW S ODRISHEITT 5 Z &3
binotz, —F, VEFLT 2= AT AI=rnE B LT 4L DORIG
FESET LR T

[RhCl(cod)], (2.5 mol%)

1 —_
©\ X . Pr,C=0 (2.0 eq.)
Al THF/Hexane
R
2

g

g Z
60 °C
1a,2.0 eq. 3
A, O . T
Me OMe F CF,
2b 2¢ 2d 2e
96% (R = EY)° 95% (R = Et) 74% (R = Et)° . ’
72% (R = Me) >99% (R = Me) 84% (R = Me) 30% (R = Et)
Me F
‘ = = F AN e
A ~
Me Me F F
F 2i
2f . 29 2h
12% (R = Et
19% (R = Et) 329 ER - Mé) 30% (R = Me) 17% (R = Me)
M Me
e%\@ %\@
2 2k
44% (R = Me) 17% (R = Me)
0% (R=EY 0% (R = Et)

“ The reaction was carried out 1a (1.0 mmol), vinylarene (0.5 mmol), diisopropylketone (1.0 mmol), and
[RhCl(cod)], (0.0125 mmol) in 2.0 mL of THF and hexane cosolvent at 60 °C. The yield was determined
by isolated product. ” The yield was estimated by '"H NMR analysis. ¢ The yield was estimated by GC
analysis. ¢ The reaction was performed with 0.3 mmol of styrene 2e.

Scheme 5-2-1.
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a7 V=TI =N E=LT L=V ORIEORF E1T- 7. ik
CTIVFRNLNTNAI =T LERBAT U — <=2 T AL LT U —L T
W= AP LfEa R AT L UFBERE, 2.5mol%du Y AL Do T
2T N UAFEET, 60°C TGS 7. Scheme 5-2-2 (2R K 912, /ST
AT VI, ARV, Tagdul VATFATIOEREETLT VAT
NI =T NERF U UHERE ORISITNRIZET L, BORIGETHNY
BHZDZENPoTL. ANV MIUCA PR VEEETET VAT AI =T
LERTF L EDORISIE, BINERE 720, AV NIATAI =0 L% N
el ZAh, BURIETHMNRRONIZ. ZO/REND, A o
FENEPIEOIR TSI EREILTWDH EEZLND. £, VT NVI=U L
NBUVEAWTAF LU EDRISEAT ST L AN T UV ADTAF Y

PO 3T%DINETEHE LI,
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[RhClI(cod)],
(2.5 mol%) « @
AR s iPr,C=0 @
1

R THF/Hexane s
D oy~ J ‘ e
./\/‘ X
Me MeO F O
3ab 3ac 3ad 3af
85% (R = Et)° >99% (R = Et) 85% (R = Et) 62% (R = Et)

>99% (R = Me)

l Me:
Me O O
Me *N OMe
Me Me

>99% (R = Et)°
80% (R = Me)

Me Me OMe OMe
L L
Me MeO

3bb

>99% (R = Et)
77% (R = Me)

OMe OMe O OMe
O N
MeO Me
3cl
3cc

3cd

64% (R = Et -
78% (R = Et) ok ER = Mé) 70% (R = Me) 94% (R = Et)

- O
A
MeO

3cd
85% (R = Me) 36% ( R Me) 66% (R = Me)

74% (R = Et) 17% (R = Et)? >99% (R = Et)°

>99% (R = Et) 82% (R = Et)
77% (R = Me) 94% (R = Me) 92% (R = Et)

3aaa
37% (R = Me)

“ The reaction was carried out 1a (1.0 mmol), vinylarene (0.5 mmol), diisopropylketone (1.0 mmol),

and [RhCl(cod)], (0.0125 mmol) in 2.0 mL of THF and hexane cosolvent at 60 °C. The yield was

determined by isolated product. ° The yield was estimated by 'H NMR analysis. © The yield was

estimated by GC analysis. “ The reaction was performed with 0.5 mmol of dialuminum benzene and

2.5 mmol of styrene.

Scheme 5-2-2. ¢
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I, TAI=TLLSOREL T ) — V@R E AF LoD s iy 7Y
VI RISDOWETEIT o7, FiRE Table 522 12F Lok, £7, 7U—LUF
U LAEHWTRIGEIToT2L 25, AN GLNT, B{bT UV —1~<7
XU LERWTRBRO RS E T2 TAHAHMD AT AT E AL EHD
nWigipolo. 7V —)Vligh e HWTRIGZ (T2 & 2 A, ISHEITL, BIY
HERTH D ATFNRUN 9% DINETH LN, VA4 YTl b
(Pr,C=0) ZIRIMAIL LTMATH, BERIEOM XA o7, &
OOT IV —NEFfEE LT, TV NFX L7 =i Vg, 7=/
VI UERWTY, RISIEET LA, WIS PREOIE T LN
BJFoizholoZ LG, BIRFRTIE, ARISRRT UV —LT VI =7 AIZE

WTIRbARTHD EBEATND.
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Table 5-2-2. B 7 AMiliE2 W=7V — V&Rl AF Lo tnrn Al v

U 7RG,

M [RhCl(cod)] O
O 0 B o
R x THF

Temp./°C,
entry  Aryl-M additive yield/%”
Time/h
199 p-MeCgH4Li none rt, 4 0
2 p-MeC¢H MgBr none 60, 3 9¢
3 p-MeCsH,;MgBr Pr,C=0 60, 3 11°
4 p-MeC¢HyZnCl-(tmeda) none 60, 17 49
5 p-MeC¢H,4ZnCl-(tmeda) Pr,C=0 60, 14 59
6 p-MeCeH,Ti(O'Pr)4-MgBr Pr,C=0 60, 18 54
7 PhB(OH), Pr,C=0 100, 13 35
Pr,C=0
8 PhSi(OMe)s 100, 13 41
TBAF

“ Unless otherwise noted, the reaction performed with aryl metal species (0.6 mmol), styrene (0.3 mmol),
[RhCl(cod)], (0.015 mmol) and additive (0.6 mmol) in 1.2-2.8 mL of THF at 60 °C. ” Isolated yield. ¢ The
reaction was carried out in toluene. ¢ The reaction was performed with 0.5 mmol of styrene. ¢ The yield
was estimated by '"H NMR analysis. / The reaction was performed with 5.0 mol% of [Rh(OH)(cod)], at

100 °C in toluene.

R DTN R Z AT D720, Ko DORISIRAY D 'THNMR 227 |k
WRNT AT 272, DAFAT I =g LERTF LU %, ooy il 2 4 &

DYA Y TR N N AAFET, IS%ETTo 7. Figure 5-2-1 (2% O S RA Y
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O 'HNMR A7 hVvER L. ZORER, RSO VA Y Ta ey ki
B INDT 7 FTNITIA, 7 hUrREL SN 2 kT v a— ks 5 v
TFNABRBRIENT-. ZTnEnOTa N Oy 7Oy s b b E K
Wi ZAH, MoIF 11 ThHZ b, M7 M ORISR I
TNWDLZERDhoTe. AF LUK LT, 28 EOTV A VYT r T h a2l
2T EBEBETDHE, BONEAF AR LT, EEMICETSL T
HLEZOLND.

