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1-1  [RFEHE

RFT, AR EALED O T IZB W TIRIAWVEREEZ AT 5, FLITENLIERINS
HRT, HE ORI DWE % FFEREFESD, REORIFERE L TRARIZITZA YE
NEEENT T 774 MRH D,

R FIFA[F L sp? IRAEHGE ZTE Rk L C, EUEROS ARG EZ A L TWDDORT A
YESRTHY, EAE LTHIRELEPED, £/, ALXAYES NI, By F—0DH
Feoa—F 4 THMEIE LTHEHAVLN TS, —J7, BT T 7 74 ML, RFEH
SR AN sp? IRAREE ZTER L, ANAMETVEAFEE LIcBETH D, $hEORITHND
NTWo, B @M OMAEAERIZIC D, $hELKO L ToT & BEE TR E R
T, BOBEZHIK 2 &R TE D,

RFEMBHI, ¥AVYEL FRBIN(T T 774 MO X S ICT R TORFBLE D HIE T
ELbDLERFFREZHE TERWIEREIR DO b DIZHET 52 LN T
D, WarDEFIZHNONTND DD IR, FRE IR DIRFEMETH 5,
P22 B THH T ART LD LRI T VF LR TRE Y & D RFMEHTD
72 < KBRS DIESE IR FEMEHIBARANNC IR P72 o T2 A LT D, 7272, &R L
LCT LRy NI =7 BT D72, HFmE & 725,

BIZIE =R T Ty 79K A ¥ELY KT A 7 J1—74 2 (DLC : Diamond like Carbon)
3. REMRIEREREMBICTH D, D—R T T v 7%, ZA YDA LOHMHEM L L
TREIAENTND, ZOIENITH, BERCHIRIA 7 0GR E LTHRASRT
W5, ¥£72, DLC 1344 V& FEEMOTRINE ST 2BNRFEMETHD, ZD
DLC B, Rzt 2% Mea—7 1 78 E LT, ~N— K7 4 27 OREH
N7 EITEIE<S FIH S Tn 5,

F 7o, KFEWHE(Carbon fiber)iX, MR EREN(T T 7 7 A Db fAEIE % & OMHER O
IRFMEFT D 5, & OREEOBHIESCELS 72 & DWW LY | e o o fth 2R3 720,
RRICIS U B R S T D, REMMHMETHIMTHW NS Z 137 <
BIEPE T X v 7 AR EE M LT EAMEIOBE DR FELERISEIEDO T 572 &
WCHWBN D, REMHEE O EAMENE LCiE, REMHERIL T 7 2T v 7 R HE
MRMETRL IR FBE O B2 ER3 BV | TRIAWDE TRIH ST g,

DX IRBMEHIRE S HBICRB L TVWD —H T, BRICREFEEZBETE
PRNTZ D IE B (RS ) IR BB O RS UL, FFRICBH Th D, FRE LT, Th
OOBREFIA = XL EWREICEZD 2 L3 THREETH 5,

—H T T—=Vv T ) Fa—T TT T2 ITREEND T =R BN,
1980 EANEL YLABRIZHEIE D3 B M S el LW RFEMEIcH 5, F/ A— |



N A XOWEERFFS, VU a b2 RIERMELE LTI ST D, Zhid,
BEAF DM BERRFOREME 2 3E M8 FREDS, -/ I — R U MEHZ R EN T 5728 T
boDe BUE, T/ —RUMEHE, HEEM B BEWPE, EIEER, St~ T oY
ABEIRE L ZHEASOISAPRTFT SN TV D & &b, R TEN R L~ cllis
T2 72 OHEMBARE DK AN TR TN D,

T =R UMENE, RIEEIC L o THET D 2 &N TE b (Figure 1-1),

Fullerene Nanotube Graphene

Zero—dimensional One—dimensional Two—dimensional

Figure 1-1. Dimensionality of nanocarbons

77— L L 0 IRTEDERIRAEIER TH 5, Smalley, Curl, Heath, O'Brien & Kroto o I3,
1985 4FIZ/Ny 7 R U AR —T T — L (Ceo) & HID THAE LTV BRI, 2D, Kroto,
Curl, Smalley /% 1996 fFiZ /) —~VUHLFEAZEH L TWD, £/, ComR7 7 — L
V. EBBRNET T — Lyl BIKKFRMERI N TWD, BT, &FEITEILT T
L, KFEREDOBRILHERLND T ENB LERELHDE, &b, 7T —L &b
&AL 72 PCBM #FERIE, n OAREARME L L THHEICRHH STV D,

77—V OIERYEOR T, 7 — 7 EIENFERB R HIETH D, Kigr BRI
L 72121289 50200 Torr DAT A A(NY U AT AV EE AL, REZEME LT, 7—7 )%
BASHEDHILET, 79—L U2 BHILENTED, Co Crn @IRT7 77— L DAL
bR TE D05, ZONERIIA N ADOFIH, [£7), BEERR EMkx 7o mm < RTF
T D, Flos AL 7 —Ld, AREBEICET 20T, fikrn~ 777 14—
W THBERERT 5 2 LR TE D,

—h. 77—V OABILTFRIREERIE. BE L OGRS V— TRk L T&E T2,
2002 4=, B EZE B3Rk (Flash Vacuum Pyrolysis : FVP) & VW5 Z &2 XK V| Scott &
N7 T — L OEERRIZERE LT DRI 0.1%~1%)5,

=R F ) Fa—713 1 RTOFREELRTH D, 191 4, L@ —RF 7 F
= —7(MNWT : Multi Walled Carbon Nano Tubes) D& AR & P2 2 S H 2N L C



WHBLRIZ 1993 4E1Z 1, BB I —7AR v/ I = — 7 (SWNT : Single Walled Carbon Nano
Tubes)DFE A WL L CWBEL Fo, B—RoF ) Fa—TI3ZEMMNIFEHEL, kx
SFENGT DI LNTE, ZOREPIFZES TN DI,

H—RoF ) Fa—TORERRFHE LT, ENBBRRENRT OND, ZEh
—AR T F a—T7 OFEMEERITA 0.9 TPa, 5IHEREIL 11-150 GPa TH Y | HEFN—R
YF ) F 2 —T7 OWMESRITH 1.0 TPa, 5I9RIREIL 13-53 GPa ThH S, —FH T, TH¥EH
Sk DRI 0.21 TPa, BIEMEIL0.19GPa TH D, S5, FUREMEE LT,
TTICE K LIED TV D REHE(T — R > 7 7 A =)D HMERIL 0.1-0.9 TPa TH Y |
SR IX 1-7GPa TH D, ZNOLDOEE IR L TH I —R T ) F o — 7 OFEBINH
ERENTND ZENDD D, EOMITE  BEITBMRBERC B ML ENE 7 & ffix
REE R o T D,

WIZ, HA T VT 4L oTHEI—R T /) Fa—T1, 7T—LF =T, 7%
IR A TN GFES D (Figure 1-2), S HIZ, ZOHA T VT 4 OEWVIET 22—
THEETZT T, BB E IR EEERNIHE A RS TV LY, —HT ZE—R
T Fa—T B THEEINE RO — R T ) F o — 7 BIEET U, 2
72 & L CEEBMNIC2 5, Zok, BLEMNIZIIZE I —Rr ) ) Fa—71F,
ERIIEE 2o TV D B BND,

Armchair

Figure 1-2. Structure models of carbon nanotube.

BE =R T ) Fa—TOERIEE, 7— 7 &L L——T 7 L— 3 Uik,
5K (CVDNES 7 ERlE T H D,

FP T MEECE LTI F— L o OERHOEERNZOEEH LTV
W, AT T BT RYDENFMER RIS, T AN U LT R)YDET] 20K
B D ZAE(300-500 Torr) THifi 7= L | IRFBEMRFNC T — 7l & L = 7 & 2R o iz
LR —R T ) Fa—TRERSNDY, Fo, NVY e EEERAME L LT wi%



Mz 22 & CHET ) Fa—T7nERSNDM0, L Lan s, EfHIc R itimns
. AERDRPENEDHRETH D,

L—W—7 7 L—1 3 VIEIE, Ni-Co <° Pd-Rd 72 & O & @it % & e Béntel LU
PR A % BE U C 1000 °C LL_EIZHIEA L | YAG(Yttrium Aluminum Garnet) L —4%—/3/1
2% BERICHN L CARIEL 2 CEMEDHBEN —R T ) Fa—T7%155 0
ETHD, ZOHEEZAWT, BEh—RrF ) F2—7 O/ % Smalley & 2RI
wE LM ZoFETIE, BED—AR T ) Fa—T7 LERET, 78101
OFFFEIZHE LTV D, L LA 5, 2EE N @ C b 2 R0 R EAFE T II AR & 72803
HETH D,

(b X AR R (CVD : Chemical Vapor Deposition)iZ i, 7/ A X DER 4 8 Ol H3
FHETDIRHET, AZ 0T | F L U7 EDORILKFEST A% 500-900 °C FEEDBREE T
THRICESE TR F ) Fa—T52/{oHETHL BHBoNDI—RTF ) Fa—"T
DEOYA XX, il s R OO R X SNEFT 5, £z, CVD EIXEENR 7
NTHY ., KEAFEIZHNTND BBNET LD,

ZOMIZHZ L OERIFIERE S NN L L BMEO I —R T ) Fa—T % &
FETERNIEN, RERPEO—DThHho72D, B, hEOBHRE LI A—/—T 1
—ZEPNC L > TRIBICHME NS E I N, S HIZ, BEkbICZEh—R 7+ F
2 — 7 ORI - BPE- U & W o 72 % < OFVE G ITFEOHIFERIC L0 . fRRIZ )
STEY, KROEBNTMREZICHTE 2 AN SN TWND, EliZlh~7=X iz, —
RNt ) Fa—TOMWEIFIIAT VT A ICREKFTHT0D, AT VT 4 Ol &
ZAUTPE D KBUEAEN X 0 B2 725 TL b,

T, AERO FIEEZR W —HR T ) F 2—T OREEORBEN, 5% < &
HBENTND, ARROEEL SBFEEEEL 70> TV DA, HifEdE- £ S84 B 0TS CCAl
DT HIENTE DD, ZL ORI NV—TREEEI> T D,

777z A% RUB VRN 2T IICIER s v — MROEEEAF LTV D, B
WIS, 7T T = HMEER L IEFES T 2L S ENICB W TREAIL BT D0,
ZONRY REX Y v 73 zRd, £2, 77 7 2 IR E Y S D THEVE
ThO NG, BR-EREEMZRTIE), B RBMENC K& Bt L Vo iz
Bex a4 METH D, o, V77 2 ORBHEIL, FT1Eo0RESIC
LCTHETHE EIZEW=D, BTBIETLZENTES, 20 AEETRTIEEIL, 1
23% T LM, Tk, Ny MEEICFEOITOND 7T 7 = ORI F—DE
THEEDFER TH LM,

77 7 = OFERLS K ORE ik, K& < 2212710 b5 (Figure 1-3), 1 213k



SEHHIBE PO RIBEE IR END Py T X T ETH D, O 1ok, (BEEAH
RS E N 5 AN TC Y T 7 2 A ERIG AR N AT v FHETH D,

Top qgwn Bottom up

Hydrocarbon water gas or
Polycyclic Aromatic Hydrocarbon

Graphite Graphene

Figure 1-3. Construction method of graphene.

{EFHIHBEER, 77 774 FEBILAIZIRG L, 77 7= o Rz T52 LT
KB L, FIBELTZB(E S T 7 = U BRDFETH D, GO 77 = v % K
FERtZ, BT HAZETT I 7o l(HZENTEDL, Ll BIL7 77 = %18
TLLTCIHD Y T 7 = VERICE TR GEROKNE# I 38 & 72> T p

BRIFHIEEETX, A2y FT—T 2RV 7774 FEERL, BEHEEL-0b
IR 551k CTh D, ZDJFIEIL, Novselov & Geim S 2355 LTk 0 1 2010
) =~V E B L CWD, b CHERERTIETHHN, BbED 7 7
T EGDZENAETH D,

EFRSARRRR T, SRS SR A EE A X VR EDRALKET A ZRT Z &
T I77 2 H#RESELIHETHY  FRNBA»ORBEIFESNL TS HIETH
LU Z OFETIEH, KEERENTRE/ZR 720, EEICHE L TW DA, @ity fig 7
7 7 74 M(HOPG : Highly oriented pyrolytic graphite)2>S®IBf L7227 7 7 = > D 5nEIC
TRXITRVED, BEO—D2TH D,

Flo, ETIIARARDO T EEZRWEZY 77 2 OERGELH D, ZOHED—
FOFFIL, s R SR REICHE TX 28Ch 5, Lol s, Gl7ER
EFEAFSTHY, aX Fb@mNZ ERHEE 2> TS,

75 7 = v ONFRE JORE FIEN Sk 1 C L 2 ORI S Ak % 72 0710



HENTW5, E&Y v — 7 BMEI(SPM : Scanning Probe Microscope)ld. JEHCH]E & [
WATH ZEMWTE D, £, 77 7 =2 VRO RLBEBIRWETH 5720, A
- BAMBE(SEM : Scanning Electron Microscope)id, = DR ABIZETHDIZH L T\ 5,
T UGIART MR, 7T T = VR DIREN AT SVIREND T2 BEHIZT
TT7 2 DI EEERT D LINTE D,

777 = ORERBER LI, BRI P ONBEOR L L MEEEEF L L
W T SRR 3 B TRZEDMT O T 2,

SHIZ. 77774 ME 777 =D RE LT3 RG22 A L TEB 0. i 0w
PRIIRE SR AR D, BICHBRIER, 777 20Oy R Y v 73 HGmNICEr ThH
Do LINLEWRG, 77774 M, EFEOREMMEAEFERIZL>T, =3 —0F
nWnkEEnsd, fRELT, 77774 FOBHREBIEEBICR DM, £/, 77
774 hOREHEIIRE L 22055, b LEL ABAFEDIENIC, ABC fH/E 2 1E
LEREE & U CIAET S (Figure 1-4), KD T T 7 74 MTh 10%FEEDEIE T ABC
FEPFET D L Wbn T 58, B—pisr & LT ABC FEEHIE O Wi 2 8LRI L 7241
T2V F72, 7T 7 7 A FOBEMOBRMICHEL RIS FMRATE 2720, &
BB, A ORI, KFBED T ARFEMEVSE~DISARFE S TS, U
FOLAF L ZIREMIT, 77774 boDA 2 =T L— g VBGEISH LT
722 Td 5,

ABA ABC

Figure 1-4. Structures of o and f type graphites. (a) The ABA type a graphite form. This
structure occupies a majority in the nature. (b) The ABC type f graphite form. This structure is

unstable compared with a type graphite.



ZDXEINTT ) H—R BT DRIL, BAIATDILTWD, L LR 6, BfE
DVERUETIIA—R T ) Fa—TR7 T 7 2 OBIRE L O A X & 5220kl
HZEIIREETHY, EHLTHIEELDERELTCLEY, 2D, I—R T/ F
2 =TT T T = VDA LIV TOREMIEIL, KRR SE2E LTS, i
5 OREE & E OB & FEICRAE T D Z TR, B AR B TRL
BT e HERE D F BT BIZ BN D,

i L MO EZ AT 5 BT o =R U ORI, Aol o 1 ok
LTEZLNTWD, ZHUE, DFF/ D—RUR, G A X2 mRITEHRSH
=720 Tho, ot ) =R OfSHEEEA L TWVWHTEDTHDH, TD—F
T OF T 7 =RV A XL TOERIT, HWENTHD, ZiLE TOREH]
P, 10 A BEU LS YA XREGT56DE51F /I —ARy & MERRT DA
b, Mz T, HIEEOABENES, VA IOHIR, =3 T — UL Ol & o
TBENS, IS =R ARICHBIEERNEE > TS,



12 ZBREBHRIEY

% B 75 A R LK 3B (PAHSs : Polycyclic aromatic hydrocarbons)if, ~7 & Ji7-CE # 5L
EEERVEFRPMES LIZRIKBEORHTHY . $Z < OFSENH 2 (Figure 1-5),
ZER T ENEIRACKTRIT, T DERIETE DE\ N X o TR 22 0d e 2ok L, [RIE D
BRI A H T & % (Figure 1-6),

Anthracene Pentacene Pyrene Perylene

Chrysene Corannulene Coronene Ovalene

Figure 1-5. Polycyclic Aromatic Hydrocarbons (PAHs)

B e e doe

Figure 1-6. (Top) solid and solution states of the representative PAHs under room light.
(Bottom) solid and solution states of PAHs under UV lamp irradiation. (from the left,

anthracene, tetracene, phenanthrene, pyrene and perylene).

