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1-1. XIF7V=IMET7 ey EZDEMRFE

BHEBERMRNZ VI XY (OFET) PEERENY A A—K (OLED) ZIFU s & LIcBEEFMEIE.
BEERRIGFEDRREICHEVWKESRE U, Fic, 35K, BRE. Stille 5ZHRICEKELIZIOX N
v 7Y VI RISOAFEIE. BRZ2BFEREEVRALEFZE S B biaryl (L EVDOEREBEIC U, 112
ZDWER. ZROBEEHRICEMHERS U I ERCEYORAIINRL . BEREFMEORRICEIRIE
BWHFEHEUTHRIIINTETWS, Acene BIIBREFMHOFRTEEERNFEHDO—DOTHD.
MEGEEZE T2 ENEmWLF v PEBBIECPHENLGREIEFEZHFTE D, -5 KRELBHKR
ZEEBTENIENY RE vy ITHL D F v ) ZEAEREZ T2 ENAEERTZ6. tetracene
pentacene D & 572K\ acene DFIENHASNTE Tz, 671 LA UL, IS5 DIEEMIEIERPIICK
UARELETH B &P, BEEDRSHNSEDIFWHIEETH >tfce FORAETRUIZDONTILF T
=)Lt 7> (MAAs) $8T3H D, 5T naphthalene *° anthracene ZHDMCERELU TSl IN5D
L ED S HLREBEENT W oo, (LREMNEEICITTZ . £lo. VAR DY FU VI RIGICE D aryl
BEZBATEIETHEREREL T DI ENTRETH S,

INETHESINTE 2 MAAs ICBBU THENT %, Acene DILIERMIICZEWEFTIC aryl EHNEA X
NIERFHOSEBE I NTE 2 (Figure 1-1), Acene [FEAMICEFEE TH D6, p BIFEERME
EUTHEEIN. 20 p BFHEZRAEIEZHIC, 1,2, 3DELSICETFEEL thienyl EZEAL
RN CNE THEINTE L, B-1 BFREBREZEATZI LT LEVOREEZELRDLTE
EBICHERZIRT 2 &N TED, 3EFHED 2,6-di(thienyl)acene D> 5., BE(C m H&EFRH B DELD
PWHBEER 2 IFEVWVEREEETEREEFRIBEZ T\, ZOLEYIR. FEBICBLROFEREFEHRLT
W2 Z ENEER X RBERITOBRINSHSH EB>TWD, OFET ICEWTHAFERIFF T U 7R
BICEADLZREBERD—DTH D, FiC. BERHEICEBEL TWBIEE, 2FEOF v U FBEH
R DPILLRBH.T/INAX2EDF v ) PREENF LI %, 5. anthracene D 2,6 fiZIC phenyl
EHEA X nic 2,6-diphenylanthracene (4) DRIz, 12114 2D 4 IFLZRITHITS C-H---1HEE
ERICEDWBRAFEBELRT %, ZNICELD, S p EREERE U TRET 5 EHH
SMER>TVWE, INS5DEKSIC. BUWEREZ R T anthracene Bi8%ZH I % p B EAEMEHTEHK
HESINTWD, —A T, anthracene ZREIRICET 5 n BEEEEEDHF D@ N, B LT SHF
F U Iz trifluoromethylphenyl £2859 % 5 (& n BIERK¥EARE U THEEET %, 10 LA L. RFFENDIE
MBEICL D ZOEBEORAZHET % & . REMTWVWI EHHER S Nc. 2 DIREAZ. trifluoromethyl
HEOKEEICK DO FREEMIK 343 A L AXEHA>TLEW, BROTFEREER TERVH
THDEEZ e, Flc. 2020 FIC Lessard SHRE L 6 1T VYREFZLEHEIT 25D D, n R
ZRINIDETICRFIES D o, 151 TNSDERMS. anthracene FEMKICE W THW n B EZ
KNI BDICIFIAEEENEBRI/NS KBWEFKRIIMEIZY NOEANRATRTH 2 & FETE
%, n BUIEHYEMARE U THEEET 2 MAAS [FIREFINDBWTED, COLSIBAFERS - BT S
EFEELRRETH D,



Figure 1-1. CNX TR SN TS MAAs

W T, MAAs DERFEDFHME RBZ RS, ERD MAAs FENBERBOI/ Oy FU Y
TRIGICE DBERESNTE (Scheme 1-1), EREDI/OX Ny 7Y VI RIGTIE. RIGEEREED
EFBAINCEBZRAWS, INSOEBRF—MBNICEVWRIGEZBL TWSIcH, EEBSTZFICA
NIFEAMICIFEBREICIOIAY TY VI EREEGRT DI ENTE S, UL, RIGEBHEEEZET S
HE(C(F aryl halide PEERESBRISEINEVWSNTE D, TS ERART 3 ICITHEEDILFRIG % Z
BNENH D, CORBIETRZOHERHRELRETHD I NS, BEGERFEZEILT S
EOICIFRIGEBREEDEANRERFENBENTH D, £, BFARLBFERILENOEREE
RIGENEKDIC L DIKAELUTUERSBNAB DEDIKRWHAERETH o fco TDEVEFORIA N
BRI BRI ZE T 5 MAAs DRIERZHITTWBERERD—DTH D EEZ o,

X Pd catalyst o
Coway e
i (»
X: Br, OTH... M: B(OH),, Sn"Bus...

Scheme 1-1. fEFEIC K B —RIUER MAAs &A%

INSERFZT. RIGHEEEREDOBEAZHE L UBWEELEHRMOBARENREAICITONTET
W3, REITIE. ZOILERETHZ2EREEBMEICL S C-H FEEEEIZR MAAs DERKICEAL T
SUITANZSN



1-2. EBEBMEZRAW C-HEEZRIGRETBNILF 7 U—ILEL7 Y ERFE
1-2-1. EREEBMEZRAW C-HEERERIDRETBDVILFTFU—ILET7EVERK

C-H #EEZzRIGHRICAWSICIE. FRIGE LT C-H FEEEHELE WS EBBENREE 725, 116 C—H
BERTEREETH DI ENS. IhetfiULRIGRANBT 2 2 & FE#ETH > fco LML, BME
EOmW C-HEEDOFAY. EFEELEEOHMA, fEZz+L —> 3> U C-HEEEE bt =zHBIT
SEMEZFAT 2HAICK > GEFETIF C-H BEEHEZR D RIGIFESEDFELONE LS ICE>
feo £YIE. 2D C-HEFEEZRISRICHA U e MAAs R DB E W DDNBNT B

HASIE Ru iz AT, anthraquinone DAIEEIRE T ) —IL{bZ&ER L TWLWS (Scheme 1-
2), 17 Xfc, BonbEWICHOBFERILEYN ZRZMMESE. EBEILT S I & T hexa-arylated
anthracene =& U fco 5 DKRIGTIE, anthraquinone DEERFREFHELEEE U TIRZEWIEREIR
77 ) =)L Z B L T\ 3,

H O H @ Arl O A Arl Ar2 Ar
O‘O Ru catalyst
C b, —— D) =
(0] o
H (@] H % Art O Ari Arl1 Ar2 Ar1

anthraquinone hexa-arylated anthracene
Scheme 1-2. Ru fii#f(c & % anthraquinone 7Y —)L{t &Kt < MAAs &R

/PR S (& anthracene *° tetracene IC Ir fliZE(C & % C—H borylation Z /L. acene DIL{RMIICZELN
fSIE\ pinacolato boryl (Bpin) E%ZEA L7z (Scheme 1-3), [1118] I 5DHFIC. RERKETHBEHBA
SEEVORNY FUVTRIGICED aryl EEZBATZZ ET MAAs ZAB LT, Ir flifflc &3 C—H
borylation [FECHEZNE E UARW L, BE acene D HOMO DEHEESMNKE L C-H fEE TRIGHETL
P Weo, IFEMICZEWE TEIRNICETT 5 2 ORIBIE MAAs D1z DB N7EIREETH

anthracene O. B,O Ir catalyst
! e
B. or
o 0
N

or +
ooy oo oo
H Bpin
tetracene
Ar Ar Ar
'
Suzuki-Miyaura  pr” “ “ “ “ “ “

—
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Ar Ar Ar
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Ar-Br

Scheme 1-3. Ir fitf#|C £ 5 C—H borylation &< #AR-EHI AR Ay FU > TIC LS MAAs &

5



ZD&SIT, C-H FHEFEHAZRAUMERRNIC MAAs ZEHT 3 ICId. BRFENGERTFIENE
IFonzn, ZORELERAIE C-H BEDOKRIGHEDES PBIREDESINFERTH 5, LDBELRA
EiE. MAEZEAT S EHRL, acene D C-H EEZEET7 Y —ILLT 2 & THD, RETIE.

NiIcKREIN2EENT ) —ILERIBICEL TR S,

1-2-2. BEEN7 Y —IUERIG
BEBED C-H #EEZBHEMETICZOXXIATE Z2EENT Y —ILERIGIE. fERETHWTL
rrEREBERIGAIZERLEW C-HIC-X B@OKRIHTH S (Scheme 1-4), (19211 BN —)L{LKR
I RELFHKBEIEBICDIE Fagnou 5 DIEAKGRIAR TH %, K5 DREIT NEMHARKIE. Pd BENE T
% carboxylate BLiIFH' C-H EETEMELZ@EIT 2 &2 RH U2 & TH D, 22 1A T, DFT 51 &
LK DBFRHEEED C-HIEEDFEHEERIRILF—Z2EHT 2 & TRIGEZFHE L TWS, 2324

@@ I @

Scheme 1-4. BT ) — UL {ERIGD—HZZ

Fagnou 513 Pd D C-H #EETEME(LDN HEMA F)LE-B 70 k> 1 (CMD) #EZ R TETT
52 &ZIREE U (Scheme 1-5), ZDRIbIE. "BFAEE Pd HILDEEEBED C-H EEDKRZREDIE
BERPEBEICK D C-H A DKEDS ETREMHENICKE T . TD CMD #iE%E BE X o358
{tERIRILF—OFERREERICRIGZT> TEOSNIEERERIIR<AERBLTWS, 2D CMD
HEENET LY T VWEBDIE#IL. thiophene DXSBREBEFEER C-H EEEEIT 3. HDLIZ
polyfluoroarene O & D BEREEDFHW C-HEEZE I 2 & THD.— T BFHICHHEZ benzene
FIIRBEMEWD, FERTIEIERERERNT 2LENDH S,

@ _ |
_Q _@ L
L_Pdll L—Pdll > L_Pdll_®
O - RCOOH I
):O )—-O L
R

Scheme 1-5. Pd iR ([C & 1T DT A Z )LL-B 70 b >V {bigiE

EENY Y —ILERIBICED MAAs DERBIICDWVWTWS DHOMENT D, Sommer 5id 2,6-
dibromonaphthalenediimide (NDIBr;) & furan ¥° thiophene D EZEHN 7 —JLERIGICK D MAAs =&
B U7z (Scheme 1-6), 251 i SAFHWIERICEFARER NDIBr [ERISFRFDIFBELKIC K D 2L
TULESZENS, 15 BELED furan ¥ thiophene %N LU BIRIGIC &K 20 EIEC ZHIICZ AR N
v TV VTR TIEND T,



OO Br Pd catalyst
/

over 15 equiv.

| X=0orS |
R R

NDIBr,

Scheme 1-6. NDIBr. & furan ¥ thiophene D E#EH 7 ') — UL RIGIC X B MAAs &%

Melucci 5 (& 9,10-dibromoanthracene & thiophene DY 7 OV T —JBEZ#SEENT Y —IL
{ERIE%3EM Uz (Scheme 1-7), 2681 {5 D RIS TIIRIGKENLIHA 5D THO. ¥rvO00—7
ZHALTICAROINETENYZEDICIE 24 FEEIMND I NS, BESDERFERBIERICHR
H/\JT\%?TCO

R
s
Br 2
Pd catalyst
CCo0 -~ — O
\ /
microwave
Br R = H, alkyl, thienyl I g

9,10-dibromoanthracene —
R

Scheme 1-7. ¥/ 707 1 —JBEZRAWHENGZERENT Y —IL{ERIGIC X 5 MAAs &%

INSOWEFIZEEN T Y — I bRISZEERL MAAs BRUICHIBT 2EELRFETH D, UL UE
N5, RIGHEDEZY C-H EBENEFEERICE> TW5, KDHERNEBRIGFEEEZL > TEFR
B MAAs R Z ERTENIE. MAAs R— D n U EAMEIOBRENIAEL RET D,

1-2-3. BiAKRBEIOZXAY 7Y VT KRG

C—H/C-H BD o/ ORHh v FU VI RISTHBBAERIOX Ay FU V4 (CDC) RKitid. BHE
WO OE@ERIAX Y TY VI RIGTHS (Scheme1-8), 2729 fof2 L. BRR2ZEED C-HEE
EHEEDIEFR Z B EICITORENH D, INZERTERWVWERIRIGTHZIREAY T VI RIGH G
EUTULFW, XL I7AORAY TY VITEBRIHIESNRWN, CDFEZFRT BEHELTE ”
EROEEEE RBEEDERIGHEEEZHAGLE D T EPEFEEREE LETAEHREEXH
HEDED'ZENENTH S, Acene IFEFNICHETH D, 1 DED"ERSEREE & XEFE
DERIGHEEEZHAGLE 27 TO—FNEMTH S, I I Tld. naphthalene ZHICHFEFHREE D
CDC KISIEDWT WL DHMBNT B,
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Scheme 1-8. Ji/kFEE IO N Y 7Y VI KRIED—ET

Lu 5 (& naphthalene & benzene 80 CDC Ktz 1T > 7= (Scheme 1-9), 180 FfLEID Ay TV T
RIETH 2 cHBALBINRMENTWS, BREED benzene $BEFEHRIDETI/ARDY TYVY
RIGHSEFT U T, RIBHRIFES VAR DY FU U TERZNERNICE D 2 EDREETH > 7.

“ /@\ Pd catalyst
OX|dant OO

Naphthalene 15 equiv. Yield = 25%
Scheme 1-9. Naphthalene & mesitylene @ CDC K/t

Azizzade 5 |& naphthalene & phenanthrene @ CDC RIb%Z# 7 U7z (Scheme 1-10), B Z DRI
1% &1, phenanthrene @ C—H fE& D RISHED A HY naphthalene & D £E\\ /28 naphthalene HYEE|
c_m\JJI] INTW3, £, 5 DKRIGTIE naphthalene @ 2 fI TEEL TRIGHEITLTE DL WML
BERRETH>Tco TDERIE. %5 < Pd-naphthalene REEHEDRIGEICEZHEDTH %,
Naphthalene @ 2 i TKIt U7z Pd-naphthalene FEAEDANLDEFARTH D, KEFHR
phenanthrene & DRIENBRBRcHTH B EEZ T WS,

Pd catalyst
OX|dant
5 equiv.

Naphthalene Phenanthrene Yield =40% (1:2=1:4.3)

Scheme 1-10. Naphthalene & phenanthrene @ CDC Kty

ULHULEDS, CNSDAETIREESHDAY P VT I— N F—Z2KBREEICFERT 2RENH
SI=HHERTIE RN, M T RISMEIMBEWcHKBRIICH Y Y VT~ R~ F—Z /ML TWS
ICHEID 05T, acene N2 D FULED aryl EZEATETULWEW, CDC RISZFIF L acene NEE
D aryl BZBAT ZcHICiF. & DIRNBRISHEFNEE TH D,



1-3. AFERDBEH & FX DR

INFEFTHENRNTELLSIC. BED C-HEEZRIDRICAWSEZENT U —I)L{EKRIE® CDC KIGAH
BAICHEINTWS, ZNICELHM D 5T, MAAs ERERANBEAR LB IHTH D, TDEEEL
TiE. RIGEEREEZEAUGWREICHENLBRIGHEEICE > TUESIRNETEND, 5D
Rz & D=L VLT TW fedhicid. & DB DMENBRRISFEZHILT DI ENREAETH Do

F I TCAMERTIE. £72 acene NDERAFINZ UL polyfluoroarene I[cEB L. BEEH DR
MAAs SR F/EDHEN % BH & 9 %, Polyfluoroarene (&7 vERFEZHEIT 2 EH 5. BFAERR
BEEEE U Tacene @ n BIEEMRIGHEES I SHT Z EMNPERFTE S, Fle, ERkO/7OX Ay TUY
TRIGICEWT, BEEEEREREL I Nz polyfluoroarene (FZRH DKM UFEEICRLZETH S
eI D IR WA TH > 7o —H T, polyfluoroarene [FEKHTEENDEHWVWKRIGED C-H &
BI B, BENT ) —ILERIEY CDC RISOBELEE TH S, LIich > 7T, polyfluoroarene @
FRRAAROERE L KERLTED . AT ZE L T polyfluoroarene N ZHE A S N7 #T# acene
BEAROHREIINRYT 5 2 EAHAFTE 2,

KFEXTIFET. F 2 EBICEWTEENT ) —JULERISICK D polyfluoroarene M EZEIRAIICEA
SNz anthracene Bi&%ZHE I 2H D bis(pentafluorophenyl)anthracene (DPA-F) &A% EHE MK
U. polyfluoroarene OEAMEBEDEWVWD n BEEXRFGUANED LS ICHET I ZHSMITLE
(Figure 1-2), F7z. anthracene Bi&ICERFEFHNEA S 1ufz 2,7-bis(pentafluorophenyl)phenazine (2,7-
DPP-F) 5B L. BBEBEDEVWEERKICTHMU o D FHNEICETRE L /2 2,6-DPA-F ¥ 2,7-DPP-F
ZEMER NS XY (OFET) O nB¥EHE UTHHEL. SWHREERT I EZASMNC U,

2,6-DPA-F 1,5-DPA-F 9,10-DPA-F 2,7-DPP-F

Figure 1-2. 25 2 E CHAL L fz DPA-F FEAEDEE

25 3 ETIE. acene NEHD polyfluoroarene %z fHEICE AR EE/R CDC RIbhZzHFK L. (Scheme
1-11), ARIGICE D, EBEOFERMEE ($ER S 2 (\LEBIRMICELRD polyfluoroarene %z 1 EXfETEAT
5T EEABEICUL, NICE D, B2 EBETENIMREZRU K 2,6-DPA-F NRIGEBREZEA LR
CTCHEMAREICE S oo Efew ERFRIESNMEYMZNRT 22 LT COUNBRENBRRIGDIR
R#&EZEE LT,
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Scheme 1-11. 25 3 ETHR L /EH D polyfluoroarene & acene @ CDC KXt

%4$TH\Z@Zﬁ%ﬁ%@CDC&mt%%wﬁuxﬁv7u>7&W%E&Abﬁéztw$

. ERETIEERDRERER S aryl ENERICEASI NI MAAs DERFE%ZHEILL T (Scheme
1-12)o INSOMRICED, INETEBRIRETH >ICBELIBREEZBEICEA LKL MAAs HfE
BICERTEDLSICH e, THIC. BREOHAGLEICK DERRRVWEZFEZRITHDTFHER
TEfc, BERENY A A —K (OLED) & UL TOFIAERHM

(),
Pd cat. Pd cat.
Arylatlon C—H/C-H arylatlon
Acene > Acene >
F F
L AT
Yoo 0 Qs
H F F F
F

Scheme 1-12. FE4ETHEUICEL S ary| BEZF T % MAAs DEES

AKFEFLDEENDOUENGE MAAs ERFIEERDEH. INFTTORIGTIRHERETERN >R
MONFEEHEITAREEEBO TND, S5IC. AFRIEHREBELRUTERHITETH D MR
DFIF DA ZEAE LB EELREEREBVND I ENS, ERMEDEZBZ CEENEOEEH
mvTﬁ&i#%umm AR TIE. NENRERDOIHDEERRIGKEZHFEET D LA,

"FoNnfc MAAs DEBRFFMEZHSHNCUBEREFMEIE U TOBMMEZRILT 5, REICE 5 ETIE |
$ FXDRERE L UOSHBROBEICDWTHENS,
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2-1. ¥&5

2 2 ETIE. bis(pentafluorophenyl)anthracene FFE{k (DPA-Fs) OMENREMTFEDHEILKR UK
PRI LRI, T/\1 AFHEZ TR 5 fco C-H EEFHEZRDIBEENT ) — )L RIS Z B3R5
HETTITSZET, DRVWERIEEGVWNETEREDEAMBEVCHERNELR DA 1% DPA-Fs %
AR U7 (Scheme 2-1),

2,6-DPA-F 1,5-DPA-F 9,10-DPA-F 2,7-DPP-F
Scheme 2-1. KETEHR U 721k 4 75 DPA-Fs D&

ERFEEMRHIRHROBRERET /A RAOFEMRE U THFSINTE D 2 FEBEOTIRNE
BRI ED SRR BREEEERMRIN R IN TS, 12 ZOHRTH, acene FEKIIHRERIERE
NS> I X5 (OFET) ICEWTEWBHELZRYT ZEMNMSNTWS, 181 i, acene HFIIE LRI
BEZBI DO FIREICKDBEFORENNISND & & n-niBEERY C-H-nHEME
BICEDLK BRAFEBINRIAD 2726 TH %, Acene [T EFEERLEY TH B8, IEFLEZX (p
B MEE LU TEWEEZRI MR BEZHARINTE L, W —A, IUTS5E 2 fi1& 6 filc 4-
(trifluoromethyl)phenyl E%=H 9 % anthracene FEXEZEH L. iR - EEHF TETFRBREIE (u) D 3.4
x 103 cm2/Vs, on/off tt >104 & OFET OEF#IX (n &) #RlE UT#EET 22 & ZBHSMNT Uiz, B
ULHU. COEMRBEAR-BHEZ/OXAY TV VIRBICE > TERESND2H. ERIENEZRF
MEIMEVEEDNH D, S5IC. anthracene ZRBIRICET % n BEEFEME OB RN, ZI T,
BEERIGHZAWEW C-H BEEMHIC K 2BEEN T U —ILERIDICEB U, acene Bi8ZHE T
% n BEEMBEOERET o7, 671 KAZETHW pentafluorophenyl E(FBWEFRSIEEET S
fooh n B ERIFHEDRIBEHEAF TE D, B UH L. BEFARER pentafluorophenyl EZ VO Hy 7
VYT RIGICAWSEE, ZORRKRIGD—DTHZETHIMBMIES 25 2 EHFME5N TS, 010 KE
Tld. BITHBEEICAFBRIZENICREHE > e FHERT 2728, BYIRRIGEEDOHEINARAR T
Hd, T CERITHINBEICEEZ SIS TERD—DOTH B RAFICER U,

FUBIC. RELBRICEFGOFREHEH ZRT oo, BENT ) —ILERIGO#EEZ Scheme 2-2 [T7R
9, 6 £9(F. MESEERE TH 2 PA(0)FED' aryl bromide ICEEILEITINT %, HEWLWT. R TRELT:
potassium pivalate & BCAIF3IE L Pd-pivalate FEAENERK T 5, <D Pd HEEMNE T 3 pivalate i
MFH C-HIEESEMELEIRET D, TDH%. £ U7z Pd-biaryl FREMAHIETHREEL. BROIOX
Hy TV TERE PAOENBAET 5, ARIGTIFEFAER polyfluorophenyl EZ B W37, EIT
BB DERFENREE TH D & E X fco I T DEEWERAMAFICEE URTHREZRESE D I & T
BREDMEBICK > TEYBRIGREZRRI S & & Ui,
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P \~

'meLJ>' Jbexjﬁx

)’OHF _OPiv
LR ey 05
‘D.D LP& FE Br

L Br _]
Scheme 2-2. 1,5-DPA-F Zfllic LT BEZERN T U — UL RIS D HEE RIS

iz, NS DPA-Fs [FERZAIEIC pentafluorophenyl EZE T 518, D TFEBOKETICKER
FE% 52 %, Pentafluorophenyl EONUENEMR S &, BIRE L anthracene D_HANELUERS
DFFRBEEENFERIND Z ENFRTED, n BEEERMRE UL THIAT 2cid. BEiRRTHFRL
MI—HDEICHIANBFLEZERT 2 L THENTH D, Hifm X REERTOER X REH
FZRHWT, IS DPA-Fs DFFlIR D FEBZHAS M IC UTc, ZDFER. pentafluorophenyl EDEA
BFTIC & > T DFEBORFICKESBELDR SN

MUT. BRFEOHEILCT )\ AFHHEX TOMEDFHFMICDOWVWTERRY %,
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2-2. RISEHRBE(CDRET

F9. MEBNICERHEWZEHFTIC pentafluorophenyl E%F 9 % 2,6-DPA-F ODEHZTH - o
(Scheme 2-3), ARSI, IESICEL > THRESNERIDEHICE D PRI ET U, M 85N
2,6-DPA-F OARIEIFIER ICIELN 26, Soxhlet 3t 1T & D L% & [EUNZE 1T 5 feo

Pd,dbag- CHCl3 (1 mol%)
P(0-MeOPh); (4 mol%)

Br R F PivOH (0.5 equiv.)
Cs,COg3 (3 equiv.)
+ H F >
Br Toluene (0.2 M)
F F 115°C, 72 h
0.5 mmol 4 equiv.

Scheme 2-3. 2,6-DPA-F D&

RIC, 2,6-DPA-F & D HILERMICTEAE o Iz B FTIC pentafluorophenyl EZH 9 % 1,5-DPA-F DEHRK
%Z{T73>/c (Table2-1), RIRDIED . ILAFEKITEAE - BRI TORKRIS T, FFICETTHIRTEE D ERRE
HRETH 2 EFE U, > T, HEF W phosphine BBl F & U THIS 15 Buchwald BLfizFICEB
U 7o $5IC, Buchwald Beiz 7D THZ < FIHET 1 TWLWS SPhos ZAWRIGZ TR o 72 (entry 1), [12]
ULH L. BRI TH S 1,5-DPA-F IFH L Z 20% U EEEE NI [REITH S 1,5-dibromoanthracene HY
40%EINENTce £ T & DHEHEV Buchwald BBl F T3 % XPhos ZFWc & 25, INERDKIEIC
m_EUTz (entry2), 1181 £z, entry1 DR TIEIUATINAZLIVARN NI 74— LD BEEER
IR e BERYIDOEWEREZZR UBETEICE > THBE U . RRNIC. B TH % 1,5-DPA-
F I3 75%DEBINE T/ S ENTE T,

Table 2-1. 1,5-DPA-F DAREHDRE

Pdsdbas- CHCI3 (X mol%) :
Br R F Ligand (Y mol%) PhFs :
Cs,CO3 (3 eq.) : P p
+ E PivOH (0.5 eq.)
e Q OMe @ iPr
iPr Q Pr

Tol 0.2M
Br FF S20°C.72n" PhFs MeO Q
1 mmol 4 equiv. Yield ! SPhos XPhos
Entry X [mol%] Ligand Y [mol%)] Isolated yield [%]
1 2.5 SPhos 10 22
2 5 XPhos 20 75

Anthracene DHF THROIAEENKEA 9,10 fIIT pentafluorophenyl EZEA T 2 Z &IFIERIC
T -z (Scheme 2-4), 1,5-DPA-F THEIM U e RIBSEHEZBWTH, BHYIZ1 T H 1% D B EEUN
KTHolco 2T, BEICERFIDH S Cu fiIc L BEZENT U —IILERIGICEDERT B &%
AM (Scheme 2-5), 141 ULHL. RIGABERICKIGBRNELZEUEEDOMAFHIER I NI
RISIGETLTE ST, RXOBRZED I ENTERD >,
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Pd,dbas-CHCl3 (2.5 mol%)
SPhos (10 mol%)

032003 (3eq)
O O PivOH (0.5 eq )

Toluene (0.2 M)
120°C, 72 h

1.0 mmol 4 equiv.