Figure 5-2-1. FUS#EOISIEREHD 'THNMR A2 kL (300 MHz, CDCl3)

9 [RhCl(cod)], O OH
Me + (2.5 mol%) AN
Al . O "
Me
THF/Hexane
1.0 mmol 0.5 mmol 1.0 mmol 60°C,3h 0.5 mmol
CHCL; =
THF
THF

ZOFEBRFERNG, RSO R Scheme 5-2-3 D L O IZH#ITL TS
DEHHIEND. T, HIko U ALAET VAT LI LRRNT U AAH
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MbZEZ L, 7V —nm Py AE\mRERT D £0%, T —u Ty LA
INAFLAATHAL, RFR VT LFEEZ LD, BOL D RPRIKLE o7 1%,
B-RFEEEL, BROERMNELND. £, ZOB, AflLizeyyae R
U R C BUWSIAIO 7 b EROGEL, Thaafdxray o AflD LR, Zofk
B, TIV—=NVIAFLTNVI=ZTLED NT U ARXRZRIZEY, T —
Nr Py LHEARFETDHZ LT, KGSMEMICET LD EEXOND

14

Rh-CI
R
\

OH R

R” "R R R.
‘&O R Al—Cl
0~ /
R

R R C
Scheme 5-2-3.7 VU — /LT ILI =L EAF L DRy Y v T RGO

HEE B

CLIAT, VZFNT 2o AT I T AERAF LD ST e U Al
EATa N NUTFEET, EITLHMBOD trans-ATF NV B 52 T2, F
HENAWNELE ERAERNELND E WD) ZEnbholz. WElED Y=

146



FNT 2=V TV = AHKOERPGELNLTNDENWD T EEZ, 4
AFNT 2= VT NAI =T AL ZAF LU ORBEOKISEITo TR, BRHO A
FNRFFERIZNT TR, PAFILVAFARUPNEIERY E L TELNLTW

AHEWNH) Z ENboo7- (Scheme 5-2-4) .

[RhCl(cod)],
(2.5 mol%)

Et i -
MGOAI: . \/@ Pr,C=0 (2.0 eq.)
Et

THF/Hexane
60 °C

1.0 mmol 0.5 mmol

Me
Me Me l

0.42 mmol 0.037 mmol

Scheme 5-2-4. 4-AF )N T 2= )L TIVI =L ERT LU DI RT T

7 B

—F, AFNEEETHT VAT NI =0 L E VDS EB N TIEZED
L BV EBITES Ao NiehoTc Z b, ZORISNZFALEEZGT S
TUV=ATNANI=ULREOKISTHY, ERMOTT L AMLUTIT VI =D
AbEOZFNERKETHDL EZEZOND. LEER->T, P2F ATV —LT )L
=T LDHND AF R CFFERPESND D TIIRNNEZ X T2,

FIT, Vo F N T2 LTIk L TS Taet)vr hobay
U NRBED B E M Z G EAT o128 25, trans-AF ISV N BAFRIR TR 5
D ENS ZEBRDbMNoT- (Scheme 5-2-5). —J, YAV 7av s bz
WPTICRIBRD S 21T 272 & 25, BRABRIIZ 2 GO ozl &b,
TR ZORIEDOETITIINETH L.
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Et [RhCl(cod)], (2.5 mol%)
@AK iPI’2C:O (2.0eq.) O A
Et
THF/Hexane
1.0 mmol 60 °C, 81h

0.38 mmol (76%)

0% (without ketone)
Scheme 5-2-5. BV U LML r NOFETFT TOVZTF AT 2= LT VI =T A

DJIE

F/2, VEFNANT 2o AT A=A EH LN UORE I, Bk o=
2RI TLE NV ZF AT =T L EZHONCEREOR IS E T2 & 2 A
WRTIEH LN BRI ELIL, IHIZ, TFAY T 2= TV =0 L%

WTH RIBRIC S EEFT L, ZATF LU0 57% DR THE 5 7~ (Scheme 5-2-6) .

[RhCl(cod)], (2.5 mol%) O
@MgBr . Ets, Bt Pr,C=0 (2.0 eq.)
I|Et THF/Hexane

60 °C, 6 days
1.0 mmol 1.0 eq. 0.19 mmol (38%)

[RhCI(cod)], (2.5 mol%) O
iPr,C=0 (5.0 eq.) X

Al

I THF/Hexane O

Et 60 °C, 23 h

0.5 mmol 57%

Scheme 5-2-6. TV MMl r NUHFETFT CTOVZT N T =)L T )V =7 A

DB

5-3. #EiR

7Yy AR FNET U — LTIV =0 MO AT L ~ORHINBLEES S O
BAFICHE LT, ARBOSE, 77 M Z2ins 2 & O ImE S, BAFRIGER
THHOAFNRUFEEKRE 5252 L R3bhotz. £, V2FLrz=)L

TN =T LEHNARINIEBWTIE, AF L2 HWRTYH, ATF Ry
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L2 5Ok E R L.

5-4. RERIF

General

All the reactions were carried out under nitrogen atmosphere. 'H NMR (300 MHz) and
3C NMR (75 MHz) spectra were measured on Varian Gemini 300 as a CDCl; solution
unless noted. The chemical shifts were expressed in ppm with CHCl; (7.26 ppm for 'H)
or CDCl; (77.0 ppm for "°C) as internal standards. High resolution mass spectra
(HRMS) were measured by JEOL JMS-T100LP AccuTOF LC-Plus (ESI) with a JEOL
MS-5414DART attachment. For thin layer chromatography (TLC) analyses throughout
this work, Merck precoated TLC plates (silica gel 60 F254) were used. Purification by
HPLC with preparative SEC column (JAI-GEL-2H) was performed by JAI LC-9201.
Gas chromatography analyses were carried out with SHIMADZU GCMS-QP2010 Plus.
Arylmagnesium bromide was prepared from arylbromide and magnesium turning.
Rhodium  catalysts, [RhCl(cod)],,'”>  [Rh(OH)(cod)]»,'®  [Rh(OMe)(cod)],,'
[RhCp*Cly]»,"” were prepared according to the literature procedures. ZnCl,-(tmeda)
complex was prepared according to the literature procedures.'® Ketones (diisopropyl
ketone, acetone and pinacolone) were dried over molecular sieves (3A) and stored
overnight prior to use. For the solvent of the rhodium-catalyzed reaction anhydrous
THF and toluene were employed. Other chemicals were purchased and used without

further purification.