—J T, n HEOIERIZHEN T ORIEMEH U, AR~ OEMEME T35,
Z D7 EAIREROGMEZ B DO RFEBNTIRETT 2 2 LIRS TlERW, E£72,
n AR OIEIRIZAEND HOMO O =3 L —HERS B L, K& CTORY iy [ 5
272 %, 2O OMEEZMET 5 LT, BT v lF 08 NL, SRR TGIEL
LTEBATWND,

LR B ERACK BRI ERIESA~T 0 i 28 A L 2R S EREAWIT. ZREE



RS & FRE, L BT TS, S6iC, AMERDRFNT PR H
(OFET)™, k4 A A — RPU HHKBGEMOPV)PIE Wo oA=L 7 br =27 2
BEE LTHBIFREDREAITON TS, 29 LA L ha=2 AMEH2IX, BF#
LB EHENE D 7= D EE LN Bk S D, FRS, AREBE O 43 fif 2R3 Rl 05k
B2 813, T35 ZREO B H bR EOBEEL 52 5, 20D, ZhbD
BREZ O TR LM B RIE & LT, FEBREN RTINS TV D,

F o, AHEAMET OBEHEOFIECME OB LY | WIEE T T mxLF
— WML T ORAMEE G T2 Z ENTE D, TNDHIE, 73 RFFEICRE < 2
EHZHZENMLENTNDE, Z20—FHT, v UTERICHES ZV N, BTH
VR, T = A VOB IRECHIEICE L COMEIIR LT\, I, ZEREE
ALE D T PN H T A R, — BN LE CEEN 27D Th D, Lol
WO, ZNHAFA LT = A AL, AT L7 bu =7 AR TR ER S
TWAH 2F Y | 26 ORMAVREFIRESCIEDIEINIX, ZRAEBICAM O
TR OSBRI TS Cle < L B A= L 7 bu =7 AR ARG 5 BT, EER
Rtz b 7222,

EBIT, BBEREBECAWIL. T/ I —R o OJRANRESHETH D, TDID,
TN EBREFFEACAEY & MR BT 5 2 & © HITE OEICSy T h—
RUEMETEDLEZZOND, BEL ORI N—T3, 5T ) =R 2@ L
TWVDED, BWRIS TR X DRI, PR OEME SRR 12 20 Ry L3
LEOCHEIT L2V E W T @ER S H Y | ZOMAITELEAT S THDLEEF XD, M
R CELT 1T ) =R OEFMERLLEMEICE L Th, +aBE L 2T iE%k
572N,

10



1-3 AL OBEE

1 BT, REMEE SBRBEEACEYOMBUC OV TIR R, F ) I —R 3R
TPEREZ ZIRIZA LTV D Z ER RSN TE Y RIAEE L CTHFZEN RS AT
NWTWOMERETH D, L LN 5 BUEDIERUTIE TITTRAROY A X% s (il i
T2 LIEES T, BIRESOR - L)L CORERMMMEIL, F72RMI725 5y
NE, TS OffE L MPEOFIB A MR35 Z L A TEIUL, B2 D MERED M) ER0HT
7= 72 BERE DR BT HAZ B D D,

Z 9 LIAErE L OB 2R3 % BT, 1) h—R O, Fahidiik
D1OLELTEZLINTWD, UL, 1/ H—RUD, EEECY A X & 5820
ERINTH—RSTTHY ., DOF ) =R OESEEEAE L WL TH D,
FER L LT, HiE L MO ZABRICBIIT 2 2 LR TE 5, E6IT, HTFikitoR
HEOR S, =X — LV Ol EOBEND, 57T/ —HRrBERICHIER
NEF-TND,

BEIC, B2 < OB N—T N3 TF ) =R 2 HE L TWEH, VIR TR
BT & 2 1R AR D VR R FER0 B i 2 e \ I 2 MWD b 5 il & £ 71255
HZ0,

Z ORI GRSCTIE, SR ERILEM A R ER & L TR, B LR E Ry
I I —R  OREEL R B NSNS ORI 2 B 21T o 7=, 28R HFE(b
BEHOFTH, HL ML TONTNDHELICEH Lz, ELiid, FEen%
BThy, MEEHELELTERATHDI EEXT,

ST R EEET D BT, BRI X DRI OMEER ST, SIS
TR, LAEOBEWRIETH D, L LN L, BIBMAD G2 ENE 2 & O mh
HHETDMCBUSET LW &b H D, LI K DRISIET N T FF K
ZREH L, A E CBENRE LT WGANE SUSER SN B BN D, 2D,
W EESR & 72 D 2B BIRL G OIBLIZ L 5 B IR OB MUGHEA BT 5 Z
L BF T =R DIRFCRB W TCEHEBRA R HI2 2%, £, ARETT A
AHNZEB T 2 At ORBRLERIEIX, EEAREZ R,

Z T, 2EW TR, LM TIHAEOmWE L EXRT LAZER L, 2bHD
AN TFF RV T TF A RO N TR, EIREBEOYNE L RANICIHEA LT,

3ETIHL2ETHEONIZMAAE S L2 56D sp? fRFE D5 72 % Tetrabenzoperipentacene
DERIEOBRR L W 21T 5 7,

4 BTIE, BN B LTS F T/ B — R ORERLESE DRSS b ONTHOERE o b
728, BEREDILTERNM 52 BIICE LD 4, 5D C=C #&a % B-N f5A CE#HR L

11



4-aza-5-phenyl-borapyrene D& k72 & N Z OYMEIZ OV TIHAE LT, 4 EOMFEEARIT
Tiibingen K7 ® Bettinger 4% & D LFIMFETH %,
RIRIT, 55 ETHRIG L ABROREIC OV TIE~D,

12
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%R 5 B RIRALKFE(PAHS) I, ¥ > V72 T V) 7208 B B MR 1 -5 A4
ke EERANRYEE FFOMEREO— 2> TH Y | TOFEHFIEIZHEEHETHD, —
JiTC. R ERCEHOBATEIL, AT L7 ha =2 A7/ 2 TWERIZAER L
0. BEMEL U CEET AR Y, B CTH DI, B IR E 72 7 0 B
BT 72 <o FEMZRMEZ BN IHE L72BlTT & A L7220,

ZOETIE, THEIREBICBIT 2 LU B RO LUBERO AR, EB I OER
{LZERREE 2 R L 72 1T 240 6 OB O EaTl 72 & NZ IR LT K 2 &/ BEMED
oAb % B BRI A L7,
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2-1 FFiw : Clar Bl & 2RIEEFRRILAKE

1972 FRIZH S S4L7z Clar AllE, 28R 7&K R (LK (PAHS) D1 & Kekulé #i o BY
RaF LTV, Z BN, ZERSEBERCKFEOWVE, K720 F DL EMZ Kekulé
ERIZE SN n B OOMIC K> THALTZb DO TH Y | RS FHRRLAKFEOY
PRI X OB PR 2 BT 5 L THOZRGIETH 55,

LR FERRIKFZEL LT, T oty ELUrBIORY L %2627 T (Figure
2-1), T b Ty, BLVBIUORY LUE, 32, 4 OBIO S5 OB UERN
TNEIME LICHEEIRTH 5, 25 O BiS b  Kekulé | Clar B D15 % Figure
2-1 1ZRT,

FT. ELUACONTE R D, Bl L VSO A D ST 5 Kekulé o
X, Clar QI K > TPHIESNTZ 2 OB VRN, RTEL L7-iE &R TR
2B &R LTS (Figure 2-1), $£72, HSSH X SEERENT 226 Figure 2-1b & 2-1c
OREEIL, FEERECHOLBEAL Y b LETHDH I ENRBIND, FERIC, 5
R RAESHBENSOThE S CICHIMREEREEORS ZRTHEETH D
harmonic oscillator model of aromaticity HOMA)PDfEZHH L7= & Z A, Clar ] & BV
B87% 7~ L7z, ¥ 7=, nucleus-independent chemical shift(NICS)!®! g & [RIER DFE K27~ LT=,

Wiz, RV L ® Kekulé B IL, Clar i L > TTFHIENTZ 2 2O F 7 X L
RS, JRTEL U7oAiE & fied C RAF7eFHRE 27~ LT D (Figure 2-1), F 72, HASGE Xt
WEIEMHT 5 | Figure 2-1e & 2-1f OAFIEIL, SRS TiOLIBHER LY b LETH
DI ENRBEND, HOMAEAZ R L= L 2 A, Clar Hl & BVWHEBIZ 7R L, NICS fi
b RBROFE R 2R LT,

—FH. TV RTEAL ELUBRIORY L BT R SRR E R LT D, Clar
Az L7256, —2ORB#ENRE 2 b0, EOBERICBNTHRUE VB
Z 1 DL 2 EMNTE R (Figure 2-1i), T OFER, T 3 DOXE BRI
FTHHEBEOFEFHFEMEZ T L THTE 5, EBEIC HOMA xR LzE 2 A, 3
DOONBURITNTALFRBREDfEZ R L, Clar Hl & BWHEZ R LT,

ek Clar HIllZ, HEBRDSEHMES LG & Fio 7o n RS T O HEIREBOZE
PEEEZFA L2 O TH o722, I, 2O Clar Q&2 AWCTH o %R0 T0OET
BEERDIRANMTOI TS, flziE, 77— 00 p—RoF ) Fa—7M 0 5
27772 75T ) YRR ERETOND, A ARKREL, K
D MBS DRI A #GR T S BT, Clar AlITAMATH L Z &R ESh TV D,
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(h) (i)
4 10 5

3 6

2 7

Figure 2-1. (a) X-ray crystal structure of pyrene with HOMA values (in bold),!"”! (b) one of the

Kekulé resonance structures of pyrene, (c) Clar structure of pyrene, (d) X-ray crystal structure
of perylene with HOMA values (in bold),™® (e) one of the Kekulé resonance structures of
perylene, and (f) Clar structure of perylene, (g) X-ray crystal structure of anthracene with
HOMA values (in bold)," (h) one of the Kekulé resonance structures of anthracene, and (i) Clar

structure of anthracene. The carbon designation is described in (b), (e) and (h)
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2-2 BRFEFHEIEY : vy L

ZER BB IBACEWE, SO RO ARSI B 22 E~DICH BRI S T D, £
DT, ELUFERT, MRV EEETIEEZR LTV, terd— 3k
BRI I KOEE 7 S 2% IRIAWGE THW LT AP —iigic, 2h
OIFERITIRIRCIRE TRV E LR TIEEZ R0, BRRETIIACS G ORI LY
OO E | FOLEFICRITE T 2 H 510, Zhid, A EL F0%0o0
MEFE L THWEES, T3 AMREDIR TICORN S, 2D, HFD_y X 7k
WEEHIE L, EAREOHOE 2R F 72 13m ST A0 5% < & 517,

Bz X, SRS E R WA TR B A LB L BRI, B L ME O
WiEL 257, BRI IH S, BEHRRETH SWEDtEFINEEZ R, Zo
Eole, BEKREZERT D Z & THRWEEZ R T B 5% 2 B 4EHE %Ot AE -
Aggregation-Induced Emission) & FESS, Z OBIRZH T 2WERIL. ABENEEY A4 —F
(OLED : Organic Light-emitting Diode)#A BHZw# L T ¥ | EAF L EZ ANIEHT 2720
DI D—>Td B,

VL OB, RS e To s, THRIREEOMMEOWEDITHEZ < H DA, B
{LARREIZ I8 1T D WPED B FIT D 720, ZOERIT., BLEO S WSS H 5, HEE
BOE LV OBLIIARFHHTHY . ELTT PHNDTF AR, 1HERRAY 2
v L AT H(Scheme 2-1)2, Z D7, B L DOATF AL FEELZEICHBET 57
DIZIX, BUSHEZHIET 5 2 L3 b TEE L 725,

Rathore 513 1,3,6,8 7 b T4 Y 7 u L DT VhNVAF 4 OHEEiZHE L
TWAE = k&ML, +0.98 V(SCE (2% L C)TRIWIER(LIE 27~ L. 494 nm (258
WT T HNTTF A BROWIN AR LTV D, F72, Laali 53 SbFs/SO.CIF % VT 2
BIBLINTZT AFLE L U OKE BC NMR OBLAN R E) L T2

—H 2MNBIXORTIMICY 7 2= AT X ) EKEEATHE T, BELLEY T A
FEOBBEZFEOSHAME L TWDEBEL L LN S, ZORTIHIEERIET 2/ ENLIZ
RTEAELTEBY BV REROIMINCH S, TOMIZEH 2,7 VRV LEL DTV
NT =Fv, VT =Fr Vo7 =4 U FOREFH H 52

ZOXINT, BV UHEERO D F A URERT =4 URRICET 2 mEFIL, Dens T
HLHHLOD, B LU REEOEFRBOZ(MIZ OV TERICIRAE L 72FIXT L A L7
VY,
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ot
sel 1o -
CH,Cl, OQ

+ other oligomers

Scheme 2-1. Oxidative oligomerization of an intact pyrene and single crystal X-ray structure of

dimer.
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WIT, R LB FRRBEANATONTE 207 Th b, LR EHERILKFEOH T
HAY L OSSR ICRIT, WD TEVWMEZ /R (Pr =097 Y7 A X)), £
72 XU L r?d3, 4,9, 10 (if(Figure 2-1e)lC 7 = = VL AE A L723,4,9, 107 7 7 =
=AY L Yrnn AR T 094 L EOESEE I ER A o)

Fo. NV LT =FrBLOVT =4 UKIE, IRE S BRI T R0 %
NOEDOH T AU BIORTITFAARIT, BORISHEEZ A L T 5 72 DT AR O TR
THDHY, RAT YT 2T I VG LY U UBEROB I, BEEMES L &R
EAERT D ENRESNTODE, LzRosT, XY Lo F A REEZRHET D
I, RISYEDEWMLEZ BRI K-> CTR#ET L Z 3, ARRFETHD EEXD
N5,

—BT, YU LT3, 4,9, 10 NEDBUSHER S L TR NV EREEZRSITEAT L
ZENRTELPL KR, 7 h T T AF ALY LT ShF/SOLCIF % VT 2 B 1Rk
52 EMTE, KR PC NMR TALZ VMBI ST 5 0800 Bl oD e 22 e
FEOPVECOWTIE, FEMICTE STV,

F 72, Bettinger 1%, ®mIKT B BNRMEBHF CODF A AR ERKGITERT HFEE
WEL TV BE

2D XD ICEZREBFBCAEYWOTHEREOYIET, BHEZ < RESNTWDLN, I FF
FEOHEEFIIR SN TS, ZHUE, T4 R RIOICARLETHY . HEET 5 2
EDRREERT-OTHDH, L L2, TV DNATFH R T4 L, BE
RIS 2 EHERPRUATZ TR AT L7 b u =27 2P 812 b I IERIZ AR
L TR 2o OFEMARMMERINL. B G HORDBRIATZ T Tle < | AR

DR FHEEHOMERER EIC b S35 B 2 5 b,

Mz T, BHIREOELCBRALAE D2 E M & Je ik 72 Clar JIl 2 VBRIV RIER
THLZENTENL, BEL OZREFEFREWCHEIGTE ARRMRIZRD LEX
b5,
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2-3 ELUBEERBIONY VUBEEDSS TG
LREEFAMOTTEH ., Ml TIHHAMEOE N L &Y LUZER L, Hi

WREIZ BT D 5k L OERIL TR 2 ] L7z =T, 21 5 O LFE O WL 72
O NTRRIEIC & IRAEDZEAL % EBR- FRFRAVICAERA L, Clar RO NI SV T
T L,

FI EHILOREE L O ONZEHIEONLE OIE WD KT T WM D22 0 2 A 9
HZEEHMIC, ELUD1,3,6,80LL 4,59, 10\ & EAf L7- 2L BB RE %G L
72(Scheme 2-2), =D, EA{LIZHE D B HIREEDOE(LLLZENEIZ OV THllAE L7z,

WIZ, FEEALE DRI DY U U FHER ARG L, BEHEOAE OBV KT T T
HIFFMEDIEWLEFIREE DO ZARIZ DUV TEEMMIZFHA L 72 (Scheme 2-3),

O OMes

OMes or O or @OMes
o

T
Y ‘ Y

Scheme 2-2. Molecular design of pyrene derivatives.