Scheme 2-4. B0 7 ) — )L RIHIC K S 9,10-DPA-F D&
Cul (20 mol%)

1,10-phen (20 mol%)
Ag0 (4 eq.) \\
DMF/Xylene \\>
(1:1,0.5 M)

140 °C, 24 h

2 mmol 3 equiv.

Scheme 2-5. Cu fi#E DEEN 7 Y — UL RIGIC & % 9,10-DPA-F D &L

BENT Y —IIL{ERIGICE S 9,10-DPA-F OERIEHE# TH 2 S HIKT L. MERE TIEEVLD
anthraquinone & RHTHA &7 pentafluorophenyl lithium KIGHI DK IN% R UK EINE 24%
T 9,10-DPA-F D& Z &R U 7= (Scheme 2-6), [15]

(0]
nBuLi (3.5 eq.) NaH,PO,-H,0 (7.5 eq.)
O‘O BrFsPh (3.5 eq.) Nal (5.3 eq.)
—> —»
THF (0.1 M) AcOH (0.18 M)
o 78 °C to RT Reflux, 30 min
5 mmol

36% 68%

total 24% F
Scheme 2-6. R AFINKIGIC &K % 9,10-DPA-F D&

BIC. BEROBENELR D phenazine ICER Uz, BERREFEEBAT D EICE ST BASH
R FORBIHELSEDFHNE (LUMO) DTRILF—EMUIRLESD, ZhicLD. BEFEAREZE
B2 EHDEAFTE B, 161812, 7-DPP-F (&, XPhos Z W55 & D 2,7-dibromophenazine &
pentafluorobenzene %= EEMNT7 U —IL{td 32 & TERERA (Scheme2-7), CDKIGICLD. &
NGNS BHEEMNE SN DEDR T vRILBIERYHIREL TWS Z &H 19F NMR
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(Figure 2-1) & GC-MS h'S5RME e, oo BN ERIERYMOBRENE L B DBELNRE T
H30. BIRISZEET 2 DRIGFHFDORBEINIDETH S EEZ T,

Pd,dbag- CHCl; (5 mol%) F

R
E F XPhos (20 mol%)
N Br PivOH (0.5 equiv.)
S Cs,CO;5 (3 equiv.) F
P * F '
Br N

Toluene (0.2 M)

FF 120°C, 72 h F 22%
1.43 mmol 4 equiv. R = F or H (about 10%)
Scheme 2-7. 2,7-DPP-F D& B
de-fluorinated product
A k,J\ s e

mﬁﬁwﬁwﬁmﬁﬁwﬁrwﬁﬁvamTﬁﬁvﬁmmTﬁﬁvﬁrﬁﬁwmmﬁﬁwﬁﬁmmm
-137.0 -139.0 -141.0 -143.0 -145.0 -147.0 -149.0 -151.0 -153.0 -155.0 -157.0 -159.0 -161.0 -163.0
X : parts per Million : Fluorine19

Figure 2-1. BIERY%E &AL 2,7-DPP-F @ 19F NMR 2% kL (565 MHz, CDClg, r.t.)

CDEIRISHEZT-EB%. 2,7-DPP-F DI{AMICEF % C-F E&IC PAO)ENBLHICHINT 5
ETC-FHEENTIMIE N RIGRFORICED 7O M MEEINTWS 0 TH D EFRUfo 19 BE.
C-F B IFBERES TH D EELH. pentafluorophenyl EPRBIRFDEBRRFHKRIFED C-F ES
DRIGHEZR LI B EEZ o CORIGERIICEE 2RIRICZ &S 57260, RIGEEZ T T TRIGK
Bz 2B U B O REFTRIGZ TV, BIRISZIEI U ARNS 2,7-DPP-F 28T 5 2 &ICHIhL T
(Scheme 2-7, Figure 2-2), 7. ARMENIEEICIEL 2,7-DPP-F DFEE(FE I 11F T Soxhlet it Ic &
DT> TEeh. ERTOBRELHE. Ftoluene ZAWTAEBDY Y DT ILICET ZET71%ERWN
INKRTEBZEICHIN LT,

Pd,dbas-CHCI3 (5 mol%) F.

F
E F XPhos (20 mol%)
N Br PivOH (0.5 equiv.) N
~Z + - F. P/ F
Br N Toluene (0.2 M) O N
FF 80°C, 24 h F

1.0 mmol 4 equiv. 71%

Scheme 2-7. BB EHIC K B 2,7-DPP-F D& RY
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m
-137.0 -139.0 -141.0 -143.0 -145.0 -147.0 -149.0 -151.0 -153.0 -155.0 -157.0 -159.0 -161.0 -163.0 -165.0
X : parts per Million : Fluorine19

Figure 2-2. BI4ERY% & %7\ 2,7-DPP-F @ 19F NMR Z~% kL (565 MHz, CDCls, r.t.)
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2-3. BIREE D H 414 5T

2-2 fi AR U DPA-Fs DERYIMEZBESHITT 7. £91L 1.0 x 105 M D chloroform &R H
IR T2 H2FEE ML 2 (Table 2-2, Figure 2-3), A RRIKIY (UV-vis) AR MLIZEWT,
EDILEYHH 260-280 nm & 370 nm HEICIRKIINE -7 2B L TWe, MERAOE—7ICEEAL TiE
2,6-DPA-F > 2,7-DPP-F D & S 7R3 {AHIICZ2 W /=P IC pentafluorophenyl £%ZH 9 % DPA-Fs H4 U
RERAICE—7ZBLTWe, COBBREDNENHEKRRICEZZFEELZINSDERZHSHICT
3%, BEEKEZENRBELEE (TD-DFT) ZHWTRLZDE—I DIRE%17/: > = (Figures 2-4 and
2-5), [0 ZD#R. # 370 nm ORNIBEHEHE (HOMO) H 5 REZEHE (LUMO) BB ICE
T2 ENPH o1 (Figure 2-2), 2,7-DPP-F ICHWT I, HOMO-LUMO BREICIZ S5 —DDER
NRERBINCES L TWS Z &M D, 2,7-DPP-F D ZDEMRD & - RN 7 O — R R IRINDFE
JRTHD. D DPA-Fs DIRENMESICHEK T 2IRNE—7 L IINBRNTH 5, MERORIISEIC 2,6-
DPA-F & 2,7-DPP-F @ HOMO H'5 LUMO+1 NDEBBICKERT 25D TH D, <N5D LUMO+1 (&,
anthracene B1& & pentafluorophenyl EN & A FEMEICIEFBENLL TWS, —A. 1,5-DPA-F & 9,10-
DPA-F D42 BRI IL. EIC HOMO-1 iS5 LUMO NDBREICERA L TWB Z &Ehboh - (Figure 2-
5), ZHhld. anthracene B1& & pentafluorophenyl EDHR UNAIKE W6, BRI EBBREED
HERDBESNTWB I ENSRIUERNEL R EE X o, £fc. DPA-F FEXRDFENLIARY ML
FHELLL 1R E LT WS (Figure 2-3(b)). —7. 2,7-DPP-F OH¥id T O— KM DIEFICHEN, - oo
£, BEAETFUNE (PLQY) DHEIEZ TR > - (Table 2-2), 2,6-DPA-F <1,5-DPA-F <9,10-DPA-F O
IBic PLQY AMEINUTce ZOERIF. IZENICEAS > EFTICE A S i/ pentafluorophenyl i [E]
ERUICK Weoh, IRENC K 2MBRFORENMNFI TES/HTHDEER U,

Table 2-2. DPA-Fs @ chloroform AR HICEH 1T D HZH:FE (chloroform J&7#&. 1.0 x 105 M)

2,6-DPA-F 1,5-DPA-F 9,10-DPA-F 2,7-DPP-F
Molecule Aabs [NM] Agm [nm] PLQY [%]
2,6-DPA-F 283, 368 407, 429 17
1,5-DPA-F 258, 367 402, 422 35
9,10-DPA-F 259, 371 404, 424 78
2,7-DPP-F 275, 378 478 -
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Absorbance

16 1400
a 2,6-DPA-F b 2,6-DPA-F
1.4 1 1200 -
1,5-DPA-F 1,5-DPA-F
1.2 4 1000 -
1] \ 2,7-DPP-F o 2.7-DPP-F
! Z 800 -
2
IS}
£ 600 - r J\\
400 - I
’,”\/\\\
200 A | VN
/ \\
0 .’i . ]
300 400 500

Wavelength / nm Wavelength / nm

Figure 2-3. DPA-Fs @ UV-vis IRYN (a) RUFEH AR KL (b) (chloroform &#&. 1.0 x 10-5 M)

LUMO -2.241 eV LUMO -2.903 eV

T

LUMO -2.903 eV

T

LUMO -2.186 eV

)

f=0.1221
406 nm

f=0.3092
353 nm

f=0.1451
396 nm

f=0.1458
392 nm

T

HOMO-1 -6.926 eV HOMO -6.344 eV

|
|
|
|
|
|
HOMO -5.657 eV
|
|
|
|
|

F F F F
F. O F £ O £ F. O F
N
CCO )*
F O F R O F F O F
F E . F
F
2,6-DPA-F 1,5-DPA-F 9,10-DPA-F 2,7-DPP-F

Figure 2-4. DPA-Fs DA F#E & 370 nm fHED E— 7 ICIRE S N 2 IRIGER DHE
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LUMO -2.241 eV
f=1.5767
237 nm

9

LUMO+1 -1.248 eV

f=1.9821
292 nm

A LUMO -2.186 eV

f=1.3524
246 nm

LUMO+1 -1.537 eV

f=1.0375
287 nm

HOMO -5.622 eV HOMO- 1 -6.918eV HOMO -6.344 eV

:’*

F

HOMO-1 -6.934 eV
F

2,7-DPP-F

2,6-DPA-F

1,5-DPA-F 9,10-DPA-F

Figure 2-5. DPA-Fs D7 F#E & 260-280 nm fHaD E— 7 ICIRE T N 2 RILEBL DHEE
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2-4. ERIRRBIC & T B0 FEEBE DR

DPA-Fs DD FEEZERT Do, BitR X RBEHEITZ T/ >z (Figures 2-6 and 2-7),
Anthracene 1% & pentafluorophenyl & & OO ZHA (FEREDMEICR KF L. 2,6-DPA-F (44°)
< 2,7-DPP-F (49°) < 1,5-DPA-F (59°) < 9,10-DPA-F (86°) DIEICAZ < 757 (Figure 2-6) & 5.
ZHEIAHINE L 2,6-DPA-F & 2,7-DPP-F O FERERE B D 2,6-diphenyl anthracene DEEEE (3.471
A EEZETHD. PFHIBICEBLTWVWBZENESHER S (Figure 2-7), 1211 & 5T,
anthracene B1&ICEE I % & 2,6-DPA-F (& 2 RITIRD herringbone #i&Z 2 L TW oo —F. 2,7-
DPA-F (& 1 RITIR D parallel #&EZ 2R L TW oo 25 DFERIL. pentafluorophenyl EDAIBHMEE
MDOFTEBEEEDEEICHEEZSZ 2 EE2TRTEDTH D, Fic. 2 RITIEEICHFR herringbone 18
E%Z &5 2,6-DPA-F (3. B\ nB¥BHRFHEZRADDZ I ENTE .,

2,6-DPA-F 1,5-DPA-F 9,10-DPA-F 2,7-DPP-F

Figure 2-6. DPA-Fs DifREiE s U A

2,6-DPA-F 1,5-DPA-F 9,10-DPA-F 2,7-DPP-F

3.278 A 3.526 A 7.403 A 3.457 A

Figure 2-7. BiE&H X #RBIEHENTICE T 5 DPA-F FEAKD D FFRIEREE
TROHFIE. BERELTORERR-KRFEERH
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L T, hexamethyldisilazane (HDMS) 4LFE U fc SiO./Si Eik_E(C DPA-Fs # HZ2#E U &% /FEL
U. MRREICHEIT2EFRMEZTML 2o £9. @I X #REHT (XRD) EIE Tl 2,6-DPA-F & 2,7-
DPP-F THRKDE—IHNBEN. INSORBRICHITZDTFHEAKROEREZE TSI EHNERTEL
(Figure 2-8 and Table 2-3), 2,7-DPP-F [CH W Tl BiER X SEERITORREZECTASINIHE
XRD O E—7 EFEFBITHEWMERTH >fco TOFRENS, 2,7-DPP-F DEWVWE—T (L (00l) ICIBES 1
32 Dot —A. 2,6-DPA-F 14, BitE&E & ERRETRERIERRTH o7z LN L. 2,7-DPP-
F O XRD /XY —> EFREBILTWS R, 8F 5L (00|) ICHET 22—V MRS TWS ¥
BiLfzo £1cEFNS5DXRD /XY —2 D55, HFRIEWV 19 A ORFRERICHET 2EVETE—
M 47 FhRICHER I NIz, Lich'> T, 2,6-DPA-F & 2,7-DPP-F D FIEERIRREICE W TERICT U
TEBECREBLTWREEZ SN, LARADE—INRUE 32~38A XD FREDr-rHEERIC
H¥kI23b0DEBbNns, —H. 1,5-DPA-F & 9,10-DPA-F DE— 7 [FFEEICTEN I &S, FNS5D

EREMEWZ ED oo T, 22 TS DEERMNS. RUNADINE W DPA-Fs hSERIRREICE WT
SWEREDRZERT 5 ENBESMNER T, 121

1,5-DPA-F

- 2,6-DPA-F
|

XRD intensity / a.u.

2 6/ degree
Figure 2-8. HMDS #LI2 U fz SiO2/Si E4R kD DPA-Fs DEZZEEBEDES XRD /85 —
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Table 2-3. 2,6-DPA-F & 2,7-DPP-F OE XRD L& 1T 2 8MET—%

Molecule 261[°] d[A] FWHM [°]

2,6-DPA-F 472 18.71 0.2073
9.26 9.54 0.2105
13.94 6.35 0.2275
23.25 3.82 0.2167
28.04 3.18 0.2772

2,7-DPP-F 4.65 19.00 0.2238
9.12 9.70 0.2509
13.76 6.44 0.2610
23.00 3.87 0.3175
27.69 3.22 0.3074

RIT, RFENEHE (AFM) ZRWTERORFOIREZER Uz (Figure 2-9), E5 XRD TELY
fERMENERE S NI 2,6-DPA-F \° 2,7-DPP-F OERKRES. KFIVREUERRZEAL TW .
IC. 2,6-DPA-F @ AFM &H\5 [ & D iV IBREANIERRTE, ZOXRED ZFEFGFARES (RMS)
& 2512 nm &1EA > Tzo —7 T, pentafluorophenyl D —HEAHKE% 1,5-DPA-F 1> 9,10-DPA-F D
FHEIFIEEICHL .. $FIC 9,10-DPA-F ® RMS (& 37.39 nm & KZERXEZRLTW, > T. AFM D
fER(EEN XRD DFER BN S D, ILAERRIICZE W EFTIC pentafluorophenyl EZEAT 3 &
N BWVEREMEZEIRIZIEICEETHIIENHELSHhERB ST

Figure 2-9. DPA-Fs @ AFM &
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RRIC, BRERETOXBEBFNENKICED HOMO TRILF—#Af%, UV-vis IRINZART NILD
RKUHEA S LUMO TRILF—#FE/NNY RF¥ vy FZKez (Table 2-4), LUMO T RJLF—H#EAI(C
RKEBEREFESNGBIN oo TRNTOD DPA-Fs D LUMO TRILF—#AIiE, IUTSICK > THRES
iz 2,6-bis[4-(trifluoromethyl)phenyllanthracene (-2.62 eV) & D HFWNMEZRU Tz, 1

Table 2-4. DPA-Fs DSEEIRRE T O EIF1E

Molecule Aem [NM] Aedge [nM] Eq.0pt[eV] HOMO [eV] LUMO [eV]
2,6-DPA-F 413 415 2.99 -6.65 -3.66
1,5-DPA-F 433 411 3.02 -6.76 -3.74
9,10-DPA-F 412,424 417 2,97 -6.60 -3.63
2,7-DPP-F 535 425 2,92 -6.51 -3.59
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2-5. n BIYERE U T DT /N RAFHEETHT

EZMERFEEAE - MRATHEE (NIMS) OZHEEE & OHREMEICEL D, 2-4 BIOES XRD I
BWTEWERMEZRUK 2,6-DPA-F £ & U 2,7-DPP-F @ OFET [c &1} % n BUEEAFEZE AL 72
(Table 2-5), Entry 1 D7 /\1 A E TR E TR o> fc & 25, BBASDEFDEABEEINKE W 6H
BET 2807 —REE (V) MNIEFBICEL. TNICHWEFEEE (u) ME<E>TULEF e 2D
MIRRZERT BcsHIc. Ag BIRZ Mg:Ag BIRICEZ TERZITo o (entry2) TDIER. W lEMmEL
e Vo ldBWEETH o7co Mg:Ag BIBRICEFE L1 VoRENKE WS &M S, /WU LY CHEEIRIC
FIREN B D EHIMTUTce ZDTcth. /XU LY C#iEIEZ HMDS REWIE L /o SiO2 ICEX TERBRZT-
Tz (entry3)o VG IEKIBICET U e & 0.12cm2/Vs, on/off tbA¥>106, U EWMEBE (V) N'36V &R
iR ENE S (Figure 2-10). LT SHBEF U fc 2,6-bis[4-(trifluoromethyl)phenyllanthracene (ue: 3.4
x 103 cm2/V, on/off tb: >104, Vin: 75 V) & D H BT e E1EWERENEE TIEENT 2 Z ENAIRETH - oo
5] Z T, MIRIEEZZEFEI 5 & TRIENEE LTz, Mg:Ag BIBRONE % BIERT %726 Ag BIR
ICEEUERRZITR >z (entry 4)o Mg:Ag BIEZFBWIHE XD H—HTREREBIHEMET L. VidXK
ELRBRDZDIEDSBEBFEABEENKE K Mg:Ag BEBOLEMNBAREIC/R 5Tz Entry5 Tld. entry4 &
BUBROT /N1 R%Z 10 PEARICHL e, NEEARFESI T T /N1 MM Z T W\WZ DX
[EEMZER U UD UL e FKIBICIETUTUE >l EDBRRLEERIFRVWT &N bh o T,
Entry 3 R U 7 /N1 ZIERRICEHWT 2,7-DPP-F @ 7/\1 REFHEEFMUIcE T B, pe: 1.420.2x 10
3%~ U on/off bk H>104 &7 > 7= (entry 6, Figure 2-11), 2,7-DPP-F [ZBZRETFDEAICL > T Vi N
BETT2EVNWSFRICKL T 2,6-DPA-F & DIEWHREZRU Tz, B8

Table 2-5. BE KNSV YR Y ITHEIF S DPA-Fs DT /N1 X Zilal

Source-drain Gate 7 _ Me Vin
Entry  Molecule Insulator film
electrode electrode  [V] [cm2/Vs] [V]
1 2,6-DPA-F Ag Au 100 Parylene C 0.92+0.4 x 104  69+2
2 2,6-DPA-F Mg:Ag Au 100 Parylene C 4.5+4 x 104 69+8
_ SiOq treated by
3 2,6-DPA-F Mg:Ag Si 75 0.12+0.02 36+1
HDMS
) SiO; treated by
4 2,6-DPA-F Ag Si 75 1.940.9x 102  54+1
HDMS
) SiO; treated by
5kl 2,6-DPA-F Ag Si 75 1.0+£0.7x 104  58+1
HDMS
) SiO; treated by
6 2,7-DPP-F Mg:Ag Si 75 1.4+0.2x 103 4242

HDMS

[a] Gate Si or Au/insulator/evaporated film of molecule/source-drain electrode, [b] Evaluated in air.
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2,6-DPA-F & 2,7-DPP-F @ OFET REDEWVWEZROHENERMENS5ERY 57t ICHA XRD AIE
%17 fz (Figure 2-12 and Table 2-6), EM XRD [cEWT. EH XRD TIREBTERD > BB DK
HE—IHNERRINc, ZOERIF. BERETORBEBENHEARNARTOHER > TVWS I EERL
TW3, 2,6-DPA-F [E. Fv UPEXRICELUCHNERBEZR > TWSEEZISND, S5IC. 2,6-
DPA-F OEMR XRD /N — & 2,7-DPP-F [CUNTE— V7 BENE K E— 7 OEELIE (FWHM) HY)\
W zsh, 2,6-DPA-F DERNABEDERZENSWVT ENRB I N, T 5IC. 2,6-DPA-F O AFM &It
REZERERZRT 2,7-DPP-F RICHENBS M EREZRL TWeZ NS (Figure 2-9). 2,6-DPA-F
RORFEHNNEVWC EHFVWBBEILTEL TWS EEZ T, 23

29



2,6-DPA-F

XRD intensity / a.u.
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Figure 2-12. HVIDS L2 U 7= SiO./Si EikR_ED 2,6-DPA-F & & U* 2,7-DPP-F D EZEZERDEMA XRD
AT ML

Table 2-6. 2,6-DPA-F & 2,7-DPP-F MEM XRD ([c & F 2 ¥IET —5

Molecule 261[°] d[A] FWHM [°]

2,6-DPA-F 17.42 5.085 0.3946
25.92 3.433 0.4675
28.46 3.133 0.4508

2,7-DPP-F 26.74 3.330 0.6712
27.77 3.208 0.5370
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2-6. ¥&5

M. AETIE C-HEEEE L ZRBEENT U —ILEREZA. DPA-Fs DR TESHFEZHE
I UTco E5IC. BRLTc DPA-Fs OERMMEZRASMNMC U, ZNENT /NS AMERANEZ D2 ET R
AU 72

KERFETIE. BFARER polyfluoroarene ZFIFHT 3 2 ENSETHMBENRETH 2 ENF
BInfcich. HhEE\V phosphine ELAIFZBYICEIRYT 5 2 & THRNLBRIGZEERR U, E5IC,
ISR AE 272 9,10-DPA-F &k MR ZFIFA L. EBICEFARER 2,7-DPP-F Z&/K Y 2%
7= LJEU&FE%J‘EH%T:(V)in%fﬂ@%ﬁ:%ﬂﬁﬁ?% CEDENTHDZ I EBBEShER ST,

851 /c DPA-Fs OXZFMHOERREBOERYMEN S, EOREADSEWVNT /N1 REFENRFT
ZENZEHSHMIT Ul IERIICZEWERTIC pentafluorophenyl EZEAT 3 &N, KDFWER
MZEI2BRBEEZHTDIENHSHELR>Tce INSORBREZERKLIEEMDS S 2,6-
DPA-F & OFET O n BUMSEKICH T, e & 0.12cme/Vs. on/off LEAYS108, Vi 1Y 36 V & BT fE%
RY ZEDbh ol

UL, RETHREUICCOFERICEDEMEREn BEEAMBZETETHE T2 2 &5, EEN
ICEBWRT Y IV ILEET %, S5IC, Bl n BIEEEMPIORKRET - ERiEHZHIIL. L DEE
ICENT n B EAMRZER TES I EZIF LT,
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2-7. RERR1E

General, Measurement, and Materials.

H, 19F, and 3C{'H} NMR spectra were recorded using Bruker AVANCE-400 NMR spectrometer and
AVANCE-600 NMR spectrometer. Elemental analyses were carried out using a Perkin-Elmer 2400 CHN
elemental analyser and Yanaco CHN coder MT-6 or MT-5. Anhydrous toluene and THF were purchased
from Kanto Chemical and used as dry solvents. Crystal Structure Determination Intensity data were
collected on a Bruker SMART APEX Il ULTRA with Mo Ka radiation. UV—vis absorption spectra were
recorded on a Hitachi U-3900H spectrophotometer. Excitation and emission spectra were recorded on a
Hitachi F-2700 fluorescence spectrophotometer. The PL quantum yields of the emission were measured
using a Hamamatsu Photonics C9920-02 absolute PL quantum yield spectrometer. UV—vis absorption
spectra for the vacuum-deposited films were recorded on a Hitachi U-3010. The HOMO energy level was
estimated by photoelectron yield spectroscopy (PYS) using a Riken Keiki AC-3 spectrometer. Out-of-
plane and in-plane XRD measurements were performed using MiniFlex600 and SmartLab diffractometer
(Rigaku Corporation, Cu Ka radiation), respectively. The incident angle w was set to 0.3° for in-plane
measurement.

Fabrication and characterization of OFETs.

To estimate the electron mobilities of the compounds, OFETs with a top-contact geometry were fabricated
and characterized as follows. A SiO» insulator (300 nm) on Si substrate (gate electrode) was exposed to
hexamethyldisilazane (HMDS) vapor. Vacuum-deposited films (40 nm) of the compounds were formed
on the HMDS-treated SiO» layer. Mg:Ag (9:1 weight ratio) (80 nm)/Ag(40 nm) source-drain electrodes
were thermally evaporated onto the substrates through shadow masks. The channel length and width
were fixed at 75 pum and 5 mm, respectively. After fabricating the HMDS-treated SiO»/Si substrate, OFETs
were fabricated without exposure to air, and measured in a nitrogen atmosphere using a Keithley 2636A
System Source Meter.

Synthetic method.
Synthesis of 1,5-bis(pentafluorophenyl)anthracene (1,5-DPA-F)

szdbas‘CHCIS (5 mol%)
Br E F XPhos (20 mol%)
PivOH (0.5 equiv.)

Cs,CO3 (3 equiv.)
+ F »

Toluene (0.2 M)
Br F F 120°C,72h

1.0 mmol 4 equiv.

A mixture of Pd>dbasz-CHCls (53.2 mg, 0.050 mmol), XPhos (95.0 mg, 0.20 mmol), pivalic acid (60 pL, 0.5
mmol), cesium carbonate (980 mg, 3.0 mmol), 1,5-dibromoanthracene (336 mg, 1.0 mmol), and
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pentafluorobenzene (440 L, 4.0 mmol) was stirred in toluene (5.0 mL) for 72 h at 120 °C under a nitrogen
atmosphere. The reaction mixture was cooled to room temperature and diluted with CHCIs. The organic
phase was washed with water, and the solvent was removed in vacuo. The resulting solid was washed
by hexane (50 mL) and CHCIs (20 mL). The remained solid was dissolved in toluene (100 mL, 100 °C).
Following filtration of the hot solution, the solvent was removed in vacuo and washed with hexane. After
drying the solid to give 1,5-bis(pentafluorophenyl)anthracene (380 mg, 75%). An analytically pure sample
was obtained by sublimation and used for a device fabrication.

H NMR (600 MHz, CDCls, room temperature): & 8.12 (s, 2 H), 8.07 (d, 2 H, J=8.5Hz), 7.58 (dd, 2 H, J
=8.5,7.0 Hz), 7.48 (dd, 2 H, J=6.5, 1.0 Hz). 1°F NMR (565 MHz, CDClIs, room temperature): o -142.4
(dd, 4 F, JF=23.6,9.1 Hz), -157.2 (t, 2 F, JF = 20.0 Hz), -164.6 (id, 4 F, JFr = 21.8, 7.3 Hz). 13C{'H} NMR
(150 MHz, 1,1,2,2-tetrachloroethane-d,, 373 K): & 144.7 (dm, Jr = 242.0 Hz), 140.9 (dm, Jr = 204.8 Hz),
137.9 (dm, JF=259.0 Hz), 132.1, 130.5, 129.8, 129.3, 124.9, 124.2, 123.8, 114.2 (m). Elemental analysis:
Calcd.: C 61.19%, H 1.58%; Found: C 61.45%, H 1.68%.

Synthesis of 2,6-bis(pentafluorophenyl)anthracene (2,6-DPA-F)11]

Pd,dbas-CHCI3 (1 mol%)
P(0-MeOPh)3 (4 mol%)
PivOH (0.5 equiv.)