General procedure for the reaction of arylaluminum reagent with vinylarene: To a

20 mL Schlenk tube equipped with a magnetic stirring bar was added 1.05 M
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diethylaluminum chloride in hexane (1.0 mmol, 0.95 mL). To the solution was slowly
added a THF solution of arylmagnesium bromide (1.0 M, 1.0 mmol, 1.0 mL) dropwise
at 0 °C. The reaction was allowed to warm to room temperature and stirred for 3 h. To
the resulting white suspension were added styrene (0.5 mmol, 0.057 mL),
diisopropylketone (1.0 mmol, 0.142 mL), and [RhCl(cod)], (0.0125 mmol, 6.1 mg) and
stirred at 60 °C for 2.5-65 h. After cooling to room temperature the reaction mixture was
quenched with water (CAUTION: Gas evolution occurs.). To the solution was added 1.0
M hydrochloric acid (1.0 mL) and the solution was poured into the mixture of diethyl
ether/water to result in separation into two phases. Aqueous was extracted with diethyl
ether twice and the combined organic layer was dried over anhydrous sodium sulfate
and concentrated under reduced pressure to leave a crude oil, which was purified by

column chromatography on silica gel and preparative SEC.

(E)-Stilbene (3aa)", colorless solid, m.p. 120.0-121.0 °C; 'H NMR (300 MHz, CDCls)
8 7.12 (s, 2H), 7.23-7.30 (m, 2H), 7.32-7.43 (m, 4H), 7.49-7.56 (m, 4H); *C NMR &
126.5, 127.6, 128.67, 128.74, 137.4; HRMS (DART-ESI+) Caled for Ci4H;; [M+H]":

181.1017; found: m/z 181.1017.

(E)-1-(4-Methylphenyl)-2-phenylethene (3ab)"®, colorless solid, m.p. 114.0-115.0 °C;
'H NMR (300 MHz, CDCl3) & 2.36 (s, 3H), 7.08 (s, 2H), 7.17 (d, J = 8.0 Hz, 2H),
7.21-7.29 (m, 1H), 7.35 (t, J=7.6 Hz, 2H), 7.42 (d, /= 8.0 Hz, 2H), 7.51 (d, /= 7.5 Hz,
2H); PC NMR § 21.1, 126.38 (x2), 126.42 (x2), 127.4, 127.7, 128.6 (x3), 129.4 (x2),
134.6, 137.47, 137.53; HRMS (DART-ESI+) Calcd for C;sH;s [M+H]": 195.1174;

found: m/z 195.1175.
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(E)-1-(4-Methoxyphenyl)-2-phenylethene ~ (3ac)"®, pale yellow solid, m.p.
130.0-132.0 °C; 'H NMR (300 MHz, CDCls) & 3.46 (s, 3H), 6.91 (d, J = 8.8 Hz, 2H),
6.98 (d, J=16.3 Hz, 1H), 7.08 (d, J = 16.3 Hz, 1H), 7.20-7.26 (m, 1H), 7.30-7.39 (m,
2H), 7.46 (d, J = 8.8 Hz, 2H), 7.46-7.52 (m, 2H); °C NMR § 55.2, 114.1, 126.2, 126.6,
127.2, 127.7, 128.2, 128.6, 130.1, 137.6, 159.3; HRMS (DART-ESI+) Calcd for

C1sH;s0 [M+H]": 211.1123; found: m/z 211.1121.

(E)-1-(4-Fluorophenyl)-2-phenylethene (3ad)", colorless solid, m.p. 119.5-120.5 °C;
'H NMR (300 MHz, CDCls) § 6.98-7.12 (m, 4H), 7.23-7.30 (m, 1H), 7.32-7.40 (m, 2H),
7.44-7.54 (m, 4H); C NMR 6 115.6 (d, Jo.r = 21.6 Hz), 126.4, 127.5 (d, Jo.r = 0.9 Hz),
127.7, 128.0 (d, Je.r = 8.0 Hz), 128.5 (d, Jer = 2.4 Hz), 128.7, 133.5 (d, Jo.r = 3.3 Hz),
137.2, 162.4 (d, Jer = 247.4 Hz); HRMS (DART-ESI+) Caled for Ci4HoF [M+H]":

199.0923; found: m/z 199.0927.

(E)-1-(1-Naphthyl)-2-phenylethene (3af)®®, colorless solid, m.p. 65.5-66.5 °C; 'H
NMR (300 MHz, CDCl3) & 7.17 (d, J = 16.0 Hz, 1H), 7.31 (t, J = 7.3 Hz, 1H), 7.42 (t, J
= 7.6 Hz, 2H), 7.47-7.59 (m, 3H), 7.62 (d, J = 7.5 Hz, 2H), 7.76 (d, J = 7.0 Hz, 1H),
7.82 (d, J= 8.0 Hz, 1H), 7.86 (d, J= 7.2 Hz, 1H), 7.90 (d, J= 16.0 Hz, 1H); °C NMR §
123.6, 123.8, 125.7, 125.80, 125.83, 126.1, 126.7 (x2), 127.7, 128.0, 128.6, 128.7 (x2),
131.4, 131.8, 133.8, 135.0, 137.6; HRMS (DART-ESI+) Caled for CisH;s [M+H]":

231.1174; found: m/z 231.1172.

(E)-1-Phenyl-2-[4-(trifluoromethyl)phenyljethene (3ae)®®, colorless solid, m.p.

126.4-127.5 °C; 'H NMR (300 MHz, CDCl3) § 7.12 (d, J = 16.3 Hz, 1H), 7.21 (d, J =
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16.3 Hz, 1H), 7.30 (t, J= 7.1 Hz, 1H), 7.39 (t, J = 7.3 Hz, 2H), 7.54 (d, J = 7.2 Hz, 2H),
7.61 (s, 4H); °C NMR § 124.2 (q, Je.r = 271 Hz), 125.6 (q, Je.r = 3.9 Hz), 126.6, 126.8,
127.2, 128.3, 128.8, 129.3 (q, Jer = 32.4 Hz), 131.2, 136.7, 140.8 ; GCMS (EI) m/z
(relative intensity): 249 (13), 248 (M", 100), 247 (16), 233 (9), 227 (8), 207 (3), 180 (9),

179 (57), 178 (36), 177, (3), 102 (1), 78 (4)

(E)-1-(-3,5-Dimethylphenyl)-2-phenylethene (3c0)?!, colorless oil, '"H NMR (300
MHz, CDCl3) & 2.34 (s, 6H), 6.92 (s, 1H), 7.07 (s, 1H), 7.08 (s, 1H), 7.15 (s, 2H),
7.21-7.29 (m, 1H), 7.36 (d, J = 7.5 Hz, 2H), 7.51 (d, J = 7.2 Hz, 2H); °C NMR & 21.3,
1244, 126.4, 127.4, 128.3, 128.6, 1289, 129.4, 137.2, 137.5, 138.0; HRMS

(DART-ESI+) Calcd for C¢H7 [M+H]": 209.1330; found: m/z 209.1328.