OMes
Mes

cécé

z: !—OOMe

0
O 00

Scheme 2-3. Molecular design of perylene derivatives.
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2-4 BV UBEEOAR L B X SR ERT

B L URBEIR 241, 2-2, 2-3 B L (N 2-4 DAk E Scheme 2-4 [Z/RT, = Uil &
LR FIEPNZ LY 2-1209% 74% DI TRz, Zofbaid, ME#gRE L 0
BRI W TIHAEO & 288 & L TR,

bW 2-7 £ 2- 1205 v 7)) I ROSIZE D B L UFFEK 2-1 IR 32% T, £
e AbEW 2-12 LRHET 27 RET U R T R 29PN L DR o T RGN B E L
PR 2-2 2R 40% TT2, RERIC, (LG 2-13P9L 2-8 LD v 7V T RED B
LUK 2-3 IR 18% Tz, (LG 2-12 £ 2-10 LD v 7 ) VT RIEN B E
L UFBER 2-4 & 37% DR TR, b ELURBERIT, BESH. 'THNMR, PC
NMR, Hifkdh X S EMRITIC L0 [FE Lz,

OMes OMes OMes OMes OMes 'Pr
- e (1)
Cl-Pd-NH, )
\ XPhos iPr PC
Br Br XPhos rrby2
2-7 2-8 29 2-10 Pd cat.

Br ! Br pinB ! Bpin

(b )

Br Br i
2-11

pinB
212 MesO

Scheme 2-4. Synthesis of pyrene derivatives. Reaction conditions: (a) B:Pin,, KOAc,
PdCL(PPhs), (b) HBpin, NiClx(dppp), (c) 2-7, KsPOs, Pd cat. (d) 2-9, KsPOs, Pd cat. (e) 2-8,
K3POs, Pd cat. and (f) 2-10, K3POs, Pd cat. Bpin = 3, 3, 4, 4-tetramethyl-1, 3, 2-dioxaborolanyl,

Mes = mesityl.
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WIT, B LU FEK 2-1, 2-2, 2-3 38 L0 2-4 O B S & 2 o=~ (Figure 2-2)R7, £t
Ly aliEmZ el tmTh o, BAOT Y —)VIEOSAREE D=8 face-to-face D73
XU HEITIEE L TV iedroTe, ZTHUZ XK B L URBOMAEERITIZE A ERNE
BExbivb,

BV UL 2-1 DT T FARITE L BRI LT 64, 66°HVT UM, B L
R 22 & 2-3 1%, SEARFEEDZS B L BRI L TCUIIEEE TH - 72 (FhEh 83°
L 84%), IHIT, BLyEER 24 07 = = VT, B L ERRISKR LT 490, 520

T\,
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Figure 2-2. Single-crystal X-ray structures of pyrene derivatives. (a) top view and (b) side view
of 2-1, (c) top view and (d) side view of 2-2, (e) top view and (f) side view of 2-3 and (g) top
view and (h) side view of 2-4. *The contributions to the scattering arising from the presence of
the disordered solvents in the crystals were removed by use of the utility SQUEEZE in the
PLATON software package.**!
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2-5 YL UBEEONEREM

B LV 2-1, 2-2, 2-3 8 K0 2-4 ORI ITHRBIN & EE A b /L% Figure 2-3
IR, BEEHE L (e = 337 nm) & HER LT, B L UFEK -1 IZERE/L, A
DI Qe = 372 i) %R LT, DRI, E Lo b F 7 TS TO o ik
TRRTLRERTHD, £, ELUBEK221E T N TR UICHKRT D IREMEE &
BLAIL 7=,

L B ER 2-3 OHOEOIREIIE I, BEH C L OHOEOREIEE &L L TR
D, FIFALRETEFEH L TOARVWEEZSND, ELUFEEK 2413, KWK
IS e = 393 nm) 2R Ly Bl v b 7 = = VRO 1 EOTENEE L TN D L E
26D,

WIZ, PV CEIET O Y L FER 2136 K UN2-3 OHOERFIRIT, Z T 16%,
9% T o7, E L UFEMR 2-2 OEICRTIGRIT 65% & A<, Zhud7 v b7
TSR E SHEL TV DD THDLEEZLND, £, VLUK 2-4 D
HEFURIT % Th o7z, Ziud, 7V —/VEORERFIC X 5BRIEN LR ER TH
LEBEADBND,

Absorption
—241
—2-2
—2-3
——24
Fluorescence

1 -1
cm )

¢ (10°'M
"
IS
20US0S8I0N|} POZI|BLLION

300 350 400 450 500 550 600 650
A (nm)

Figure 2-3. UV/Vis absorption and fluorescence spectra of pyrene derivatives: 2-1 (red), 2-2
(blue), 2-3 (black) and 2-4 (green) in toluene at 25 °C.
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W, N6 DOEAREDOEMEZFIRD 72012, B L UFFEik 2-1,2-2,2-3 8L 124
DEEIRED WA T F v L OO & IR Z JIE L 72 (Figure 2-4), [BEAIREDH
KD — 7 WRIE, 461,487,406 3L V459 nm TH Y, T HITFERT THE SN D
HLOXIVLRERMLTEY | BERREICE T2y F U 7 EENREREELTND
TR END, E EMRETO E L UREEIK 2-1 B L0 2-4 OO E IR
ZNENITBLO2%THY, WEHRF LD bITL0ICEVEEZ R LT, fRe LT,
B L URRER 2-1 B RN 24 13, BRI BEEFE L O (AIE) 2o L7

(@) iR

Solid Fluorescence
—2-2
—23
24

2-2 2-3 2-4
'l ) 'gi : !

Normalized fluorescence

350 400 450 500 550 600
A (nm)

Figure 2-4. (a) Solid state fluorescence spectra of pyrene derivatives: 2-1 (red), 2-2 (blue), 2-3
(black) and 2-4 (green). (b) Photographs of solution and solid of pyrene derivatives. under
irradiation with a hand-held UV lamp (365 nm).
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2-6 ELVUBEEOEIILFRMER XU DFT #HE

CHCLHT DO LV U FEERDY A 7V v 7R H A~ —(CV)% =7 (Figure 2-5), &
L URBER 2-1 B0V 2-4 1F, +0.63 35X 040.81 V, +0.53 38 L U+0.86 V (Fc/Fc') D]
Wil 72 2 B O AR Lz, BEBROE L LTS L, ELUiEEk21 Bk
O 2-4 OFE—FALBENMITEBENMMAICS 7 LTV, ZhuE, BritaEERL L v
VERHEIE O B OBER Y ZRRT LR TH D, T, ELUFER 23 OF
LML, H080 V TH Y . T 7 FILEEIIE L BRI L CEFAICER L Ty
EEZBND,

WIZ, ATTFNIE AFLVIETER LT VLAY 2-1°, 2-2°, 2-3° 5 L O 2-4 D
HER R 1T o 7 (Figure 2-6), €7 WLEWY 2-1° L 2-4°0 HOMO OfiE X, L
a2 LT FERICIEREILL T, —J5, 2-3>® HOMO O#LEX, EL I il)m
L LTV, F12. FFIUEEY 2-220 HOMO OEIX, 7 N & 8N JR/TE
fELTWe, b ORERIT, KPR & BRULFEREOR R & ROV AR Lz,
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0.0 0.2 04 06 08 1.0 12 14
E/V (vs. Fc/Fc)

Figure 2-5. Cyclic voltammograms (CV) of 2-1 (red), 2-2 (blue), 2-3 (black) and 2-4 (green) in
CH,Cl,. Conditions; 0.1 M TBAPFs, Scan rate = 100 mVs ', working electrode: glassy carbon;

counter electrode: Pt.

28



LUMO

Energy [eV]
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2.1 2-2' 2-3 2-4 Pyrene

Figure 2-6. Molecular orbital diagrams of 2-1°, 2-2°, 2-3°, 2-4 and pyrene (B3LYP/6-31G(d)).

Mesityl groups were replaced by methyl groups.
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2-7 YL UBEEOBCEOILTERE L EEHE

L UREER 2-1, 2-4 OELXACFERE S O NTIEF R OER NS, TV BT A
ARE DI F A AR ER P TZ D B Z T

F. ELVBER 21 ON T A UEOERUIZONTIRARD, B L UFFER2-1 Off
BiZ, 72 A & L CTaIH TS SbCls 2 AV THT U R4 TR A =2 b L
DGR % Figure 2-7 12773, FRALAIOWINZ AL HPERRAEIZELIN U 72 5RO Amax =
372 nm)iFAR A ITIHAR L, 40 MEIRINE . EARIMEIEUZ RS WO (Amax = 1570 nm) &
B L7z, ZOWHKD ESR IEEIT-T-E 2 A, B 7T AE8BRILEZ, 202
DD MRIEWRINEE T P F A ARICH T DRI TH D 2 L ARIB S T,

— RIS, FUINI T A URT, ORISR T OO R LETH LM, BEK
[RFETDOTIHNHF A AR 2-1" O, 50 REEILL EOZEMEEZ /R L, Wb TR
EIRT AN TF A THDHZ LB LN T,

FE{b Al SbCls(320 M &) % S HIZIRIM LTfE R, P F A AR 2- 17 O ARk 3B S 4,
UL ARIMEIE nax = 1253 nm)IZ 7 ¥ A1V T F-A AR & 1T B e 2 SR\ IRIHS 2 810 L 7=,

121
— 241
— 21"
10+ P
@ 08
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Figure 2-7. UV/Vis/NIR absorption spectra of 2-1, 2-1"" and 2-1** formed under the oxidation

with SbCls in CH2Cl; at room temperature.
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WIZ, 1 EFEEAIE LT BN TS NOSbFs 2 FHW T, B LV iFEIR 2-4 O T
FUREAER ST, F DN AR Y R L OFEFR % Figure 2-8 1277, HFHEIR
REIZZ 53172 306 nm & 393 nm OWRILHE Y, BA(EAI(1 4 &E)ORIMIZ WD L, Al
FEI(626 nm) & VT ARAMEIK (926 nm) T 72 AW 23R EL L7z, & HICREAIGGE 2 Y &)
ERINT DL TUBNHTF AR 2-4DNEEZ I, BT A AR -4 O AR
SNTce TV AT H AR 2-471% 621 nm (ZHRJA W 2 L, £ ® ESR ¥ 7 /uid
HR LT,

ORI AR SV R DR EMEOFM 2 KR T CITo7z, 24 R TH, 7
DH N F T AR 2-4TDOWRIIT 60%., 2 F A AR 2-43 DRI T 74%FE > TV,

20T
—24
—24"
ﬂ —24”
1.5
@
[§]
oy
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5 1071
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e
©
05T
0.0

400 600 800 1000 1200 1400
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Figure 2-8. UV/Vis/NIR absorption spectra of 2-4 (black), 2-4™ (red), and 2-4*" (blue) (3.0 x
10° M) formed under the oxidation with NOSbFs in CH,Cl,/CH;CN at room temperature.

WIAZ . Gaussian 09839 % N T %5 BEINL BE 2L BR G (DFT) RHAL . IRE [ 4K 1775 58 UL B 4k
(TD-DFTD)#tH 21T~ 72, —MMIZ(U)B3LYP 1%, n BT OHKIERIE 2 BN AR
D2 EBNEEOMIRE T N—TIC ko TS TnWbaM, 22T, L rdFiEk2-4 0
B F A HOFHETIX, (U)B3LYP/6-31G(d)3F5 X ONU)BLYP35/SVP (CPCM A BEET L
MeCN %A# ) Dii )7 TE3 %17 - 7= (Figure 2-9), Z L% TOHE- 5 (U)BLYP35/SVP
THH SRR, EBRE L R W —BZ " 2 LN b TV 5 HI

BRI, (U)BLYP35/SVP D5 HR1Z. (U)B3LYP /6-31G(d) &L ¥ & FEBriE & Bv—E%
7~ L 7= (Figure 2-9),
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Figure 2-9. UV/Vis/NIR absorption spectra of (a) 2-4"" and (b) 2-4*" (3.0 x 10° M) formed
under the oxidation with NOSbFs in CH>Cl/CH3CN at room temperature along with oscillator
strengths calculated by (U)B3LYP/6-31G(d) (blue) and (U)BLYP35/SVP (with CPCM solvent

model implementations in MeCN) (red).
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2-8 TFTUHANHFFUE2-47D ESR BE VA F 24 4K 2-47 D NMR HIE

T AT F A AR 2-47D ESR 7 ik, BARRICELR & 7z (Figure 2-10), 7 270
NAT A AR 2-4"D gflIX, — IR A T YV —F DI MALEMITHIST 5 g=2.0024
ThoT,

SRICE VR LAY UVEEX, 7 2RICIFREL L TEY | AY VEEOREK
ILCl, C3, C6BLUC8 LITHROLHFLGNREN-ST, TDOZ LD, 7= VLT
CHNIFH AR 24T ORI E LTS EEBE R bNRD, £, R
2 b—a v OFER, TUDNAF A AR 2-470D ESR AT hVIE, 4 DDKER T
(1.52 (4H). 1.16 (2H). 0.58 (8H)F LN 0.16G (SHNZIFIE S 7=, Z OFERIT. FiRfE
& BWFHES 77 L 7= (Figure 2-10),

W, IHTA AR 24 DI ED = R L ¥ —7E% DFT tHEIC K W EIH L=, &
DOFER, 15.6kcal/mol D= R/ F—#E2F L, “HELY L —HEDHFNLETHDH Z
LIMRMEDL b,

CATF A MK 2-47 D PC NMR % CD:CN H1-40 °C THIE L7z & 2 A, FRENMEW G
DO, FEREIC TSNS 130 — 27 N2 TEIR S - (Figure 2-11), 2D Z &
Mo b, 247 ORERIEIL, —BEEHRETHD Z LRI,
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(a)

—— Experiment

g =2.0024

—— Simulation

AH=0.7 G

328.0 329.0 330.0 331.0

ImT

Figure 2-10. (a) ESR spectrum and simulation of 2-4°*, (b) hyperfine coupling constants and (c)
spin density of 2-4"" by DFT calculations at the UBLYP35/SVP (with CPCM solvent model

implementations in MeCN).
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Figure 2-11. C NMR spectra of (a) neutral 2-4 in CDCl; at room temperature and (b) dication

2-4’" in CDsCN at —40 °C. * means a solvent peak.
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2.9 B LU UHBEE 247 OREA#EE. HOMA B XU NICS &

CHFA R -4 ORFERESD 2 LTk L7z (Figure 2-12), Y F A R
2-4*72(SbCle)y DB IE N D, BT X —T =4 BE L O ETICALEIC LTV
Too PANTH AR 2-4NIHBIT D7 = =V EO TEAIL 41°B LN 492°TH Y | HiRikiE
D7 2= VEOME LT 5L, 7= VT 8UIZ LT Wz, 61T, I F
AR 2-47 0 Cl, C2, C3 DDAk SN iRk, T 7 & Lo gisicmg- T 9°
12 UAVT- M 1E T & - 72 (Figure 2-13),