OOO Br Cs,CO03 (3 equiv.)
+ F »
Br

toluene (0.2 M)
F F 115°C, 72 h

0.5 mmol 4 equiv.

A mixture of Pdzdbaz-CHCIz (5.2 mg, 0.0050 mmol), tris(o-methoxyphenyl)phosphine (7.0 mg, 0.020
mmol), pivalic acid (28 pL, 0.25 mmol), cesium carbonate (490 mg, 1.5 mmol), 2,6-dibromoanthracene
(168 mg, 0.50 mmol), and pentafluorobenzene (220 uL, 2.0 mmol) was stirred in toluene (2.5 mL) for 72
h at 115 °C under a nitrogen atmosphere. The reaction mixture was cooled to room temperature and
extracted by Soxhlet extraction with MeOH, hexane, CHClIs and toluene. Solvents of the extracts by CHCls
and toluene were removed in vacuo to give 2,6-bis(pentafluorophenyl)anthracene (203 mg, 80%). An
analytically pure sample was obtained by sublimation and used for a device fabrication.

H NMR (600 MHz, CDCls, room temperature): 6 8.55 (s, 2 H), 8.15-8.14 (m, 4 H), 7.52 (d, 2 H, /= 8.8
Hz). 19F NMR (565 MHz, CDCls, room temperature): d -145.9 (dd, 4 F, Jr = 22.5, 8.2 Hz), -158.1 (1, 2 F,
JF=20.4 Hz), -165.2 (dt, 4 F, JF=22.5, 7.5 Hz). Elemental analysis: Calcd.: C 61.19%, H 1.58%; Found:
C 61.37%, H 1.35%.
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Synthesis of 9,10-bis(pentafluorophenyl)anthracene (9, 10-DPA-F)15]

0]
nBulLi (3.5 eq.) NaH,PO,-H,0 (7.5 eq.)
O‘O BrFsPh (3.5 eq.) Nal (5.3 eq.)
—>
THF (0.1 M) AcOH (0.18 M)
o 78 °C to RT Reflux, 30 min
5 mmol

[Step 1/2] nBuLi in hexane (1.59 M, 11 mL, 17.5 mmol) was added dropwise to a solution of
bromopentafluorobenzene (2.22 mL, 17.5 mmol) in dry THF (50 mL) at -78 °C under nitrogen. The
solution was stirred for 30 min. After addition of 9,10-anthraquinone (1.04 g, 5.0 mmol), the reaction
mixture was stirred at -78 °C for 1 h and at room temperature for 2 h. The mixture was poured into water
(75 mL) and ethyl acetate (50 mL) was added. The organic layer was separated, and the aqueous layer
was extracted with ethyl acetate (50 mL x 2). The combined organic solution was washed with water and
dried over Na>SO.. After filtration and removal of the solvent, the product was isolated by column
chromatography on silica gel (hexane/CHClz = 4:6 to 2:8) to give 9,10-dihydroxy-9,10-
bis(pentafluorophenyl)anthracene (1.00 g, 36%). The product was used in the next reaction after
confirming the structure by NMR spectroscopy.

9,10-dihydroxy-9,10-bis(pentafluorophenyl)anthracene: 1H NMR (600 MHz, CDCls, room temperature): &
7.38 (dd, 4 H, J=5.8, 3.3 Hz), 7.27-7.26 (m, 4 H), 3.17 (s, 2 H).

[Step 2/2] A solution of 9,10-dihydroxy-9,10-bis(pentafluorophenyl)anthracene (968 mg, 1.75 mmol),
NaH2PO- -H20 (1.50 g, 14.1 mmol), and Nal (1.50 g, 10.0 mmol) in acetic acid (13 mL) was refluxed for
30 min. After cooling, the precipitate was filtered and washed with water to give a pale-yellow solid. The
product was purified by column chromatography on silica gel (hexane/CHCIs = 5:5) to give 9,10-
bis(pentafluorophenyl)anthracene (608 mg, 68%). An analytically pure sample was obtained by
sublimation and used for a device fabrication.

9,10-bis(pentafluorophenyl)anthracenes: 'H NMR (600 MHz, CDCls, room temperature): ® 7.62 (dd, 4 H,
J=6.5,8.0 Hz), 7.53 (id, 4 H, J= 6.6, 3.5 Hz). 19F NMR (565 MHz, CDCls, room temperature): & -140.8
(dd, 4 F, JF = 21.8, 7.3 Hz), -155.9 (1, 2 F, Jr = 21.8 Hz), -164.0 (id, 4 F, Jr = 21.8, 7.3 Hz). Elemental
analysis: Calcd.: C 61.19%, H 1.58%; Found: C 60.89%, H 1.62%.
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Synthesis of 2,7-dibromophenazinel24

NTMS
|| eq)
NO, NH, KOfBu (3 eq.) OTMS N\ Br
/© * /Cr THF (total 0.171 M /@[ /©/ MeCN (0.48 M) /©: D/
Br Br 78°C, 2h 100°C 16 h Br N

1eq. 1eq.
[Step 1/2] Potassium t-butoxide (3.37 g, 30.0 mmol) and THF (35 mL) were added to a 300 mL Schlenk
tube, the solution was cooled to -78 °C, and stirred for 10 min. A solution of 4-bromoaniline (1.72 g, 10.0
mmol) in THF (10 mL) was added in a dropwise manner. Subsequently, a solution of 1-bromo-4-
nitrobenzene (2.02 g, 10.0 mmol) in THF (10 mL) was also added in a dropwise manner. The solution
was stirred at -78 °C for 2 h, and the reaction mixture was poured into a stirring solution of saturated
ammonium chloride (150 mL). The product was extracted with ethyl acetate (50 mL x 3), and the organic
layer was washed with water (100 mL) and brine (100 mL). The organic layer was dried over MgSQOa.
After filtration and removal of the solvent, the product was purified by column chromatography on silica
gel using a 0 to 20% ethyl acetate in hexane gradient. All fractions containing S1 were collected to give
the product (2.56 g) as a brown solid.

[Step 2/2] A mixture of S1 (2.56 g, 7.15 mmol - assume pure for equiv calculations), N,O-
bis(trimethylsilyl)acetamide (8.8 mL, 35.7 mmol), and MeCN (14 mL) was stirred at 100 °C for 16 h. The
solution was then gradually cooled to room temperature and the precipitate was collected via filtration
and washed with EtOH (~50 mL) to give a crude product as brown solid. The crude product was then
heated to dissolve in a mixture of EtOH/CHCIs = 1:1 (200 mL) and slowly cooled to room temperature to
give the product as yellowish-brown crystals (1.24 g, 37% yield over two steps).

H NMR (600 MHz, CDCls, room temperature): 6 8.44 (d, 2 H, J=2.0 Hz), 8.10 (d, 2 H, J= 9.3 Hz), 7.91
(dd, 2 H, J=9.3, 2.1 Hz).

Synthesis of 2, 7-bis(pentafluorophenyl)phenazine (2,7-DPP-F)

F

Pd,dbags- CHC|3 (5 mol%) F
E F XPhos (20 mol%)
PivOH (0.5 equiv.)

N Br . .
jese] et CI, o
+ F
~
Br N O
F

Toluene (0.2 M)
F F 80 °C, 24 h

1.0 mmol 4 equiv. E
A mixture of Pd>dbaz-CHCIs (53 mg, 0.050 mmol), XPhos (95 mg, 0.20 mmol), pivalic acid (60 uL, 0.50
mmol), potassium carbonate (415 mg, 3.0 mmol), 2,7-dibromophenazine (338 mg, 1.0 mmol), and
pentafluorobenzene (440 uL, 4.0 mmol) was stirred in toluene (5.0 mL) for 24 h at 80 °C under a nitrogen
atmosphere. The reaction mixture was cooled to room temperature and poured in MeOH (200 mL). After
the filtration, the residual solid was washed with hexane (50 mL) and CHCIs (50 mL). The residue was
dissolved in hot toluene and passed through a short silica gel pad. The silica gel pad was rinsed with hot

toluene (total amount of toluene was ca. 500 mL). Solvent of the extract was removed in vacuo to give
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2,7-bis(pentafluorophenyl)phenazine (362 mg, 71%). An analytically pure sample was obtained by

sublimation and used for a device fabrication.

H NMR (600 MHz, 1,1,2,2-tetrachloroethane-d>, 373 K): d 8.47 (s, 2 H), 8.44 (d, 2 H, J= 8.6 Hz), 7.92
(d, 2H, J=8.9 Hz). 19F NMR (565 MHz, 1,1,2,2-tetrachloroethane-d>, 373 K): 3 -145.2 (dd, 4 F, JF = 20.4,
8.2 Hz), -156.7 (t, 2 F, JF=20.4 Hz), -164.5 (id, 4 F, JF = 20.4, 8.2 Hz). 13C{'H} NMR (150 MHz, 1,1,2,2-
tetrachloroethane-d,, 373 K): 8143.4, 132.0, 131.6, 130.3, 129.0, 99.5. As the solubility of this compound
was low, no signal of quaternary carbons could be observed even by high temperature NMR with 24 h
integration. Elemental analysis: Calcd.: C 56.27%, H 1.18%, N 5.47%; Found: C 56.36%, H 1.31%, N
5.46%.
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Crystal structure determination.

Intensity data were collected on a Bruker SMART APEX Il ULTRA with Mo Ka radiation. A full matrix
least-squares refinement was used for non-hydrogen atoms with anisotropic thermal parameters using
the SHELXL-97 program. CCDC 2114882 (2,6-DPA-F), 2214435 (1,5-DPA-F), 2214434 (9,10-DPA-F)
and 2214433 (2,7-DPP-F) contain the supplementary crystallo-graphic data for this paper. These data
can be obtained free of charge via www.ccdc.cam.ac.uk/data_request/cif, or by emailing
data_request@ccdc.cam.ac.uk, or by contacting The Cambridge Crystallographic Data Centre, 12 Union
Road, Cambridge CB2 1EZ, UK; fax: +44 1223 336033.

Table S2-1. Crystallographic data of the 2,6-bis(pentafluorophenyl)naphthalene and anthracene

2,6-DPA-F 1,5-DPA-F 9,10-DPA-F 2,7-DPP-F
Empirical Formula Ci3H4Fs Ca6HsF10 CasHgF10 C12H3FsN
Formula Weight 255.17 510.33 255.17 256.15
Crystal Color colorless colorless colorless yellow
Crystal Dimensions / 0.037 x 0.037 x 0.382 x 0.025 x 0.088 x 0.087 x  0.156 x 0.022 x
mm 0.009 0.015 0.028 0.021
Crystal System monoclinic monoclinic monoclinic triclinic
Lattice Parameters
alA 22.572(5) 11.525(8) 11.339(4) 3.7340(14)
blA 6.5859(15) 6.195(4) 11.714(4) 6.229(2)
cl/A 13.304(3) 13.244(9) 7.403(2) 19.395(7)
a/ deg. - - - 81.446(5)
B/ deg. 106.248(3) 98.138(10) 95.475(4) 86.790(5)
v/ deg. - - - 87.640(4)
V/As 1898.7(8) 936.1(11) 978.9(5) 445.1(3)
Space Group C2/c (#15) P2+/c (#14) P2+/c (#14) P-1 (#2)
Z 8 2 2 2
D/gcm3 1.785 1.810 1.731 1.911
FO00 1016.00 508.00 508.00 254.00
u(MoKa) / cm-1 1.723 1.747 1.671 1.871
Reflection/Parameter
Ratio 9.34 12.04 13.13 11.55
R1 (/> 2.000(/) 0.0371 0.0877 0.0905 0.0975
R (All reflections) 0.0496 0.1716 0.0996 0.1091
wR2 (All reflections) 0.0934 0.1924 0.2496 0.2707
Goodness of Fit
1.035 1.004 1.155 1.143

Indicator

37



2-8. SEXk

[1]
[2]
3]
[4]
[5]

[6]
[7]
[8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]

[16]
[17]
[18]

[19]

[20]
[21]

[22]

[23]

[24]

C. Wang, H. Dong, L. Jiang, W. Hu, Chem. Soc. Rev. 2018, 47, 422-500.

C. Wang, H. Dong, W. Hu, Y. Liu, D. Zhu, Chem. Rev. 2012, 112, 2208—-2267.

A. Lakshminarayana, A. Ong, C. Chi, J. Mater. Chem. C 2018, 6, 3551-3563.

M. Chen, L. Yan, Y. Zhao, |. Murtaza, H. Meng, W. Huang, J. Mater. Chem. C 2018, 6, 7416—7444.
S. Ando, J. Nishida, E. Fujiwara, H. Tada, Y. Inoue, S. Tokito, Y. Yamashita, Chem. Mater. 2005, 17,
1261-1264.

D. Alberico, M. E. Scott, M. Lautens, Chem. Rev. 2007, 107, 174-238.

D. J. Schipper, K. Fagnou, Chem. Mater. 2011, 23, 1594—1600.

M. H. Yoon, A. Facchetti, C. E. Stern, T. J. Marks, J. Am. Chem. Soc. 2006, 128, 5792-5801.

K. Osakada, H. Onodera, Y. Nishihara, Organometallics 2005, 24, 190—192.

V. Salamanca, A. C. Albéniz, Org. Chem. Front. 2021, 8, 1941-1951.

M. Wakioka, Y. Kitano, F. Ozawa, Macromolecules 2013, 46, 370-374.

R. Martin, S. L. Buchwald, Acc. Chem. Res. 2008, 41, 1461-1473.

T. E. Barder, S. L. Buchwald, J. Am. Chem. Soc. 2007, 129, 12003—12010.

Y. Matsubara, A. Kimura, Y. Yamaguchi, Z. Yoshida, Org. Lett. 2008, 10, 5541-5544.

K. Ono, H. Totani, T. Hiei, A. Yoshino, K. Saito, K. Eguchi, M. Tomura, J. Nishida, Y. Yamashita,
Tetrahedron 2007, 63, 9699-9704.

S. Kumagai, H. Ishii, G. Watanabe, C. P. Yu, S. Watanabe, J. Takeya, T. Okamoto, Acc. Chem. Res.
2022, 55, 660—672.

W. G. GDillow, P. Kebarle, Can. J. Chem. 1989, 67, 1628-1631.

Y. Takeda, P. Data, S. Minakata, Chem. Commun. 2020, 56, 8884—8894.

N. A. Jasim, R. N. Perutz, A. C. Whitwood, T. Braun, J. lzundu, B. Neumann, S. Rothfeld, H. G.
Stammler, Organometallics 2004, 23, 6140—6149.

S. Sasaki, K. Igawa, G. I. Konishi, J. Mater. Chem. C 2015, 3, 5940-5950.

J. Li, K. Zhou, J. Liu, Y. Zhen, L. Liu, J. Zhang, H. Dong, X. Zhang, L. Jiang, W. Hu, J. Am. Chem.
Soc. 2017, 139, 17261-17264.

M. Y. Vorona, N. J. Yutronkie, O. A. Melville, A. J. Daszczynski, K. T. Agyei, S. Ovens, J. L. Brusso,
B. H. Lessard, Materials. 2019, 12, 2726.

S. W. Park, J. M. Hwang, J. M. Choi, D. K. Hwang, M. S. Oh, J. H. Kim, S. Im, Appl. Phys. Lett. 2007,
90, 88-91.

E. Vitaku, C. N. Gannett, K. L. Carpenter, L. Shen, H. D. Abrufia, W. R. Dichtel, J. Am. Chem. Soc.
2020, 742, 16—20.

38



axan =

B 3E

Pd 5% [ & % acene $8 & polyfluoroarene DI ERFERY
fRKRE C-H/IC-H 7O R Ay TV VI RIGDFRK

39



40



3-1. #&=

£ 3ETIE. RIGEBEHEE%ZF/2/2 L) naphthalene +° anthracene & polyfluoroarene MBEKRZE~ O
AHhy YUY (CDC) RIGICL D, 1 EXBET bis(pentafluorophenyl)acene = &9 % FEDHEIL % 1T
> 7z (Scheme 3-1), BE. BEREE%ZRF/-/\) acene D C-H & IFERIGETH D 2 5. CDC K
JGIC &K D polyfluoroarene ZE AT 3 Z & IFHEETH D, CDC RIGDRKIGICTER UBYIREEZ RE
92 ET, WMERR CDC RIGBHNTTZA D LD ICHoco Flow ARIGIIERRMABEEREZBL TWL
%, BMRBERZBL T, ZONBEREDFRERRDOEBEHIT -

F
R F F R
BN H R F 2 O
r-° ~
::’a L~:~' F
F F 6~
excess F F

Scheme 3-1. AETHF U 7/ acene 5 & polyfluoroarenes M CDC Kty

APy P VT RIGG. BEREBFMERCEERDOLIEIR TH S biaryl ERDEHRBFERTH S,
0.2 fAkRBI/OX Ay FU>Y (CDC) Ritbid. MADEERIEEYDEREREZLDETE 5/
. RHPEBENGRIOZ DY U VI RIETH %, Fagnou 5IC K > T indole & benzene @ CDC K
MERE SN TLLR. B FRABEBEDOMENR CDC RIGHFHFE I N TWS, 43l Polyfluoroarene (. &
IGEDEW C-HEEZRHDZ &D5 CDC RIGDBEREB TH D, 5ic Z DFIid. oligo thiophene
¥ anthracene D& SBFFEDFIC n BEEFRKFEZNE5T 2RWVEFKSIMEEREE U THET
%, 2B THRNZLSIC. polyfluoroaryl % 2 DEF Y % anthracene FFE(K (DPA-F) (FBEHERN
54+ —R (OLED) PERERMERNS > IR (OFETs) [CHULMEITH 2, 671 2D XS BHF
% CDC RISIC& > T—EIC 2 DD aryl % anthracene ICEATENIE, EFEEHRNEDBELRE
BFEERD, TNFETIC, polyfluoroarene & benzene HED B MR B EIRK{LKFE D CDC RIHH 5
DMERINTWS, Su 5id. Cu EZELEIE Uiz Pd fgEIC &% polyfluoroarene & benzene M
CDC KRIbZHF LTz (Scheme 3-2a), B1Shi 5id. Pd fiEZRAW KO RS ZRAFE L. B{LAlE U
T AgiEZBWRIIE & L THh I &L diisopropyl sulfide Z ULz (Scheme 3-2b), 191 BRI DT Tl
Ag IENEEEHI & L TDERENICHIZ T polyfluoroarene M C-H #ESVIMTICEES T % 2 &AVREB I TL
%, 1014 LAL., NS DAETIERBEIED benzene FBDFRINHEE T 5 7R\ =6, benzene ICHE
# D polyfluoroarene ZEA 9 % DILEEETH 5,

a) Su’s study Pd cat.
Excess
b) Shi’s study Pd cat.
/4 \/Fn Ag salt 7 \/Fn
o -+ O > OO0
Excess

Scheme 3-2. L{ETIRE S /o BffiZs benzene $& & polyfluoroarene @ CDC K
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FADOHERETIE I N F TIC. thiophene & polyfluoroarene @ CDC K& T & W T Pd mono-
polyfluoroaryl &AM ERIEEMTE S U TEIK 2EZBS5MIC LTz (Scheme 3-3), 120 T 5(C, Pd bis-
polyfluoroaryl fR#E{KILFE (RSS) NETHEBEZIE I 9. Ag HEAERIGL THIEEHEBANRS Z &
ZRELTWS, COIZ—URRIGEICELD, BIRISTHBREAY T VT ZHEDRWIERNLZRS
OOy 7YY I RIBNERT %, fAld. CORETEAYTI VI EZERIIBWEEME Pd mono-
polyfluoroaryl FREAZ R L T, #E D polyfluoroarene % acene ENNERMICEATE S EE X o,
LML, BfifiZs acene & thiophene & D 6 RIGHEMMEW=H., CORIGIIIFEBICHRETH S Z ENFE
ENfc. COFIKNZERRY B7cth. RSS DEMZINHIT 3 & SBRIGFHDORELZITL. BERITED
acene $EICEHD polyfluoroarene ZXE LK BAT DI & ZBiE LT,

R F R F

AN F F AN R F E F
—_—— —_—
PdX, g XPd—QfR ” R—Qde—QR
hoX F hoX F F F F

F

Reactive Pd species Resiting state species (RSS)
for simple arenes

X = carboxylate ligand homo-coupling

Scheme 3-3. RSS D F4 & Z D i

FU®HIT, acene & CDC RIENAWS Z EDHETH S5 Z &IcBIL T, Scheme 3-4 [CRU RIS
WEED EICRHRT D, CORBIL 2D PdENSKRIGHBIAT D, Agiilc kD C-H EAFEELS
7z Ag' polyfluoroaryl #EENERT %, Z DIRTEARE PAFED kT2 XX 7 )LLZE T, Pd' mono-aryl
REENERT %o H:LV T, acene (scheme W TEH & U T naphthalene ZiC&) M C-H fE&% Pdl
mono-aryl FEMEADIRTL Pd! bi-aryl RREMENERT 5, ZDE. RITHBEIE S & TERND Y
OXAy FUVTERE PROBINERT %, RERIC. BIEIERZE Y5 Ag BN P EZE(L L. BEDE
METH D PAEHLEET D, U LN CDC RIGDEET 1 VL TH D, ULH L. RISHEDIEL acene
FEAWDHEE., tOBIRIEHNET 2B/NNH S, Znid. Pdl mono-aryl FEED acene & RIbHE
FIT. KDFVWREHEDSH S —DD Ag polyfluoroaryl A& RIGLUTULES 2 & TH D, ZDRER. FE
B REL RSS AMERT 2. CODRSS IE. FROED AglEE RIST 3 & CERBERT U RIS
SEMERED Pdl mono-aryl FREANR 2 Z E A EIEETH D (Scheme 3-3), F/o. EAMICETHIIGEE %
#C Z S 72\ =8 polyfluoroarene DIRNEH Y 7 VI RISEIFH TE S mHH %, UH U, BRIGHED
acene EE AW HE(E. BWRIGED Ag' polyfluoroaryl $&1& & Pd! mono-aryl FREHAD RISHMEBSE U
TRETLEW, 7O0RAY 7Y VI RIEDETURV, ERE benzene D & SR BEMLFEHRILE
)% polyfluoroarene &® CDC RIGICHIAT 2156, KBEFID benzene FEDFMAEE T Siah - o
(Scheme 3-2), % Z T. Ag-polyfluoroaryl SEEDFEZFHIT 2 ENTENEF IO DY T VIR
ISHMBREL TR 2 EEZ T, ANFACBEOEMEICER U TRIGEETZ1T46 > I
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RCOOH

2 A (RCOO), R
RCOOAg F

2 RCOOA¢'

Pdo RCOOPd“ R

o /RCOOAQ\\ Sag
cor ek o

o, —MI7%R Pd il & 5 C-H fEEEEIE HOMO OF SN AE WEMMTREDDICH L. £
TR DB D AR IS ILAERIICZE W BRF TEE U TRIDHREE TV e, 115181 C DF R BEEIRIEDFE
RULERZ#EAT S0Hlc, W< DD acene ¥ polyfluoroarene ZAWT, EDEBEICEWTSH
Ti%ﬁﬁ’l‘ib“%ﬁ?%b\ AEU. T5IC. EXEEINic acene VIR ZEWS Z & T, BEE

EREMTRIGNMEI 5BVWOHIZHSMNC L. ARIGODBHBRGEEZIRET %,

J’/(—F\ BRREORFEPUEZRRIEDOREERAX TOMEDFMRICDOWTERT %,

Scheme 3-4. CDC i D HERE SRS
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3-2. Phenanthrene % U\ fo RIGSRABRE{L DIRES

AiAZEIE 24 acene Tld7&\\ phenanthrene Z BIEIC U TEBRZ S TLV\ e, Phenanthrene @ 9 {_L
@ C-H #FHEDRIDME & BIREDNS W, RIGEBHNEETHZDEEZ LD TH S, LH L.
DNERIRME & (FERRZEFHER I Nicfood, 2 BIMEDETH K D BELR acene FEICHEAT bﬁ.‘&%&
MH 3, LHU. phenanthrene ZFAWZEBRNSBOSNIAEIL., acene ICEE U THEEREKRZR
D, #Z TET I, phenanthrene & 2,3,5,6-heptafluorotoluene (HFT) @ CDC KItic & % &4i&5TIC
UL GRRTWE, acene EDRIGFHRBE(COEB R BERZRL TN,

=& #lZ. thiophene & polyfluoroarene M CDC RIGICHE W TEREL S NIcEKEZ H &, 12 BEDE
*E’E@Eﬂ‘bﬁ: (Table 3-1) RISDETDHFIE 19F NMR EIZEIC K D tetrafluoro-p-xylene %z REPIEAEY)

ICEAWTEE U, Entry 1 [ thiophene ff\’(ﬂ‘ﬁ’ﬂﬁéhﬁ.x#?%%b‘ WHvEERYMUMES NG

75\9 fel=8 Z DAL phenanthrene DRIGICITE L TWERWZ &Mooz, F2 T, BEEULTH
L\7z N,N-dimethylformamide (DMF) %@lﬁ@ﬂiﬁb\ cyclopentylmethyl ether (CPME) ICEE LTz & 2 3,
INEAKRIBICHE LU T (entry 2)o DMF O D ICEKRDIREZHF I 5 N,N-dimethylacetoamide (DMAc)
ERAWTHREHIEITULRD > (entry3), /\OAY Y RAETH % 1,1,2,2-tetrachloroethane (TCE) £3)
BEDBM ST (entry4)e TNSDIERN S, CPME DK S ICHVWERMEZE T S EMRIEAREHE
WBEEZ Tz, ZDEHIL. phenanthrene @ Pd SEHBEANDERMUZEZELARWT &4 Ag iﬁ%7§ﬁ¢b I
<LWed RSS DERMZEREICHE TETWRLHTH D EEZ co RIGRDIARE—TH >l
CPME OD2ZEP UHINEMETUTUE >/ DS RIGRDEEIEEWVWADEFE LWL (entry 5),

Table 3-1. Phenanthrene & HFT @ CDC KRISIC & 1T 5 £HaE{b

Pd(OAc), (10 mol%)
E F Ag,COgs (1.5 equiv.)
PivOH (1.5 equiv.)

OO . cF, DMSO(@equv)
Solvent (X M)
F F 120 °C, 20 h

0.1 mmol 2 equiv. FsC

F (mixture of regio-isomers)

Entry Solvent X Yield of 22l [%]
1 DMF 0.25 trace
2 CPME 0.25 16 isolated
3 DMAc 0.25 0
4 TCE 0.25 0
5 CPME 0.125 10

[a] The yield was determined by °F NMR analyses of a crude product with tetrafluoro-p-xylene as an internal standard.

RICIEEDRMZRZAE LTz (Table 3-2), IBE (L C-H & TEMHL DBRICER T % carboxylic acid
ZHECEFLEHZROTE D I ENTE B0, HIIU IEED phenanthrene D C-H fEETE ML Z (RiE
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IBIEEMBMFH LI, 10 UHULADS, EDFBEZAVWTHRISIFETLAD > (entries 1-3)o HFT
D C-H FEEFEMH L bRES N, RSS BNEDELERLTUE -l TH B EEXfco LI > T
RIGHEDIEWEE ZAWSI5SIIEEDRMNIERINTII R W &SR 1

Table 3-2. Phenanthrene & HFT @ CDC KRISIC & 1T 5 £EaE{b

Pd(OAc), (10 mol%)

Ag,CO3 (1.5 equiv.)
E = PivOH (1.5 equiv.)

DMSO (2 equiv.)