(E)-1-(2-Methylphenyl)-2-phenylethene (3al)*’, colorless oil, 'H NMR (300 MHz,
CDCl) 6 2.44 (s, 3H), 7.01 (d, J=16.2 Hz, 1H), 7.16-7.33 (m, 5SH), 7.37 (t, J = 7.4 Hz,
2H), 7.53 (d, J=7.3. Hz, 2H), 7.60 (d, J= 7.2 Hz, 1H); °C NMR § 19.9, 125.4, 126.2,
126.54, 126.56, 127.51, 127.55, 128.6, 130.0, 130.4, 135.8, 136.4, 137.7, HRMS

- +) Calcd for Cy5Hys + : . ; found: m/z . .
(DART-ESI+) Calcd for CsHs [M H]+ 195.1174; found: m/z 195.1173

(E)-1-[4-N,N-(dimethylamino)phenyl]-2-phenylethene (3am)**, yellow solid, m.p.
143.0-145.0 °C; 'H NMR (300 MHz, CDCl3) & 2.99 (s, 6H), 6.75 (d, J = 8.8 Hz, 2H),
6.92 (d,J=16.3 Hz, 1H), 7.05 (d, /= 16.3 Hz, 1H), 7.20 (t, J=7.3 Hz, 1H), 7.33 (t, J =
7.6 Hz, 2H), 7.42 (d, J = 8.8 Hz, 2H), 7.48 (d, J= 7.2 Hz, 2H); °C NMR § 40.5, 112.6,
124.6, 126.0, 126.1, 126.7, 127.6, 128.5, 128.8, 138.2, 150.0; HRMS (DART-ESI+)

Calcd for C¢H gN [M+H]": 224.1439; found: m/z 224.1433.
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(E)-1-(2-Methoxyphenyl)-2-phenylethene (3an)?, colorless oil, '"H NMR (300 MHz,
CDClIs) 6 3.90 (s, 3H), 6.91 (d, J = 8.2 Hz, 1H), 6.97 (t, J = 7.5 Hz, 1H), 7.12 (d, J =
16.5 Hz, 1H), 7.20-7.29 (m, 2H), 7.35 (t, J = 7.5 Hz, 2H), 7.49 (d, J = 16.5 Hz, 1H),
7.54 (d, J = 7.1 Hz, 2H), 7.60 (dd, J= 7.7, 1.6 Hz, 1H); *C NMR § 55.5, 111.0, 120.8,
123.6, 126.4, 126.5, 126.6, 127.3, 128.56, 128.62, 129.1, 138.0, 157.0; HRMS

(DART-ESI+) Calcd for CysHysO [M+H]': 211.1123; found: m/z 211.1122.

(E)-1,2-Bis(4-methylphenyl)ethene (3bb)"°, colorless solid, m.p. 177.0-179.0 °C; 'H
NMR (300 MHz, CDCl3) & 2.36 (s, 6H), 7.04 (s, 2H), 7.16 (d, J = 8.0 Hz, 4H), 7.40 (d,
J = 8.0 Hz, 4H); *C NMR § 21.2, 1263, 127.7, 129.3, 134.8, 137.2; HRMS

(DART-ESI+) Calcd for C¢H;7 [M+H]": 209.1330; found: m/z 209.1327.

(E)-1-(4-Methoxyphenyl)-2-(4-methylphenyl)ethene (3bc)", colorless solid, m.p.
162.8-165.0 °C; 'H NMR (300 MHz, CDCl3) & 2.28 (s, 3H), 3.76 (s, 3H), 6.82 (d, J =
8.8 Hz, 2H), 6.87 (d, J = 16.3 Hz, 1H), 6.95 (d, J = 16.3 Hz, 1H), 7.08 (d, J = 8.0 Hz,
2H), 7.32 (d, J = 8.0 Hz, 2H), 7.37 (d, J = 8.8 Hz, 2H); >C NMR § 21.2, 55.3, 114.1
(x2), 126.2 (x2), 126.6, 127.2, 127.6 (x2), 129.3 (x2), 130.4, 134.9, 137.0, 159.2;

HRMS (DART-ESI+) Calcd for C;sH,70 [M+H]+: 225.1279; found: m/z 225.1279.

(E)-1,2-Bis(4-methoxylphenyl)ethene (3cc)*, colorless solid, m.p. 207.5-209.6 °C; 'H
NMR (300 MHz, CDCls) & 3.83 (s, 6H), 6.89 (d, J = 8.7 Hz, 4H), 6.93 (s, 2H), 7.43 (d,
J = 87 Hz, 4H); C NMR & 55.3, 114.1, 126.2, 127.4, 130.5, 159.0; HRMS

(DART-ESI+) Calcd for C¢H170, [M+H]": 241.1229; found: m/z 241.1226.
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(E)-1-(4-Fluorophenyl)-2-(4-methoxyphenyl)ethene (3cd)®, colorless solid, m.p.
139.4-141.3 °C; 'H NMR (300 MHz, CDCl3) & 3.83 (s, 3H), 6.90 (d, J = 8.8 Hz, 2H),
6.92 (d, J=16.0 Hz, 2H), 6.99 (d, J = 16.0 Hz, 2H), 7.03 (t, J = 8.7 Hz, 2H), 7.39-7.49
(m, 4H); C NMR & 55.3, 114.2, 115.5 (d, Jer = 21.6 Hz), 125.4, 127.64, 127.66 (d,
Jer=7.9 Hz), 128.0 (d, Jc.r = 2.2 Hz), 130.0, 133.9 (d, Jc.r= 3.6 Hz), 159.4, 162.1 (d,
Jor =246.3 Hz); HRMS (DART-ESI+) Calcd for C;sH4FO [M+H]+: 229.1029; found:

m/z 229.1027.

(E)-1-(-3,5-Dimethylphenyl)-2-(4-methoxyphenyl)ethene (3¢0)*®, yellow solid, m.p.
53.9-54.9 °C; 'H NMR (300 MHz, CDCl3) & 2.33 (s, 6H), 3.83 (s, 3H), 6.89 (s, 1H),
6.90 (d, J = 8.7 Hz, 2H), 6.92 (d, J = 16.3 Hz, 1H), 7.05 (d, J = 16.3 Hz, 1H), 7.12 (s,
2H), 7.44 (d, J= 8.7 Hz, 2H),; >C NMR § 21.3, 55.3, 114.1, 124.2, 126.8, 127.6, 127.8,
129.0, 130.4, 137.6, 138.0, 159.2; HRMS (DART-ESI+) Calcd for C7H;00 [M+H]":

239.1436; found: m/z 239.1436.