CATFA MR 2 OFREERNOEZ DL BEMEOX ) A FOFEIL, YT A
WHEZ 22 EALT D 7o IR TE 220 2 & DVRIE S L7 (Figure 2-12), HIPEIRRE & Lk
THE, VAT AN 247D C4-C5 BL U CI-CI0 DFEERIFEL 720, C3a-C4, C5-
C5a, C8a—C9 B LT C10-Cl0a [ZB T HfERITFES 2o T e, T DHIRND,
F 7 & L USSR A L IEBRIZE LD 1,3, 6, 8 (LI EICRIE L L TWS =
EMWRBE I LT, DFT #HE K 0 2-4* O AR 7T > 3 v /L & Mulliken atomic charges %
Hi L 7= (Figure 2-14), T OfE%, EEBMIZE LD 1, 3, 6, 8 fLIC EITREILLTEY
FERRFE R L BWFIB 2R LTz,

WIZ, B L OO F A AROFGEBNEZFEIZT 572912, HOMA & NICS
il 2 BH U7z, il A O fE A EEEED > & HOMA Ofif 2 5 H U 7245 5% Figure 2-12 7179,
FPERETIIE 7 = = AEBLIC R E R EFBRIEZH L T, P F A ARETIEE
DFFRIEN T 7 2 L AL L TV D Z ERH BT,

[FARIC  DFT BHA L 0 B U 745G BEHE A 2512 HOMA fE 35 X OYNICS fi % Figure 2-15
R, BRERATE O RIT, ERERLEBWVHEBEZ R L, LOLERL, UhTF 4
RAEDOFHFIL, BT AE T TOFREDOTZH, NICSOYEDHEXHED /NS < Hy A2 &
%W

INHORERENS, EL D 1,3, 6, 8 (L& RN & m W EHEL TIERidT 5 Z & T,
HETRBICFEDERMIMTZA D Z &2 R LTz, 70, BILICHEWZ O FRIENZ(
% Z & BRI O SEERIIZEER L 72 (Scheme 2-5),
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Naphtalene
Figure 2-12. The bond lengths (A) and the calculated HOMA values (bold) based on the single

crystal structures of (a) 2-4, (b) 2-4*" and (c) naphthalene.*? The mesityl groups are omitted for

clarity.
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Figure 2-13. Dihedral angle in X-ray crystal structure of 2-4°"-2(SbCls)” between the
mean-plane of the central naphthalene (in red) and the plane constructed by C1, C2 and C3

atoms (in blue).

Figure 2-14. (a) Electrostatic potential and (b) Mulliken atomic charges of 2-4**.
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Figure 2-15. HOMA values at the selected positions of (a) neutral and (b) dication of 2-4 and
bond lengths based on the optimized structures calculated by DFT methods. NICS (0) values at

the selected positions of (c) 2-4 and (d) its dication.

Ar, Ar Ar Ar
OO —— CQ
@ W)

Ar Ar Ar Ar

Scheme 2-5. Aromaticity relocation of pyrene 2-4 upon the two-electron oxidation.
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2-10 RV LV UBEEDOER L fEabiEE

3,9 720X 3,10 V7 oY LU OREFNTT TITH 2 BEFEIZHEN, 3,9 KT
3, 10 7 BERY LU OARERAT-N, TOHBHIES Cldehrolz, YU B7N
® Refl. GPC 3 XU Buckyprep 7 7 LADRFHRFHIL, T XTR—Th oz, S HIT,
'HNMR, 450N L OVEBEASLY ML FE—TH Y, BERORER LOZEN
B ORIE & IEREIC D Z & 13 TIREECTH - 72,

BREIZ, 7=V /= haXuoB o (viv= /D)0 E O IR LERERICE D . Sl
3,9 V7 ERY LU LM B XA EMATIC X o TRE Lz, —h5. B
7 =V M (vv=53)THED IR LR T 22 &1L D 3,107 eEXY L
YEGT, IRH 02 SOLEMORLEIT R > T,

3,907 V=Y L2251, RUNALT=Y— i3 90 TaEX) LDl
TV TR E S TEM LT3, 10 VT U —AXY L2 2-6 LRBEOEIEIZ L VA
L7z, ZHNY L UFFERIT 'THNMR, BCNMR, B &5Hr, BAEA X SRS iy
\Z &V [EFE L 72 (Scheme 2-6),

FEAIREED K RY Lo a7 ix, £ 0.041 A BL1V0.036 A O FHHiRALZA L
TEY., BRIFHETH 1o, NY LV UFER25 8L 0026 07 == 053, ~U L
VERGTKE L TR 6008 TN (Figure 2-16), £72. U L UaFEKR 2-5 B8 LT 2-6 D
fdRRBIZ I oY Lo aT oL EEEEHE. FNEN 597 8L TV584 A Tho
77
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Ar
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r, oC
2-15 + _®) ‘
B(OH), OO

Ar Ar
5

OMe
214 + o,
B(OH)

2

2-

Scheme 2-6. Reaction conditions: (a) Br,, benzene. (b) K.COs, Pd cat. Ar = p-methoxyphenyl.

The carbon designation is described in starting perylene.

Figure 2-16. X-ray single-crystal structures of 2-5 and 2-6. (a) Top view and (b) side view of
2-5, and (c) top view and (d) side view of 2-6.
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2-11 RV VUBEEONERE

AU L URHER 2-5 3 LUV 2-6 DEAM AN IS L OVEDE AT kL% Figure 2-17 12
RT, BEEHANY L e = 439 nm) & FEHE LT, Y LU RBEAR 2-5 BB LN 2-6 IX R
FAL L TE Y (hmax = 461 and 462 nm), Z ATV L& 7 = =)V EER T 1 S DO JEEN
HEBLTWDLEEZDLND, MV URIRF O L UFFEK 2-5 & 2-6 DHIEIERIT,
485nm & 487 nm TH Y . HOLEFIERIL, TNTN 8 BLUNIS% TH -7,

INHDZENL, WP ORI L a8k 2-5 L 2-6 OFEFIRERIE, b THEIL
TWDHZ ENREBEIND,

Absorption
4+ — 2-5
— 2-6
Fluoresence
—————— 2-5
------ 2-6 5
3
Q
=
0]
[«%
=]
(0]
=]
%28
=3
300 400 500 600 700

A(nm)
Figure 2-17. UV/Vis absorption (solid line) and fluorescence (broken line) spectra of 2-5 (black)

and 2-6 (red) in toluene.
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WIT, NV L FFER2-5 & 2-6 DERIREE TOHEIE AT R KOEOEE IR
ZWE L 7= (Figure 2-18), [EMARED ©°— 7 a0k RiL, R CRIE SN b D LY
LEERMELTEBY, XU LUFEE 2-5 1%, 538nm B L1623 nm DHEEREE/RL
Too XU LV FEER 2-6 TiE, 539 nm O EEZ R LI, 362, XU L UFFER
2-5 D2 SDHOEOE Y —7 (623 nm)iE, BERREICBITL=F o ~v—2R 42 R"eL Tk
D, RY L UFFEER2-5 & 2-6 DEAEIREEDOIMEIT, KESERDLZENPLNTR-
7= (Figure 2-19), £7-. BERIREETORY L U FEIK 25 & 2-6 DEOCETINERIZ, Zh
I 44%E 15% T - 1=,

Normalize fluorescence

500 600 700 800
A(nm)

Figure 2-18. Fluorescence spectra of 2-5 (black) and 2-6 (red) in the solid state.

Figure 2-19. A photograph of 2-5 and 2-6 in solution and in the solid state under irradiation with
a hand-held UV lamp (365 nm). (a) solution and (b) solid of 2-5, (c) solution and (d) solid of
2-6.
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2-12 XY VUBEEOBERILFEREL DFT 3HE

AU L UFHER 2-5 L 2-6 DEZALFE OFE R % Figure 2-20 1283, RV L UghE
K 2-5 OFALIETENITH0.4] BLUVH0.79 V, XU L U8R 2-6 OFR{LIETEMIT
+0.42 3 L U0.78 V (Fe/Fe DRI 72 B2 bil A~ L7e, MEEH O~ LoD 1 1k
BENL(+0.54 V : Fe/Feh) & Ll LT, Y LU #BE(R 2-5 & 2-6 OFRLENLIT X 0 (KEALH
W7 FLTEY, BIERESH T2 D EE2BND,

— 25
— 2-6

0.0 0.4 0.8 1.2
E/V (vs. Fc/Fc))

Figure 2-20. CV of 2-5 (black) and 2-6 (red) in CH,Cl,. Conditions; 0.1 M TBAPFs, Scan rate =

100 mVs ™', working electrode: glassy carbon; counter electrode: Pt.
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F7o. XU L UFEER 2-5 & 2-6 O DFT #H5.(B3LYP/6-31G(d)) % 1T - 7= (Figure 2-21),
AV U UEEER2-5 L 2-6 D HOMO X, 55+ 22 b= - THFEEL L TE Y . HOMO
BLOLUMO DR /LF—LULiL, EHE645-471eVELU-1.83eV ThoT,

Energy [eV]

2-5
Figure 2-21. MO diagrams of perylenes 2-5 and 2-6.

45



2-13 RV VUBEEOBRCEONE M & BEiREE

NRY VLV URHER 25 L 26 DT VANATFAUREB LTI F A ARDERIL,
NOSbF(ZAEA 1 YEEB L2 B &) &2 AV T TV S8 TR A XY VDR R %
Figure 2-22 |27~ 9,

U L UFFER 2512 1 BEOBCHIZTRINE, FRREBICA G 432 nm B LT
458 nm DOV AN L, AIRAEI(595 nm 38 L OF 743 nm) & VT ARAMEI (1002 nm)lZ 5t
LWIRIA 23 E U, F7o, ReRAFE L BEEIE(TD-DFT)IC L » TR sz T ¥
TN F A AR 25" D RPRFELOWILIL, 879nm Th -7z,

AU L URRER 2-6 12 1 HEOBACAIZ %, THRIREEIZA B 72 434 nm B LY
462 nm OWLILH 8D L, AIEAEIR (714 nm) & U7 ARAMEI(969 nm)(ZHT LRI 234
U7e £7-. BERUEEBEILEEIE(TD-DFDIC L > TR ENEZ T OB F Ik
2-6" DEW BN OWILIL, 818 nm TH -7z,

KIZ . NOSbFs & & BIZHSINGEF 2 Y &EYT D & TV DN F A AR 25" b S 4,
DA F A AR5 IR L 631 nm FEIEAZ HT 72 72 AT 23 8 BL L 7 (Figure 2-22a),
RERIC T VNI F A AR 2-6" 12 NOSbFs & & BIZIRINGH2 Y &)y T 5 &, AT H
K 2-62 A3 ERE L. 700 nm FEIK LT 5777 72 AT BRI 45 A3 36 B L 7= (Figure 2-22b),

BRI RS S oI e — 2 & ERIEI, HiA) BV EBI 2 7R L 72 (Figure 2-22),
F7-. DFT #EIC LY, OHFF K 2-55 O LR AEIC 1T 5 1 HIHL 3 BHOT X
JLF—7E1F 12.1 keal/mol Th o7z, WIZ, P HF A Ul 2-6 DEJERIRAED = /LF —
721X 21.2 keal/mol T o7z, DFTFHE LD, EHHDTHFAUARE 1 EHEOERK
BED T WLEETHD Z EMWRBENTZ, L LARND, Tt 2 HETE -
7272, AR NMR & 7 V2 BT 5 2 S IXTE R o Tz,

Fio, A AR AR S K D REEOF I Z KA T TITolcb A, U0
NAFFANRE AT A AROEFIT, EH6H 24 KM TH o7,

Efr
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Figure 2-22. UV/Vis/NIR absorption spectra of (a) 2-5 (black), 2-5"" (red), and 2-5*" (blue) (4.4
x 10° M) and (b) 2-6 (black), 2-6"" (red), and 2-6*" (blue) (1.8 x 10® M) along with the
calculated oscillator strength, formed under the oxidation with NOSbFs in CH,Cl,/CH3CN at

room temperature.
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2-14 XY LV UFHEEOBRILED ESR HIE

TIUHNITF A AR 2-57 L 2-6 DR Z2[FEIX, ESR HIEIC &L - TIT - 7= (Figure
2-23), TVANAFF AR 2-571F, BEHIRESBRTE, Y Iab—varnb,
4.10 2H), 0.65 (4H). 2.85 (4H) & )& L 7=(Figure 2-23a and Figure 2-24a),

TIANTAT I AR 2-67H AR, BHHEIHE B TE ., I 2 b—a inb,
3.90 (2H). 0.65 (4H). 2.85 (4H) & JfiJ& L 7=(Figure 2-23b and Figure 2-24c¢),

DFT R LV RDEACVEEIL, D T2ERICIEREL T, YUV FH
K2-57L2-6"1%, 7= LETEBRINT C3,C4, CIBLVCI0O ETHRLEWVALE Y
B &4 L CU = (Figure 2-24b, d),

(a) (b)
—— Observed
—— Observed
g =2.0019
g =2.0023
—— Simulation —— Simulation
AH=1.0G

327 328 329 330 331 332 333 327 328 329 330 331 332 333
/mT /mT

Figure 2-23. ESR spectra and simulations of (a) 2-5"" and (b) 2-6"".
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Figure 2-24. DFT calculations at the UBLYP35/SVP (with CPCM solvent model
implementations in MeCN). (a) hyperfine coupling constants of 2-5, (b) spin density of 2-57,
(c) hyperfine coupling constants of 2-6"", and (d) spin density of 2-6"".
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2-15 XY VUBEED 2 BT D FEREDOEL

AR Z7muXZ o eNT 2N OFRBICEY | RFARKHOT T K
2-5%" 2(SbCle) & #537= (Figure 2-25), ¥ H F 4 K 2-52 D E NS, Ao X —T =
TR Y VO ETICELTEY, N LUERKE T = =V O 2 mAE 350
Tholo, THIRED 2 M LT 5L, 72 =AM 260N T e, B LU
K 24 L FIBICEECHDI A XL T2 VDX ) A ML, U F Ak
RROLZEMIZTFLG L TWD I ENRB I, £72, Ema A L7z Y L O3CERIZW
L ONBHDHDDPET KIFFETIZRY Lo P hFF ARD BRI % B & )\ L0
DTOFTH D,

AT A AR 2-57 D C4-C5, C6-C6a, C10-C11 B L N CI12-Cl2a DFEGRITREL 20,
C3a—C4, C5-C6, C6a—C6b, C6b—C12d, C9b—C12d, CI9b-C10, C11-C12 33 L X C12a-C12b 13,
Fi< 72 o T (Figure 2-25), MO DREEREEBRT DL, 7 M7 ROMEL
AL, EEBMINY LD 3, 9 EITRIEIL L TWD Z ERRE Sz, DFT 3154
X0 242D FERT > v /L & Mulliken atomic charges % H H L 72 (Figure 2-26), & D&
o EBMIIRY LD 3,9 EICREIL TEY |, EREREBWHEZ R L,

Fio, PAFAUAR2-5D CL, C2, C3 DRI N D T, FERO 7> F 7k
BT IR D> T 10°42 UL T 7= (Figure 2-27),

AL I O RS G EEEE 2 SR L URREIR 2-5 & U F A U1K 2-57' 0 HOMA i % 5
i U, Figure 2-25 (/R LTz, ZOfER, FMIREDO G HBEMEIL2 2DF 7 % L UFLIC
RELHFELTBY, 2B FBILINTV DT A URETIE, TOFEHERT v T
TUEASEZIELTND Z ENRERFEL LTHLMNI ST,