Base (0.4 equiv.)
+ CF; >
CPME (0.25 M) F
F F 120 °C, 20 h

0.1 mmol 2 equiv. FsC

F (mixture of regio-isomers)

Entry Base Yield of 20l [%]
1 K2COs 0
) Na>COs 0
3 Cs2C0s 0

[a] The yield was determined by 1°F NMR analyses of a crude product with tetrafluoro-p-xylene as an internal standard.

WL\ T BREARIIAI® Ag 3R, carboxylic acid D1&E1Z1T > fc (Table 3-3), Shi 5 D#HE THRMT
& - 1z di(isopropyl)sulfide (Pr2S) ZFIF Uz & 2 BWNENKREL M ELT (entry 1), & RIT, Ag0 &
FWENANRERCKREBRELMIEIRSNGN >/ (entry 2), Pivalic acid &K D HEMTFH L 1-
adamantanecarboxylic acid Z W\ e hY YNEEICELIERh o f= (entry 3)o Mesitylcarboxylic acid (entry
4) . IIAREED/NE 7R acetic acid (entry 5) OFIRIRIRN TGN >Tco TNSDERNS. s
MBI RELT 2 ETROWEN ENZHENTED Z &M b o e T 51, (EAT % carboxylic
acid [IN T HEZIEEDEBEEENTVWEDHMRN TH S Z &b 5Tz, 1920
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Table 3-3. Phenanthrene & HFT @ CDC KRISIC & 1T 5 £EaE{b

Pd(OAc), (10 mol%)

F F Ag salt (1.5 equiv.)
caboxylic acid (1.5 equiv.)
iPr,S (2 equiv. F
Oe ) oF, DB
CPME (0.25 M) F
F F 120 °C, 20 h
0.1 mmol 2 equiv. FaC F 5
F (mixture of regio-isomers)
Entry Ag salt carboxylic acid Yield of 2ial [%]
1 Ag>CO3 PivOH 36
2 Ag20 PivOH 13
3 Ag>COs3 1-AdCOOH 36
4 Ag>COs3 MesCOOH 4
5 Ag2CO3 AcOH 20

[a] The yield was determined by °F NMR analyses of a crude product with tetrafluoro-p-xylene as an internal standard.
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3-3. Naphthalene % F L\ fc RIGEER#EL DT

Z ZH5Id. naphthalene ZRWREREANBITT 5, £T &, BEELHNAL. BREEGED/N
Z X —% % naphthalene DR CTRERH DEFER U (Table 3-4), fHEE® HFT OFRIMEH PP Z L)
FHETRIGETRT2E T3, 30%D NMR IEGRTHRY TH 2 _BEREHNEIUNTE /= (entry 1) HFT
DFNMEZ S SICEIF 2 EETIENE LU (entry 2) Ag & & carboxylic acid DEZ BT & UYNEK
MRELAEELR (entry 3)o TSICEZEPYPUTHREAE LT Z2ZEHNS (entry 4), Ag P
carboxylic acid DFMEIFZWALRWNT EH oM > fe,

Table 3-4. Naphthalene & HFT @ CDC RISIC & 1T 2 F4&E1{L
F

F. CF3
L -
Pd(OAc), (20 mol%) Oe £
E F Ag,CO;3 (Y equiv.)
1-AdCOOH (Y equiv.) E
iPryS (2 equiv.)
+ CF3 >

CPME (0.25 M)
F F 120 °C, 48 h
0.1 mmol X equiv. F
FsC
F
Entry X Y Yield of 12l [%] Yield of 2lal [%)]
1 3 1.5 48 30
2 5 1.5 42 31
3 5 3 27 54
4 5 5 trace 65

[a] Isolated yield.

K DEESEDVRWEHEZBIEL T, B 51&5%1T>/c (Table3-5), Entry 1 & 2 DFERM S, HFT
PHRIMFIEZWADIFE LW ENBERHBTE . Tl RIDEEZTIF2 ERIDMIENTHZZED
phenanthrene TO&Ef & R UMBER TH - = (entry 3) 2 I CRINEER LIF TEREEZTS> &, BMOD
“EMEOINEFETE LU, FEETH 2 —BEAEDINEIE R e O 2HNBRRISHEIE EL T
W3 &EEZ o (entry 4),
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Table 3-5. Naphthalene & HFT @ CDC RISIC & 1T 2 F4E&E1{L
F

F. CF3
L -
Pd(OAc), (10 mol%) Oe E
F Ag,CO;3 (X equiv.)
1-AdCOOH (X equiv.) E
iPrS (2 equiv.)
+ CF3 >
CPME (Y M)

F F 120 °C, 48 h

0.1 mmol X equiv. F
FaC
F
Entry X Y Yield of 1fal [%] Yield of 20l [%]
1 4 0.25 7 43
P 3 0.25 - 35
3 4 0.1 42 14
4lb] 4 1.0 34 44

[a] Isolated yield. [b] 0.5 mmol scale.

K&, FRERINFYC Pd EREREXAICER U/ (Table 3-6) RIGAHEDREDEINSEY M EE
T. R#ED akyl EZH 9 % n-butyl sulfoxide (nBuzSO) ZFIA L& Z2WNENR EL (entry 1) &
5(Z, phenanthlene TOIRES T carboxylic acid DFZENEWNZ M5, Pd(OAc). D acetate HRIGED
KICHELTWS I ENFEINf, 22T PACLZFB UL E ZBNENA LU (entry2), <h
Sentry 1 £ 2 DEHEZEGUERZTocE 23, RIDARMNEFR > TUE>cfchBEZEBMUL 2
HDD, HRELREHHETL TW e (entry 3), RiZIC. & DIEMIEL n-octyl sulfoxide (nOct.SO) %
BWeE I3, 64%EBWIETEHNO ZERAZEINTE 2 (entry 4), D entry 4 ZRBEFHEFE L
fco
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Table 3-6. Naphthalene & HFT @ CDC RISIC & 1T 2 F4E&E1{L
F

F. CF3
L -
F
Pd cat. (10 mol%) Oe E
E E Ag,COj3 (4 equiv.)
1-AdCOOH (4 equiv.)

S additive (2 equiv.)' E
+ CF3 -
CPME (X M)

F F 120 °C, 48 h
0.5 mmol 4 equiv. F
FaC
F
Yield of 1[al Yield of 2[al
Entry Pd cat. S additive X

[%] [%]

1 Pd(OAc)2 nBuxSO 1.0 27 51

2 PdCl» iPraS 1.0 21 50

3 PdClz nBu2SO 0.67 29 50

4 PdCl. nOct.SO 0.67 not isolated 64

[a] Isolated yield.

HFT @1 D IC pentafluorobenzene ZFIE U cHEEH. RIGEHFICEWTEKROERANERI NS
WEBRT 21OV DONDEEBREIT> T (Table 3-7) RIGDETOREFIE 19F NMR BIFEIC & D
hexafluorobenzene Z NEIEEMEICAWTEHE UER U, BEICIRSE S N thiophene &
polyfluoroarene @ CDC RISICH T B HBERFHZARIGICAWVWTH. BRI D 19F NMR K (FIEFEIC
{EH > 7z (entry 1), Pivalic acid & D h & &L\ 1-adamantanecarboxylic acid Z AWz & 2 3, INEHA D
IHCEEINU 2 (entry 2), KIED alkyl EZH I % nOct.SO AWz & Z AINENHE E L (entry 3),
EMREAED CPME ZFW &2 5. KDFEWNETERYI TH S bis(pentafluorophenyl)naphthalene
MESNT (entry4), HLEL D HFT DIFE & N B EPNEIFEWD, RIGKEICE T 2ERIEEKRT
HdIENDMoTce Tlcw BONTALEYEBELFT 5 & T, BREEDEV 2,6-B %A & BRI
DEW2,7-BIEEEDEET 25 2 &N ABETH o = (Figure 3-1), ARIEDIEW 2,6-E 1 {K(E chloroform

AR U IC < Wiz, chloroform ICHE S E 2189 % 2 & T2,6-EMADEREMIE SN, 2RIE—E
IR LU THEDhexane THEET 22 & THMICTER L TWcHOEMEEZRS 2ENTE B—0D2,7-
ERENME S NI, TNSDERDL S RIGHEDEL acene ICHEFD polyfluoroarene ZEA T 3 (T 1.
BRERENBEMTH S Z EMbh T,
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Table 3-7. Naphthalene & pentafluorobenzene M CDC Kt & F % &4 &1t

PdCl, (10 mol%)
Ag,COs3 (4 equiv.)

Carboxylic acid (4 equiv.)
S additive (2 equiv.)

» F
Solvent (0.67 M)

0.5 mmol 4 equiv. e 48 " F
Entry  Carboxylic acid S additive  Solvent 19F NMR Yieldal [%] Isolated yield [%]
1 PivOH DMSO DMF 2 -
2 1-AdCOOH DMSO DMF 7 -
3 1-AdCOOH nOct.SO DMF 22 -
4 1-AdCOOH nOct.SO  CPME 37 2,6-=6.4,2,7-=15.5

[a] The yield of 2,6- and 2,7-substituted compounds was determined by '°F NMR analyses of a crude product with hexafluorobenzene as
an Internal standard.

di-substituted isomer (91.6 mg)
and chloroform

filtration with chloroform
| F

2,6- as solid
¢ > 148 mg, 6.4%

2,7- and others as solution F
| F

N F
washing with small amount of hexane

| 2,7- as solid
¢ > 22.8mg, 9.9% . F

2,7- and others as solution
washing with too small amount of hexane

| 2,7- as solid
¢ > 13.0mg, 5.6%

Isolated yield of 2,7- = 15.5%

2,7- and others as solution
14.5 mg

Figure 3-1. ‘BETHIC L DR AR B
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INSDAUBEEMEMARD 'H NMR & T 19F NMR A7 MLIZEEIL TWB 78, COMERRE%E
BERICRET BHIT, 2,6 HEV 2,7-BEFROFREY Y Tz BENT ) — ) ERIBICK > TER U
7z (Schemes 3-5 and 3-6), & 5IC. 2,6-EMHADDFiEE X HEIGER X REEHITZER L THER L

(Figure 3-2), =¥ > 7JLD HNMR AR kL EDHEIT L D, & CDC RISOERMIN 2,6-8 & O
2,7-EMAETHEBWEWT & ZfER LT (Figures 3-3 and 3-4),

F
Pd,dbag- CHClI3 (1 mol%)
E = P(0-MeOPh)5 (4 mol%)

Br PivOH (0.5 equiv.)
Cs,COs (3 equiv.) E
+ F »
F
Br toluene (0.25 M)

F F 100 °C, 24 h
0.5 mmol 4 equiv. F

F Yield =97%
Scheme 3-5. BN 7 Y — L RIGIC K % 2,6-BHEEDER

E F Pd(OAc), (5 mol%)
Br Br PBu,MeHBF,4 (10 mol%)
K>CO3 (2.2 equiv.)
+ F >
DMAc (2.5 M)
F F 120°C, 6 h
0.5 mmol 3 equiv.

Yield = 68%
Scheme 3-6. BN 7Y —JL{ERIGIC K % 2,7-BHEEDER

a= 19.990(3) A ) ]
b= 62622(10)A B = 95966(2)7
c= 13.262(2) A V= 1651.1(5) A

Space Group C2/c (#15)
R10.0874, wR2 0.2318
GOF 1.056

Figure 3-2. 2,6-bis(pentafluorophenyl)naphthalene M B & X iRiEiE
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by direct arylation _
AN A
by CDC reaction 3
g . ,—/—/—N
after purification

2.08
02
-
§ 9
\
.
§ 9
m m

- OO by direct arylation
_— F F

PPM

U L A
8.1 8.0 7.9 7.8 7.7 7.6 7.5

Figure 3-3. CDC &/t T 5 Nz 2,6-bis(pentafluorophenyl)naphthalene & 1Z#4 > 7F)L % LbE U 7= 1H
NMR Z~% k)L (600 MHz, CDCl, r.t.)

by direct arylation e

by CDC reaction &
after purification ~ ——
VNS
JAVAN

F F
- o F O F F O F
8 & - by direct arylation
Iﬁf F OO F y y
\ ‘ ‘ ‘ \ ‘ ‘ ‘ \ ‘ ‘ ‘ \ ‘ ‘ ‘ \ ‘ ‘ ‘ ‘ ‘ ‘ \ PPM
8.1 8.0 7.9 7.8 7.7 7.6 7.5

Figure 3-4. CDC XJ& T 5 iz 2,7-bis(pentafluorophenyl)naphthalene &1ZX#4 > )L % L U fo 1H
NMR 2% kJL (600 MHz, CDCls, r.t.)
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3-4. EEBEIDEDHER

Anthracene & pentafluorobenzene @ KIGHH6 B D AT TITL., T OEEEGME & B ERIREZTE
Ui, CORIGHBMNEBERENICETU. 2,6 £ XU 2,7-bis(pentafluorophenyl)anthracene DEEY) %
42%DINETH I (Scheme 3-7) INSDEMED. LEVDBRIEDEZFBT 5 & T, BEE
FICE > TENRZHEBARE TH > fco 2,6-F2MEMWIE 9.2%. 2,7-EHAEIE 10.6%DINEKRTHEEL £
(Figure 3-5), & 5. 2,6-BHEKIEE 2 ETAM U1z 2,6-DPA-F D HNMR 2% kL& HE L (Figure
3-6). 2,7-E2MAEFIHAR-BHI/OXAY TV IRIBICEDERUZEEY Y )LD THNMR A7
IWEHRT 2 & TZEDMABEBEREZEE WG SR U (Figure 3-7), Fic. 2,6 8KV 2,7-EMHEAE
D 9,10 LD FA KR ViF, 2,6-BMHADZEITHEMTH D 2,7-EMADGEETHEMTHE I EHh 55,
INSOEMERZXAT S ENTESD (Figure 3-8),

PdCl, (10 mol%)
Ag,CO3 (4 equiv.)
1-AdCOOH (4 equiv.)
octyl,SO (2 equiv.)

> F
CPME (0.25 M)
120°C,72h

4 equiv. F F

F F
1.0 mmol F F
Yield = 42%

Scheme 3-7. Anthracene & pentafluorobenzene @ CDC Kt
2,6-, 2,7- and

other di-substituted isomer
203 mg

filtration with CHCl3

F
FOAF o FALF FoANF
r F |
| F O Oee F washing with pentane FF
F F

F
2,6- as solid
47 mg, 9.2%

2,7- and others as solution

FF FOAF | e o
washing w|ith hexane F Oee F washing with pentane F
» 2.7- as solid
10.3 mg, 2.

2,7- as solid
21.9 mg, 4.2%

2,7- and others as solution @

2,7- as solid
22.7 mg, 4.4%

E 2,7- and others as solution

2,7- and others as solution
76.2 mg

Figure 3-5. ‘BEHFIC L 5 RMEE
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Isolated yield of 2,7- = 10.6%



by direct arylation

| I "

by CDC reaction
after purification

PPM

8.5 8.0 7.5

Figure 3-6. CDC &/ T8 5 117z 2,6-bis(pentafluorophenyl)anthracene & 1Z#H > 7Lz LB U fc H
NMR Z~% kJL (600 MHz, CDCls, r.t.)

by Suzuki-Miyaura

e JLL M

by CDC reaction
after purification
.. J\[L Me o o L
- PPM
8.5 8.0 7.5

Figure 3-7. CDC KI5 THE 5/ 2,7-bis(pentafluorophenyl)anthracene &1ZX¥EH > 7L & K U fc 1H
NMR X% k)L (600 MHz, CDCls, r.t.)
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Before separation

_Ju

After separation
2,6-isomer

o singlet
After separation
2,7-isomer

. JC
sl o
A -

8.5 8.0 7.5

PPM

Figure 3-8. CDC k5 T18 5 1ufz 2,7-bis(pentafluorophenyl)anthracene MEEY) & Bl U 7z Bk % It
&L 7 'HNMR 2% kJL (400 MHz, CDCl, r.t.)

A CDC RIGIFIARIIICEF) R EFT CRIRMICEE TV o, @5, Pd MEIC L 25FEEEYWD C-H
BEFELCRIBENXYILE-BE7ON>{L (CMD) #EZRTREZ NS, FEEKELEMOD
HOMO OF SN KE W C-H fEEZ BIRMICYIRTS 5, 11621-281 R naphthalene @ 1 i1 C-H #&&
SEHEN 2 fITRREDLDEFANTHZ Z &iE. D CMD #iE%= ZENEHIER (DFT) 5H8EI2
& TEFRNICIIEE SN TWS, 6-1821-24 Ffo, BERDHER 5T, ERMNICHEVEIRZE T naphthalene
D1MNTRIET B EERIH ULz, 5T, Sanford 5 (& naphthalene @ 2 iL#IRA%G: C-H #E& 5
bZfTSfeohic. PHVEREZ BLWRIGZIT> TWe, 117

A CDC RIGDRFEBMBEREICIRE ICEEKABE W), W OIDOEBEZRVLWTBREED
HKET2DONZRHE U, £ 1E. 4 (LD BREENER S polyfluoroarene ZFWTEEEZ T oz (Table
3-8), Ffc. RIGDEEITZEELT B2 acene ZBEITHIMN U &£ ETRIGZTTUN. polyfluoroarene
N1 DFDH acene NEAIND L ST LTz, 2-pentafluorophenyl naphthalene (& WINETER L.
BW 2 AEIREZR U (entry 1) RIC. BFHSEEREETH S methoxy EZBAL TH, AKRD
INEMNDEW 2 AERIREZRU (entry2), &EIC. EFKSIMEBEREE TH S trifluoromethyl EZEA
UTHRKRDBERMNEZ SN (entry 3)o NS DIERM S, polyfluoroarene @ 4 1D BEHEE IS (IEE
REICHEEEEZBRWEWS Z &M bh T,
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Table 3-8. £k4 73 polyfluoroarene & naphthalene @ CDC it

PdCl, (10 mol%) F
Ag,CO3 (4 equiv.) F R
! R F 1-AdCOOH (4 equw
2 octyl,SO (2 equiv.)
+ R > F
CPME (0.67 M)
10 equiv. F F 120 °C, 24 h
excess 0.5 mmol
Entry R Isolated yield [%] 2-selectivity
1 F 68 96
2 OMe 70 97
3 CFs 69 96

JRIT. naphthalene D11 D (C anthracene & phenanthrene ZFEWTKIGZ 1T >/ (Table 3-9)0
Anthracene %z FBUL\fci55& (&, bis(pentafluorophenyl)anthracene Z &5 U 7zBR & Bk IC. 2 fLEIRMIIC
JEHYETT U Tz (entry 1) Anthracene ICEBUL TH. 2 ICHkN 1 2D C—H‘f BORIGED A B W6
—REVICIE 1 I TRIGHSEITS %, 281 Efz. phenanthrene ZFBWRRICIZ., <55 HIAEMICEWN:
27 & 3N TRIGHHEITL TUWLVz (entry 2)o Phenanthrene [CHEWTIE, BE 9 i1 T C-H EETFHEALD
REDZENFMENTWD,R i 2fi& SMUDREEZ RS & 3MUDEIENEH > Tc.Phenanthrene
D 3Ll 2 f1E LERT HOMO DFEHKRE L coh, & CDC RIGHREREDIFEE =D C-H Ea
ZRIGRET BB HOMO DFENKZEVWATESLL TRED I EHBESHEBR oo RIGRIFERD
M. BIUSHTo e REFH C-H MIRLERISICEWNTH, ITHENICEIN DBEFEZHRME TRIG
HETLTWD, 71 L EDIERED. & CDC RISIFHRA 7% acene X U TRIBRFENICETI 52
ENESHIER S
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Table 3-9. ¥4 7% acene & pentafluorobenzene @ CDC X

PdCl, (10 mol%)
1 E = Ag,CO5 (4 equiv.)
1-AdCOOCH (4 equw

. 2 . octyl,SO (2 equiv.)
- 3 CPME (0.67 M)

. F F 120 °C, 24 h
10 equiv. 0.5 mmol

n

Entry PAH Yield [%)] Products

1tal OOO 530

Anthracene

2 O 52l

Phenanthrene

[a] CPME 0.33 M, [b] The yield was determined by *F NMR analyses of a crude product with hexafluorobenzene as an Internal standard.

[c] Isolated yield of a mixture of 2- and 3-substituted phenanthrene.
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3-5. EARMERZFA L UBEERME DA

3-2, 3-3 XU 3-4 HiTHRABEBEICH U CDC RIbZ{T> TEH, ENHIZENICEWETE
S U TRIGDEITL TWe, 22T A CDC RICDNUEBEREMEDEIRZHASMNMCT B, EEKERL
BV ZFERT S5 LI Ulc, EKFRIF HNMRAIE TIRERAEINS Z EDBWRFTHDIH. BAME
DBREP T FILOFEIR - HEKZFED IR CDC RIGICH T2 & DEFMBERNMESND I & ZHBRFL
foo FHIC. BEIE HOMO OFEHKEW 1AL T C-HBEEFHEMMIEZE B/, ARIGICEWTH 1L
T C-HBEAEE N EE TWIH ZHERT 5,

£, IRTOKENEKFEL S/ naphthalene-ds = FAW\EER% 1T > /= (Figure 3-9), < DEER
Tld. %< 7T Pd-mono aryl FE{k & naphthalene H'RIGT ZRICAARRE TLWBIMERFEL LW E
8. naphthalene B\/REAY 7Y > I LAWK S pentafluorobenzene ZBEHRIMU oo T5IC. RIS
DR %= B {E{L 9 % /= 6 [C pentafluorobenzene A 1 73 F D H naphthalene NEBA XN 3 LS
pentafluorobenzene MDRIIE % naphthalene ICXF U 2 HEITHRTE LTz, 1§57z 2-pentafluorophenyl
naphthalene [SBKREZFLQRWH, 'HNMR AR MLICEWT T FILAER S hAWET TH
%, LML, 7.9-8.0 ppm ICHNFTEDOH DI T FILHERI SNz & bh oo MMAT. 5D
T FIVIEEE D 2-pentafluorophenyl naphthalene @55 1,4,58 iI& L5 7z HOMO D&EFE SN KE R
C-HiEBICRBEINZ VI FILTH DI ENASMER>Tco —A. IAEMICEF % 3,6,7 fLICRES
nha 27 FILig—tIgEhigh >/, Bl5. naphthalene ® HOMO DESMNKE/R C-H EETDH
¥R C-H FEEE LN E TWS Z ENRERE NI,

PdCl, (10 mol%)
E F Ag,CO3 (4 equiv.)

dg 1-AdCOCH (4 equiv.)
N octyl,SO (2 equiv.)
I + F
Z
CPME (0.67 M)
F F 120 °C, 24 h
0.5 mmol 2 equiv.

normal
1H NMR 4 1 58 6,7 3
e T
deuterated
1 ~ 3
H NMR g 0 367
_F// /;—_/ A
'd A\

PPM
T T T T T T T ra
8.0 7.9 7.8 T 7.6 75 74

Figure 3-9. T> = K5 (L) & 2-pentafluorophenyl naphthalene () & —ZEXKFR{ILI iz 2-
pentafluorophenyl naphthalene () @ 'H NMR A% ~JLDLE (600 MHz, CDCls, RT)
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R, BE D naphthalene Z{ER 51 D [CEKFR{L L fz 1-adamantanecarboxylic acid Z W\ T
FHRDERZIT >/ (Figure 3-10), & DRI THR T % 2-pentafluorophenyl naphthalene (FEKFRD
HABELTWBEH HNMRAIETIE S 7 FILAERI S NEWE T TH S, LML, TESDRIGTES
7z 2-pentafluorophenyl naphthalene @ 2HNMR X X7 NLICEWT T FILAERI SNz, 2555
Figure 3-7 DXE% & [Flfk. naphthalene ® HOMO D&F S MK ZE W 1,4,5,8 if THRLHFERI R C-H #EETEME(L
MEETNWBIEEZTRBLTWS,

PdCl; (10 mol%) F
E = Ag,CO3 (4 equiv.) _ F

F
1-AdCOOD (4 equiv.) O
tyl,SO (2 equiv. d
g B L

CPME (0.67 M) F
F F 120 °C, 24 h H,.
0.5 mmol 2 equiv.
F
F F
normal s 1 J )
7 B F
1H NMR K
4158 5 4 67 3
e & % .
CHCl;
| Y VI
F
deuterated R i
d“ \ O

2H NMR

H7-n
\/L CDCl3
/\,—JM—%\,_M/\A/\,_\_,W\/-MW

PPM
T
8.0 7.0

Figure 3-10. T > 7z &5 (L) & 2-pentafluorophenyl naphthalene () & —EEKZKRL I hiz 2-
pentafluorophenyl naphthalene (T) @ 'H NMR 2% k JLOLE (600 MHz, CDCls, RT)

INSDEKFMCERDERNS. A CDC KIGDEEMZRIGEEZZZRL Scheme 3-8 ICRU Tz,
ARIGICHE T, HOMO DFEMNKZEL C-H EEDEHEIRE TS I ENHS I ER > Tl
ZDORRIGICEU TIEF—MI7% Pd D C-H #EEEE EAROBRETH 5, LN L. ZDRDZE
TCHIRRBED R EE T S fosDlc HOMO DBESMNAKEWERTI/OR DY FUVIHREI ST, RIGRF
@ carboxylic acid IC & ¥ KI5 % & THEEMETRE T8 % Pd-monoaryl FREKICH £, — AT, KM
ICZEWETT C-H BAEEH MR E FBRICER T % Pd-biaryl FEERIEELHNCETHEBEZ R
9, BI5. HOMO OFSHKREREFAICH 1T B Z2TTHIBEEDIES H'A CDC RIGDUBREMEZ RE U
TW3 EiEamD T Tz, 128-80]
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RCOOH N
2 Ag® (RCOO),Pd" H R
RCOOAg F F
2 RCOOAd!'

PdO RCOOPd” R

“ H
iy RCOCH Ti R i

Scheme 3-8. EXKFR{LEBROERICH & '3‘\\;\_(%7& L7=4 CDC }iﬁﬁd)}iﬁﬁffﬂ%’i‘%

F F
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3-6. #&E

Bk, RETIF 2 EED C-HHEEEMELZRS CDC RIGIC K D, acene /\ polyfluoroarene % 2 43
FEATDIEZERUC, 25IC. FEBMEEREZRIAL., ZORREZEKRICERICEDEH
AU 72

AERFETIE. RIGEDMEW acene ZFWS726. RSS ORENMBLEL TRETLEVWIORA
VPV RIBHDET VRSB > TUESBEN D o fco 2D RSS DERIE. RHD Ag tEEDFEEE
HHT s e TIMHITE S EFR U, 22 T, BBERHEZAVNS 2 & TRSS D4R ZINHI L acene
ICZEE & < polyfluoroarene %z 2 B FEAT S ENTET,

5T, ARISIEEFE D Pd D C-H HEEEHM & FEBRZUBEBEREZ R U, ZOUBRER
FEONDEEICEVWTHERI N, £lc. EXF(EEEITS T & T, acene ® HOMO D&FEH
AZEVWEFTHEMNAG C-H FEEEHENEZE T\ I EHHELSNER > T, %@%E%b\'a\ KRIGD
AIEFEIRMEIE. acene D HOMO DFEMNKE WEMM COERTHBMBENIER ICEVWC LICLDRESI N
TWbZEeZzBE5MT U e,

b AETHELULZOFEICKL D RIGEEREEZ —VIAWT IC, acene /\ polyfluoroarene % 2 73
FEATRICE T, 5T, BE ERBERIMUEEREORRZERNLERZBELU THSMNM U .,
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3-7. EER1E
General, Measurement, and Materials.