(E)-1-(4-Methoxyphenyl)-2-(2-methylphenyl)ethene (3c1)?, colorless solid, m.p.
76.6-77.6 °C; 'H NMR (300 MHz, CDCl;) & 2.42 (s, 3H), 3.84 (s, 3H), 6.91 (d, J = 8.7
Hz, 2H), 6.95 (d, J = 16.3 Hz, 1H), 7.13-7.25 (m, 4H), 7.47 (d, J = 8.7 Hz, 2H), 7.58 (d,
J=7.1Hz, 1H); "CNMR § 19.9, 55.3, 114.1, 124.5, 125.1, 126.1, 127.1, 127.7, 129.5,
130.3, 130.5, 135.5, 136.7, 159.3; HRMS (DART-ESI+) Calcd for CsH;;0 [M+H]":

225.1279; found: m/z 225.1275.
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6-1. ¥E

FEBACEH ORI ZEEAE A CRAIGEE LR 7 —L =1
YBIOFV ATV v =Lk, WHEROAERETFT A X &4 D HE
PERPENRS X ORI ELE LTHIfE ST D L A L7 ¢ VB A A —— L
LTHATLAFz=L =L R v—BlOFo=L =L F ) dv—
%, MMETLHDRIVFA 72 BIOAY) IAFF 7 = UFFERE LT, XV
LR SN endihZ2 A L TR Y, RERMNCUIURZ b o7 ERHER 229t %
R, AHEERAUREE R & ~Ont R ELE L TOIRABNES N T
W52 ZFD, IRARFI=L =LA S —DARIEDRREITA
WABALFICB W CIHERICEERRETH L. (R, Fo=LrE=LrF
AV —DERIT, C=AFA T2 EFFT = nmF A & O ER-Heck
K3, FZo VN AFILRAR VB AT L ETF AT 2 HLRF T ILT
K & @ Horner-Wadsworth-Emmons (HWE) i Y, & L<IZF A7 = HART
LT B RO McMurry 7y 7Y 7 2 a0 iR$ Z L2 K> TiThhT& . L
MLZRING, TERETIT I 2=y FERILET 57201, 2 TEZET LD,
BEEO2=y FaFod ) A —2 /5D R EE T 5 LV D [HE
R Tz.

S ETHE, TV V@Rl TL—rlnruaxhy 7)o 7ico
WTCERIR LD, FA47 2 Eo~T ubEE R E AW esiE, 2%
IZHEIT Lo To7m, Fo=L =L oA ) I~ — D8RS mRITIG
AT 22 IFREECH 7. EZTRETIE, v/ X ULT I REHNTHE
HERETF AT 2GR T ot N TF A T2 DI a Ry T T
FOGE#YIRTZ LIk -» T, Fm=L =1L 34 I~v—DORRREK

BIZ700 9 % EEZMEZAToTz. FHIL, SMLERT A7 = OEEREY
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Ay 7Y TSR WD Z LI X D, head-to-tail MO A Y AFF T =
VB LG A Y TF AT = v OFF IR ERIEOBRFEICR LT D O F
7o, MESFEWNW~ IR U AT I RTHS Knochel-Hauser HEH: (TMPMgCI-LiCl)
THLULIE, RO 22,6,6-7 T AF ALY P (TMP-H) & Grignard X
JnAl a2 T2 BALIEIT 47 = VFER O BRI 2 7 e h il = 7
A WA N F AT D7 axh v 7Y v SRS ETT 5, %
N2 T I 7 =2 - FAT7 = UG OIRBIGZ A Uiz, ABFETIE, 30L&
WT 47 = VFHEROME RN 2T 2 b oAbz T T2%IC, ~"eTFt 7
Y ORDVIZ, (B)2-Q-TRETF=)V)F AT 228507 AMEAEET A
v IV s, TEED KT head-to-tail T =L =LA Tv—

DHFHI IR A BIED BRI AL LT D TRLiR 4 5.
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6-2. BREER
T, (B)2-Q- 7T TF )3 A~AFUATE Ty (5) OEKREIT-T-.

ZIH OFER % Sheme 6-2-1-1 IZF & 7z, HREIFEETH D 2-7 BE3-~F L
FA7 2 ) &, b F L~ 7% A (EtMeCl) & % THF IRIEH 60 °C,
3 WSS S /7%, DMF 2125 Z &2k - T, 2.5V I L3-~F LT 4
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FVT 44D 90%DIERTH L. HWT, 4 DT v EbISiE, &Y >~
i A FVAFET, DMF T, 7L, HRD(E)-2-2-7 BExTF =/1)3-~

XUNTFF Ty (5) B 61%DINETHL NS,

NCeH
613 1) EtMgCl "CeHis  CBr,
/\ 5 60 °C, 3 h Z_g\ PPhy
r —_—
s 2) DMF §” "CHO  cH,cl,
2 0°C,24h 3, 91% 0°C
H
Hl Me
W [§¢%&
DMF.t
4,90% 5,61%

Scheme 6-2-1-1. (E)-2-2-7 B EZF = )L)3-~F T4 7= (5) OFHE.

WIZ, B~FINTF T2 1) E507aRTy 7Y T RISORE 1T
o 72, Table 6-2-1-1 {Z/”" T &L 912, fillE& D TMP-H & EtMgCl % T, 3-~F
UNTFFT 2D SMOT b EGIEIRNTERIZ, HRr RERe RO
ER, 5EDh 7Y U ITRINEIToT-. £, HHERB L OSERAY G574
T UARICB T AT AT v - FAT = VR TEERIZ, ShERATH -7 NHC
AT ° 2T 5D = v Ui, NiCly(PPhy),IPr'® % F W TIG 21T - 725 5,
36% DI T LNHEIDAERM) 6 GO o7, £, ZJERAT 4 BL
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THHT D=y /WA, NiCly(dppp) & NiCly(dppH & AW CTRISZ{To72 & 2
A, WTNE A0%REDOIRIZE EE o7, NEEWNHC BN 52 HT 537
U N, PA-PEPPSI-IPr' 2 2 & 2 A, RUSHEIT L, 771%DILE T 6 73
‘Johic. Xz, TOM, 20T DT AT & 5 PACL(PPhs), CHEE /S
TN, 0D/ T P AT & D Pdy(dba)ss CHCL; X2 PA(P'Bus), &2 VT 6 X
JSITET L2 00, FREOIGRIZE PE o7z, MLy U 2EEE LTHY,
Pd-PEPPSI-IPr f#7£ F, 120°C TRISZEAT272& 25 80%DILERT 6 135 b1,
WEROm ERR LN, 7 aXF L AF Lo —F )L (CPME) Z I
TRISEIT>T2E 25, 60°C TiX 87%DINRTHMME 5 27273, 110°C TX
JRHAT oIl ZANENE LR T T L & bholc. iz, ~FH 28
BN TS UMTETL, TREDOINET6 527,
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Table 6-2-1-1. BB EBEMEZ W3-~ VFF T2 58D a A0y

TV TS

"CeH13

"CeHis  Etmgel @\/\Br 5 "CeHia
G e e
1 CeHia
6
Entry catalyst (2.0 mol%) solvent Yield/%"
1€ NiCly(PPh;),IPr THF 36
2 NiCl,(dppp) 38
3 NiCly(dppf) 36
4 Pd-PEPPSI-IPr 77
5 PdCl,(PPh;), 59
6 Pd(OAc), 48
7 Pd,(dba);- CHCl; 63
8 Pd(P'Bus), 42
9 Pd-PEPPSI-IPr toluene 80
10¢ - toluene 0
11 Pd-PEPPSI-1Pr CPME 87
12¢ CPME 15
13 Hexane 59

“ The reaction was carried out with 1 (0.5 mmol), EtMgCl (0.6 mmol), 5 (0.6 mmol) and catalyst (0.01
mmol) in THF at 60 °C for 24 h. * Isolated yield. ¢ The reaction was carried out at room temperature. ¢

The reaction was performed at 120 °C. ¢ The reaction was performed at 110 °C.