—h. VATFA AR 2-67TiE, HREMEERIT T 2IZ L OBEBRPEONTED
T EWmEE LV EOGFHREE TR Ls, YT A AR 2-6 D C4-CS5, C6-Cha, C10-
Cll BEL TV C12-Cl2a DFEEGRITEL 72D, C3a-C4, C5-C6, C6a-Coéb, C6b—C12d, C9b—
Cl12d, C9b-C10, C11-C12 3 L ¥ C12a-C12b 1E, FE< 72> T /= (Figure 2-28), ZAiLH D
MAEREBRETLE, 7270 L URROEL A L, EEMIEINY LD 3, 10 Ll
FIZRIEAL L TV D Z L 3R S 7= (Figure 2-29),

FEPRIC, DFT 3R L HH LRSS R4 5KIZ HOMA OfEZ R Lz, = Of5R.
HFPERREDIFEFRIEIL 2 SO FT 7 2 L AL RE S FE LTV en, 2 EF I
TV HF A ARBETIE, TOWEBEMNEN T =T b LB~ EEE LTS Z L
B 2T 72 > 72 (Figure 2-28),
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(b)

Neutral Dication Anthracene

Figure 2-25. The bond lengths (A) and the calculated HOMA values (bold) based on the single

crystal structures of (a) 2-5, (b) 2-5°" and (c) anthracene.
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Figure 2-27. Dihedral angle in X-ray crystal structure of 2-5*" between the mean-plane of the

central anthracene (in red) and the plane constructed by C1, C2 and C3 atoms (in blue).
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Neutral Dication Phenanthrene

Figure 2-28. The bond lengths (A) and the calculated HOMA values (bold) based on the
optimized structures of (a) 2-6, (b) 2-6>" and (c) phenanthrene.
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Figure 2-29. (a) Electrostatic potential and (b) Mulliken atomic charges of 2-6>.
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HPEIRAEDN D O T A ARBBIC AL T D B @ OLEIC K > TIEEM OLELT
DALEDIRE-TL D, Thb b, BHIEOMEIC L > THE Y OIER O ILIERAE &
BTE D AREME A RWE LT,

AU L URBER 2-5 [ZHPPERREETIZ S 7 X L OB ERIEOE S AR L, YA F A
WREETIET v T OFFERMEOTFSE27R Lic, —J, XU L UGFER 2-6 IXH R
BBCIET 7 X L DBEEREOFHFGEEZR L VAT A RETE T =F v P LU DFEE
VDTG ER LI, TNHDOZENDL, VHFAREBIZE W TY Clar B 273
K oETIRER L D 2 L BNFERIIZIEI T 72 & %5 2 5115 (Scheme 2-7),

Fo, AV L UBEK 25 2.6 DT R X —EERH LI E A, Y LUBER
2-6>DJFN, 0.58 kcal/mol ZETHY, T b Tk T =T b L DREMNDR
MHETHEL WD EEZLND,

{ )
ll
Y

|

()
{

)

Scheme 2-7. Aromaticity relocation of perylenes 2-5 and 2-6 upon the two-electron oxidation.
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2-16 VHFFUAR 2 OGN T B IR

U HF A AR5 D4y - HilIE & Figure 2-3012 8T, U F A U AR2-57 DRUL AT K
JLHZ387, 372, 35835 L U346 nmDFHEAN 22 IR A2 RV EBIILT-, —RT D&
Z ORI AT R VIE, TV b T 2 DOr-n* B (A= 377, 358, 34133 X 18326 nmin
CH:Clp) & FALDIREMEIE 2 L Tuhie,

TD-DFTEHE DR ) 5360 N8Bl S D 20 F A4 AR2-57 DRI A7 kL
I, HOMO2»HLUMOR2DER D FHFEN K E | £ b OWHEREIL, 7 F Tk D
HOMO & LUMOD#IEIZIEF I TWD Z Xy hnoite, VHF A AL DB IRED
RESEZEAES, W ALY RLOTEIR & L CHIREICEBLI T & 7=,
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Figure 2-30. MO diagrams of perylene, 2-5** (singlet). Inset shows the frontier orbital of

anthracene
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2-17 &R

L UBER 21 BN 2413, BERIREECTHHRREOSNE TIRE R L, AR
HT A ABNORICHGE TE D0 T Tho EEZOND, TFVINVAIT Y 2-47
X, B2 ESR v 7 v &R L, AV UVEEIT S FRRICIERME L L T, —,
AT AR 2-41F, ESR O TS VFBIHIS T PC NMR JIEDORER, HEIKE
WICTFHIEND 13AOE—7 BNERISNTZ, ZOZ b, VhTFA UK -4 DRK
REBIX—EHERIECTH D Z LRI ENTo, VAT AR 2-47 ORG A O & BEBE
%52 HOMA OfEAFHRE L72fER. 2 BBV FRI DD E 7 = = LA )
BF T FNENITEN L TWAZ LA EREFEL LTH LN L,

AU L URBER -5 (TR HIREE T T X L o OEFREEO RS AR L, Y ATF A
WRETIET v b7 v OFFREOTFGE27R Uiz, —J7, XU L U3FEK 2-6 (X
ETIXT 72 LV OFEBEEOTFESEZRL, DT A RETIET T =F > P LU OER
DTG 2R LTz, FEE, XU LU BT AR 2-5E, 360 nm fHHTIZ T R Tk
AR DO IRENE 15 R 2 R A UL A~ ML AR LTz,

B OFEBRIR X OHEGRIGEHLN S, EL P TF AR 245 B IO LU h
F A UK 2-5% 2-67 DI, Clar HIZ Ko THIZHBITE 5 2 L %5 L7z, Clar
B, ZBRFGEBACA O T I T A L AROHEE & 2 O ROGEZE TRIT 5 0ICHEHTH S
Z & A TR LT,

BRAVAIZ AL O D5 B D I A D BB F R IR KFE(PAHS) TH TR Z Y 5 5
EEZOLND, ZOD, ZOETHELNMAE AWVT, Il o RS T OB
DREMECREENFFEZ THITHZ LN TE D, SBIT, FHEEEOE(LEZFIAT S 2
& T, ARG OBREIC S RITonb LB bND, £, BWEA LSRN
FEIRRACKFE DFHEAI 22BN A7 b vk, R a L, BREEP TH-TH
WEDORIENFRE L 72 DB,

o

]
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2-18 Supporting information

2-18-1 Instrumentation and Materials

'H NMR (400 MHz) and “C NMR (100 MHz and 150 MHz) spectra were recorded with
JEOL JNM-ECX 400 and JEOL JNM-ECP 400 and JEOL JNM-ECA 600 spectrometers at
ambient temperature by using tetramethylsilane as an internal standard. The high-resolution MS
were measured by a JEOL spiral TOF JMS-S3000 spectrometer using positive ion modes. X—ray
crystallographic data were recorded at 90 K on a Bruker APEX II X-Ray diffractometer
equipped with a large area CCD detector by using graphite monochromated Mo-Ka radiation (A
= 0.71073 A) or at 103 K on a Rigaku R-AXIS RAPID/S using Mo-Ko radiation. The
diffraction data were solved with the SIR-97 program and refined with the SHELX-97
program.t”!

UV/Vis absorption spectra were measured with a JASCO UV/Vis/NIR spectrophotometer
V-670. Fluorescence spectra were measured with a JASCO FP-6600 spectrophotometer.
Fluorescence quantum yields were measured on a Hamamatsu Absolute PL Quantum Yield
Measurement System C9920-02. CV measurements were conducted in a solution of 0.1 M
TBAPFs in dry dichloromethane with a scan rate of 100 mV/s at room temperature in an
argon-filled cell. A glassy carbon electrode and a Pt wire were used as a working and a counter
electrode, respectively. An Ag/Ag'" electrode was used as reference electrodes, which were
normalized with the half-wave potential of ferrocene/ferrocenium” (Fe/Fc") redox couple. ESR
spectra were measured with JEOL JES-FA100N. TLC and gravity column chromatography
were performed on Art. 5554 (Merck KGaA) plates and silica gel 60N (Kanto Chemical),
respectively. Gel permeation chromatography (GPC) was performed on JAI LC-9225NEXT
eluted with chloroform. All other solvents and chemicals were reagent-grade quality, obtained
commercially, and used without further purification. For spectral measurements, spectral-grade
solvents were purchased from Nacalai Tesque. Melting points were measured with a YAMAKO

MP-J3.
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DFT calculations details

Density functional theory (DFT) calculations were employed with Gaussian 09 package.
Ground states of neutral state were calculated the B3LYP level of theory with basis set 6-31G(d),
and radical cation and dication state were calculated the combination of global hybrid
functionals with exact-exchange admixtures of 35% (BLYP35) with basis set SVP with CPCM
solvent model implementations in MeCN. The calculated absorptions were computed at the
TD-DFT level with the same functional and solvent. NICS values were calculated at the

B3LYP/6-311++G(2d,p) level using optimized structure and the standard GIAO procedure.
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2-18-2 Experimental Sections

1,3,6,8-Tetrakis(3,3,4,4-tetramethyl-1,3,2-dioxabororanyl)pyrene 2-12: A solution of
1,3,6,8- tetrabromopyrene (5.0 g, 9.66 mmol), 4,4,5,5,-tetramethyl-1,3,2-dioxaborolane (20 ml,
0.138 mol) and EtsN (30 ml, 0.216 mol) in dry toluene (100 ml) was degassed with argon for 30
min. To the mixture, [1,3-bis(diphenylphosphino)propane]nickel(1l) chloride (1.0 g, 1.84 mmol)
was added, and the resultant solution was refluxed under argon atmosphere for 2 days. The
progress of the reaction was monitored by APCI mass spectroscopic analysis. After cooled to
room temperature, the organic products were extracted with CH,Cl, and washed with cool water.
The organic layer was dried over Na;SO, and the solvent was removed under reduced pressure.
Precipitation from CH,Cl./toluene gave the pure title compound (5.0 g, 7.08 mmol, 74%) as a
light gray solid. *"H NMR (400 MHz, CDCl): 5= 9.16 (s, 4H), 8.98 (s, 2H), and 1.50 (s, 48H)
ppm; 2C NMR (100 MHz, CDCly): 6 = 141.30, 137.96, 129.41, 123.96, 83.82, and 25.09 ppm;
HR-MS (Spiral MALDI): m/z: calcd for CsHs4B4QOs, 706.4185 [M]™; found: 706.4198; UV-vis
(CH2Cl): Amax (€ [Mtem™]) = 280 (2.4 x 10%), 291 (3.9 x 10%), 366 (3.6 x 10%), and 386 (4.7 x
10%) nm.

1-Bromo-4-mesityloxynaphthalene 2-7: To a solution of 1-(mesityloxy)naphthalene (2.0 g,
7.63 mmol) in CH3CN (100 ml) was added NBS (1.5 g, 8.43 mmol) under nitrogen in the dark
for 3 h. After the reaction was completed, the solvent was evaporated under reduced pressure.
The oil residue was purified by chromatography on silica gel (hexane), which gave 2-7 (2.4 g,
6.74 mmol, 90%) as a colorless oil. *H NMR (400 MHz, CDCl): 6= 8.53 (d, J = 8.0 1H), 8.22
(d, J = 8.4 1H), 7.69-7.60 (m, 2H), 7.49 (d, J = 8.0 1H), 6.95 (s, 2H), 6.22 (d, J = 8.0 1H), 2.33
(s, 3H), and 2.08 (s, 6H) ppm; *C NMR (100 MHz, CDCls): 6= 153.34, 148.70, 134.82, 132.75,
130.83, 129.71, 129.46, 127.89, 127.03, 126.21, 126.18, 122.45, 113.76, 106.72, 20.81, and
15.99 ppm; HR-MS (EI): m/z: calcd for C19H1701Br1, 340.0463 [M]™; found: 340.0459; UV-vis
(CH2Cl,): Amax = 304 and 318 (sh) nm.

2-(4-(Mesityloxy)naphthalene-1-yl)-4,4,5,5,-tetramethyl-1,3,2-dioxaborolane 2-8: To a
solution of 2-7 (2.0 g, 5.87 mmol), 4,4,4'4'5,5,5'5"-octamethyl-2,2'-bis(1,3,2-dioxaborolane)
(2.1 g, 8.27 mmol), and KOAc (3.6 g, 36.7 mmol) in 1,4-dioxane (10 ml) was degassed by three
freeze-pump-thaw cycles. [1,1'-Bis(diphenylphosphino)ferrocene]dichloropalladium(ll),

dichloromethane adduct (150 mg, 0.18 mmol) was added to the solution through counter flow
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argon, the mixture was heated at 85 °C for 14 h. The reaction mixture was poured to water and
extracted with CH,Cl,. The organic phase was dried over Na,SO4 and the solvent was removed
under reduced pressure. The solid residue was purified by chromatography on silica gel
(CH.Cl/hexane = 1:3), which gave 2-8 (1.4 g, 3.61 mmol, 61%) as a white solid. *"H NMR (400
MHz, CDCls): 6=8.81(d, J=8.4 1H), 8.53 (d, J =8.4 1H), 7.85 (d, J = 7.6 1H), 7.87-7.52 (m,
2H), 6.95 (s, 2H), 6.33 (d, J = 7.6 1H), 2.34 (s, 3H), 2.07 (s, 6H), and 1.39 (s, 12H) ppm; **C
NMR (100 MHz, CDCls): 6 = 156.29, 148.78, 138.54, 136.65, 134.60, 130.92, 129.61, 128.31,
127.01, 125.07, 124.82, 122.04, 105.44, 83.43, 24.93, 20.84, and 15.99 ppm; HR-MS (EI): m/z:
calcd for CasH2905'°B, 387.2246 [M]*; found: 387.2242; UV-vis (CH:Cly): Amax = 303, 312 (sh)

nm.

1,3,6,8-Tetrakis(4-(mesityloxy)naphthalene-1-yl)pyrene 2-1: A mixture of aqueous 0.5 M
K3PO4 solution (20 ml) and THF (30 ml) was degassed by three freeze-pump-thaw cycles.
Compound 2-12 (300 mg, 0.42 mmol), 2-7 (630 mg, 1.84 mmol), and Buchwald catalyst!**! (70
mg, 0.1 mmol) were added to the solution through counter flowed by argon, the mixture was
heated at 60 °C for 8 h. After cooled to room temperature, the reaction mixture was poured into
water and extracted with CH.Cl,. The organic layer was dried over Na.SO, and the solvent was
removed under reduced pressure. The solid residue was purified by chromatography on silica
gel (CH:Cly/hexane = 1:2). Recrystallization from CHCls/hexane gave 2-1 (169 mg, 0.14 mmol,
32%) as a pale yellow solid. *"H NMR (400 MHz, C,D.Cl,, 60 °C): 5= 8.61 (d, J = 8.0 4H),
8.05 (s, 2H), 7.69 (s, 4H), 7.58-7.51 (m, 8H), 7.43-7.36 (m, 8H), 6.96 (s, 8H), 6.47 (d, J = 7.6
4H) 2.34 (s, 12H), and 2.16 (s, 24H) ppm; *°C NMR (100 MHz, C2D.Cls): &= 153.09, 148.85,
135.36, 134.53, 133.98, 130.96, 129.78, 129.68, 129.61, 128.56, 128.40, 126.53, 125.70, 125.11,
124.77, 124.75, 122.24, 120.20, 105.65, 20.84, and 16.21 ppm; HR-MS (Spiral MALDI): m/z:
calcd for CooH7404, 1242.5582 [M]*; found, 1242.5576; UV-vis (toluene): Amax (¢ [M'cm™]) =
372 (4.1 x 10%) nm.
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1,3,6,8-Tetrakis(4,5-bis(mesityloxy)anthracen-9-yl)pyrene 2-2: A mixture of aqueous 0.5 M
K3PO4 solution (5 ml) and THF (5 ml) was degassed by three freeze-pump-thaw cycles.
Compound 2-12 (18 mg, 0.03 mmol), 2-9 (60 mg, 0.11 mmol), and Buchwald catalyst'**! (5 mg,
6.5 umol) were added to the solution through counter flowed by argon, the mixture was heated
at 50 °C for 8 h. After cooled to room temperature, the reaction mixture was poured into water
and extracted with CH,Cl,. The organic layer was dried over Na.SO. and the solvent was
removed under reduced pressure. The solid residue was purified by chromatography on silica
gel (CHCIs), which gave 2-2 (20 mg, 0.010 mmol, 40%) as a yellow solid. *H NMR (400 MHz,
C2D.Cly4, 60 °C): 6=9.88 (s, 4H), 8.16 (s, 2H), 7.52 (s, 4H), 7.26 (d, J = 8.8 8H), 7.07 (t, J = 8.4
8H), 6.94 (s, 16H), 6.28 (d, J = 7.2 8H) 2.32 (s, 24H), and 2.15 (s, 48H) ppm; *C NMR of 2-2
could not be measured due to the low solubility; HR-MS (Spiral MALDI) m/z: calcd for
CiaaH1220s, 1978.9134 [M]*; found, 1978.9120; UV-vis (toluene): Amax (¢ [M*cm™]) = 353 (sh,
3.2 x 10%), 372 (4.5 x 10%), 392 (5.8 x 10%), and 414 (5.3 x 10%) nm.