H, 19F, and 3C{'H} NMR spectra were recorded using Bruker AVANCE-400 NMR spectrometer and
AVANCE-600 NMR spectrometer. Elemental analyses were carried out using a Perkin-Elmer 2400 CHN
elemental analyzer and Yanaco CHN coder MT-6 or MT-5. Anhydrous CPME (cyclopentylmethylether)
was purchased from Kanto Chemical and used as dry solvents. Crystal Structure Determination Intensity
data were collected on a Bruker SMART APEX Il ULTRA with Mo Ka radiation. UV-vis absorption spectra
were recorded on a Hitachi U-3900H spectrophotometer. Excitation and emission spectra were recorded
on a Hitachi F-2700 fluorescence spectrophotometer.

Synthetic methods
General procedure of CDC reaction bis-polyfluoroaryl substituted naphthalenes and anthracenes.

Synthesis of bis-(pentafluorophenyl)naphthalene

PdCl, (10 mol%)
E F Ag,COj3 (4 equiv.)
1-AdCOOH (4 equiv.)

. Q_F octyl,SO (2 equiv.) _
~ F

CPME (0.67 M)
F F 120 °C, 48 h

0.5 mmol 4 equiv. F

A mixture of PdCl> (8.9 mg, 0.050 mmol), di-n-octylsulfoxide (275 mg, 1.0 mmol), 1-
adamantanecarboxylic acid (360 mg, 2.0 mmol), silver(l) carbonate (550 mg, 2.0 mmol), naphthalene (64
mg, 0.5 mmol), and pentafluorobenzene (220 pL, 2.0 mmol) was stirred in CPME (0.75 mL) for 48 h at
120 °C under a nitrogen atmosphere. The reaction mixture was cooled to room temperature and diluted
with CHCIs. Following Celite® filtration, the filtrate was concentrated under reduced pressure. The product
was isolated by column chromatography on silica gel using a hexane as an eluent. The solvents were
removed in vacuo to give a mixture of bis-(pentafluorophenyl)naphthalene (91.6 mg, 40%). The ratio of
regio-isomers was calculated from 'H NMR spectroscopy. The authentic samples were prepared by direct
arylation (see description below).

The mixture (91.6 mg) was washed with toluene. Remaining white powder was 2,6-
bis(pentafluorophenyl)naphthalene (14.8 mg, 6.4% yield from naphthalene).

The solvents of the toluene-soluble fraction were removed in vacuo. The residual product was washed
with a small amount of hexane. Remaining off-white powder was 2,7-bis(pentafluorophenyl)naphthalene
(35.8 mg, 15.4% yield from naphthalene).

2,6-bis(pentafluorophenyl)naphthalene: 'H NMR (600 MHz, CDCls, room temperature): 8 8.02 (d, 2 H, J
= 8.4 Hz), 8.00 (s, 2 H), 7.58 (d, 2 H, J = 8.4 Hz). 1°%F NMR (376 MHz, CDCls, room temperature): O -
146.1 (dd, 4 F, JF=21.8,8.2 Hz), -158.0 (t, 2 F, JF = 21.1 Hz), -165.0 (dt, 4 F, JFr = 21.8, 7.7 Hz).

2,7-bis(pentafluorophenyl)naphthalene: 'H NMR (600 MHz, CDCls, room temperature): 5 8.03 (d, 2 H, J
= 8.6 Hz), 7.99 (s, 2 H), 7.59 (d, 2 H, J = 8.4 Hz). 1°®F NMR (376 MHz, CDCls, room temperature): d -
146.1 (dd, 4 F, JF=22.5, 7.5 Hz), -158.0 (t, 2 F, JF = 20.4 Hz), -165.0 (dt, 4 F, JF = 21.8, 7.7 Hz).
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Synthesis of bis-((2,3,5,6-tetrafluoro-4-trifluoromethyl)phenyl)naphthalene

PdCl; (10 mol%)
E F Ag,COj3 (4 equiv.)
1-AdCOOCH (4 equiv.)

octyl,SO (2 equiv.

CPME (0.67 M)
F F 120°C, 48 h

0.5 mmol 4 equiv. F3C

The product was isolated by column chromatography on silica gel using a hexane as an eluent. The
solvents were removed in vacuo to give a mixture of bis-((2,3,5,6-tetrafluoro-4-
trifluoromethyl)phenyl)naphthalene (178 mg, 64%). The mixture was washed with toluene, remining solid
was 2,6-((2,3,5,6-tetrafluoro-4-trifluoromethyl)phenyl)naphthalene. The toluene-soluble fraction was
evaporated and washed with hexane, remining solid was 2,7-((2,3,5,6-tetrafluoro-4-
trifluoromethyl)phenyl)naphthalene. The ratio of regio-isomers was calculated from 'H NMR spectroscopy
of the mixture. The authentic sample of 2,7-isomer was prepared by direct arylation (see description
below).

2,6-bis((2,3,5,6-tetrafluoro-4-trifluoromethyl)phenyl)naphthalene: 'H NMR (600 MHz, CDCls, room
temperature): 6 8.11-8.09 (m, 4 H), 7.67 (dd, 2 H, J = 8.6, 1.3 Hz). 19F NMR (376 MHz, CDCls, room
temperature): 6 -59.3 (t, 6 F, Jr = 21.8 Hz), -143.2- -143.5 (m, 4 F), -144.3 (id, 4 F, JF = 17.4, 7.3 Hz).
Elemental analysis: Calcd.: C 51.45%, H 1.08%; Found: C 51.65%, H 1.16%.

2,7-bis((2,3,5,6-tetrafluoro-4-trifluoromethyl)phenyl)naphthalene: 'H NMR (600 MHz, CDCls, room
temperature): © 8.08-8.06 (m, 4 H), 7.65 (dd, 2 H, J = 8.4, 1.5 Hz). 19F NMR (376 MHz, CDCls, room
temperature): 8 -59.3 (t, 6 F, JF=21.1 Hz), -143.2- -143.5 (m, 4 F), -144.3 (dt, 4 F, JF = 26.8, 7.8 Hz).

Synthesis of bis-(pentafluorophenyl)anthracene

PdClI, (10 mol%)
R F Ag,>COj3 (4 equiv.)

1-AdCOOH (4 equiv.)
OOO ¥ F octyl,SO (2 equiv.)
E = CPME (0.25 M)
120°C,72h
1.0 mmol 4 equiv.

A mixture of PdCl> (17.8 mg, 0.10 mmol), di-n-octylsulfoxide (550 mg, 2.0 mmol), 1-
adamantanecarboxylic acid (720 mg, 4.0 mmol), silver(l) carbonate (1.10 g, 4.0 mmol), anthracene (178
mg, 1.0 mmol), and pentafluorobenzene (440 pL, 4.0 mmol) was stirred in CPME (4.0 mL) for 72 h at
120 °C under a nitrogen atmosphere. The reaction mixture was cooled to room temperature and diluted
with CHCIs. Following Celite® filtration, the filtrate was concentrated under reduced pressure. The product
was isolated by column chromatography on silica gel using a hexane as an eluent. The solvents were
removed in vacuo to give a mixture of bis-(pentafluorophenyl)anthracene (214 mg, 42%). The authentic
samples were prepared by direct arylation (see description below).
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The mixture (208 mg) was washed with CHCIls. Remaining pale yellow powder was 2,6-
bis(pentafluorophenyl)anthracene (47 mg, 9.2% yield from anthracene).

The solvents of the CHCIs-soluble fraction were removed in vacuo. The residual product was washed
with a small amount of hexane and pentane. Remaining pale yellow powder was 2,7-
bis(pentafluorophenyl)anthracene (54.9 mg, 10.6% yield from anthracene).

2,6-bis(pentafluorophenyl)anthracene: 'TH NMR (600 MHz, CDCIz, room temperature): & 8.55 (s, 2 H),
8.15-8.14 (m, 4 H), 7.51 (d, 2 H, J=9.0). °F NMR (565 MHz, CDCls, room temperature):  -146.0 (dd, 4
F, JF=22.5,8.2 Hz), -158.1 (t, 2 F, JF=21.5 Hz), -165.0 (dt, 4 F, JF = 22.5, 8.2 Hz).

2,7-bis(pentafluorophenyl)anthracene: 1H NMR (600 MHz, CDCls, room temperature): © 8.55 (d, 2 H, J=
6.6 Hz), 8.16-8.14 (m, 4 H), 7.52 (d, 2 H, J=9.0 Hz). 19F NMR (565 MHz, CDCls, room temperature): o -
146.0 (dd, 4 F, JF=22.5, 8.2 Hz), -158.1 (t, 2 F, JF = 21.5 Hz), -165.0 (dt, 4 F, JrF = 21.5, 7.5 Hz). 13C{H}
NMR (150 MHz, CDCls, RT):  144.4 (dm, Jr = 248.8 Hz), 140.6 (dm, Jr = 254.3 Hz), 138.0 (dm, Jr =
249.9 Hz), 131.7,131.3, 130.7, 128.8, 128.0, 127.0, 126.4, 123.8, 115.8 (id, J=16.9, 4.1 Hz). Elemental
analysis: Calcd.: C 61.19%, H 1.58%; Found: C 61.22%, H 1.61%.

Synthesis of 1-AdCOODI31]

(@) OH (@) oD
—>
D,0O (0.2 mL)
DCE (1 M)
2.0 mmol

1-Adamantanecarboxylic acid (360 mg, 2.0 mmol) was stirred in DCE (2 mL), and then D-O (0.2 mL) was
added and stirred at rt for 2 h. The deuterated 1-adamantanecarboxylic acid was removed the solvent by
vacuum and directly used for the reaction.

General procedure of direct C-H arylation reaction for preparation of authentic samples of bis-
polyfluoroaryl substituted naphthalenes and anthracene.

Synthesis of 2,6-bis(pentafluorophenyl)naphthalenel32]

Pd,dbasCHClI3 (1 mol%)
E F P(0-MeOPh)3 (4 mol%)
PivOH (0.5 equiv.)

Br :
Br

toluene (0.25 M)
F F 100 °C, 24 h

0.5 mmol 4 equiv.

A mixture of Pdzx(dba)sCHCIs (5.2 mg, 0.0050 mmol), tris(o-methoxyphenyl)phosphine (7.0 mg, 0.020
mmol), pivalic acid (28 uL, 0.25 mmol), cesium carbonate (490 mg, 1.5 mmol), 2,6-dibromonaphthalene
(143 mg, 0.50 mmol), and pentafluorobenzene (220 uL, 2.0 mmol) was stirred in toluene (2.0 mL) for 24
h at 100 °C under a nitrogen atmosphere. The reaction mixture was cooled to room temperature and
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diluted with toluene (100 °C). Following filtration, the filtrate was cooled to -20 °C. Following filtration, the
filtrate was washed with water, and through the short silica pad with CHCIz (room temperature) and
toluene (100 °C). The solvents were removed in vacuo to give 2,6-bis(pentafluorophenyl)naphthalene
(223 mg, 97%).

H NMR (600 MHz, CDCls, room temperature): & 8.02 (d, 2 H, J = 8.4 Hz), 8.00 (br, 2 H), 7.58 (d, 2 H, J
= 8.4 Hz). 1°F NMR (376 MHz, CDCls, room temperature): & -146.1 (dd, 4 F, JF=23.2, 8.2 Hz), -158.0 (1,
2F Jr=21.1 Hz), -165.0 (dt, 4 F, JF = 21.8, 7.7 Hz). 13C{1H} NMR (150 MHz, 1,1,2,2-tetrachloroethane-
b, 373 K): 8 147.7 (dm, Jr = 247.7 Hz), 143.8 (dm, Jr = 193.5 Hz), 141.3 (dm, Jr = 249.9 Hz), 136.2,
133.1, 132.0, 131.1, 128.5, 119.0 (dt, J = 23.6, 8.6 Hz). Elemental analysis: Calcd.: C 57.41%, H 1.31%;
Found: C 57.65%, H 1.67%.

Synthesis of 2, 7-bis(pentafluorophenyl)naphthalenel33]

E E Pd(OAc), (5 mol%)
PtBu,MeHBF, (10 mol%)

B B
+ F -

DMAc (2.5 M)
F F 120°C, 6 h

0.5 mmol 3 equiv.

A mixture of Pd(OAc)2 (5.6 mg, 0.025 mmol), PiBusMeHBF4 (12.4 mg, 0.050 mmol), potassium carbonate
(152 mg, 1.1 mmol), 2,7-dibromonaphthalene (143 mg, 0.50 mmol), and pentafluorobenzene (164 pL,

1.5 mmol) was stirred in DMAc (0.20 mL) for 6 h at 120 °C under a nitrogen atmosphere. The reaction
mixture was cooled to room temperature and diluted with CHCIs. Following filtration, the filtrate was
concentrated under reduced pressure. The product was isolated by column chromatography on silica gel
using a hexane as an eluent. The solvents were removed in vacuo to give 2,7-
bis(pentafluorophenyl)naphthalene (187 mg, 68%).

H NMR (600 MHz, CDCls, room temperature): & 8.02 (d, 2 H, J= 8.6 Hz), 7.98 (br, 2 H), 7.59 (d, 2 H, J
= 8.5 Hz). 1°F NMR (376 MHz, CDCls, room temperature): 6 -146.1 (dd, 4 F, JF=23.2, 8.2 Hz), -158.0 (1,
2F Jr=21.1 Hz), -165.0 (di, 4 F, JFr = 22.1, 8.2 Hz). 34

Synthesis of 2,6- bis((2,3,5,6-tetrafluoro-4-trifluoromethyl)phenyl)naphthalenei32]

Pd,dbazCHCI3 (1 mol%)
E F P(0-MeOPh)3 (4 mol%)
PivOH (0.5 equiv.)

Br
Cs,CO5 (3 equiv.
’ CF3 200 (8 equiv) ’
Br

toluene (0.25 M)
F F 100 °C, 24 h

0.5 mmol 4 equiv.

A mixture of Pdz(dba)sCHCIs (5.2 mg, 0.0050 mmol), tris(o-methoxyphenyl)phosphine (7.0 mg, 0.020
mmol), pivalic acid (28 uL, 0.25 mmol), cesium carbonate (490 mg, 1.5 mmol), 2,6-dibromonaphthalene
(143 mg, 0.50 mmol), and (2,3,5,6-tetrafluoro-4-trifluoromethyl)benzene (273 pL, 2.0 mmol) was stirred
in toluene (2.0 mL) for 24 h at 100 °C under a nitrogen atmosphere. The reaction mixture was cooled to
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room temperature and diluted with toluene (100 °C). Following filtration, the filtrate was cooled to -50 °C.
Following filtration, the filtrate was washed with water, and through the short silica pad with toluene
(100 °C). The solvents were removed in vacuo to give 2,6-bis((2,3,5,6-tetrafluoro-4-
trifluoromethyl)phenyl)naphthalene (89.6 mg, 32%).

H NMR (600 MHz, CDCls, room temperature): & 8.07-8.06 (m, 4 H), 7.63 (d, 2 H, J = 8.3 Hz). 19F NMR
(565 MHz, CDCls, room temperature): 8 -59.4 (t, 6 F, JF = 21.5 Hz), -143.3 - -143.5 (m, 4 F), -144.3 (m,
4 F). 13C{'H} NMR (150 MHz, 1,1,2,2-tetrachloroethane-d>, 373 K): & 144.5 (dm, Jr = 260.9 Hz), 144.3
(dm, Jr = 253.2 Hz), 133.0, 129.9, 129.0, 127.4, 125.1, 124.4 (t, J = 16.6 Hz), 120.7 (q, Jr = 274.2 Hz),
109.0 (m).

Synthesis of 2,7-bis((2,3,5,6-tetrafluoro-4-trifluoromethyl)phenyl)naphthalenei33]

E F Pd(OAc), (5 mol%)
PtBu,MeHBF, (10 mol%) F3C

Br. Br
K>COj3 (2.2 equiv.
’ QCFS b > F

DMAC (2.5 M)
F F 120°C, 6 h
0.5 mmol 3 equiv.
A mixture of Pd(OAc)2 (5.6 mg, 0.025 mmol), PiBusMeHBF4 (12.4 mg, 0.050 mmol), potassium carbonate
(152 mg, 1.1 mmol), 2,7-dibromonaphthalene (143 mg, 0.50 mmol), and (2,3,5,6-tetrafluoro-4-
trifluoromethyl)benzene (203 uL, 1.5 mmol) was stirred in DMAc (0.20 mL) for 6 h at 120 °C under a

nitrogen atmosphere. The reaction mixture was cooled to room temperature and diluted with CHCls.

Following filtration, the filtrate was concentrated under reduced pressure. The product was isolated by
column chromatography on silica gel using a hexane as an eluent. The solvents were removed in vacuo
to give 2,7-bis((2,3,5,6-tetrafluoro-4-trifluoromethyl)phenyl)naphthalene (173 mg, 62%).

H NMR (600 MHz, CDCls, room temperature): & 8.07-8.06 (m, 4 H), 7.65 (dd, 2 H, J= 8.4, 1.5 Hz). 19F
NMR (876 MHz, CDClIs, room temperature): 8 -59.4 (t, 6 F, JF=21.8 Hz), -143.3- -143.6 (m, 4 F), -144.4
(td, 4 F, JF=17.4, 7.3 Hz). 3C{’H} NMR (100 MHz, CDCls, RT): d 144.6 (dm, Jr = 250.2 Hz), 144.4 (dm,
Jr=252.4 Hz), 133.7, 132.6, 130.7, 128.6, 128.2, 124.7, 124.4 (t J = 16.5 Hz), 120.9 (q, Jr = 274 Hz),
109.4-108.9 (m). Elemental analysis: Calcd.: C 51.45%, H 1.08%; Found: C 51.26%, H 1.05%.

Synthesis of 2,7-bis(pentafluorophenyl)anthracene

(@) (0] E E szdbﬁsCHCl3 (55 mOlo/o)
B B SPhos (11 mol%)
o- ~0 KoCOj3 ag. (2 M, 16 equiv.)
+ Br F >
Toluene (0.09 M)
F F 100 °C, 24 h
0.087 mmol 2.5 equiv.

A mixture of Pdx(dba)sCHCI; (5.0 mg, 0.0048 mmol), SPhos (4.0 mg, 0.010 mmol), 2,7-
bis(pinacolatoboryl)anthracenel3s! (37.4 mg, 0.087 mmol), potassium carbonate ag. (2 M, 1.4 mmol), and
pentafluorobromobenzene (28 uL, 0.22 mmol) was stirred in toluene (0.97 mL) for 24 h at 100 °C under
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a nitrogen atmosphere. The reaction mixture was cooled to room temperature and added CHCIs and
water. The organic phase was washed with water, and the solvent was removed in vacuo. The organic
layer was separated, and the aqueous layer was extracted with CHCIs. The combined organic solution
was dried over NaxSOs. After filtration and removal of the solvent, the product was isolated by column
chromatography on silica gel using a hexane as an eluent to give 2,7-bis(pentafluorophenyl)anthracene
(39.5 mg, 89%).

H NMR (600 MHz, CDCls, room temperature): 6 8.55 (s, 2 H), 8.15-8.14 (m, 4 H), 7.52 (d, 2 H, J= 8.8
Hz). 19F NMR (565 MHz, CDCls, room temperature): 6 -145.9 (dd, 4 F, JF = 22.5, 8.2 Hz), -158.1 (1, 2 F,
Jr=20.4 Hz), -165.2 (dt, 4 F, JF=22.5, 7.5 Hz).

General procedure of CDC reaction mono-polyfluoroaryl substituted compounds.

Synthesis of 2-pentafluorophenylnaphthalene

PdCl, (10 mol%) E
Ag,COs (4 equiv.)
NS 1-AdCOOH (4 equiv.) F F
octyl,SO (2 equiv.)
¥ F > F
CPME (0.67 M) OO E
F F 120 °C, 24 h

10 equiv. 0.5 mmol

A mixture of PdCl> (8.9 mg, 0.050 mmol), di-n-octylsulfoxide (275 mg, 1.0 mmol), 1-
adamantanecarboxylic acid (360 mg, 2.0 mmol), silver(l) carbonate (550 mg, 2.0 mmol), naphthalene
(641 mg, 5.0 mmol), and pentafluorobenzene (55 L, 0.50 mmol) was stirred in CPME (0.75 mL) for 24
h at 120 °C under a nitrogen atmosphere. The reaction mixture was cooled to room temperature and
diluted with CHCIs, and the crude products were evaluated by NMR spectroscopy. Following Celite®
filtration, the filtrate was concentrated under reduced pressure. The product was isolated by column
chromatography on silica gel using a hexane as an eluent and HPLC. The solvents were removed in
vacuo to give 2-pentafluorophenylnaphthalene (100 mg, 68%).

H NMR (600 MHz, CDCls, room temperature): 6 7.96 (d, 1 H, J=8.4 Hz), 7.93 (s, 1 H), 7.91-7.89 (m, 2
H), 7.59-7.54 (m, 2 H), 7.50-7.49 (m, 1 H). ®F NMR (376 MHz, CDClI3, room temperature): 6 -146.2 (dd,
2F JFr=23.2,8.2Hz),-158.6 (t, 1 F, JF=21.1 Hz), -165.3 (dt, 2 F, JF = 22.5, 7.7 Hz).136]

Synthesis of 2-(2,3,5,6-tetrafluoro-4-methoxy)phenylnaphthalene

PdCl, (10 mol%) F
Ag,CO3 (4 equiv.)
NS 1-AdCOOH (4 equiv.) F O OMe
octyl,SO (2 equiv.
. Omte 2SO @eau) i
CPME (0.67 M) OO F
F F 120 °C, 24 h

10 equiv. 0.5 mmol
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The product was isolated by column chromatography on silica gel using a mixture of hexane as an eluent.
The solvents were removed in vacuo to give 2-(2,3,5,6-tetrafluoro-4-methoxy)phenylnaphthalene (107
mg, 70%).

'H NMR (600 MHz, CDCls, room temperature): & 7.94-7.93 (m, 2 H), 7.90-7.88 (m, 2 H), 7.56-7.51 (m, 3
H), 4.15-4.14 (m, 3 H). 19F NMR (376 MHz, CDCls, room temperature):  -148.0 (dd, 2 F, JF = 22.5, 8.9
Hz), -161.3 (dd, 2 F, JF = 21.8, 8.2 Hz).[3¢]

Synthesis of 2-(2,3,5,6-tetrafluoro-4-trifluoromethyl)phenylnaphthalene

PdCl, (10 mol%) F
Ag,COs5 (4 equiv.)

NS 1-AJCOOH (4 equiv.) F CFs
octyl,SO (2 equiv.)

' CFs > F

CPME (0.67 M) OO F

F F 120 °C, 24 h

10 equiv. 0.5 mmol

After Celite® filtration, naphthalene was removed by distillation and the remaining residue was purified
by column chromatography on silica gel using a hexane as an eluent and HPLC. The solvents were
removed in vacuo to give 2-(2,3,5,6-tetrafluoro-4-trifluoromethyl)phenylnaphthalene (118 mg, 69%).

H NMR (600 MHz, CDCls, room temperature): 6 7.99-7.98 (m, 2 H), 7.92 (d, 2 H, J= 8.4 Hz), 7.61-7.56
(m, 2 H), 7.54-7.52 (m, 1 H). 19F NMR (376 MHz, CDCls, room temperature): 8 -59.3 (1, 3 F, JF=21.8 Hz),
-143.7- -143.9 (m, 2 F), -144.4 (dt, 2 F, JF= 17.4, 7.3 Hz).136]

Synthesis of 1-pentafluorophenylnaphthalenel3sl

F

F. F
Br E E Pd(OACc), (5 mol%)
PBu,MeHBF, (10 mol%)
Oe K,COs (1.1 equiv.) F F
+ F »
DMAc (5.0 M)
F F 120°C, 4 h

0.5 mmol 1.5 equiv.

A mixture of Pd(OAc)2 (5.6 mg, 0.025 mmol), PiBusMeHBF4 (12.4 mg, 0.050 mmol), potassium carbonate
(76 mg, 0.55 mmol), 1-bromonaphthalene (70 uL, 0.50 mmol), and pentafluorobenzene (82 uL, 0.75
mmol) was stirred in DMAc (0.10 mL) for 4 h at 120 °C under a nitrogen atmosphere. The reaction mixture
was cooled to room temperature and diluted with CHClIs. Following filtration, the filtrate was concentrated
under reduced pressure. The product was isolated by column chromatography on silica gel using a
hexane as an eluent. The solvents were removed in vacuo to give 1-pentafluorophenylphenanthrene (46
mg, 31%).

H NMR (600 MHz, CDCls, room temperature): 6 8.00 (d, 1 H, J=8.4 Hz), 7.95 (d, 1 H, J=7.8 Hz), 7.59-
7.54 (m, 2 H), 7.52-7.47 (m, 2 H), 7.45 (d, 1 H, J=6.6 Hz). 1F NMR (376 MHz, CDCls, room temperature):
0-142.6 (dd, 2 F, JF=23.2, 8.2 Hz), -158.5 (m, 1 F), -165.3 (m, 2 F).[37]
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Synthesis of 1-(2,3,5,6-tetrafluoro-4-methoxy)phenylnaphthalenel3?]
OMe

F F
Br E F Pd(OAc), (5 mol%)
P1Bu,MeHBF, (10 mol%)
OO . ome  KeCOs (1.1 equiv) _ F F
DMAc (5.0 M)
F F 120 °C, 4 h

0.54 mmol 1.4 equiv.

A mixture of Pd(OAc)2 (5.6 mg, 0.025 mmol), PiBusMeHBF4 (12.4 mg, 0.050 mmol), potassium carbonate
(76 mg, 0.55 mmol), 1-bromonaphthalene (76 uL, 0.54 mmol), and 2,3,5,6-tetrafluoro-4-anisole (104 L,
0.75 mmol) was stirred in DMAc (0.10 mL) for 4 h at 120 °C under a nitrogen atmosphere. The reaction
mixture was cooled to room temperature and diluted with CHCIs. Following filtration, the filtrate was
concentrated under reduced pressure. The product was isolated by column chromatography on silica gel
using a hexane as an eluent. The solvents were removed in vacuo to give 1-(2,3,5,6-tetrafluoro-4-
methoxy)phenylnaphthalene (43 mg, 28%).

H NMR (600 MHz, CDCls, room temperature): 6 7.97 (d, 1 H, J=8.3 Hz), 7.94-7.93 (m, 1 H), 7.58-7.49
(m,4H),7.45(d, 1 H, J=6.8 Hz), 4.18 (s, 3 H). 19F NMR (376 MHz, CDCls, room temperature): & -144.5
(dd, 2 F, JF = 21.8, 8.2 Hz), -161.1 (dd, 2 F, Jr = 22.5, 8.9 Hz). 13C{1H} NMR (150 MHz, CDCl3, RT): &
144.7 (dm, Jr=245.5 Hz) 141.1 (dtd, JF = 247.5, 10.0, 5.3 Hz), 138.0 (it, JF= 11.6, 3.3 Hz), 133.7, 131.8,
129.8, 129.0, 128.5, 126.8, 126.2, 125.2, 124.9, 124.7, 112.6 (t, J=72.6 Hz), 62.2 (t, J= 3.9 Hz).

Elemental analysis: Calcd.: C 66.67%, H 3.29%; Found: C 65.51%, H 3.33%.

Synthesis of 1-(2,3,5,6-tetrafluoro-4-trifluoromethyl)phenylnaphthalenel33

CF3
Pd(OAc), (5 mol%)

B F F
r R F
PBu,MeHBF, (10 mol%) O
OO . cF, KeCOs (1.1 equiv) _ F F
DMAc (5.0 M)
F F 120 °C, 4 h

1.0 mmol 1.5 equiv.