5b07uRxho ) UG EBRYIRTZEICE ST, FooLy - B =L
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VA A —DEKEIT 572, Scheme 6-2-1-2 (TR T LI, BHHNTZ 61Tk L
T, 10mol%® TMP-H & EtMgCl Z i S/ 5 &, ~F VRN R L T
WD C-H #EA TIEBRI e il 7 1 N ALBUS D HEIT L, /X7 20 Lilidr
T, 5& bz AT 120°C, 24 FESOS SET2 8 25, #:0- LEALA
JERR U727 X 78% DN TR Lz, 51T, Fon/ 7 LRERIZS & OfrE
IR > 7V VU TROSHHEIT L, 3 D0# 0 IR LA FH>F =1L - &

ZL A ) I —8 UK 58% THDL Z ST LT-.

"CgH13 "CeH13

EtMgCl s

S I\ TMP-H (10 mol%) | CIMg N4 \

\ [ s — \_/ s
THF, reflux, 24 h

"CgH13 "CeH13
6

5 n "CgH

PEPPSI-IPr Coftrs 6713

(20mol%) /] \ y S N 1\

_—
toluene S > S
120 °C "CeHys

7,78%

1) EtMgCl ,
TMP-H (10 mol%) "CeHia CeH1s
THF, reflux, 24 h s X s I\

2)5 \ [ NN~ g
PEPPSI-IPr (2 mol%) n n

CeHi3 CoHi3
toluene, 120 °C
oluene 8, 58%

Scheme 6-2-1-2. (\LEZRIRAG Y 7V I nEAW-ZF =1L - =L F

J I —DA K.

BonlcFz=Lr-tv=vrFYd~v—, 6, 7LV 8 DEIAHIKILA
~7 "VIIE 24T - 7=, Figure 6-2-1-1 IR 9 X 912, #0 IR UHEAALE L T
WSHIZ LT, B S RIERMANZS 7 P LTWD Z s, =
DFERING, #0 R UM OILRIZAEY, B ERBILEL TWD EEZX BN
5. 6, TH IV 8 DERWIMERIE, FiLZEh, 350, 424, 472nm Th o 7-.
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Head-to-tail B A4V ZF 47 = D 6 EERDOF KRIKES 402mm EWVWH 2 &%

HEADHE, TESIFLYRBERMNCPIERERZA L TWD Z EnboTz.

Figure 6-2-1-1.
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6-3. ¥EiA

Fr=ly -t oAV I —OENATHEIL 227 L]

-

450
Wavelength (nm)
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MEBmNT TR LW 3N EBRT 47 = o O EER 27 2 k

ANEE(E)2-Q-T a2 F = WN)F AT =2 DTV A A W7 1 %

B TV TR ERRD KT Z 1 K o5 T, head-to-tail O F =L —bE =1

YAV A —OERIEOHREICRS L., HohieA ) IF 47 = 00%, AL

7 4 A=Y — & EFT- 720 head-to-tail AV T F AT = 2R, B EAMA

2, WK EERZ T 5 2 & RNHEER STz,
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6-4. EERIF

General

All the reactions were carried out under nitrogen atmosphere. 'H NMR (300 MHz) and
3C NMR (75 MHz) spectra were measured on Varian Gemini 300 as a CDCl; solution
unless noted. The chemical shifts were expressed in ppm with CHCl; (7.26 ppm for 'H)
or CDCl; (77.0 ppm for °C) as internal standards. High resolution mass spectra
(HRMS) were measured by JEOL JMS-T100LP AccuTOF LC-Plus (ESI) with a JEOL
MS-5414DART attachment. For thin layer chromatography (TLC) analyses throughout
this work, Merck precoated TLC plates (silica gel 60 F254) were used. Purification by
HPLC with preparative SEC column (JAI-GEL-2H) was performed by JAI LC-9201.
Nickel catalysts, NiCly(dppp),'* was prepared according to the literature procedures. For
the solvent of the palladium-catalyzed reaction anhydrous THF and toluene were

employed. Other chemicals were purchased and used without further purification.

Synthesis of (E)-2-(2-bromoethynyl)-3-hexylthiophene (1)

2-Formyl-3-hexylthiophene (3): To a 500 mL of two necked reactor equipped with a
magnetic stirring bar was added 0.93 M ethylmagnesium bromide in THF (18.0 mmol,
19.4 mL). To the solution was added 2-bromo-3-hexylthiophene (2, 15.0 mmol, 3.708 g)
at 0 °C. The reaction was allowed to warm to 60 °C and stirred for 3 h. The reaction
mixture was cooled to 0 °C and then DMF (225 mmol, 17.4 mL) was added dropwise.
The reaction mixture was stirred at room temperature for 24 h and then was quenched
with 1.0 M hydrochloric acid. The mixture was poured into diethyl ether/water and two
phases were separated. Aqueous was extracted with diethyl ether twice and the

combined organic layer was dried over anhydrous sodium sulfate and concentrated
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under reduced pressure to leave a crude oil, which was purified by chromatography on
silica gel (hexane/MeOAc = 50/1) to afford 2.68 g of 2-formyl-3-hexylthiophene (3,
pale yellow oil, 91%). "H NMR & 0.88 (t, J= 6.7 Hz, 3H), 1.18-1.48 (m, 6H), 1.56-1.74
(m, 2H), 2.96 (t, J= 7.7 Hz, 2H), 7.01 (d, J= 5.0 Hz, 1H), 7.64 (dd, /= 5.0, 1.0 Hz, 1H),
10.0 (d, /= 1.0 Hz, 1H)

2-(1,1-dibromoethynyl)-3-hexylthiophene (4): To a 500 mL of two necked reactor
equipped with a magnetic stirring bar was added 3 (10.7 mmol, 2.10 g) and 107 mL of
CH,Cl, under nitrogen atomosphere. To the solution was added tetrabromomethane
(13.4 mmol, 4.44 g) and triphenylphosphine (26.8 mmol, 7.03 g) at 0 °C. The reaction
was allowed to warm to room temperature and stirred for 4 h. The reaction mixture
concentrated under reduced pressure to leave a crude oil, which was purified by
chromatography  on  silica gel (hexane) to afford 339 g of
2-(1,1-dibromoethynyl)-3-hexylthiophene (4, colorless oil, 90%). '"H NMR & 0.46-0.53
(m, 3H), 0.85-1.02 (m, 6H), 1.12-1.28 (m, 2H), 2.23 (t, J= 7.7 Hz, 2H), 6.51 (d, J=5.2
Hz, 1H), 6.89 (s, 1H), 6.95 (d, /= 5.2 Hz, 1H).
(E)-2-(2-bromoethynyl)-3-hexylthiophene (5): To a 50 mL of two necked tube
equipped with a magnetic stirring bar was added 4 (9.22 mmol, 3.24 g) and 7.37 mL of
DMF under nitrogen atomosphere. To the solution was added triethylamine (46.08
mmol, 6.42 mL) and dimethyl phosphonate (36.9 mmol, 3.38 mL). The reaction mixture
stirred overnight. The reaction mixture was quenched with 1.0 M hydrochloric acid. The
mixture was poured into diethyl ether/water and two phases were separated. Aqueous
was extracted with dichloromethane twice and the combined organic layer was dried
over anhydrous sodium sulfate and concentrated under reduced pressure to leave a crude

oil, which was purified by chromatography on silica gel (hexane) to afford 1.58 g of
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(E)-2-(2-bromoethynyl)-3-hexylthiophene (5, colorless oil, 63%). 'H NMR & 0.89 (t, J =
6.3 Hz, 3H), 1.21-1.38 (m, 6H), 1.45-1.65 (m, 2H), 2.57 (t, /= 7.7 Hz, 2H), 6.54 (d, J =
13.7 Hz, 1H), 6.83 (d, J = 5.2 Hz, 1H), 7.10 (d, J = 5.2 Hz, 1H), 7.20 (d, J = 13.7 Hz,
1H).