4,5,9,10-Tetrakis(4-(mesityloxy)naphthalen-1-yl)pyrene 2-3: A mixture of aqueous 0.5 M
K3PO4 solution (30 ml) and THF (30 ml) was degassed by three freeze-pump-thaw cycles.
Compound 2-13 (100 mg, 0.15 mmol), 2-8 (700 mg, 1.80 mmol), and Buchwald catalyst'**! (50
mg, 0.07 mmol) was added to the solution through counter flowed by argon, the mixture was
heated at 60 °C for 10 h. After cooled to room temperature, the reaction mixture was poured
into water and extracted with CH2Cl,. The organic layer was dried over Na,SO, and the solvent
was removed under reduced pressure. The solid residue was purified by chromatography on
silica gel (CH:Cly/hexane = 1:3), followed by recycling GPC. Recrystallization from
CHCly/hexane gave 2-3 (35 mg, 0.03 mmol, 18%) as a white solid. *H NMR (400 MHz,
C2D:Cls, 100 °C): 5= 8.47 (d, J = 8.0 4H), 7.73 (d, J = 8.0 4H), 7.67 (s, 2H), 7.64 (d, J = 8.0
4H), 7.47 (t, 3= 8.0 4H), 7.31 (t, J = 8.0 4H), 7.03 (d, J = 8.0 4H), 6.91 (s, 8H), 6.03 (d, J = 8.0
4H) 2.33 (s, 12H), and 1.99 (bs, 24H) ppm; *C NMR (100 MHz, C,D,Cls): &= 153.03, 149.33,
137.93, 134.85, 134.61, 132.39, 131.23, 130.41, 129.80, 127.55, 126.96, 126.58, 126.31, 125.47,
125.26, 124.94, 124.57, 122.25, 105.62, 20.84, 16.15 and 16.06 ppm; HR-MS (Spiral MALDI):
m/z: calcd for CgH7404, 1242.5582 [M]™; found, 1242.5587; UV-vis (toluene): Amax (&
[Mecm™]) = 304 (5.0 x 10%), 322 (sh, 4.2 x 10%), 353 (2.8 x 10%), 380 (sh, 1.9 x 10°),nm.
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1,3,6,8-Tetrakis(4-mesityloxyphenyl)pyrene 2-4: A mixture of aqueous 0.5 M K3POy4 solution
(20 ml) and THF (20 ml) was degassed by three freeze-pump-thaw cycles.
2-(4-Chlorophenoxy)-1,3,5-trimethylbenzene 2-10 (460 mg, 1.86 mmol), 2-12 (290 mg, 0.41
mmol), and Buchwald catalyst'**! (80 mg, 0.10 mmol) was added to the solution through
cannula followed by argon, the mixture was heated at 50 °C for 8 h. After cooled to room
temperature, the reaction mixture was poured into water and extracted with CH>Cl,. The organic
layer was dried over Na,SO4 and the solvent was removed under reduced pressure. The solid
residue was purified by chromatography on silica gel (CH2Cly/hexane = 1:3), then followed by
recycling GPC. Reprecipitation from CHCl;/MeOH gave 2-4 (160 mg, 0.15 mmol, 37%) as a
pale yellow solid. '"H NMR (400 MHz, CDCls): § = 8.15 (s, 4H), 7.95 (s, 2H), 7.52 (d, J = 8.0
Hz, 8H), 6.94 (s, 4H ), 6.91 (d, J = 8.0 Hz, 8H), 2.32 (s, 12H), and 2.18 (s, 24H) ppm; *C NMR
(100 MHz, CDCl3): 6 = 157.47, 148.86, 136.68, 134.52, 133.97, 131.82, 131.06, 129.62, 129.53,
128.00, 126.06, 125.11, 114.50, 20.82, and 16.37 ppm; HR-MS (Spiral MALDI): m/z: calcd for
C76HecO4, 1042.4956 [M]*; found, 1042.4961; UV-vis (toluene): Amax (& [Mtcm™]) = 306 (5.7
x 10% and 393 (4.9 x 10*) nm.

3,9-Dibromoperylene 2-14: Perylene (1.20 g, 4.76 mmol) was dissolved in benzene at 70 °C,
then Br; (2.30 g, 14.4 mmol) was slowly added for about 30 min. The mixture was kept at 40 °C
and stirred overnight. The mixture was cooled and the precipitates were separated. Then, the
products were purified by repeated recrystallizations from aniline-nitrobenzene (1/1 v/v).
3,9-Dibromoperylene gave yellow needle crystal (120 mg, 0.29 mmol, 6%). '"H NMR (400 MHz,
CDCls): 6 =8.25(d, J=7.6 Hz, 2H), 8.14 (d, J = 8.8 Hz, 2H), 8.05 (d, /= 8.0 Hz, 2H), 7.80 (d,
J=28.4 Hz, 2H) and 7.61 (t, J = 7.8 Hz, 2H) ppm; mp: 290-291 °C (sublimation point); HR-MS
(ED): m/z: caled for CaoHio”"Bra, 407.9149 [M]*; found, 407.9150; UV-vis (CHCL3): Amax = 402,
425 and 452 nm.
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3,9-Bis(4-methoxyphenyl)perylene 2-5: A mixture of toluene (20 ml) and water (1 ml) was
degassed by three freeze-pump-thaw cycles. 3,9-dibromoperylene (84 mg, 0.21 mmol),
4-methoxyphenylboronic acid (75 mg, 0.49 mmol), K.COs3 (90 mg, 0.65 mmol) and Pd(PPhs)4
(47 mg, 0.04 mmol) was added to the solution, then the mixture was heated at 100 °C for 8 h.
After cooled to room temperature, the reaction mixture was poured into water and extracted
with CH2Cl,. The organic layer was dried over Na>SO4 and the solvent was removed under
reduced pressure. The solid residue was purified by chromatography on silica gel
(CHCly/hexane = 2:1), then reprecipitation from CHCl3/MeOH gave 2-5 (54 mg, 0.12 mmol,
57%) as a yellow solid. '"H NMR (400 MHz, CDCl3): § = 8.25 (d, J = 3.2 Hz, 2H), 8.24 (d, J =
1.6 Hz, 2H), 7.80 (d, J = 9.2 Hz, 2H), 7.48-7.42 (m, 8H), 7.06 (d, J = 8.8 Hz, 4H) and 3.92 (s,
6H) ppm; “C NMR (150 MHz, CDCls): § = 159.04, 139.60, 133.11, 133.08, 131.05, 130.56,
129.04, 128.23, 127.78, 126.51, 125.99, 120.14, 120.06, 113.85 and 55.40 ppm; HR-MS (Spiral
MALDI): m/z: calcd for C34H240,, 464.1771 [M]7; found, 464.1782; UV-vis (toluene): Amax (&
[Mem™]) = 435 (2.9 x 10*) and 461 (3.4 x 10%) nm.

3,10-Dibromoperylene 2-15: Perylene (1.20 g, 4.76 mmol) was dissolved in benzene at 70 °C,
then Br; (1.20 g, 8.13 mmol) was slowly added for about 1 h. The mixture was kept at 40 °C
and stirred overnight. The mixture was cooled and solid products were separated. Then, the
reaction products were almost dissolved with aniline-nitrobenzene (1/1 v/v). The suspended
solution was separated by Celite filtration and the filtrate was removed under reduced pressure.
The yellow solid was purified by repeated recrystallizations from aniline-toluene (5/3 v/v).
3,10-Dibromoperylene gave yellow needle crystal (120 mg, 0.29 mmol, 6%). 'H NMR (400
MHz, CDCl3): & = 8.29 (d, J = 7.2 Hz, 2H), 8.14 (d, J = 8.0 Hz, 2H), 8.12 (d, J = 8.4 Hz, 2H),
7.79 (d, J = 8.0 Hz, 2H) and 7.62 (t, J = 8.0 Hz, 2H) ppm; mp: 265-266 °C; HR-MS (EI): m/z:
caled for CaoHi0”’Bra, 407.9149 [M]*; found, 407.9151; UV-vis (CHCL): Amax = 402, 425 and
452 nm.
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3,10-Bis(4-methoxyphenyl)perylene 2-6: A mixture of toluene (20 ml) and water (1 ml) was
degassed by three freeze-pump-thaw cycles. 3,10-Dibromoperylene (100 mg, 0.24 mmol),
4-methoxyphenylboronic acid (75 mg, 0.54 mmol), K,CO; (100 mg, 0.72 mmol) and Pd(PPh3)4
(56 mg, 0.05 mmol) was added to the solution, then the mixture was heated at 100 °C for 8 h.
After cooled to room temperature, the reaction mixture was poured into water and extracted
with CH2Cl,. The organic layer was dried over Na>SO4 and the solvent was removed under
reduced pressure. The solid residue was purified by chromatography on silica gel
(CH:Cly/hexane = 1:1), then reprecipitation from CH,Cl,/MeOH gave 2-6 (45 mg, 0.10 mmol,
40%) as a yellow solid. "H NMR (400 MHz, CDCls): & = 8.24 (dd, J = 6.8, 6.8 Hz, 4H), 7.81 (d,
J = 8.0 Hz, 2H), 7.48-7.43 (m, 8H), 7.06 (d, J = 8.8 Hz, 4H) and 3.91 (s, 6H) ppm; "C NMR
(150 MHz, CDCl3): 6 = 159.04, 139.49, 133.14, 133.08, 131.63, 131.06, 130.42, 128.99, 127.81,
126.50, 126.09, 120.42, 119.79, 113.85 and 55.40 ppm; HR-MS (Spiral MALDI): m/z: calcd for
C34H240,, 464.1771 [M]™; found, 464.1772; UV-vis (toluene): Amax (& [Mtem™]) = 435 (3.1 x
10* and 462 (3.7 x 10*) nm.
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Figure S2-1. '"H NMR spectrum of 1,3,6,8-tetraborylpyrene in CDCl; at room temperature.
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Figure S2-2. *C NMR spectrum of 1,3,6,8-tetraborylpyrene in CDCl; at room temperature.
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Figure S2-3. '"H NMR spectrum of 2-1 in C;D,Cl; at 60 °C.
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Figure S2-4. *C NMR spectrum of 2-1 in C,D,Cls at room temperature.
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Figure S2-6. '"H NMR spectrum of 2-3 in C,D>Cl4 at 100 °C.
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Figure S2-7. *C NMR spectrum of 2-3 in C,D,Cls at room temperature.
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Figure S2-9. *C NMR spectrum of 2-4 in CDCl; at room temperature.
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Figure S2-10. 'H NMR spectrum of 3, 9-dibromoperylene in CDCl; at room temperature.
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Figure S2-11. '"H NMR spectrum of 3, 10-dibromoperylene in CDCl; at room temperature.
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Figure S2-12. 'H NMR spectrum of 2-5 in CDCl; at room temperature.
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Figure S2-13. C NMR spectrum of 2-5 in CDCl; at room temperature.
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Figure S2-14. '"H NMR spectrum of 2-6 in CDCl; at room temperature.
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2-18-4 HR-MS

1 [1] 14248matsumoto-3-39-2.tas

msTornado Analysis 1.9.1, 2014-05-01T12:03:56+09:00
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Results:
# Formula Mass DBE Abs. Error (u) Error (u) Error (ppm)
1 C92H74 04 1242.55816 56.0 0.00061 -0.00061 -0.49

Figure S2-16. HR-Spiral-MALDI-TOF mass spectrum of 2-1.

75



msTornado Analysis 1.9.1, 2014-05-01T12:10:39+09:00
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Results:
# Formula Mass DBE Abs. Error (u) Error (u) Error (ppm)
1 Cl144 H122 08 1978.91342 840 0.00141 -0.00141 -0.71

Figure S2-17. HR-Spiral-MALDI-TOF mass spectrum of 2-2.
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msTormnado Analysis 1.9.1, 2014-02-10T12:11:06+09:00
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Figure S2-18. HR-Spiral-MALDI-TOF mass spectrum of 2-3.
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msTornado Analysis 1.9.1, 2015-02-27T14:10:53+09:00
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Figure S2-19. HR-Spiral-MALDI-TOF mass spectrum of 2-4.
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1 [1] P-APEG600.tas Description: P-A
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Figure S2-20. HR-Spiral-MALDI-TOF mass spectrum of 2-5.
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msTornado Analysis 1.9.1, 2015-10-06T16:47:59+09:00
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Figure S2-21. HR-Spiral-MALDI-TOF mass spectrum of 2-6.
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2-18-5 X-Ray Crystal Structures

Table S2-1. Crystal data and structure refinement for 1, 3, 6, 8-tetraborylpyrene.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

VA

Density (calculated)
Absorption coefficient
F(000)

Crystal size

Theta range for data collection

Index ranges
Reflections collected

Independent reflections

C40H54B4Os

706.07

1032) K

0.71075 A

monoclinic

P2i/n

a=12.2939(4) A

b=10.7476(4) A p=109.6730(10)°
c=15.7067(5) A

1954.19(11) A’

2

1.200 Mg/m’

0.080 mm'

756

0.20 x 0.13 x 0.12 mm?