A mixture of Pd(OAc)2 (11.2 mg, 0.050 mmol), PBu-MeHBF, (24.8 mg, 0.10 mmol), potassium carbonate
(152 mg, 1.1 mmol), 1-bromonaphthalene (140 pL, 1.0 mmol), and (2,3,5,6-tetrafluoro-4-
trifluoromethyl)benzene (204 uL, 1.5 mmol) was stirred in DMAc (0.20 mL) for 4 h at 120 °C under a
nitrogen atmosphere. The reaction mixture was cooled to room temperature and diluted with CHCls.
Following filtration, the filtrate was concentrated under reduced pressure. The product was isolated by
column chromatography on silica gel using a hexane as an eluent. The solvents were removed in vacuo
to give 1-(2,3,5,6-tetrafluoro-4-trifluoromethyl)phenylnaphthalene (108 mg, 31%).

H NMR (600 MHz, CDCls, room temperature): 6 8.03 (d, 1 H, J=8.3 Hz), 7.96 (d, 1 H, J=8.1 Hz), 7.62-
7.52 (m, 3 H), 7.48-7.46 (m, 2 H). 1°F NMR (376 MHz, CDCls, room temperature): d -59.3 (m, 3 F), -140.6
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(dt, 2 F, JF =26.8, 7.8 Hz), -143.5- -143.6 (m, 2 F). 13C{1H} NMR (150 MHz, CDCls, RT): 5 144.7 (dtd, Jr
= 249.5, 9.0, 4.4 Hz), 144.3 (dd, Jr = 260.9, 16.6 Hz), 133.7, 131.0, 130.6, 128.7, 128.6, 127.3, 126.6,
125.2,124.4,123.8 (1, J=19.3 Hz), 123.4, 120.9 (q, JF = 274 Hz), 109.3 (m). Elemental analysis: Calcd.:
C 59.32%, H 2.05%; Found: C 59.26%, H 2.01%.

Table S3-1. Additional data for Table 3-7.

PdCl, (10 mol%)
E F Ag,>CO3 (4 equiv.)
Carboxylic acid (4 equiv.)

. QF Sadditve equv)

Solvent (0.67 M)

F F 120 °C, 48 h
0.5 mmol 4 equiv.
Yield of mono-arylated Yield of di-arylated
Entry RCOOH S additive Solvent Ratio of 2,6-:2,7-ld
compoundslal [%] compoundstal [%]
S1 PivOH DMSO DMF 26 2 -le]
S2 1-AdCOOH DMSO DMF 17 7 -le]
S3 1-AdCOOH  octyl=SO DMF 39 22 -le]
S4 1-AdCOOH  octyl-SO CPME 371l 4QLel 1.0:3.0

[a] The yield of 2-, 2,6- and 2,7-substituted compounds was determined by '°F NMR analyses of a crude product with hexafluorobenzene
as an internal standard. [b] Isolated yield. [c] Yields of a mixture of 2,6-, 2,7- and other bis(pentafluorophenyl)naphthalenes after purification

by column chromatography. [d] The ratio calculated from 'H NMR spectra of the mixture. [e] Not calculated.
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Table S3-2. Additional data for Tables 3-4,5,6.

Pd cat. (W mol%) OO E
Ag,CO3 (X equiv.)

1-AdCOOH (Y equiv.)

ft : F
S additive (2 equiv.

CPME (Z M)
F F 120 °C, 48 h

Scale S
Entry \ Pd cat. w X Y z 1[%]@l 2 [%]e
[mmol] additive

S 0.1 5 Pd(OAc)2 20 3 3 iPr2S 0.25 27 54
S2 0.1 5 Pd(OAc)2 20 5 5 iPraS 0.25 trace 65
S3 0.1 4 Pd(OAc)2 10 4 4 Pr2S 0.25 7 43
S4 0.1 3 Pd(OAc)2 10 3 3 Pr2S 0.25 - 35
S5 0.1 4 Pd(OAc)2 10 4 4 Pr2S 0.1 42 14
S6 0.5 4 Pd(OAc)2 10 4 4 Pr2S 1.0 34 44
s7 0.5 4 Pd(OAc)2 10 4 4 nBu2SO 1.0 27 51
S8 0.5 4 PdClz 10 4 4 Pr2S 1.0 21 50
S9 0.5 4 PdClz 10 4 4 nBu2SO 0.67 29 50
S10 0.5 4 PdClz 10 4 2 nBu2SO 1.0 31 10
S11 0.5 2 Pd(OAc)2 10 4 4 nBu2SO 1.0 25 41
S12 0.5 2 Pd(OAc)2 10 3 3 nBuz2SO 1.5 33 40
S130! 0.5 2 Pd(OAc)2 10 3 3 nBuz2SO 2.0 25 36
S14 0.5 4 PdCl 10 4 4 nOct.SO 0.67 26 58
S15 0.5 2 PdClz 10 3 3 nOct2SO 2.0 24 35
S16ld 0.5 2 PdClz 10 3 3 nOct2SO 2.0 26 37
S170l 0.5 2 PdClz 10 3 3 nDod2SO 2.0 25 35

[a] Isolated yield, [b] reaction time = 72 h, [c] reaction time =24 h
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Table S3-3. Optimization of reaction conditions for synthesis of 2-pentafluorophenylnaphthalene.

Pd cat. (X mol%) F
E F Ag,CO3 (Y equiv.) F

F
RCOOH (Y equiv.) O
. £ S additive (0.5Y equll) I I .

Solvent (Z M) F
F F Temp., Time
10 equiv. 0.5 mmol
Entry Pd X R Saddive Y  Solv. Z femp. - Time vields
[°C] [h] [%]
S1 PdCI, 10 1-Ad octylSO 4 CPME 067 120 24 74 (68)blicl
S2  Pd(OAc), 10 Me iPr2S 4 CPME 067 120 24 60
§3  Pd(OAc), 10 1-Ad iPr2S 4 CPME 067 120 24 71
S4 PdCl, 10  1-Ad DMSO 4 CPME 067 120 24 66
S5 PdCl, 10 1-Ad octylSO 4 DMF 067 120 24 72
S6 PdCl, 5 1-Ad  octyl, SO 2 CPME 067 120 24 52
S7 PdCl, 10 1-Ad octylSO 4 CPME 025 120 24 66
s8  Pd(OAc), 10 1-Ad octyL,SO 4 CPME 067 120 24 62
S9 PdCl, 10 1-Ad DMSO 4 DMF 067 120 24 68
S10 PdCl> 10  1-Ad iPr.S 4 CPME 067 120 24 63
S11 PdCl, 10 1-Ad octylSO 4 CPME 0.67 100 24 69

[a] The yield was determined by °F NMR analyses of a crude product with hexafluorobenzene as an internal standard. [b]

Isolated yield. [c] 2-position selectivity = 97%
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Table S3-4. Additional data for Tables 3-1,2,3.

Pd(OAc), (X mol%)

F F ﬁgigalt J@(CFS
OO . Q cr, Addiive _ f F
O F F 1S§cl>v°egf 20h F o
F

Entry Y X Ag (eq.) Acid (eq.) Additive (eq.) Solvent (M) Yield (2)tal
S1 10 3 Ag2COs3 (3) PivOH (3) Thioanisole (2) DMF (0.25) -
S2 10 3 TFA-Ag (6) none Thioanisole (2) DMF (0.25) 0
S3 10 3 Ag2COs3 (3) AcOH (3) Thioanisole (2) DMF (0.25) 0
sS4 10 2 AgOPiv (3) none DMSO (2) DMF (0.25) 0
S5 10 2  Ag:COs(1.5) PivOH (1.5) DMSO (2) DMF (0.25) -
s6 10 2 AgOPiv (3) PivOH (1) DMSO (2) DMF (0.25) 0
S7 10 2 Ag2COs (1.5) PivOH (1.5) DMSO (2) CPME (0.25) 16 isolated
S8 10 2  Ag:COs(1.5) PivOH (1.5) DMSO (2) DMAc (0.25) 0
S9 10 2 Ag2COs (1.5) PivOH (1.5) DMSO (2) TCE (0.25) 0
S10 10 2 Ag2COs (1.5) PivOH (1.5) DMSO (2), K2COs (0.4) CPME (0.25) 0
S11 10 2 Ag2COs (1.5) PivOH (1.5) DMSO (2), Na=COs (0.4) CPME (0.25) 0
S12 10 2 Ag2COs (1.5) PivOH (1.5) DMSO (2), Cs2CO0s (0.4) CPME (0.25) 0
S13 10 2 Ag2COs (3) PivOH (1.5) DMSO (2) CPME (0.25) 7
S14 10 2  Age.COs(1.5) PivOH (1.5) PFTA (2) CPME (0.25) 0
S15 10 2  AgeCOs (1.5) PivOH (0.5) DMSO (2) CPME (0.25) 17
S16 10 2  AgeCOs (1.5) PivOH (0.5) DMSO (2) CPME (0.5) 18
S17 10 2 AgzCOs (1) PivOH (0.5) DMSO (2) CPME (0.25) 9
S18 10 2  Ag:COs (1.5) PivOH (0.5) DMSO (2) CPME (0.5) 16
S19 10 2 Ag2COs (1.5) PivOH (0.5) DMSO (5) CPME (0.5) 2
S20 10 2 Ag2COs (1.5) PivOH (0.5) DMSO (1) CPME (0.5) 12
S21 10 2 AgeCOs (1.5) PivOH (1.5) DMSO (2) CPME (0.125) 10
S22 10 2  Ag:COs(1.5) PivOH (1.5) iPrS (2) CPME (0.25) 36
S23 20 2  Ag:COs(1.5) PivOH (1.5) iPrS (2) CPME (0.25) 57
S24 10 2 Ag>CO:s (1.5) PivOH (1.5) iPrzS (2) CPME (0.25) 58
S25 10 2 Agz0 (1.5) PivOH (1.5) iPrS (2) CPME (0.25) 13
S26 10 2  Ag:COs(1.5) 1-AdCOOH (1.5) iPrS (2) CPME (0.25) 36
S27 10 2 Ag2COs (1.5) MesCOOH (1.5) Pr2S (2) CPME (0.25) 4
S28 10 2 AgeCOs (1.5) AcOH (1.5) iPrS (2) CPME (0.25) 20

[a] The yield was determined by 1°F NMR analyses of a crude product with tetrafluoro-p-xylene as an internal standard.
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Figure S3-1. 'TH NMR spectrum of a mixture of bis(pentafluorophenyl)naphthalene synthesised by CDC
reaction (600 MHz, 1,1,2,2,-tetrachloroethane-ads, 373 K).
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Figure S3-2. 'TH NMR spectra of 2,6-bis(pentafluorophenyl)naphthalene synthesised by direct arylation
(top), 2,6-bis(pentafluorophenyl)naphthalene synthesised by CDC reaction (middle), 2,7-
bis(pentafluorophenyl)naphthalene synthesised by direct arylation (bottom) (600 MHz, CDCls, r.t.).
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Figure S3-3. 'TH NMR spectra of 2,6-bis(pentafluorophenyl)naphthalene synthesised by direct arylation
(top), 2,7-bis(pentafluorophenyl)naphthalene synthesised by CDC reaction (middle), 2,7-
bis(pentafluorophenyl)naphthalene synthesised by direct arylation (bottom) (600 MHz, CDCls, r.t.).

NOOT ™M™ O NN ONT O

OO OMWMWYOWOo M- OUM

CTESoRKQOEM o 0 8aq
WOWWOMNMMMNMNMNMN COULUW Al i

472
389
349
344
333
— 0.135

o 883 35856
< prirtsds] ~NN©QOo
- 0 © © © NNNNN~
N s § &8
s - © o
// ———

‘\\\\‘\\\\‘\\\\‘\\\\‘\\\‘\\\\‘\\\\‘\\\\‘\\

! )JS.ZO 8.15 8.10 8.05 8. 775 770 7.65 7.60

i [ L

PPM
8 6 4 2 0

Figure S3-4. 'H NMR spectrum of a mixture of bis(2,3,5,6-tetrafluoro-4-trifluoromethyl)naphthalene
synthesised by CDC reaction (600 MHz, 1,1,2,2,-tetrachloroethane-dz, 373 K).
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Figure S3-5. 'H NMR spectra of 2,6-bis((2,3,5,6-tetrafluoro-4-trifluoromethyl)phenyl)naphthalene
synthesised by CDC reaction (top), 2,7-bis((2,3,5,6-tetrafluoro-4-trifluoromethyl)phenyl)naphthalene
synthesised by CDC reaction (middle), 2,7-bis((2,3,5,6-tetrafluoro-4-trifluoromethyl)phenyl)naphthalene
synthesised by direct arylation (bottom) (600 MHz, CDCls, r.t.).
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Figure S3-6. H NMR spectra of isolated 2,6-bis((2,3,5,6-tetrafluoro-4-
trifluoromethyl)phenyl)naphthalene synthesised by CDC reaction (top) and a mixture of bis(2,3,5,6-
tetrafluoro-4-trifluoromethyl)naphthalene  synthesised by CDC reaction (600 MHz, 1,1,2,2,-
tetrachloroethane-d, 373 K).
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Optical properties
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Figure S3-7. UV-vis absorption (left, dashed line), excitation (center and right, dash-dotted line) and
emission spectra (center and right, solid line) of 2,6-bis(pentafluorophenyl)naphthalene (green line) and
2,7-bis(pentafluorophenyl)naphthalene (orange line) in CHCIz (c = 1 x 10-5 M).
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Figure S3-8. UV-vis absorption (left, dashed line), excitation (center and right, dash-dotted line) and
emission spectra (center and right, solid line) of 2,6-bis(pentafluorophenyl)anthracene (green line) and
2,7-bis(pentafluorophenyl)anthracene (orange line) in CHCIs (c = 1 x 10-5 M).
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Crystal structure determination.

Intensity data were collected on a Bruker SMART APEX Il ULTRA with Mo Ka radiation. A full matrix
least-squares refinement was used for non-hydrogen atoms with anisotropic thermal parameters using
the SHELXL-97 program. CCDC 2099539 contain the supplementary crystallo-graphic data for this paper.
These data can be obtained free of charge via www.ccdc.cam.ac.uk/data_request/cif, or by emailing
data_request@ccdc.cam.ac.uk, or by contacting The Cambridge Crystallographic Data Centre, 12 Union
Road, Cambridge CB2 1EZ, UK; fax: +44 1223 336033.

Table S3. Crystallographic data of the 2,6-bis(pentafluorophenyl)naphthalene and anthracene

2,6-bis(pentafluorophenyl)

naphthalene
Empirical Formula C22HsF10
Formula Weight 460.27
Crystal Color colorless
Crystal Dimensions / mm 0.134 x 0.069 x 0.010
Crystal System monoclinic
Lattice Parameters
alhA 19.990(3)
blA 6.2622(10)
clA 13.262(2)
B/ deg. 95.966(2)
V/As 1651.1(5)
Space Group C2/c (#15)
4 4
D/gem3 1.851
F000 912.00
HU(MoKa) / cm- 1.867
Reflection/Parameter Ratio 12.53
R1 (/> 2.000(/)) 0.0510
R (All reflections) 0.0609
wR2 (All reflections) 0.1361
Goodness of Fit Indicator 1.056
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54 5=

HR5 aryl ENBEICEAINT

1,3,5,7-tetra-arylated acene FEAXRD SR
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4-1. ¥E

B 4ETIF. 3ETHREULMABRENS CDC RISEREDI O DY P v I RISERAEDE
2EICED,. INFTERDRETH > ICERDERR S aryl ENBEREICEA I N acene D ERK
Z{T> 7 (Scheme 4-1); AERFEIFAFAES A 1,5-dibromo acene faz HFEYEIC, fERXRDI/OX
Ay 7YY RIBERDFEFE U ABREN CDC RIGZEBBENICHT 2 & TERDOMBICKRAZ R aryl
ExBENDOBBICEANEICR >z, B U 1,3,5,7-tetra-arylated acene (TAAs) DEFESR X iRiE
SR PARFMMMZE L T TAAs OERNGMEZHESMNMIUTc, e, BEBAZRUZRT
TAAs HFTEL Tl BERETORENFFE OLED 7 /81 R & L TOFHESH T T

Pd cat. @ Pd cat.
Brd Arylation 1 CH/CH arylation
3,7

w D e

Scheme 4-1. AETHILUCRI S aryl EDBEICEA S NI TAAs DERTFE

Naphthalene ¥ anthracene &% f&E1&ICE I % multiple-arylated acene (MAAs) FE(KRIIHILE
FIRNDISEI R IN DD FEHD— D TH D, -6 D aryl % acene I[CBAT ZHAIF. EIC
BFNLBFa1—ZV7ZBHMELTWS, ZNICINZ T, ®ES(F pentafluorophenyl & & phenyl D
A FEREERZEFRL. 2 T7EBEBENE LR 5-pentafluorophenyl-11-phenyltetracene (FPPT) % FAH
Ufco M ZODFEBEENFIE S NI FPPT & 5 i1& 11 fiZIiC phenyl EZBEA LDFICHN, B
BSEIR NS> Y% (OTFTs) ICH T ZEEED 10 ZEESH > /2 (Figure 4-1); TS DIERMNS,
R135 aryl EZBYGMUBICEAT 2 & THFEBBEZHIHT 22 EATE. KDFWHEREPHT
BREENMESND I LD DN D, 2O K SBEEERROREEZH - MAAs DERLIGEE LERIETH
31z, & D EEREBIENHEIL TENIEH 272 MAAs DRIFENINET %, MAAs ZfEEICERT %4
EBMGAEIF. acene ZEEERE(LT S & TH D, EERRWVATRD—DIT, IS5 D 1,3,5,7-tetra-
arylated anthracene (TAAnts) OEHMZEITF5ND, B K5 IFMEHRD anthracene IC Ir il Z{EH S
£ 1,3,5,7 iZ C-H boryl bt U. < Z7AXAY YV I RIGICED 1,3,5,7 fIlC 4 DD aryl EZEA
U7c TAAnts 258 L7z (Scheme 4-2), D 1,3,5,7-TAAnts (FERHNRE TH Z7-HIEFICE L WML
BYTH B, @ I5IC, 1D anthracene EMEEAE LR U TERFREICE W THEAFR IR VEFHZ R
Ufco 81 UH U, Bpin EIZABRIRWICEAT 5 & TERWHERABEEERDHNS 1,3,5,7 iih
Bpin ft & 17z anthracene Z BEET 2ENH o Tce Flow IS DAERICKI D B2 aryl EZEAT
%2 &lE. C-Bpin iEEDRIGHEICKERENBRWHEE LR TH D,
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Ar—FAr Intermolecular Interactions C-H---F Lateral Interactions

Figure 4-1. FPPT DB I 3 ER 2 BMER T OHEFR LD FEBRNDHR

pinB Bpin
Ir cat. Pd cat.
borylation Suzuki-Miyaura
e —_—
pinB—Bpin

0 pinB Bpin
Bpin = -%-B\ Isolated R
O from mixture

Scheme 4-2. /KRS HFEF L 2 1,3,5,7-TAAnts DERFE

— &A% Pd AR IC & B C—H EETEHEDKEFNICET I BDICK L. FAN 3 ETHFK L CDC
RIS acene FDIAENICZE W AIE TRISHETT 5,110 o, FEDEEBEICILSHWSNS aryl
bromide (F3KEFHI7E bromo kIC & D ERLEI NS, 1112 T DREFHIZ bromo b EFADFR U foIE
EK CDC RIGIFFNFNMEBIRENER S S X, 1,5 WICKIC aryl EZE AT S Z & TCDC Rt
DNUEFRIRENRE SN2/, acene D 3,7 fIICERD aryl BEZAIBEERNICEATE S, £ITK
BTIF. AFAEZ% 1,5-dibromo acene Z HEMBE ICEREEFAD CDC RISZHEFHICHAEDLES
ZETO15AIE 7 MUICENENER D aryl EZBEEMNDOBEICEAT Z2FEZHEILI DI EZEM
EUf, E5Ic. AL TAAs DB IER X IRBIERITIC L > THFEBEEY. BIREDOHEAGDE
PHERFEICEZDMREBSMNCT B,

U, BERFEDHEILPHEZRFEDOFTME COMBDOFMICDOVWTERYT 2,
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4-2. 1,5 (LICKRA 7% aryl EZE A U fz acene D EEK

AFA 57 1,5-dibromonaphthalene ¥ 1,5-dibromoanthracene N\ XDV O hw U VI KRIG%
FAWTKRA REBREZEA U 1,5-diarylacene ZEH UTce £T 1. SR-BHEIORAY FU VIR
IS & D 1,5-dibromonaphthalene I m-xylyl £EZ&A U7z (Scheme 4-3), ZEXICEE R Superstable
Pd(0)%Z FEWLINEE 80% CEMYI Z B 1o

Br Superstable Pd(0) (2 mol%)
o} Ko,COj (4 equiv.)
+ 'B >
O O 1,4-dioxane (0.5 M)
Br

100 °C, 24 h

2.5 equiv.

Scheme 4-3. S K-BEVOXAY 7 VI RIGIC K S 1,5-di(m-xylyl)naphthalene D& RX

Rix, BENT U —IULERIGICE D, 1,5-bis(pentafluorophenyl)naphthalene D&% A7/ (Table
4-1), 2 ET2,6-DPA-F ZEH UIERORIGEEZE WS & BEENEN 18%EEMN > (entry 1) &
DIRE(E 1,5-DPA-F DA & BRICEBAMBEDIAFEENKE < ETHRBMIEWNCHTHEEEX
foo 1101 22T, HhEEL SPhos AW & Z 3 24 BE D RGBT 36% DI TENYNE S
(entry 2), fHIFE MM FEIEINL. RICKBZ% 46 FE £ CHIET & BEEEED 86% & hie b &K
TRIEHEITT B Z &b o7z (entry 3)o

Table 4-1. EEMNT U — U {ERISDFREREL

szdba3CHC|3 (X mol%)
Ligand (Y mol%)

Br R F Cs,CO3 (3 equiv.)
E PivOH (0.5 equiv.)
+

’
Toluene (0.2 M)
Br F F

Temp., Time
0.5 mmol 4 equiv.
_ _ Isolated
Entry X Ligand Y Temp. [°C] Time [h] )

yield [%]

1 1 P(o0-MeOPh)s 4 100 96 18

2 1 SPhos 4 100 24 36

3 25 SPhos 10 120 46 86
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5L\ T Buchwald-Hartwig 77 = /b RISIT & % 1,5-bis[N,N-di(m-xylyl)amino]lnaphthalene D& % % 5,
#&Tz (Table 4-2), Entry 1 Tld, —fRMICFHBAINTWS PBuz ZRMAFICEVWTIRIGZTo>fch', B
BEUNER(E 26% BN oo, AHESE CEAIFORMEZIEML THWNERFHESI NGED o 2 (entry 2).
CORIMICE U THIAEEICL D ETHRBENES B> TVWBEERL, NS &L SPhos (entry 3)
 XPhos (entry 4) ZFIWTRESZITWEE TH S 1,5-dibromonaphthalene DERIEFTZFTE L fz, 1131
EE56mVWEBDERIREZRLICH. XPhos DANE DEH > fc. MRS BN TFORMEZHIET
3 EERBRIETRAO UL EDS (entry 5). entry 4 DRGZRERMGE Ui, EEDE% 0.4 mmol
P U entry 4 DFRBETRIGZITV. B %Z 81%DINETHEEET 5 2 &N TE (entry 6)o

Table 4-2. Buchwald-Hartwig 77 = / L KIG D &G &E L

Br Pd(OAc), (X mol%) N
Ligand (Y mol%)
+ HN NaO1Bu (2.8 equiv.)

’
Toluene (0.2 M)
Br 120 °C, Time N
Scale 2.4 equiv. Q\

Entry Scale X Ligand v —_— Conversion  Isolated
[mmol] [%6]la0 yield [%]

1 0.5 4 PiBusHBF4 8 24 -[o] 26

2 0.5 10 PiBusHBF4 20 48 -[o] 25

3 0.1 10 SPhos 20 20 86 -lc]

4 0.1 10 XPhos 20 20 98 -lc]

5 0.2 5 XPhos 10 24 89 -lel

6 04 10 XPhos 20 24 -[o] 81

[a] The conversion was determined by 'H NMR analyses of a crude product with ferrocene as an internal standard. [b] Not measured. [c]
Not isolated.

REIC. BAR-BHI/OXRAY Y VI RIGICED 1,5-di(m-xylyl)anthracene D& % 1T - 7z
(Scheme 4-4), RIGIEEPMNMTHETTU., 98%EFEEICEWVWNETENYZE S I EICHII U,
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Br

Pd(OAc), (2 mol%)
0 SPhos (4 mol%)
‘ . ‘5 NaOH aq
o >
O THF
Br

60 °C, 26 h
2.4 equiv.

Scheme 4-4. #5AKR-EEV OX Ny 7 VT RIGICK S 1,5-di(m-xylyl)anthracene D&
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4-3. RIGZHRE{LDIRET & 1,3,5,7-tetra-arylated acene DA

1,5-Di(m-xylyl)naphthalene Z L\ T, pentafluorobenzene & @ CDC RIGICH 1T 2 FGH#EILZEIT
fc (Table 4-3), 3 ETHI UEHZRWTRIGZITofc& 25, BEEINED 21% & EL > Tz (entry
1)o DFT SHEIC &L 2BERBILOBENS. HOMO HEMAEB D naphthalene & D H 1,5-di(m-
xylyl)naphthalene @ AH & hH > fc (Figure 4-2), m-Xylyl EDE A (C K D naphthalene @ C-H & D &k
JEED M ELZEFEL., SIBERE TH S DMAC (entry 2) ¥ DMF (entry 3) ZRWzAUEKRFZE L
<A UTc, 220 MR E & RIGHEBZBINEE % 2 & T, 48% D NMR INETRIGHET U (entry
4), Fle, BHEEZHS UBEZ LIFfcE 223 5ICIEMNE LU (entry5), REIC, entry2 > 3 T
FREOEEZEZBELN, SBEREZLERNIL THicE IS NMR IERIFKIBICH LU (entry
6)o < DEREEIE. 1,5-di(m-xylyl)naphthalene ® C-H #E& D KIGHEHIEE LD naphthalene & D HEH
IKMELTWS®, RIGICEES5T 2 AgIEDREZINEFTLIDEELREHIGEZIBINSIEILE
NH2HTHZDEERLI, BMYTH S 1,5-di(m-xylyl)-3,7-bis(pentafluorophenyl)naphthalene
(TANaph 1) [ZARMEIMEL . ATLVONYKNT T 7 4—& HPLC (T & B8 A R CHBEINEIL 66% &
BL<Bo>TUE2Tco ULHULADS, ENLZENYOERD NMR DSERISN TWclcdh 2 DEHEF
ZERoBsRtE U,

Table 4-3. CDC &b D &AL

PdCl, (X mol%)

E E Ag,CO3 (4 equiv.)
1-AdCOOH (4 equiv.)
octyl,SO (2 equiv.)

Solvent (Y M)
F F 120°C,Zh

4 equiv. F TANaph 1
Entry X Solvent v NMR yield Isolated
[Y6]tal yield [%]
1 10 CPME 0.25 48 - 21
2 10 DMAc 0.25 48 3.6 -
3 10 DMF 0.25 48 4.4 -
4 20 CPME 0.25 72 48 -
5 20 CPME 0.4 72 59 -
6 20 CPME:DMF (4:1) 0.4 72 81 66

[a] The yield was determined by °F NMR analyses of a crude product with hexafluorobenzene as an Internal standard.
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-4.810 eV -5.408 eV -5.825 eV -6.253 eV

Figure 4-2. fi&&ELIC L D EE L7 HOMO 7246 & %D HOMO #{7 (DFT: B3LYP/6-31(G))

Table 4-3 O entry 6 D% L 1,3,5,7-tetrakis(pentafluorophenyl)naphthalene (TANaph 2) O&
Bz o (Table 4-4, entry 1)o LA L. BEEINERIE 13% &{ED > foo Pentafluorophenyl ED R WE
FK5EIC K > T naphthalene @ C-H #EEDRIGEIMET U TE D, DMF OFMARIGZIE L TUL
FoTWBZENBE I (Figured-2), 22T, BE% CPME DHHWTRIGZTo>fc& T3, I
EAEF TIRH B L L 19%0 BEEINE T TANaph 2 282 Z E A TE T (entry 2),

Table 4-4. 1,5-bis(pentafluorophenyl)naphthalene % F\\/z CDC K& D &G L

PdCl, (20 mol%)
AgZCOS (4 eqUiV.)
1-AdCOOH (4 equiv.)
octyl,SO (2 equiv.)