General procedure for the reaction of 3-hexylthiophene (1) with (E)-2-(2-
bromoethynyl)-3-hexylthiophene (5): To a 20 mL Schlenk tube equipped with a
magnetic stirring bar was added a THF solution of EtMgCI (0.645 mL, 0.6 mmol) and
TMP-H (0.008 mL, 0.050 mmol). To the solution was added 3-hexylthiophene (1, 0.090
mL, 0.5 mmol) and stirring was continued under reflux for 24 h. Then, 0.65 mL of THF,
(E)-2-(2-bromoethynyl)-3-hexylthiophene (5, 163.9 mg, 0.6 mmol) and Pd-PEPPSI-IPr
(6.8 mg, 0.01 mmol) were added successively. The mixture was allowed to stir at 60 °C
for 24 h. After cooling to room temperature the mixture was quenched by saturated
aqueous solution of ammonium chloride (1.0 mL). The solution was poured into the
mixture of diethyl ether/water and two phases were separated. Aqueous was extracted
with diethyl ether twice and the combined organic layer was dried over anhydrous
sodium sulfate and concentrated under reduced pressure to leave a crude oil, which was
purified by column chromatography on silica gel using hexanes as an eluent to afford
139.6 mg of 6 (light yellow oil, 77%). 'H NMR & 0.89 (t, J= 6.5 Hz, 6H), 1.14-1.45 (m,
12H), 1.50-1.68 (m, 4H), 2.55 (t, J= 7.6 Hz, 2H), 2.65 (t, J = 7.6 Hz, 2H), 6.76 (s, 1H),
6.84 (d, J= 5.1 Hz, 1H), 6.86 (s, 1H), 6.93 (d, J = 15.7 Hz, 1H), 7.02 (d, J = 15.7 Hz,
1H), 7.07 (d, J = 5.1 Hz, 1H); >C NMR (125 MHz, CDCl;) § 14.1, 22.6, 28.3, 28.95,
28.97,30.3, 30.4,30.9, 31.6,31.7, 118.6, 119.5, 121.0, 122.6, 127.0, 129.7, 135.9, 140.8,
142.4, 143.7; IR (ATR) 3017, 2955, 2926, 2855, 1525, 1458, 1377, 1303, 1272, 1215,

1085, 934, 843, 814, 724, 694, 670, 659, 646, 627, 614 cm™; HRMS (DART-ESI+)
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Calcd for CyH33S, [M+H]+: 361.2024; found: m/z 361.2035.

7: Synthesis of 7 was carried out in a similar manner to the synthesis of 6 from 6 (180
mg, 0.50 mmol), EtMgCl (0.60 mmol, 0.93 M in THF), TMP-H (0.008 mL, 0.05 mmol),
5 (163.9 mg, 0.60 mmol) and Pd-PEPPSI-IPr (6.80 mg, 0.01 mmol) in toluene (0.65
mL) at 120 °C for 24 h. (yellow viscous oil, 78%) 'H NMR & 0.77-1.02(m, 9H),
1.17-1.45 (m, 18H), 1.48-1.74 (m, 6H), 2.56 (t, J= 7.6 Hz, 2H), 2.60 (t, J= 7.6 Hz, 2H),
2.66 (t,J=17.6 Hz, 2H), 6.77 (s, 2H), 6.85 (d, J = 5.2 Hz, 1H), 6.87 (s, 1H), 6.89 (d, J =
15.7 Hz, 1H), 6.91 (d, J = 15.7 Hz, 1H), 6.99 (d, J = 15.7 Hz, 1H), 7.00 (d, J = 15.7 Hz,
1H), 7.08 (d, J = 5.1 Hz, 1H); °C NMR (125 MHz, CDCl;) & 14.09, 14.10, 14.12, 22.59,
22.61, 22.62, 28.3, 28.4, 28.97, 28.98, 29.0, 30.3, 30.4, 30.7, 30.9, 31.66, 31.67, 31.69,
118.8, 119.3, 119.9, 120.8, 121.0, 122.9, 127.1, 129.0, 129.8, 134.9, 136.0, 139.9, 141.2,
141.8, 142.5, 143.9; IR (ATR) 3016, 2953, 2926, 2855, 1537, 1519, 1462, 1454, 1433,
1415, 1377, 1266, 1217, 930, 843, 812, 724, 698, 671, 659, 648 cm'; HRMS

(DART-ESI+) Calced for C30H49S3 [M+H]™: 553.2996; found: m/z 553.3018.

8: Synthesis of 8 was carried out in a similar manner to the synthesis of 6 from 6 (259.5
mg, 0.469 mmol), EtMgCl (0.563 mmol, 0.93 M in THF), TMP-H (0.00791 mL, 0.0469
mmol), 5 (153.8 mg, 0.563 mmol) and Pd-PEPPSI-IPr (6.37 mg, 0.00938 mmol) at 120
°C for 24 h. (dark red solid, 58%) 'H NMR (300 MHz, CDCl;) § 0.75-1.08 (m, 12H),
1.18-1.46 (br s, 24H), 1.49-1.73 (br s, 8H), 2.51-2.74 (m, 8H), 6.74-6.80 (br s, 3H), 6.85
(d, J=5.1 Hz, 1H), 6.87 (s, 1H), 6.86-6.94 (m, 3H), 6.96 (d, /= 15.5 Hz, 1H), 6.99 (d, J
= 15.5 Hz, 1H), 7.00 (d, J = 15.5 Hz, 1H), 7.08 (d, J = 5.1 Hz, 1H); *C NMR (125

MHz, CDCLy) & 14.09, 14.10, 14.12, 14.13, 22.60, 22.61, 22.62, 28.30, 28.34, 28.4,
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28.97, 28.98, 29.02, 29.04, 30.3, 30.4, 30.7, 30.8, 30.9, 31.67, 31.68, 31.69, 31.70,
118.9, 119.3, 119.7, 120.0, 120.7, 120.8, 121.0, 123.0, 127.1, 129.09, 129.11, 129.8,
135.1, 135.2, 136.0, 140.0, 140.2, 141.3, 142.0, 142.2, 142.5, 144.0; IR (ATR) 3016,
2956, 2924, 2853, 1563, 1554, 1546, 1536, 1513, 1502, 1493, 1478, 1462, 1453, 1433,
1423, 1415, 1377, 1265, 1239, 1220, 1158, 1091, 1025, 924, 893, 865, 842, 807, 725,
698, 678, 669, 653, 629, 614 cm™'; HRMS (DART-ESI+) Caled for CagHgsSs [M+H]":

745.3969; found: m/z 745.3851.
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KL TIE, FAT7 2O CHRGERED v 7V 7 RISICER L, et
HEMEHZZ L BROND T AT 2T 47 = UfbE, T4 7 =0T U — A
BT AT = -E =G OB CHEANRIEAIEORRBE 21T o7, 3ALE
T A7 = ONEERN R C-H MR EED v 7 ) IO M LicF 47
= U-F AT = UREETEEIE, head-to-tail A TF AT = RO A Y =
FHT7 =7 EOBEDPRAEICHIE SN A TF 5T = COFITEB N T,
Wk a ATy T Y T RIGE WD FIEX D b AT v ' A OMIELIT AL
L.