3.20 to 25.35°
—-14<h<14,-12<k<12,-18</<18
26936

3550 [R(int) = 0.0399]

Completeness to theta = 25.35° 99.5 %
Max. and min. transmission 0.9905 and 0.9842
Refinement method Full-matrix least-squares on F*
Data / restraints / parameters 3550 /4 / 268

Goodness-of-fit on F* 1.065

Final R indices [/ > 20o(])] R1=0.0742, wR, = 0.2098

R indices (all data) R1=0.0826, wR, =0.2218

Largest diff. peak and hole 0.721 and —0.293 e. A™*
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Figure S2-22. X-ray crystal structure of 1, 3, 6, 8-tetraborylpyrene. (a) Top view and (b) side

view. Thermal ellipsoids were scaled to 50% probability.
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Table S2-2. Crystal data and structure refinement for 2-1.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

7z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.00°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F*

Final R indices [I > 20(])]

R indices (all data)

Largest diff. peak and hole

Ci20H10604
1612.05

90(2) K
0.71073 A
Triclinic

P-1
a=12.656(2) A
b=12.875(2) A
c=16.048(3) A
2229.3(7) A’

1

1.201 Mg/m’
0.071 mm™'

858

0.30 x 0.20 x 0.05 mm’
1.80 to 25.00°

a=72.271(3)°
B=84.227(3)°
= 63.603(3)°

—-14<h<15,-13<k<15,-12</<19

11554

7713 [R(int) = 0.0337]
98.4%

Empirical

0.9965 and 0.9791
Full-matrix least-squares on F*
7713 /0/ 538

1.027

R1=0.0798, wR, = 0.2054
R1=0.1348, wR, = 0.2467
0.522 and -0.429 e.A™
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Figure S2-23. X-ray crystal structure of 2-1. (a) Top view; (b) Side view. Thermal ellipsoids
were scaled to 50% probability.
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Table S2-3. Crystal data and structure refinement for 2-2.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

VA

Density (calculated)
Absorption coefficient
F(000)

Crystal size

Theta range for data collection

Index ranges
Reflections collected

Independent reflections

Completeness to theta = 23.50°

Absorption correction

Max. and min. transmission

Refinement method

Data / restraints / parameters

Goodness-of-fit on F*
Final R indices [ > 2o(])]
R indices (all data)
Largest diff. peak and hole

Ci44H 12203

1980.42

103(2) K

0.71075 A

Orthorhombic

Fddd

a=223697(12) A

b =123.8656(14) A
c=59.021(4) A

31509(3) A’

8

0.835 Mg/m’

0.051 mm™'

8400

0.10 x 0.06 x 0.03 mm’

3.04 to 23.50°

—25<h<25 -26<k<26,-66</<66
89710

5795 [R(int) = 0.1138]

99.2%

Semi-empirical from equivalents
0.9985 and 0.9950

Full-matrix least-squares on F*
5795 /438 /411

1.129

R1=0.1258, wR, = 0.3171
R1=0.2317, wR,=0.3914
0.283 and -0.194 e.A™

*The contributions to the scattering arising from the presence of the disordered solvents in the

crystals were removed by use of the utility SQUEEZE in the PLATON software package.
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Figure S2-24. X-ray crystal structure of 2-2. Thermal ellipsoids were scaled to 20% probability.
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Table S2-4. Crystal data and structure refinement for 2-3.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

7z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 27.48°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F*

Final R indices [/ > 20(])]

R indices (all data)

Largest diff. peak and hole

CorH7404

1243.51

103(2) K

0.71073 A

Monoclinic

C2/c

a=42.2144(8) A
b=8.82075(16) A p=117.2730(10)°
c=23.4233(4) A

7752.4(2) A®

4

1.065 Mg/m’

0.064 mm™'

2632

0.22 x 0.05 x 0.05 mm’

3.23 t0 27.48°
—54<h<54,-11<k<11,-30<7<30
65154

8886 [R(int) = 0.0661]

99.9%

Empirical

0.9968 and 0.9861

Full-matrix least-squares on F*
8886 /0/439

1.054

Ri1=0.0613, wR,=0.1714
R1=0.0797, wR, = 0.1852
0.366 and —0.318 e.A™

*The contributions to the scattering arising from the presence of the disordered solvents in the

crystals were removed by use of the utility SQUEEZE in the PLATON software package.
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Figure S2-25. X-ray crystal structure of 2-3. Thermal ellipsoids were scaled to 50% probability.
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Table S2-5. Crystal data and structure refinement for 2-4.

Empirical formula CssH7604Cl,
Formula weight 1268.39
Temperature 90(2) K
Wavelength 0.71073 A
Crystal system monoclinic
Space group P2i/n

Unit cell dimensions a=13.968(5) A

b=17.2702) A B=98.652(5)°
c=33321(11) A

Volume 3345.1(19) A®

Z 2

Density (calculated) 1.259 Mg/m’

Absorption coefficient 0.152 mm™

F(000) 1340

Crystal size 0.30 x 0.05 x 0.03 mm?

Theta range for data collection 2.06 to 24.50°

Index ranges -16<h<16,-7<k<8,-38<[<24
Reflections collected 13134

Independent reflections 5352 [R(int) = 0.0935]

Completeness to theta = 24.50° 95.8%

Absorption correction Empirical

Max. and min. transmission 0.9954 and 0.9558
Refinement method Full-matrix least-squares on F*
Data / restraints / parameters 5352 /6 /430

Goodness-of-fit on F* 1.006

Final R indices [/ > 20o(])] R1=0.0632, wR, =0.1288

R indices (all data) R =0.1508, wR, = 0.1651
Largest diff. peak and hole 0.280 and —0.455 e. A
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Figure S2-26. X-ray single-crystal structure of 2-4. (a) Top view and (b) side view. Thermal

ellipsoids are scaled at 50% probability. A solvent molecule is omitted for clarity.
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Table S2-6. Crystal data and structure refinement for 2-4>*-2(SbClg) .

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

7z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 24.41°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F*

Final R indices [I > 20(])]

R indices (all data)

Largest diff. peak and hole

C78H7004Cl4-2(ShCls)"

1882.04

103(2) K

0.71075 A

monoclinic

C2/c

a=29.816(3) A

b=17.7391(7) A L=94.3590(10)°
c=33.751(3) A

7765.7(12) A®

4

1.610 Mg/m’

1.296 mm™'

3776

0.06 x 0.02 x 0.01 mm?

3.00 to 24.41°
—34<h<34,-8<k<8,-39</<39
47877

6346 [R(int) = 0.2061]

99.7%

Semi-empirical from equivalents
0.9872 and 0.9263

Full-matrix least-squares on F*
6346 /0/457

1.000

R1=0.0918, wR, = 0.2272
R1=0.1963, wR, = 0.2886
0.680 and -0.720 e.A™
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Figure S2-27. Crystal structure of 2-4**-2(ShCls)". a) Top view and b) side view. Thermal

ellipsoids are scaled at 20% probability. A solvent molecule is omitted for clarity.
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Table S2-7. Crystal data and structure refinement for 2-5.

Empirical formula C34H2407
Formula weight 464.53
Temperature 90 K
Wavelength 0.71073 A
Crystal system Monoclinic
Space group C2/c

Unit cell dimensions a=20.872(5) A

b=59666(14) A  f=98.667(4)°
c=18.176(4) A

Volume 2237.7(9) A’

Z 4

Density (calculated) 1.379 Mg/m’

Absorption coefficient 0.084 mm™

F(000) 976

Crystal size 0.300 x 0.030 x 0.020 mm*
Theta range for data collection 1.974 to 26.997°

Index ranges 22<h<26,-7T<k<7,-22<[<23
Reflections collected 6664

Independent reflections 2453 [R(int) = 0.0487]
Completeness to theta = 25.242°99.9%

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.998 and 0.889

Refinement method Full-matrix least-squares on F*

Data / restraints / parameters 2453 /0/ 164

Goodness-of-fit on F> 1.031
Final R indices [I> 2 o(])] R1=0.0596, wR, = 0.1040
R indices (all data) Ry =0.0975, wR, = 0.1224

Largest diff. peak and hole 0.394 and —0.222 e A™
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Figure S2-28. X-ray crystal structure of 2-5. Thermal ellipsoids were scaled to 50% probability.
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Table S2-8. Crystal data and structure refinement for 2-6.

Empirical formula C34H2407
Formula weight 464.53
Temperature 90 K
Wavelength 0.71073 A
Crystal system Monoclinic
Space group Pn

Unit cell dimensions a=17.474(14) A

b=5.836(5) A £=91.671(18)°
c=22.005(18) A

Volume 2243(3) A°

Z 4

Density (calculated) 1.376 Mg/m’

Absorption coefficient 0.084 mm™

F(000) 976

Crystal size 0.300 x 0.010 x 0.010 mm*
Theta range for data collection 1.510 to 23.499°

Index ranges —19<h<15 6<k<6,-24<[<24
Reflections collected 9797

Independent reflections 5248 [R(int) = 0.1465]
Completeness to theta = 23.499°99.6%

Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.999 and 0.681

Refinement method Full-matrix least-squares on F*

Data / restraints / parameters 5248 / 938 / 654
Goodness-of-fit on F* 1.010

Final R indices [/ >2 o(])] Ri1=0.1175, wR, = 0.2658
R indices (all data) R =0.2322, wR, = 0.3471
Largest diff. peak and hole 1.003 and —0.452 e.A™
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Figure S2-29. X-ray crystal structure of 2-6. Thermal ellipsoids were scaled to 50% probability.
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Table S2-9. Crystal data and structure refinement for 2-5%*-2(SbClg) .

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

7z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected

Independent reflections

C34H240,-2(ShClg)

1133.43

103(2) K

0.71075 A

Triclinic

P-1

a=8.4691(8) A a = 89.6573(14)°
h=8.4973(8) A = T76.6559(15)°
c=15.0326(15) A y=74.4931(15)°
1012.50(17) A®

1

1.859 Mg/m’

2.158 mm’!

550

0.050 x 0.040 x 0.010 mm?

3.052 to 25.350°
~10<h<10,-10<k<10,-18<7/<18
14161

3701 [R(int) = 0.0846]

Completeness to theta = 25.242°99.8%

Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [I > 20(])]

R indices (all data)

Largest diff. peak and hole

Full-matrix least-squares on F*
3701/0/227

1.085

R1=0.0509, wR, = 0.1255
R1=0.0658, wR, = 0.1342
0.975 and -1.433 e.A”

97



L

Figure S2-30. Crystal structure of 2-5*"-2(ShCls)". a) Top view and b) side view. Thermal
ellipsoids are scaled at 50% probability.
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HIE

56 fE D sp? [RFEH> 5 72 5 Tetrabenzoperipentacene D5 ik & ¥tk

Molecular Graphene

Tetrabenzoperipentacene

DAMNT ) 7T T2 NI T T 2 DEFSEETHY 7T T = OBEFIRERLIE
RO ORN L 01 LTHIRF SNTWD, SbiT, o/ 7972 AKD
WFRHERT NS A AR LI ERDBEE > TS, L LR, F A XDK
ERGFNT ) 7T T 2 B EICAKRT D2 LiE, FERETH D, ZOETIE, 56
8> sp? [RFEH D 72 % Tetrabenzoperipentacene D #EME ) 725 plkik DBRHH & MTEIZ DUV T
eam L7,
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31 i : F 709720t/ o572y

~ /a7 7 2 TIERLNRWEER, ;) AT — A DT T T =TI
BE5Z Db TVWD, ZUL, KintEiE L ZORIRN T 77 7 = OB
WCRKELHEETDH-OTHD, V7772 ORBOIIRIZIE, 7T—LF =7 R LT
TR L MR D 2 FEER O MR A 72 Sk D3 & 5 (Figure 3-1),

F T 7 = DEAFIRENEEE DGR E A X2 ED XS ITHET D&k
THID. T/ 7T 72 L RGRICEIOV R LT T 7 =) 7 UR 2 HOEERN
TN TWE, T—AF =7 HF 7 VAR AL, ZORICETFE L TEBER E 7213 FE R
2D ERMBLNT WD, ZORKMIT, h—RrF ) Fa—TOMELEHTND, —
FT, PV IHT VR AL, BRAEEERTZ LR TN D,

F 7T 72 OERIE, 7T 7 = OIS ORI Tl BBl AT L
7 ha=7 2k LColcH b Ifs S v a i,

Armchair type nano ribbon ZigZag type nano ribbon

Figure 3-1. Edge types of graphene nano ribbon.

WERD T F o TEA & AW T2 BRI T A TIE, A A OMIEZ #9252 & 1%
MO THRETHY, T F LRI T T2 T ) VRV EBLORTHoT-, BEENRS -
LI EREOEIIL, 7/ 7T 7 2 OWEICRELSEET H720, 70X LR20D
FOEIIRE MBS 2 D,

Z DU OREE 2 IS 5 72 D O FEREANATOR TV D, REMZ2FIE LT, KK
WERAVIK G+ 2 B Okl L7c e, BIKFBRIRET 5 HiER H DY, FE T, &
BENE EEDOTHRERD FIEORTT ) 777 2 B BELIAL H D0,
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=5 T 7T T2 ORTY T ) T T 2 R BRICER SN A X%
FFOH—720FThoD, 2D, MEOWHERS L LTH S 2N TE, ALY
D4YETHW DD NMR FEOfNT 7L EHA T 5,

£l AT T T 2R, DR OBRERE WD, MO0 ST T 2
DEFIRBEOHMET T Tl BRET A RS FHEIME S D4y 175 7 = 0 H
KOBEREIEIZOW T HIERPEE > TB Y B O FET /) 7T 7 = o OWEHIN
& 5 (Figure 3-2) 30 Lox L7223 B, SUSO TR H MK OEEMNE, RISHEN 28 &3
DFMT ) TT T = BREEET D TR E REE & 72 H(Scheme 3-1 and 3-2), Z D72,
RIBRAR D REVEZ B L | BRBKHICHA G DE D EN, ST/ 777 = v &2
FEIOEICHEET 5 L THEETH S,

D4b) co

Figure 3-2. Structure of nanographenes.
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o

—_—

Pd. cat O ™S
Rj Rj
R3 =n-CgHi3
CHO

Br: CHO
NH
> 4steps BIOH), _TMS O
Y A

R; OAc R3  Mes
3 steps O O 3 steps O‘O
= .0 = X0
— .,
948 906
OAc R3 Mes Rj

Scheme 3-1. Synthetic route of dibenzo[hi,st]ovalene.

O O FeCly
O CH,CI,/CH3NO,

OR;

Not observed

FeCly

[

O CH,CI,/CH3NO,

OR;

OR; R3 = n-CeHis

OR;

Scheme 3-2. Differences in the reactivity of the precursor.
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3-2 Tetrabenzoperipentacene D4y F5% 5t

VLU ORMIGHEEIERT 5 2 & T ETRENOMERy T ) 7T 7 = OREENR
T& D EFAT, RERKC, Millen 53 L ORUSHEZFIA L, EL 2 2 BB LT3
BRDEAZHE L TWDEL

INHOHERLWNC 2 BTHLNIHAZ E L1T, Tetrabenzoperipentacene % i%
L72(Scheme 3-3), BV DOGMEEFR LI L U FEARIZHEME L L THWS Z
& T R BUEOS LT L, BRI 56 18D sp? [RFED B 72D nfLHR LTz~
YR Z 2 HERNOD S RN ER TE D & B 27 (Scheme 3-4), 5T, 4 >XUE
VEREMEA L diRT 5 2 & T iR LR E A L VEBICIO RS 2N TE
% &z M,

peripentacene

Scheme 3-3. m-expanded structures of a peripentacene.