Solvent (0.4 M)
F F 120°C,72h

0.2mmol F 4 equiv. F TANaph2 F
Entry Solvent Isolated yield [%]

1 CPME : DMF (4 : 1) 13

2 CPME 19

ft W T, Table 43 O entry 6 @ 5 % Z= F W 1,5-bis[N,N-di(m-xylyl)amino]-3,7-

bis(pentafluorophenyl)naphthalene (TANaph 3) D&% 1T > = (Scheme 4-5), TANaph1 & TANaph

2 ORIGEDERAI S, EFHEUBREXET S ZDLEYIE C-H HEDRIEEN TV EHFHE
89



INdiH. REBWNIERTESNS EE X (Figure4-2), LML, BEENE(IL 5.5% ERHBEVIER
ER>TUE>7zo CDC DRIGICITBEIERMINTWSEILEITH S AglEL. BWETHESMEER
HEZHI 3 1,5bis[N,N-di(m-xylyl)laminolnaphthalene N"E{tLETRIGZR I L TWB EE X
(Scheme 4-6), Naphthalene @ 1,5 fIICERIFEF =BT BB I NEERR quinoid BEZ KT %
ZENHBETH D, LI > T, CDC RIGICEAWSENS(ET D Ag ENBEILETICERINEESINT
LEofcZ &h. CDC RIGHMET UM > IEBHTH D EER U,

F
F F
PdCl, (20 mol%)
Ag,COs5 (4 equiv.)
F TANaph 3j :

120°C, 72 h

1-AdCOOH (4 equiv.)
octyl,SO (2 equiv.)
'
CPME:DMF (4:1,0.4M) F
4 equiv.
5%

Scheme 4-5. 1,5-bis[N,N-di(m-xylyl)amino]-3,7-bis(pentafluorophenyl)naphthalene (TANaph 3)

Xy\N,Xy Xy< +Xy
O oo —= I - i+
N.
Xy~ "Xy Xy~ Xy
Quinoid

Scheme 4-6. 1,5-Bis[N,N-di(m-xylyl)amino]naphthalene & Ag & DE{LZETTRK G

RiE. 1,3,5,7-TAAnts DEMZIT o fco £ 1. 1,5-di(m-xylyl)-3,7-bis(pentafluorophenyl)anthracene
(TAANnt 1) ODERLZ Table 4-3 D entry 6 DEREZBVWTITofc & 23, BEEENEN 74% EmVHET
B =525 ENTE (Scheme 4-7),

PdCI, (20 mol%)

E = Ag,COj5 (4 equiv.)
1-AdCOOH (4 equiv.)
octyl,SO (2 equiv.)

+ F >
CPME:DMF (4:1, 0.4 M)
F F 120 °C, 72 h F

. F 74%
4 equiv. F TAAnt1

Scheme 4-7. 1,5-di(m-xylyl)-3,7-bis(pentafluorophenyl)anthracene (TAAnt 1) D&R%
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%t LT, 1,3,5,7-tetrakis(pentafluorophenyl)anthracene (TAAnt 2) D &R %= RKE D FKHTIT - 12
(Scheme 4-8), < DRIGTEEICHW 1,5-DPA-F (ZEEIC 2 T DFT SHEIc L 2BERBELLHIS
HOMO = EH UL TED (-5.657 eV). naphthalene M-5.825eV & Hh HH WL EHSIER < TAAnt
2B NBEFRUI, UNU. 15%EBWMERICE>TUE o2 fce CORRAIFE. EED 1,5-DPA-F
PERYIO TAANnt 2 OBREREIMEWNCH, RIDHENEN > I EICMA TREREICLSBEREH
Sl THBEERLUI,

PdCl, (20 mol%)

E F Ag,COj5 (4 equiv.)
1-AdCOOH (4 equiv.)
octyl,SO (2 equiv.)

>
CPME:DMF (4:1, 0.4 M)
F F 120 °C, 72 h F
4 equiv. F
. (o)
q = 15% F

TAAnNt 2
Scheme 4-8. 1,3,5,7-tetrakis(pentafluorophenyl)anthracene (TAANnt 2) D&

B&lc. TAAs DERER BRI % £ & Tz (Table 4-5), BIEEICEAL TIE. mxylyl EZEA U
BEEZRAVWCHEIINEN R EN > oo ZDERIE. acene D HOMO #4IH LA D726 C-H #EE
RIGED B EUzfedTH S, LH UL N,N-di(m-xylyl)amino ED & 53 WEFHRSEBREDSS
&, BIRISOBILETRIGHRE Ag BAHEBEINTUES ZEASIEMNMEN - oo BEFKSIMHBER
E % % pentafluorophenyl E% FWIEEIFUEEIED - foo 1,5-Bis(pentafluorophenyl)naphthalene
DEHEEIF. FEO HOMO #WuMNE C-H HEORBEBHENEWZH TH %, 1,5
Bis(pentafluorophenyl)anthracene (C& W Tl&. HOMO A1 BRI HH - Fe N R BRI OARIEN
BEWZ ENINEETDRETH %,
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Table 4-5. TAAs DERIERDFE &

TANaph 1 TANaph 2 TANaph 3 TAAnNt 1 TAAnNt 2

Yield 47% 19% 5.5% 74% 15%
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4-4.1,3,5,7-Tetra-arylated acene 8D B #E S X fRE ST & HFEREE

5N 5 DD TAAs DEER X IREERTZITV. &L OREIREBRED _HAALHFEEOML
FDEWZEHR U 1F U oI, TANaphs D BEiER X IR ERITOERZ I (Figures 4-3 and 4-4),
TANaphs (& £ 115 naphthalene & 1,5 (U DEBREDE D _EAHKE <. naphthalene B1&E D EREE (&
6 m-nHEERIFERINGH 5, TANaph1 & 3 [FBBREIC mxyly| EZHFLTED, #ns5hH
pentafluorophenyl & m—-nmHEERAL TW2 2 EQMER S Nz, TANaph 2 ICEWTIE, ZRTDC
-F-nHE®BY C-F-F-C BEERIPEAEINL, . ERTH S 15
bis(pentafluorophenyl)naphthalene & TANaph 2 M 1,5 i pentafluorophenyl ED —HA % LLER T % &
BHSHNC TANaph2 O "EHAIFRKEMN > fco ZDIEHIE. 1,5-bis(pentafluorophenyl)naphthalene (& C—
F--H-C HE{ERIC & > THOFREBIBENTLSA, TANaph 2 (FZHOMEEERIC & D 2 FREERH
MELB>THD, NFEEEDHEZ KRS RIS cHTH B EEZ T, £/, TANaph3 [ZfthdD 2 D
& bR T naphthalene BN —ARICE UMEE TliA TW e, ZHiE. amino ENEET S ET m-
xylyl ENH 2EEBHICENT 2. KDZDEEERNTEHTH S,

TANaph 1

&

Figure 4-3. TANaphs Y Z DA F D EiE&E X iRE S _HA
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~CHp—H--Tt

-C-F.--F-C- -C-F---F-C- —-C-F---H-C-
—C-F--'11 —C-F--'1t —C-H- 11
perfluoroarene:--xylene perfluoroarene:---xylene

TANaph 1 TANaph 2 TANaph 3

Figure 4-4. TANaphs I[C & |F 2 HEFRADER & ZDEBEE

LT, TAAnts DESER X RSB DER%Z/RY (Figures 4-5 and 4-6), TAAnt1 DERED—
EfaiE. TAANt 2 ¥ Lk TANaphs & BT 2 & EF /NS W &M o7z, TAANE 1 IZIERICH
ICEBL TV ENER SN, BIRSINIHEEERIZIERICZHTHD., AU TAAs ICHEWT
Me— anthracene BRELD - HEERAMNER TS/, ZDEHIE. 4 A TOD pentafluorophenyl £
& mxylyl EOMBEEER &, anthracene @ 1 EFH naphthalene & D £% W /e TdH 2 (Figure 4-7),
ZORER. PFRBICEBUBREO_EABRE B U, TAANt2 D"HAMNEED 1,5-DPA-F
P 2,6-DPA-F & h HAXZLWEREA(IE., TANaph 2 EERRICIEEBEZICLDEHDTH B,
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TAAnt 2

59°

]

Figure 4-5. TAAnts Y Z DD F D EfER X RiBE & ZHA

—C-F---H-C-
—CH,-H:--H-C- —C—F---H-C-
—C-F---F-C-

—C-F--'1t -C-F---F-C-

anthracene---anthracene
perfluoroarene:---xylene

TAAnNt 1 TAANt 2

Figure 4-6. TAAnts [C KT 2 HEERADEEE ZDERBEE
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Side view

Top view

Figure 4-7. TAAnt 1D B IEEXRBEERENTICE T 2 BB FEROKRT
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4-5. HBIREE D HE 4514 5T

INETERULTZ TAAs D 1.0 x 105 M @ chloroform SBRPICH 1T D HZHEFMEZTHE L 2o (U
IC. TANaphs D#ERICDWTEIERY % (Table 4-6, Figure 4-8), TANaph 1 & 2 (& 250-270 nm D%81
ICEWRINE—2 Z R U, 300 nm fHEICHFFWIRIRE—2 Z#> Tz, —7. TANaph 3 (& 290 nm
HEDRIXDMIC, & D RERE 410 nm [HEICHRINE—V ZRUTce ZDERIGFHEIARYT MLIC
BWTHERTE, TANaph1 & 2 EHRU THERBICRERAICER N E—T %Z R U, TANaph 3 (5
FMICT donor EEBEH#E & acceptor EBIREEH I 52 &M 5. push-pull B THZzH/N\Y KEv v S
DINEWEEZ 5N B, 14 DFT STEDERNSH. D 2 DEHBRUL TNy REry ITHhSWEER
HENTW3 (Figure 4-9), TANaph 3 | PLQY BB < W EESZE L T\, PLQY BB -1z
B, BRUCBRICAOTFRERBEHEAEEZKT 22 & T, MRREODFEEHNTHIEIC R D IRENIC
KBRENB I lcthTH B EER oo FLEAFMBHVRVIERIE, REEICHFRNERBEEARZT
B9 2EREZRZOREMIELLUICEZE X o, Figure 4-10 (C TANaphs & Z DEREED D 2 BIREADIR
INE KOEALARY MLEGRICE EDTco BERMICIFIRINEFEAXLDELSICHEWTSH TANaphs DF
NELEREICE—2%8BULTWk, TANaph 3 ORI ICE L T &, 1,5-bis[N,N-di(m-
xylyl)amino]naphthalene & D ¥ KR{L L TUL e,

Table 4-6. TANaphs @ chloroform &R IC & [T B FFRHE (chloroform 7B, 1.0 x 105 M)

TANaph 1 TANaph 2 TANaph 3
Molecule Aabs [nm] Aem [NmM] PLQY [%] Lifetime [ns]
TANaph 1 264, 311 397 34 2.0
TANaph 2 259, 305 363 not measured not measured
TANaph 3 292, 408 501 53 13.7
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Figure 4-8. TANaphs ® UV-vis I&IX () RUFEFXZART KL (F) (chloroform K. 1.0 x 105 M)

-1.800 eV -2.368 eV
AE 3.959 eV AE 4.070 eV AE 3.206 eV

-5.759 eV -6.438 eV

TANaph 1 TANaph 2

Figure 4-9. TANaphs DEERE{L M SEH U7z HOMO 7% (£) & LUMO £ (T) &/ R¥+
v 7 (DFT: B3LYP/6-31(G))
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Figure 4-10. TANaphs & Z DH#ERERD DIRIY - A RT ML DB (EDIRIN, THFHKIEIRT KL)

FEWT, TAAnts DFERICDWTERBET % (Table 4-7, Figure 4-11), NS DR FDIRINZARY N
PEARRT NLOFARIFELIL TW e, TAANtT DANEESICEVWTHPPRERAIICE—7 2R
U7zo DFT HEICK 2BERBILISEHUL/N\Y REv v THERBETH > (Figure 4-12), LH
L. TAAnt 1 ® HOMO (& m-xylyl & anthracene IC/FFEL THE D, LUMO (& pentafluorophenyl & &
anthracene ICBTEL TWeZ &S, HFARICE LT push-pull ?ﬂ%?ﬁ“ﬁbb\f:f:&)/\“/ REv v THE
KBORERAIICE—VZRUCDIEEEZ oo PLQY PEAFEMICEAL THREHRER] i%bn&b\
> fze Fi. Figure 4-13 [T TAAnts & Z DIERERD D 2 %?@1¢®ﬂ&ﬂ2&;0%%1/\7 NIL%E SR
EDTRINEFREHDEESICENTH TAANs DANRERERICE—V%ZH L TW o, £/, TAAnts
DIRINZARY NLIFEE 5% 2,6-DPA-F [EWERZE L TUV e,
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Table 4-7. TAAnts O chloroform AR IC T B HZERFIE (chloroform 5&&. 1.0 x 105 M)

TAAnt 1 TAAnt 2
Molecule Aabs [Nnm] Aem [NM] PLQY [%] Life time [ns]
TAAnNt 1 289, 388 435, 458 28 2.2
TAANt 2 287, 378 416, 439 29 2.7
1.4 700
1.2 - TAAnNt 2 600 - TAAnNt 2
1 500 -
(]
£ 08 1 £ 400 |
£ 5
S 06 £ 300
o]
< 04 - 200 -
0.2 | L/» 100 -
0 TN, 04— L —_—
250 350 450 300 400 500

Wavelength / nm

Wavelength / nm

Figure 4-11. TAAnts @ UV-vis IRIN () RUFEHK AT KNI (B) (chloroform A7, 1.0 x 105 M)

100



-2.130 eV -2.638 eV
AE 3.229 eV AE 3.286 eV

-5.359 eV -5.924 eV
TAAnNt 1 TAANt 2

Figure 4-12. TAAnts DEERELHN SEH U7z HOMO % (£) & LUMO 9% (T) &NV RF vy
~ (DFT: B3LYP/6-31(G))
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4-6. 1,5-Di(m-xylyl)-3,7-bis(pentafluorophenyl)anthracene D E{AIR BE 0D H. 2243 14 ST

TAANt 1 EIARRETIEIBFEHAEZR Uz, UL, BHRREETUVZ 1 N Z2HRETT 2 & EiREDHEN
ZRG ZED DI T, TOERRETEREAENRERILT 2EEIFMOTAASTIFE RS TWA
Wo BEURIREEICE W T, anthraceneBIREIENKELL ELRZ LS BIERBEZ & 2156, RIERFALP
EWVWPLQYZRI BN B B, 115-171 TAANt 1(FHEFERXIFEBERITICEWT, BICHFEEI D& ZH
5MCLTWS (Figure 4-6); % T, ERREDHRNFMEZIHMEAT 52 & TTAANt 1OFENE—I P
PLQYDZ bW oM B &E X NIMSORHAE & DHRIAFRIC & D BERFERICE 1T 2 FALKEZ 7
L7z (Table 4-8), TAAnt 1DEZEXEEIE., HFEXRDAIEPAFMEIEIC KL > TF7EIL 7 7 A TER S
nTWaZ EMbhn o7 (Figure 4-14), EZEEER TCORNKRIFS01 nmEBRRELD BRERY
7hULTW e, PLQYBET TR ZMEIL TW e, CORENS, AUEKTH > THRREICE >
TEABHELRDZENFEIN,

Table 4-8. TAANnt 1DBRIRRE & EZREEIRICH 1T 2 HFRFE

State Aem [NM] PLQY [%]
Solutionl® 435, 458 28
Filmt®] 501 31

[a] Chloroform solution (c = 1.0 x 10-5 M), [b] vacuum deposited film, [c] by EL.

1000

a "

800 |
£ I 0.8
S 8
] d
[e] r . lh
< 600 - f
> ' = <064
= > ]
£ 400/ s I
= c 0.4
Q - \
% " '

200 o |

5 10 15 20 25 30
26/ deg

Wavelength / nm

Figure 4-14. TAAnt 1D EZEREBZHEDBEXRDANRY ML (a) EAFMEIEIC L 2REDHKRF (b) &
IRE L OEHLART N (c)

F T BRABREFRREDOTAANt 1DFALTMZTV. ZEENRKRT 2HZEHE L2 (Table 4-9,
Figure 4-15), Chloroformi&/Rh 58218 = € fc ¥R Tdh % Powder. Powderz LTI D DR UL fc
Grinding. PowderZ chloroform&3 &I A S EBEfERIC K DE5NIcZ#E&E THh HCrystal. PowderzE
ZEESBRFIMDAEROY Y 7ILZRAE Lz, £, Powder Tld523 nmICBRFLKRHIEAI TS,
Fim& D b EREAITRELLTWS Z EMbh T, £, EEIE (FWHM) ZFilmE S 2 &5k
ENSREREALTI2HIONZVWC ENRB I N, RIT, GrindingZBIELzEZ 2. E—Uh%E
BRY7 M2 o, CORREIG. BICEBRL TWeRFNITDET I Lick > THEES 1.
FEILT 7 RRENEDW e TH B EE X fco RIEZIT, CrystalZBIE LTc & 25, Powderk D (35
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EREAITH > e hHERIE D > Tco TNSDERENS., TAANt 1IEXA N/ VO X LENETRTDF
THDEWS T EDRbh ST, e NS ZEBEEZ TCFIMOFWHMICEE 9 % &t & LERTIEE ICK
ZEVWTEDNDND, FIMTIETEIL T 7 ARG ERLABRETENMTEH SN TWS I ENFETE
%,

Table 4-9. 2L 3EHFIREEICH 1T ZTAANt 1DFRN & F DT

Photo under UV

State Agm [nm]] FWHM [nm]
irradiation
Powder 498, 523 103
Grinding 477 83
Crystal 495 55
Film 5010 243 -

[a] Exited by 380 nm, [b] exited by 400 nm.

1 / .
i ——  Powder
— — Grinding
084  E4 NN
=
S 0.6
>
2
9
£ 04
0.2 -
0 = T T T T T T T T T S
400 500 600 700 800

Wavelength / nm

Figure 4-15. E23ERIREICE T ZTAANt 1DOFENLIRYT ML
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REIC. TAAM1DEEN T EILT7 7 A TH B I EPPLQYN RIS WMETH > fcZ &S, OLED
DFENBICAWTEHE% T2 > 7z (Figures 4-16 and 4-17), TAAnt 1D R AIEE (32,543 cdm2TdH D |
NEEFHE (EQE) 1F1.3% ThHholco Fho. LRDBD P EILT 7 ZH%‘C%%n.c‘:?b\b%ﬁ‘éé ldkeE
Tdholz, Figure 4-17 (a) DELEN EPLEXZHENDZ & ART MUKIFIFER > TWD, Lieh>
T. ZDOLEDZFHTTAAnt1IEFNE L bT%ﬁEbTL\%Zc‘:ﬁfﬁﬁgﬁénto H. ELFEJET400 nm
PRSI E—I D ERIET iz, bE & U Tpoly(9-vynylcarbazole) (PVK) &TAAnt 1D HDELFEN
EEHRT S E400 nmfEicE—7 FRERBWT EHN S, EFLHATAANt 1288 L T2,2',2"-(1,3,5-
benzinetriyl)-tris(1-phenyl-1-H-benzimidazole) (TPBi) & DRE A THEHEGL TWSEFRITE S, K’
ST, ZDNAF—E—JIFTPBIERDFEEIZEBbns,

10° 10 ¢
a 2.7 104 E c
35 LiF/Al o a
£ 10° r
o E 1
< 2 3 3
E 10 - g ...0“' \
z 103 W .
PEDOT: TAAnt1 TPBi § @8 o *
o
PSS £ 3 011 o
E 10" ® Fe
5.2 s}
107
. . 10°° 0.01 . . . . .
6.3 6.2 0 5 10 15 10° 107 10" 10° 10" 10* 10°
Voltage / V Current density / mA cm?
Figure 4-16. OLED#& (a) & BMEEV)-EE(L)-BEEV)FEHE (b). H=-IJFE (c)

1.2

EL, PL intensity / a.u.

[0 S—— T R S .
400 500 600 700 800 %%0 01 02 05 04 05 06 07
Wavelength / nm X CIE1931
Figure 4-17. OLEDDEL. TAAnt 1DPLEXZNRY ML (a) « BEXEBOBEEE (b) SELEXOD
RF (c)
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4-7. &5

b, AETREREEMEREN CDC RibzHEMNICEAEbESZ &ick D, 1,357-TAAs =
EBICERT 2 EZE R UIc, S5, ZORFEBYLAZREN S, BAULCEBREOHAEDE
ICLBDEEZRASHMIC LT,

KERFETIE. AFAEF% 1,5-dibromo acene Z HFEERERHIKITEIC KD ary| EEBAUE, 1L
AERIICZE W 3,7 ALEIRMICIRE D CDC RIBIC & D, B2 aryl BZRBEICEAT DI &N TE S,
o HAZNEBREDS S mxylyl B0 & S HEELBEFHEMBEREEEAT 3 E CDC RGO
KNS RZDEEHESHER T, BT, 1,5-di(m-xylyl)anthracene & DKIGICHEWT, 14 BHFTDOE
1BBERED C-H EE DS 5ZRMIC 3,7 LD 2 BATDH TRIGTE., 74% & /mWNETRIGHETY
TP ofc, Licht> T, B TAAs ZEEHD DRIERMICE R ATREIC R - o,

F7z mxylyl EZH I % TAAs ICH LTI perfluoroarene—benzene HEEEARRE TWS I EZ RE
Ufco HTH. TAANt1 ZDFHET 2 4 DOBBRELTICTEWTHEERZHI U, anthracene B1&
BLEHBR AT Y F 2T LTV e, AT MRRETRFEDOHELZRLFIEILT 7 RRETIRIEE
EAERITAN/ VO XLBERTE foo £z donor MEBHRE & acceptor tEEBHiE %5 9 % TANaph
BIRINYRFv v TIH, KORKRTHEALITSZIEDDN ST,

M E. RETHELUCIOFEICKDEENDBRICELRD aryl EZE AU 1,3,5,7-TAAs HEH
AREICiR oo S 5IC. BRREDHEMAEDEICL > TEBRBELAEREICEZH LS THREES R
Lo
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4-8. ERFRIE

General, Measurement, and Materials.

H, 19F, and 3C{'H} NMR spectra were recorded using Bruker AVANCE-400 NMR spectrometer and
AVANCE-600 NMR spectrometer. APCI TOF/Mass spectra were recorded on Bruker micrOTOF2—kp.
Elemental analyses were carried out using a Perkin-Elmer 2400 CHN elemental analyzer and Yanaco
CHN coder MT-6 or MT-5. Crystal Structure Determination Intensity data were collected on a Bruker
SMART APEX Il ULTRA with Mo Ka radiation. UV-vis absorption and PL spectra for solution, crystal, and
ground powder samples were recorded on a Hitachi U-3900H and Hitachi F-2700 fluorescence
spectrophotometer, respectively. Evaluation of emission lifetime was carried out with a HORIBA
FluoroCube. The PL quantum yields of the emission were measured using a Hamamatsu Photonics
C9920-02 absolute PL quantum vyield spectrometer. UV-vis absorption and PL spectra for a vacuum-
deposited film were recorded on a Hitachi U-3010 and JASCO FP-6500 spectrophotometers, respectively.
The HOMO energy level was estimated by photoelectron yield spectroscopy (PYS) using a Riken Keiki
AC-3 spectrometer. Out-of-plane XRD measurements were performed using MiniFlex600 (Rigaku). The
atomic force microscopy (AFM) measurement of the surface morphology of the samples was conducted
on AFM5100N and AFM5000II (Hitachi High-Tech Corporation). Anhydrous toluene, THF, 1,4-dioxane,
CPME, DMF, and DMAc were purchased from Kanto Chemical and used as dry solvents. PVK (Poly(9-
vinylcarbazole) and TPBi (2,2°,2"-(1,3,5-Benzinetriyl)-tris(1-phenyl-1-H-benzimidazole)) were purchased
from Tokyo Chemical Industry.

Fabrication and characterization of OLEDs

OLEDs were fabricated in the following configuration: ITO/PEDOT:PSS/PVK/TAANt 1/TPBI/LiF/Al. The
patterned indium tin oxide (ITO) glass (conductivity: 10 Q/square) was pre-cleaned in an ultrasonic bath
of acetone and ethanol and then treated in an ultraviolet-ozone chamber. A thin layer (40 nm) of
PEDOT:PSS was spin-coated onto the ITO at 3000 rpm and air-dried at 110 °C for 10 min on a hot plate.
The substrate was then transferred to a Nx-filled glove box where it was re-dried at 110 °C for 10 min on
a hot plate. Subsequently, a thin layer (34 nm) of PVK (CHCIs solution) was spin-coated onto the
PEDOQOT:PSS surface at 800 rpm and dried at 150 °C for 10 min on a hot plate. TAAnt 1 (30 nm) was
deposited onto the PVK layer with conventional thermal evaporation at a chamber pressure lower than 2
x 104 Pa. TPBi (40 nm), LiF (1 nm) and Al (100 nm) were then deposited onto the active layer with
conventional thermal evaporation, which provided the devices with an active area of 2 x 2 mmz2. Current-
voltage characteristics and luminance of the OLED were simultaneously measured using an ADCMT
6245 DC voltage current source/monitor (ADC CORPORATION) and an LS-100 luminance meter
(KONICA MINOLTA, INC.), respectively. The EL spectra were measured using an array spectrometer
(MCPD-9800-311C, Otsuka Electronics Co, Ltd.).
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Synthesis of N,N-di(m-xylyl)amine

Pd(OAC), (2 mol%)
PBugHBF, (4 mol%)

ZT

NH, Br NaOfBu (1.4 eq.)
+ y
1,4-dioxane (0.2 M)
110 °C, 8 h
1.2 equiv.

A mixture of Pd(OAc)2 (22 mg, 0.10 mmol), PBusHBF4 (58 mg, 0.20 mmol), NaO#Bu (673 mg, 7.0 mmol),
1-bromo-3,5-dimethylbenzene (685 L, 5.0 mmol), and 3,5-dimethylaniline (750 yL, 6.0 mmol) was stirred
in 1,4-dioxane (25 mL) for 8 h at 110 °C under a nitrogen atmosphere. The reaction mixture was cooled
to room temperature and diluted with dichloromethane (30 mL). The organic phase was washed with
water, and the aqueous layer was extracted with dichloromethane (30 mL x 3). The combined organic
solution was dried over Mg>SOa. After filtration and removal of the solvent, the product was isolated by
column chromatography on silica gel (hexane/ethyl acetate = 97:3) to give N,N-bis(m-xylyl)amine (1.04
g, 92%).018]

H NMR (600 MHz, CDCls, room temperature): & 6.69 (s, 4 H), 6.57 (s, 2 H), 5.52 (s, 1 H), 2.27 (s, 12 H).

Synthesis of 1,5-di(m-xylyl)naphthalene

Br Superstable Pd(0) (2 mol%)
o} K>COg3 (4 equiv.)
+ ,B »
O O 1,4-dioxane (0.5 M)
Br

100 °C, 24 h

2.5 equiv.