H 1 ETIE, MESHEICHBE SN AY IF 4T = B ERKIC S O
REVER B E Z DA BN O TR R, Fe, TFEFEEZED DT A7 =
YO CH#EAEED v 7V o TRINMI DWW Tk 5 & L b2, F&iE?D C-H 1
7V TR E WD R EY OARIZE T D ME I ORI Z 1T o 72

B2 ETIE, 3EBRT AT = OMEREIRWR C-H Iy 7Y v 7R % H
WD Z LI Ko TS head-to-tail HEIEZIZHIH S NIZA Y TF 47 = - DERK
EDORFEIZAH LTz, Knochel-Hauser Hifk & L CHIGNTWD, @m0\~
XU LT I RERAWD, 3BT A7 = O 5O CAE R BT e b
ke, =itz fAnws 2-7aE3 BT A7 EOD T Y TR
IZ &> T head-to-tail LT A7 = DELNDL I EERH L. ZOMIGEE
NIKTZLIZLoT, RO aAH 7V TG E WD FiEIZH~, 1T
BTFA 7=y PR TE % head-to-tail AV TFF 7 = D HHHY
IRERIEDBRFICHII LTz, ETo, (bFEmED 22,667 F 7 AFLEXRY Y
> (TMP-H) %% L9 % Knochel-Hauser ¥ DRV 12, 10 mol% D TMP-H

k=T~ %2 A (BtMgCl) ZHWTHIRBEZ, 3 iElT 47 =
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D 5 MLOMEBER 2B 7 1 b Ab s = Fafiit e o0 v 7Y 7 ROG

NHEEITL, 6 BAE TOD head-to-tail A TF 47 = O ERRIZKT LT-.
Me Me n,
"CeHy; Me” TNT “Me "CeH13 @Br Colhis
MgCI-LiCl ﬂ Ni cat. s U\
/[ \ CIMg
s or S THF, 60 °C

Me Me "CgH13
Me ” Me

(10 mol%) + EtMgCI
"CeH13 "CeH13

N s A\ s I\
\ S \/ s up to 6-mer

"CeH13 "CgH13

BIETIE, 3MERTA 7 b 23-U7 T4 7 = OMERRLD
Ny 7NN E#YIRT 2 LK D0 A Y TF A7 = OB RIS
L, AEAXRHERR U REZRD, HERODBIRA Y TF A7 = OB RIEID
T a v 2AOMMILICERS LTz, £72, DRA U 547 = o O gEiEiE
IZBNWT, N-~TaBRkI AL~y (NHC) BN 75283 5= 7/,
NiCly(PPhs),, ZH WA ETF AT =2~ R UL 23-UT7BETFT AT =0

ZEI TV T EREITEVIRRRARRISMERTZ E R L.

n

Me N~ "Me N
n, H I‘IC H / \ \
CgHiz (10 mol%) 6H13 g~ Br ]
{/ \S + EtMgCI I\ Ni cat. 7\ s
—————| CM —_—
s THF, reflux 9 s THF, 60 °C s” N\ J
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H o4 ETE, IRV ULATIREAWETA 7 2Ol m h Akl ER
BRMEEZ NS T T ROSERMM LT A7 =D C-H fAIEET U
—ALBIS DBFEIZ RS LTz, 3ALEWRT 47 = 2 12%F LT, Knochel-Hauser 1
REESED L, MERRORI T 7 M ALBSET L, 8T V7 AErE
T, "a ATV =V E RIS EE D LT —VERT AT = R R T
Fio, RO 2 87 I v & Grignard UK E WD v b AL &R
LTh, FARICEEA 2 e b T V=D v 70 U T ROEREITL, 7
V—NVEBMRT AT 2 525 2 Ebioi.

"CeHys Me” N~ “Me "CeHig Br‘@’“’b m
ﬂ
CiMg

|
// \< MgCl Pd cat. S
_— _—

s THF, rt S THF, rt Me

H I\
7\ (10 mol%) + EtMgCl Pd cat. s

o Me
S THF, 60 °C THF

5 ETE, EERMETHDLT Y —L =Lt ) S — 0RO E
RiEEHET 5720, TV AE&RELe=LTL—vDrarny 7Y v
TRIGDOEI ATl v U A2 HnWs 2 &2k ->T, 7V =T
SULEEEAT L= DI Ay T T OSSR EIT L E (KD
AFNRUFEB RG22 2 /A LT, £, ZORISIZT b o Z2EH
ELTIAD &, BOSIMEE SRR RR T2 2 /RELE. &
HIZ, ZFANEERETLHTV—ATAI=T L, Py abliis r N AT
T, AF VLU EHWRS TORISHEITL, AFANC 25252 Lbino
7.
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[RhCl(cod)],

R (2.5 mol%)
@-Al’ + @\/ iPr,c=0 yZ
? ' C

THF, 60 °C

[RhCl(cod)],
(2.5 mol%)

@ B ()
(Vi Pueo %
Et THF, 60 °C

96 ETIL, 3MLEMMT A7 = U OMEERW R v 7Y RO EFIAT 5
8423 head-to-tail ICHIFH SN 7e A TF ==L E= L OAEEIT>72. 3
MEBRT A7 = E(E)2-Q- 7T REZTF =)WV T F 7 = & O BB >
TV T RORE, T VU AR T ICRAICHETL, 2 2OFT AT = VR
OMNCAH LT 4 UBEAR LT F A7 2 o N Ebhiz. (EERRW D v 7
VIS EBOIRT LK ST, 4T 4T 2= v b % D head-to-tail A
JIAFZ=Lb U E= L rOARICHKS Lz, kb Mnon Tk
Mizoroki-Heck )i % L < 1% Horner-Wadsworth-Emmons (HWE) )&% V5 &

BRIEICEER, &7 a2 OB ER S 7.

miﬁlm "Cefis
Me H Me [g\/\
B
"CeHiz (10 mol%) "CeH13 S r
CIMg

"CeH13
I\ + EtMgCl /[—g Pd cat. S m
s THF, reflux S THF, 60 °C WA
"CeH13
"CgH13 "CeH13
S
I \S/ N /S\ Z \ [ /S\
1CgH13 "CeHy3
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