A mixture of SuperstablePd(0) (21 mg, 0.010 mmol), K2COs (276 mg, 2.0 mmol), 1,5-dibromonaphthalene
(143 mg, 0.50 mmol), and 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-m-xylene (290 mg, 1.25 mmol)
was stirred in 1,4-dioxane (1 mL) for 24 h at 100 °C under a nitrogen atmosphere. The reaction mixture
was cooled to room temperature and diluted with CHCI3 (10 mL). The organic phase was washed with
water, and the solvent was removed in vacuo. The organic layer was separated, and the aqueous layer
was extracted with CHCIs (10 mL x 3). The combined organic solution was dried over Na>SO4. After
filtration and removal of the solvent, the product was isolated by column chromatography on silica gel
using a hexane as an eluent to give 1,5-di(m-xylyl)naphthalene (134 mg, 80%).

H NMR (600 MHz, CDCls, room temperature): 6 7.90 (d, 2 H, J=8.0 Hz), 7.43 (t, 2 H, J= 7.8 Hz), 7.39
(d, 2 H, J=6.5Hz), 7.13 (s, 4 H), 7.08 (s, 2 H), 2.41 (s, 12 H). 13C{*H} NMR (150 MHz, CDCls, room
temperature): 8 141.0, 140.7, 137.7, 132.0, 128.8, 128.0, 126.6, 125.7, 125.2, 21.4. APCI-TOF MS: m/z
Calcd. for CogHzs (M+H+) 337.1951, Found 337.1953.
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Synthesis of 1,5-bis(pentafluorophenyl)naphthalene

E
szdb&s'CHClg, (25 mOlo/o)
SPhos (10 mol%)

Br R F Cs,CO3 (3 equiv.)
PivOH (0.5 equiv.)
+ F »
Toluene (0.2 M)
Br F F 120 °C, 46 h
4 equiv.

A mixture of Pd>dbas -CHCI3 (13.3 mg, 0.0125 mmol), SPhos (20.5 mg, 0.050 mmol), pivalic acid (30 L,
0.25 mmol), cesium carbonate (490 mg, 1.5 mmol), 1,5-dibromonaphthalene (143 mg, 0.50 mmol), and
pentafluorobenzene (220 L, 2.0 mmol) was stirred in toluene (2.5 mL) for 46 h at 120 °C under a nitrogen
atmosphere. The reaction mixture was cooled to room temperature and diluted with CHCIs (10 mL). The
organic phase was washed with water, and the aqueous layer was extracted with CHCIz (10 mL x 3). The
combined organic solution was dried over Na>SOs. After filtration and removal of the solvent, the product
was isolated by column chromatography on silica gel using a hexane as an eluent to give 1,5-
bis(pentafluorophenyl)naphthalene (197 mg, 86%).

H NMR (600 MHz, CDCls, room temperature): 8 7.65 (d, 2 H, J=8.5 Hz), 7.61 (dd, 2 H, J= 8.5, 6.5 Hz),
7.52 (d, 2 H, J=7.0 Hz). ®F NMR (376 MHz, CDCls, room temperature): 3 -142.3 (dd, 4 F, JF=22.8, 8.8
Hz), -157.1 (t, 2 F, JF=20.2 Hz), -164.6 (id, 4 F, JF = 21.9, 8.2 Hz). 13C{H} NMR (150 MHz, CDCls, room
temperature): & 144.6 (dm, Jr = 248.0 Hz), 141.1 (dm, Jr = 258.0 Hz), 137.8 (dm, Jr = 249.0 Hz), 131.8,
129.6, 126.7, 126.4, 124.6, 114.0. APCI-TOF MS: m/z Calcd. for Cz2HeF10 (M+H+) 461.0383, Found
461.0383.

Synthesis of 1,5-bis[N,N-di(m-xylyl)lamino]naphthalene

Br Pd(OAc), (10 mol%) N
XPhos (20 mol%) @
+ HN NaO1Bu (2.8 equiv.)
y
O Qﬁ toluene (0.2 M) O
Br

2

120 °C, 24 h ~
2.4 equiv. @\

A mixture of Pd(OAc)2 (9.0 mg, 0.040 mmol), XPhos (38 mg, 0.080 mmol), NaOBu (108 mg, 1.1 mmol),

1,5-dibromonaphthalene (114 mg, 0.40 mmol), and N,N-di(m-xylyl)amine (234 pL, 0.96 mmol) was stirred

in toluene (25 mL) for 24 h at 120 °C under a nitrogen atmosphere. The reaction mixture was cooled to

room temperature and the solvent was removed in vacuo. The mixture was extracted by Soxhlet
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extraction with MeOH, hexane and CHCIs. A solvent of the extract by CHCIs was removed in vacuo to
give 1,5-bis[N,N-di(m-xylyl)amino]naphthalene (186 mg, 81%).

H NMR (600 MHz, CDCls, room temperature): 3 7.90 (d, 2 H, J=8.6 Hz), 7.32 (dd, 2 H, J= 8.3, 7.4 Hz),
7.24 (d, 2 H, J=7.3 Hz), 6.64 (s, 8 H), 6.59 (s, 4 H), 2.18 (s, 24 H). 3C{'H} NMR (150 MHz, 1,1,2,2-
tetrachloroethane-d,, 373 K): 6 148.7, 144.3, 138.2, 133.4, 126.8, 126.1, 123.3, 122.5, 120.0, 21.1. APCI-
TOF MS: m/z Calcd. for Ca2Ha2N2 (M+H+) 575.3421, Found 575.3441.

Synthesis of 1,5-di(m-xylyl)anthracene

Br

Pd(OAc), (2 mol%)

o SPhos (4 mol%)

‘ + 'B NaOH aq

o -
THF
60 °C, 26 h

Br

2.4 equiv.

A mixture of Pd(OAc)2 (11.2 mg, 0.050 mmol) and SPhos (41 mg, 0.10 mmol) was stirred in THF (1.2 mL)
for 30 minutes at room temperature. The catalyst solution was added to a mixture of 5-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-m-xylene (556 mg, 2.4 mmol), 5 M NaOH aqueous solution (1.4 mL,
7.0 mmol) and THF (4.8 mL). Then, 1,5-dibromoanthracene (366 mg, 1.0 mmol) was added to the solution.
The reaction mixture was stirred for 26 h at 60 °C under a nitrogen atmosphere. The reaction mixture
was cooled to room temperature and diluted with CHCIs (10 mL). The organic phase was washed with
water, and the aqueous layer was extracted with CHCIz (10 mL x 3). The combined organic solution was
dried over Mg>SO.. After filtration and removal of the solvent, the product was isolated by column
chromatography on silica gel using a hexane as an eluent to give 1,5-bis(m-xylyl)anthracene (380 mg,
98%).

H NMR (600 MHz, CDCls, room temperature):  8.52 (s, 2 H), 7.90 (dd, 2 H, J= 8.5, 1.0 Hz), 7.45 (dd,
2H,J=8.5,7.0Hz),7.37 (dd, 2 H, J=6.8, 1.3 Hz), 7.22 (s, 4 H), 7.14 (s, 2 H), 2.45 (s, 12 H). 13C{'H}
NMR (150 MHz, CDCls, room temperature): & 140.8, 140.2, 137.9, 132.0, 130.1, 129.0, 128.2, 127.9,
126.1, 125.3,124.8, 21.5. APCI-TOF MS: m/z Calcd. for CaoHzs (M+H+) 387.2108, Found 387.2104.
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Synthesis of 1,5-di(m-xylyl)-3, 7-bis(pentafluorophenyl)naphthalene

PdCl, (20 mol%)
E F Ag,COs5 (4 equiv.)

1-AdCOOH (4 equiv.)
octyl,SO (2 equiv.)

+ F >
CPME:DMF (4:1, 0.4 M)

F F 120 °C, 72 h

4 equiv.

A mixture of PdCl> (7.2 mg, 0.040 mmol), di-n-octylsulfoxide (110 mg, 0.40 mmol), 1-
adamantanecarboxylic acid (144 mg, 0.80 mmol), silver(l) carbonate (180 mg, 0.80 mmol), 1,5-di(m-
xylyl)naphthalene (67.3 mg, 0.20 mmol), and pentafluorobenzene (88 pL, 0.80 mmol) was stirred in
cyclopentylmethylether (0.40 mL) and dimethylformamide (0.10 mL) for 72 h at 120 °C under a nitrogen
atmosphere. The reaction mixture was cooled to room temperature and diluted with CHCls. Following
Celite® filtration, the filtrate was concentrated under reduced pressure. The product was isolated by
column chromatography on silica gel using a hexane as an eluent and HPLC. The solvent was removed
in vacuo to give 1,5-di(m-xylyl)-3,7-bis(pentafluorophenyl)naphthalene (63.2 mg, 47%).

H NMR (600 MHz, CDCls, room temperature): & 8.04 (s, 2 H), 7.51 (s, 2 H), 7.18 (s, 2 H), 7.11 (s, 2 H),
2.42 (s, 12 H). 19F NMR (376 MHz, 1,1,2,2-tetrachloroethane-d, room temperature): & -146.3 (dd, 4 F,
JF=28.7,7.9 Hz),-158.3 (t, 2 F, JF=21.0 Hz), -165.1 (dt, 4 F, JF = 22.4, 7.0 Hz). 13C{'H} NMR (150 MHz,
1,1,2,2-tetrachloroethane-db, 373 K): & 144.3 (dm, Jr = 244.4 Hz), 141.9, 139.3, 137.9, 137.9 (dm, Jr =
265.4 Hz), 131.9, 129.3, 128.1, 127.8, 127.7, 124.2, 115.9, 21.0. Elemental analysis: Calcd.: C 68.27%,
H 3.32%; Found: C 68.59%, H 3.27%. APCI-TOF MS: m/z Calcd. for CaoHz22F 10 (M+H+) 669.1635, Found
669.1639.

Synthesis of 1,3,5, 7-tetrakis(pentafluorophenyl)naphthalene

PdCl, (20 mol%)

E F Ag,CO3 (4 equiv.)
1-AdCOOH (4 equiv.)
octyl,SO (2 equiv.)

CPME (0.4 M)
F F 120 °C, 72 h

4 equiv.

A mixture of PdClz (7.2 mg, 0.040 mmol), di-n-octylsulfoxide (110 mg, 0.40 mmol), 1-

adamantanecarboxylic acid (144 mg, 0.80 mmol), silver(l) carbonate (180 mg, 0.80 mmol), 1,5-

bis(pentafluorophenyl)naphthalene (67.3 mg, 0.20 mmol), and pentafluorobenzene (88 pL, 0.80 mmol)

was stirred in cyclopentylmethylether (0.40 mL) for 72 h at 120 °C under a nitrogen atmosphere. The

reaction mixture was cooled to room temperature and diluted with CHClIs. Following Celite® filtration, the

filtrate was concentrated under reduced pressure. The product was isolated by column chromatography
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on silica gel using a hexane as an eluent. The solvent was removed in vacuo to give 1,3,5,7-
tetrakis(pentafluorophenyl)naphthalene (30.0 mg, 19%).

H NMR (600 MHz, CDCls, room temperature): d 7.78 (s, 2 H), 7.66 (s, 2 H). 1°F NMR (376 MHz, CDCls,
room temperature): 6 -141.9 (dd, 4 F, JF=21.9, 7.9 Hz), -145.9 (dd, 4 F, JF=22.8, 8.8 Hz), -155.2 (t, 2 F,
JF=21.0 Hz), -156.2 (t, 2 F, JF = 21.0 Hz), -163.5 (id, 4 F, JF = 21.0, 7.0 Hz), -164.0 (id, 4 F, JF = 21.9,
7.0 Hz). 13C{1H} NMR (150 MHz, 1,1,2,2-tetrachloroethane-a., 373 K): & 144.6 (dm, Jr=242.2 Hz), 144.3
(dm, Jr = 253.2 Hz), 141.6 (dm, Jr = 266.5 Hz), 138.0 (dm, Jr = 254.3 Hz) 131.5, 131.4, 128.4, 125.9,
114.2, 112.6. As the solubility of this compound was low, a few signal of quaternary carbons could not be
observed even by high temperature NMR with 24 h integration. An analytically pure sample was obtained
by recrystallization from toluene solution. Elemental analysis: Calcd. for CasHaF20:[C7Hglos: C 53.72%, H
0.96%; Found: C 54.10%, H 0.63%. APCI-TOF MS: m/z Calcd. for CasHsF2 M 791.9994, Found 791.9972.

Synthesis of 1,5-bis[N,N-di(m-xylyl)Jamino]-3, 7-bis(pentafluorophenyl)naphthalene

PdCl, (20 mol%)

E F A92003 (4 eqUiV.) N
1-AdCOOH (4 equiv.)
octyl,SO (2 equiv.)

+ F b F

CPME:DMF (4:1,0.4M) F

FF  120°C, 72h O IN
4 equiv. F F Q\

A mixture of PdCl> (7.2 mg, 0.040 mmol), di-n-octylsulfoxide (110 mg, 0.40 mmol), 1-
adamantanecarboxylic acid (144 mg, 0.80 mmol), silver(l) carbonate (180 mg, 0.80 mmol), 1,5- bis[N,N-

di(m-xylyl)amino]naphthalene (67.3 mg, 0.20 mmol), and pentafluorobenzene (88 pL, 0.80 mmol) was
stirred in cyclopentylmethylether (0.40 mL) and dimethylformamide (0.10 mL) for 72 h at 120 °C under a
nitrogen atmosphere. The reaction mixture was cooled to room temperature and diluted with CHCls.
Following Celite® filtration, the filtrate was concentrated under reduced pressure. The product was
isolated by column chromatography on silica gel (hexane/CHCIs = 4:1) and HPLC. The solvent was
removed in vacuo to give 1,5-bis[N, N-di(m-xylyl)amino]-3,7-bis(pentafluorophenyl)naphthalene (10.0 mg,
5.5%).

H NMR (600 MHz, CDCls, room temperature): & 8.05 (s, 2 H), 7.34 (s, 2 H), 6.69 (s, 8 H), 6.67 (s, 4 H),
2.23 (s, 24 H). °F NMR (376 MHz, CDClIs, room temperature): d -146.1 (dd, 4 F, JF = 22.8, 7.0 Hz), -
158.4 (t, 2 F, JF=21.0 Hz), -165.5 (id, 4 F, JF = 21.5, 7.6 Hz). APCI-TOF MS: m/z Calcd. for CssHaoF10N2
(M+H+) 907.3105, Found 907.3088.
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Synthesis of 1,5-di(m-xylyl)-3, 7-bis(pentafluorophenyl)anthracene

PdCl, (20 mol%)
E F AQQCO3 (4 equiv.)
1-AdCOOH (4 equiv.)
octyl,SO (2 equiv.)
’
CPME:DMF (4:1, 0.4 M)
F F 120°C, 72 h F.

4 equiv.

A mixture of PdCl> (7.2 mg, 0.040 mmol), di-n-octylsulfoxide (110 mg, 0.40 mmol), 1-
adamantanecarboxylic acid (144 mg, 0.80 mmol), silver(l) carbonate (180 mg, 0.80 mmol), 1,5-di(m-
xylyl)anthracene (77.3 mg, 0.20 mmol), and pentafluorobenzene (88 pL, 0.80 mmol) was stirred in
cyclopentylmethylether (0.40 mL) and dimethylformamide (0.10 mL) for 72 h at 120 °C under a nitrogen
atmosphere. The reaction mixture was cooled to room temperature and diluted with CHCls. Following
Celite® filtration, the filtrate was concentrated under reduced pressure. The product was isolated by
column chromatography on silica gel using a hexane as an eluent. The solvent was removed in vacuo to
give 1,5-di(m-xylyl)-3,7-bis(pentafluorophenyl)anthracene (106 mg, 74%).

H NMR (600 MHz, CDCls, room temperature): & 8.61 (s, 2 H), 8.03 (s, 2 H), 7.43 (s, 2 H), 7.24 (s, 4 H),
7.16 (s, 2 H), 2.45 (s, 12 H). 1°F NMR (376 MHz, CDCls, room temperature): © -145.7 (dd, 4 F, JF=23.7,
7.9 Hz), -158.2 (t, 2 F, JF = 21.0 Hz), -165.1 (id, 4 F, Jr = 21.9, 8.2 Hz). 3C{'H} NMR (150 MHz, CDCls,
room temperature): & 144.4 (dm, Jr = 244.9 Hz), 141.2, 139.6, 138.1, 137.9 (dm, Jr = 249.3 Hz), 132.2,
130.5, 130.1, 129.5, 127.8, 127.4, 126.5, 123.4, 115.9, 21.4. As the solubility of this compound was low,
a few signal of quaternary carbons could not be observed even by NMR with 24 h integration. Elemental
analysis: Calcd.: C 70.20%, H 3.37%; Found: C 70.38%, H 3.41%. APCI-TOF MS: m/z Calcd. for
Ca2H24F 10 (M+H+) 719.1791, Found 719.1790.

Synthesis of 1,3,5, 7-tetrakis(pentafluorophenyl)anthracene

PdCl, (20 mol%)

E F Ag,COg3 (4 equiv.)
1-AdCOOH (4 equiv.)
octyl,SO (2 equiv.)

CPME:DMF (4:1, 0.4 M)
F F 120°C, 72 h F

4 equiv.

A mixture of PdCl> (3.6 mg, 0.020 mmol), di-n-octylsulfoxide (55 mg, 0.20 mmol), 1-

adamantanecarboxylic acid (72 mg, 0.40 mmol), silver(l) carbonate (90 mg, 0.40 mmol), 1,5-
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bis(pentafluorophenyl)anthracene (51 mg, 0.10 mmol), and pentafluorobenzene (44 uL, 0.40 mmol) was
stirred in cyclopentylmethylether (0.20 mL) and dimethylformamide (50 uL) for 72 h at 120 °C under a
nitrogen atmosphere. The reaction mixture was cooled to room temperature and diluted with CHCls.
Following Celite® filtration, the filtrate was concentrated under reduced pressure. The product was
isolated by column chromatography on silica gel using a hexane as an eluent and HPLC. The solvent
was removed in vacuo to give 1,3,5,7-tetrakis(pentafluorophenyl)anthracene (12.4 mg, 15%).

H NMR (600 MHz, CDCls, room temperature): © 8.26 (s, 4 H), 7.58 (s, 2 H). 1°F NMR (376 MHz, CDCls,
room temperature): 6 -142.0 (dd, 4 F, JF=22.8, 7.0 Hz), -145.7 (dd, 4 F, JF=22.8, 8.8 Hz), -156.0 (t, 2 F,
JF=21.0 Hz), -156.6 (t, 2 F, JF = 21.0 Hz), -163.8 (td, 4 F, JF = 21.0, 7.0 Hz), -164.4 (1d, 4 F, JF = 21.9,
7.0 Hz). 3C{H} NMR (150 MHz, 1,1,2,2-tetrachloroethane-ds, 373 K): & 144.7 (dm, JFr=242.2 Hz), 144.3
(dm, Jr = 253.2 Hz), 138.0 (dm, Jr = 255.4 Hz), 132.7, 132.3, 130.7, 129.7, 125.3, 124.9, 124.0, 114.5,
113.1. As the solubility of this compound was low, a few signal of quaternary carbons could not be
observed even by high temperature NMR with 24 h integration. Elemental analysis: Calcd.: C 54.18%, H
0.72%; Found: C 54.15%, H 0.78%. APCI-TOF MS: m/z Calcd. for CsgHsF20 (M+H+) 843.0223, Found
843.0220.
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Crystal structure determination.

Intensity data were collected on a Bruker SMART APEX Il ULTRA with Mo Ka radiation. A full matrix
least-squares refinement was used for non-hydrogen atoms with anisotropic thermal parameters using
the SHELXL-97 program. CCDC 2164789, 2234487-2234491 contain the supplementary crystallo-
paper. These data can be
www.ccdc.cam.ac.uk/data_request/cif, or by emailing data_request@ccdc.cam.ac.uk, or by contacting
The Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK; fax: +44 1223
336033.

graphic data for this obtained free of charge Vvia

Table S1. Crystallographic data 1

1,5-
bis(pentafluorophenyl) TANaph 1 TANaph 2
naphthalene
CCDC number 2164789 2234487 2234488
Empirical Formula CooHsF10 CasH22F 10 CaaHaF20
Formula Weight 460.27 668.58 792.37
Crystal Color colorless colorless colorless

Crystal Dimensions /

0.216 x 0.069 x 0.025

0.550 x 0.115 x 0.024

0.402 x 0.054 x 0.042

mm
Crystal System monoclinic monoclinic monoclinic
Lattice Parameters
alA 13.4090(15) 12.909(8) 6.1719(8)
b/A 6.5074(7) 8.301(5) 20.881(3)
cl/A 19.584(2) 15.210(9) 11.0462(15)
B/ deg. 97.3500(10) 114.905(7) 103.068(2)
VI As 1694.8(3) 1478.3(15) 1386.7(3)
Space Group P21/n (#14) P21/n (#14) P21/n (#14)
Z 4 2 2
D/gcm3 1.804 1.502 1.898
F000 912.00 680.00 776.00
u(MoKa) / cm- 1.819 1.305 2.050
Reflection/Parameter
Ratio 12.89 13.50 12.08
R1 (/> 2.000(/)) 0.0337 0.0585 0.0317
R (All reflections) 0.0459 0.1144 0.0396
wR2 (All reflections) 0.0926 0.1717 0.0883
Goodness of Fit
1.004 0.983 1.017

Indicator
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Table S2. Crystallographic data 2

TANaph 3 TAAnNt 1 TAANt 2
CCDC number 2234491 2234489 2234490
Empirical Formula Ca7H20F 10N Ca2Hz24F 10 CasHasF20
Formula Weight 453.45 718.64 842.43
Crystal Color yellow yellow colorless
Crystal Dimensions /
o 0.647 x 0.040 x 0.030  0.295 x 0.040 x 0.021 0.177 x 0.029 x 0.028
Crystal System triclinic triclinic monoclinic
Lattice Parameters
alA 8.4077(13) 8.02020 11.645(4)
blA 11.5245(18) 14.06570 12.590(4)
cl/A 11.9243(19) 14.61500 20.483(7)
a/deg. 73.192(2) 82.42800
B/ deg. 81.887(2) 85.80900 95.087(5)
y/ deg. 85.161(2) 79.95200
V/As 1093.8(3) 1607.14942 2991.2(17)
Space Group P-1 (#2) P-1 (#2) P21/c (#14)
V4 2 2 4
D/gcm-3 1.377 1.485 1.871
F000 468.00 732.00 1656.00
u(MoKa) / cm- 1.096 1.259 1.964
Reflection/Parameter
Ratio 16.07 14.63 12.14
R1 (I>2.000() 0.0546 0.0569 0.0569
R (All reflections) 0.0781 0.0965 0.1316
wR2 (All reflections) 0.1545 0.1541 0.1439
Goodness of Fit
1.047 1.049 0.998

Indicator
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REWX TIF C-H BFEFECZHSEENT ) —IUERIGCIRKRE O Ay 7> (CDC) Kk
IGICEK D, acene NEHD polyfluoroarene NNEA S NIZFHRTILF 7 —ILET7 > (MAAs) DFEE
N OB ERFEDHEILZIT o I

F2ETIE. BEMT Y —)UELRIGIC K D KA 7R bis(pentafluorophenyl)anthracene (DPA-F) F5E&E{K
ZEBUTce RIDMEBEYPRBIEOEEDEWVCK D RIGENERE D26, BYIRRATFCRIGEE - K
BEORUEZREL UNERNICERT 2 2 ENTEEICR > oo S5IC. B5NTc DPA-F SHEAED N FES
HEPDTFERBOREZEAL oo Fic. IAEMICZEWZALE T pentafluorophenyl E%H 9 % 2,6-DPA-
F > 2,7-DPP-F 3 & D RIERDIRINY, BN FEBEZRRT DI EHBESMERB oo, BIRDFER
FEREBRVRN TV IRIICHITZPETFBRHEICESZET B H FICEICEREL TLVC 2,6-DPA-
FRIEPaEVWEFBEEZR U, AFETIHHAERERIC dibromo acene & polyfluoroarene ZFlIF9
e, LDKRER acene PEREEZE I % polyfluoroarene ICHBERTE., 582585V /\1 A
BETRI D FOEHRMNHEFTE %,

% 3 E Tl Pd/Ag BIER (I & B EE D polyfluoroarene & acene & M CDC RIGDHFEZTo>fco &
DOFETIE. HEFERHICRIGEEREREZEAE T IC polyfluoroarene H' 2 DEA X iz MAAs " ERK T
=2, =& Pd-polyfluoroaryl FREAEZ R 2 Z & ICMA T, BRERGETRIGZEITS 2 &I D RIS
RIEFE D BIA Z 1] U2 HY S RISHEDEL acene £31ZE & < CDC RIGHETTUTce AFIEICKD, B
2ETHAELUK 2,6-DPA-F HE RIGEBREZ —VEBAE T ICERAIREICKE T, 5. ARIDIZER
D Pd I £ 5 C-H EEEMEL & [FRG D IAERICZEWAIE TRERICRISHET U T, BEKER
fbEnfcBEZRAWTERZITL. acene ® HOMO DEFESMAE WIE TIRITHBBIETE T E
HEANRD ZENTEETH D, IAEMICEWIB TOMMETHRBENETT 2 ENAREDIZ—
VIGMEBEEREDRR TH S EZRELLS I, AFEIFEBAMEEREZRFS. Bl acene [CE
# polyfluoroarene ZEBATESZ &EN5, acene ICEESTELBEAFEHRRIEKZEDL SLBEREF
MEICERRMEEYICT U THERT 2 2 ENERFTE S,

BA4ETIE. FIETHREULMEBERENS: CDC RICOFHMEZZENT o). #RKEDI/OXAY F
VYIRS EBBENICHEAEDERRLRS aryl ENERICBA SN MAAs ZBEICER U foo FICRER
7512 & D naphthalene +° antracene M 1,5 fiZlc aryl B2 8 A9 3% 2 & T, i< CDC Rib% 3,7 iDEIR
ICITS ZENTE e, ey mxylyl EQ LS BEELREFHRESUHEREZREWVWSHES. 1,5-di(m-
xylyl)acene D RGN L L TWB T8 2ED DMF £33 % & RIGHERAKIEICE E U fo. 45,
1,5-di(m-xylyl)-3,7-bis(pentafluorophenyl)anthracene (TAANt 1) (& 74% & B WNETHET Z I ENT
Efco 5T, TAAN1 (FET S 4 DOEREN D FRETERBEERALTED., FBICBLDFEE
ZRUfco —AT. BEEFEETDETEINT 7 ABEREEZFEHR L. BERXTAA—RORKLBEE U THE
BELTco RETHEB U MAAS IFENFE TICHEFIH DL, FUTPEBIBREZEAT 2002
We e FRE U TRz REL CW ARENH 5,

Bl E. C-H #E&FEHERDZUBERIRNR MAAs DERF LD %{Tofce TNETIHORAY
7Y VI RIGIEEAR BEEEDT - Ml - BREELAEISEFRUBANICHAEI N, choshMbRics s
FOTHMBIEPEY - EZFE TEL RIRICEZ LEIFE D ANV, SIERNH DBRIC MAAS =5
BTESERFEIF. BEEFMRZIEUOHETIHRABREEEMBESHROREICINZ T, INEFTOR
ISTIRELETERD > RO D FEEHH T AIREEZWH TWD, ULich> T RiAAKIE. FMTHIE
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S KIIRZEIC MAAs DFFRERFENLDFKEL TW 2 ET BREFMRN L DBEICES
N3 & SICBNIE MAAs D& D REZERBIEHERAFTE %,
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