MesO ! ‘ g OMes
: O‘ - -
MesO O ‘ OMes

3-2

Scheme 3-4. Synthetic route of tetrabenzoperipentacene 3-1.
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3-3 Tetrabenzoperipentacene 3-1 D& EK & 6 faig &

L A ER 3-2 & FeCls & 7213 DDQ/Sc(OT); & W THE{L 95 & . Scheme 3-5 (271
L7z B4y 1 Cd % Tetrabenzoperipentacene (3-1) & 3 HIICAEER L 72 3-1DIR AWM D15
LTz, Bz RS Z & THIDF 3-1 ORBEICEE) LT, RIC, BFERIICRIG
52 ETHNGT 3-1 OBRIEOBRIZIT 72, £, LU FER3-2 L FeCli &
MWTE b Z1T o 72, TD%, ~A 7 nEREEEZ AV T, 130 °C. DDQ/Sc(OT)s
EE F CRALROGAAT 5 Z & T, BIS 3-1 & 17% DI T15 72 (Scheme 3-5),

MesO OMes

MesO OMes

Mes }—%}*

Scheme 3-5. Synthetic route of Tetrabenzoperipentacene 3-1. Reaction conditions: (a) FeCls,

CHCl,, CH3NO,, (b) Sc(OTf)3, toluene, microwave, 130 °C, 45 min. Mes=mesityl.
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Spiral- MALDI-TOF-MS X ¥ BUHI L 72 [FAR ©— 7 1%, BiamfE & —E L7z, Bl
'H NMR A7 MV EFDH Z EMTE 720 o7z, NMR OJRESM T T, ESR JIEZ1T
ST ZAH VITTNEBN LT, 2O, RED T AR T a— Nl EK
ThdEEZE, 22T, IREFZE(-40 °C—60 °C)72 5 NT, B 2RI T NMR
WEZRRT=D, 7P iE7a— ReEEThoT,

WIZ, ALED 3-1 1T LIC L THUR CTh D B2 7o, £Z2 T, EuAlE LT ke
X URIIMMLUT, BSRUEEIToTEZ A, VT NMETHEEA LT, 20D, B Re
X EBIMLUT NMR JEZIT o 7o, IRIIRT & bR D & 7 F /UTHEGE LT b DD,
HIR72 S 7N a185 2 LITTE R o7, WRIT, {bEW 3-1 BAROMELICRIED & %
LEZ. R ERY KL, SMEOIEY 31 2157, £0%, & RaXx )/ 2800
L. NMR ZHIE L7z, IR 7 F 2155 Z LILTE 2D o 7o (Figure S3-1), #kx
IR RS AT 27223, NMR 2SHIRRICBLIN T E 22 W2 B RIE, BIfED & 2 A5 H
STV,

T KR 7o I TR TE 1, HERG d XORRAEAIRAT 12 X o TAT o 7= (Figure 3-3), 3-1 OFS AL,
-7 = VR E 31 DY ma X IR IR S D 2 LI ko TS, 341
DOftEIT. BEHEOIRZ R UZ, BEENZ L1, 3-1 1%, it T3 BIEOREER
WAL, fFIIC3 2Tl 2=y REER L, ZALEIBINL L Tz,

3005 D AT EHSOFEMETMD THE <, 1BIT LI 120°E# L, ETFEORHE
@R TN Ta=y Nk L T\ e, 30 - FoFEymMEREIK 3.4 A Th
V. ORI ERHA LN ol S 6T, FERAIEREE R L2 L 2
A, W22 AE O & TEME G 2T b7z (Figure 3-4),

FIETRRZLIC. I T 774 MEallle pRlo 2 HIEOREMEZ &5 2 &0
FHITWD, aflil ABA OfffEfEEs ~ L, AT ABC OfEEHEEEZ ~T, KAT
X ZOLEMNEDND a BOFIENKE 32 D TEBY | =72 T F5 7 7 4 Otk
ZRE LT E WO EFNIBUED E Z AR, LInLRR DL, 3-1 D3 55 FD/_y ¥
JHEEITRTAIIC ABC OFEEHRZ A LB, Sk, 3-1 OfES LA E L O it
EITH Z & TR CRAeR BT T 7 74 NOFEEHEE ZERKT 5 FIRetE 2 D C
BY, BT T 77 A NOREBEMEE T 2 ETEHERERRHI R EE X HND,

—F., 2 BRSO T AREEEEOKBMEEOREITH DB OD, 3 451 THMANL LT fE
P OWEBNIIZ L A L\, 2072, 1§ b7t sbE O A2 ES 5 2
Sl PRIV RrE A NS D ATREMED B D,

30FTla=y F® ABCRUREMHE Z U L7 R & LT, i1 A48 A 1FE
M EBHRIEO A ANEZ HND, TNETIZ, »ITWREEETIZ4, 507 bEL U240
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BLEBoOwEEY, BBEAORMEL TV AIBL, P b Ly 3o r2aiBELizgae, ¥
FREL AT B LT 120°0EE L ARG S 5N TV D, ZhuE, R
AR BB HHEEHZ Y 072K E L TOEROMIRT-E—A L N HIE LA
IHENAVER LIz TH D, 3-1 O3y X2 ZHEEICB O THRERICE 2 v, B
FRFFHEAEHOITHIH L AW, 3 5 FTuf LIEERO—D2>ThHhL LEX DN
Do

WA, TR R R R T D72, BIE L LT T A RORERA T NESE
WMALTWD, ABARIOREEMIEZ & o756 1J8H L 3J@H OS5 T 0 A > F LI
ERSARINIARE D, T DT, BEHIEOSARA R EEN /NS U ABC BIOFEE RS
R LB bND,

SISy F 20 8 F 7RO B
FrC& 5138 DR 2 ik

o

%135 T e BRSO TERU T A IR L 278, AR
B85 2 LITTE DT,

m

il

110



Figure 3-3. Single-crystal X-ray structure of 3-1. (a) Top view of whole structure in which each
layer is colored differently. (b) Side view of the structure without mesityl groups. Hydrogen

atoms in (a) and (b), and solvent molecules are omitted for clarity.

Figure 3-4. The average bond distances of three molecules of single crystal 3-1. Red is single

bond character and blue is double-bond character.
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3-4 Tetrabenzoperipentacene 3-1 D YRt

RV IR O 3-1 DR AT A 2 VX, 3 ORI R L 7= FEH I
LA 72 IR B & 7R U 7= (Figure 3-5), b R R ICBLH S 4172 558.4 nm (e = 8.5 X
10° M'em™; fwhm = 189 cm ")7> & FLfE > 72 HOMO-LUMO ¥ v v 7°[£2.22 eV Th ~ 7=,
FIL. D 0-0 DERBITHARTH DL T ENPLNIT o7z, S BT HOEERIE 558.8 nm
THY., TN HEROLENDA =27 A7 MEIbTH 13 em ! (1.6 meV) & fish T/HE
WMETH -7, 2SI, FRECIREEZ D ONIRIIREBICR T A Fary 7+ A—va v
WL ABDT/NINWZ L Z2RET LR TH ST,

HIEART MV OIRE NS RiE, WINOIRE) S RIZZ R Z kRS LTy 7z (Figure
3-5), F7o. WU DOPEFEZEAL1.4 x 10° M-8.0 x 10 M)ZHIE L7223, A~ hWcZE b
IR SN 7= (Figure S3-3), ZMNUHDFERNL, MLV U REF TIEEA LTV
WeEEX LD,

b&% 3-1 ORI OFRIEIL, fRD T o7, 2016 4, Wiirthner 5 23#5 LT %
AT 7T 7 2 ATBW TS WINOFRIE IR D TR - 72, fEtg s~
BROBTHRR SV, D2 OFmEEDN @ 1 ) 79 7 2 B80T, A XK
XL RBITON, FORIBITRLS 22 EHEICH LGP o), 31 I8V TH
T ORIBEMEZ L, ROIEZ R L2 BE X b D, £1o, RINOIRENEE 2508
PSN-HBE LT, 2 HROBBIMGE— A MBRELTND Z ENERTH D
EEBEZONDD, BUEDO L Z A, HRETIIHITE TV,

F7o. 31 OHEGEE IR EVMEEZ R L72(Pr=0.37,1.0 x 10° M), £7=, %
D IEFEAI 18 ns TdH - 7= (Figure 3-6),
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2oua9salon|4

20 2.4 2.8 3.2 3.6 4.0
Energy (eV)

Figure 3-5. UV/Vis absorption (black line) and fluorescence (red line) spectra of 3-1 in toluene
at 25 °C. Inset shows a photograph of toluene solution of 3-1 irradiated at A = 365 nm. Energy

gap of fluorescence (red bars), energy gap of absorption (blue bars and black bars).

250 1
200t

150 1

Intensity

1001

501

{
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Figure 3-6. Fluorescence lifetime profile (black line), fitted line (red line), and spectra of

excitation light (blue line) of 3-1 in toluene with Ar bubbling (Excitation: 400 nm). y* = 1.206.
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3-5 Tetrabenzoperipentacene 3-1 ® DFT # %, HOMA, E72 Y &S

Gaussian 09 % T, DFT &5 (B3LYP/6-31G(d))72 & ONT W R /7% B IR RS $c ik
(TD-DFT)# 5 247 - 7= & B % 7159 (Figure 3-7, 3-8 and 3-9)!'Y, HOMO ¥ X O LUMO il
1EIX. Tetrabenzoperipentacene ‘B &2 RIZIEREIL L T /o, TD-DFT #4 K Y 534 nm
DOURIFE L, HOMO (bze)7> & LUMO (au)~ DB HRE) -THE @ f=0.488)Th 0, 445
nm OWILE 1L, HOMO-1 (big)7)> 5 LUMO (a) D& (f= 141NN KEL HFHELTWD Z

LR ST,

Energy [eV]

HOMO (b,,)

HOMO-2 (by,) ©

Figure 3-7. MO diagram of 3-1 based on calculations at the B3LYP/6-31G(d) level of theory.
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I;UMO+:2

LUMO+1

478 VNI~

] B 520 6V
=525 v IR " B -5.32 eV

HOMO-2
Figure 3-8. The substituent effect of the mesityloxy groups on the electronic structure of 3-1.

MOs of tetrabenzoperipentacene (left) and 3-1 (right), based on the calculations at the
B3LYP/6-31G(d) level.
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Excited state 1
Energy: 2.32 eV
Wavelength: 533.55 nm,
Oscillator strength: 0.49

114
Configulations:
112
o HOMO—LUMO (0.684)
— 10 @
Te S HOMO-1-LUMO+1 (-0.154)
:E 108 ;_
2 106 5 )
= S Excited state 2
1°4 Energy: 2.37 eV
1°% Wavelength: 524.07 nm
300 400 500 600 ?0(? 0 Oscillator strength: 0.04
A (nm) .
Configulations:
HOMO—LUMO+1 (0.572)
HOMO-1—LUMO (0.410)
LUMO+1
LUMO ' Excited state 3

Energy: 2.79 eV
Wavelength: 444.61

HOMO ]

Oscillator strength: 1.48

HOMO- 11—

Configulations:

HOMO-1-LUMO (0.567)
HOMO—-LUMO+1 (—0.409)

Figure 3-9. The excitation energies and the oscillator strengths of 3-1, based on the TD-DFT
(B3LYP/6-31G(d)) calculations.
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RIZ, DFT &ALV B UG IR A SRS, MR 722 5 BRI 2PN T 545 Ch
ZDHOMATﬁ%ik&')f:(Figure 3-10)17 Z DOFE R R B BRSNSl Lo AR L
Clar HllZih > ToE TH D Z D3 oo T-, 2D Z & 926 b | Tetrabenzoperipentacene 3-1
IZPABMEZ A L WD EEXI LD,

— 7. AEEEEMEHZ B W T O EZR 0 13, SR OREICRE S EET S
TENFBNTWD, — RIS, - FHORERER Y IE, EREEICBWTHRTH
HLENTVD

%%L?in’iaa%Liﬂ% 2=y NNTOGFOERVIZRENEEX D, HRY
F&/7fE % Amsterdam Density Functional package (ADF)!'"®Z W CEHE L7, ==v AN
Sy FDOERVFEE, 84 meV BETUNT9 meV THY, == MEHTOELR Y FEH5
1% 8.8 meV T > 7=(Figure 3-11), ZiLE TITHEBINH 522 ¥ & (79 meV)!',
AFX P87 meV)E LT L9l meV)E T B L, FoMITHoEmnEnzd
(Figure 3-12),

L LRRNG fmPICEEs FREENRTHWD 2Rl 2=y P T EITMZ LT
LI, BEICEWIEABEBEAZERLT L2 EIERETH L EEZXDNLD, ZDD,
SISy F 2 8 F 7ROl ORI E ML 2 it L, 1 T ROy F U T iE & 15 5
ZENTENT, MVWEABBEZZERTELEEALND,

Figure 3-10. HOMA values (left; higher values are represented in bold) and Clar valence

structure (right) of 3-1.
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Figure 3-11. The calculated transfer integrals of 3-1.

(@)

45.4 meV
30.9 meV

Figure 3-12. The calculated transfer integrals of (a) pentacene and (b) rubrene.
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3-6 Tetrabenzoperipentacene 3-1 O EXALFE R
Tetrabenzoperipentacene 3-1 O EXALFAVRIE L, BEE & L T EuNBF 2 W TIT

- 7= (Figure 3-13), A 7 U v ZHR/NE AN —(CV)D, a7 b 2 805
L2 LT L, ENENDOEMIT, —0.03 V, +0.23 V, +0.44 V £ +0.73 (2¢") V (Fc/Fc))
ThHolz, ZDOI )5, Tetrabenzoperipentacene 3-1 |L, ZEMNDOLEBEIZE D%
MARETH D LEZAOND, ZHUTHE bR D RFEROT T, R REOE T
HMEH S TWDHZ EDRH LMol o, ZHETIT Co & ColE 6 HOETF4
ZRTEX DI ENMLILTWD DY Tetrabenzoperipentacene 3-1 1%, Coo & 1LiH 2
Mata TE 01T ) =R METH D Z EBPI NI o7,

51 BALEAL D . HOMO #E(L13-4.77 eV EHI S, DFT MR L b RV —Bia R
Uiz, 72, BRI IN D OFM FTIIBH SN2 o7,

(b)

0.0 0?5 1.0
E/V (vs. Fc/Fc))
Figure 3-13. (a) CV and (b) DPV of 3-1 in PhCN (0.3 mM) at 0 °C. Scan rate: 5.0 mVs ',

working electrode: glassy carbon, reference electrode: Ag/AgNOs, electrolyte: EtsNBF4. Fc/Fc*

= ferrocene/ferrocenium.
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3-8 Supporting information

3-8-1 Instrumentation and Materials

'H NMR (400 MHz) and "*C NMR (100 MHz) spectra were recorded with JEOL JNM-ECX
400 and 300 spectrometers at ambient temperature by using tetramethylsilane as an internal
standard. The high-resolution matrix assisted laser desorption/ionization (MALDI)
time-of-flight mass spectrum was measured by a JEOL, spiralTOF, JMS-S3000 spectrometer
using positive ion modes. Single-crystal diffraction analysis data collection was carried out at
low temperature (93 K) on a Rigaku RAXIS-RAPID with graphite monochromated CuKa
radiation (1 = 1.54187 A).

UV/Vis absorption spectra were measured with a JASCO UV/Vis/NIR spectrophotometer
V-670. Fluorescence spectra were measured with a JASCO FP-6600 spectrophotometer.
Fluorescence quantum yields were measured on a Hamamatsu Absolute PL Quantum Yield
Measurement System C9920-02. CV measurements were conducted in a solution of 0.1 M
EtuNBF; in dry benzonitrile with a scan rate of 5 mV/s at 0 °C in an argon-filled cell. A glassy
carbon electrode and a Pt wire were used as a working and a counter electrode, respectively. An
Ag/Ag" electrode was used as reference electrodes, which were normalized with the half-wave
potential of ferrocene/ferrocenium’ (Fc/Fc") redox couple.

TLC and gravity column chromatography were performed on Art. 5554 (Merck KGaA) plates
and silica gel 60N (Kanto Chemical), respectively. All other solvents and chemicals were
reagent-grade quality, obtained commercially, and used without further purification. For spectral

measurements, spectral-grade solvents were purchased from Nacalai Tesque.
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3-8-2 Experimental Sections

Tetrabenzoperipentacene 3-1: To a solution of FeCl; (40.0 mg, 0.24 mmol) in dry CH3NO>
(1.0 mL) was added 3-2 (20.0 mg, 0.016 mmol) in dry CH>Cl, (30.0 mL) dropwise over 10 min
under Ar at room temperature. After the mixture was stirred for 4 h, the reaction mixture was
poured into MeOH (10.0 ml). The precipitate was filtrated and purified by silica gel column
chromatography using CH>Cl; as an eluent. The solvent was evaporated and the crude product
was obtained. A 30 mL glass microwave vial containing a magnetic stirring bar was filled with
Ar. To this vial were added the crude product (14.3 mg), DDQ (100 mg, 0.44 mmol), Sc(OTf);
(40.0 mg, 0.081 mmol), and dry toluene (20 mL). The vial was sealed and heated with stirring at
130 °C for 45 min in a Microwave 300 apparatus. After cooled to room temperature, the
reaction mixture was poured into water and extracted with CH,Cl,. The organic layer was dried
over Na;SO4 and the solvent was removed under reduced pressure. The solid residue was
purified by chromatography on silica gel (CHCls/hexane). The product was further purified by
recrystallization from CHCIs/MeOH to give 3-1 (3.4 mg, 0.0030 mmol, 17%) as a dark red solid.
HR-MS (Spiral-MALDI-TOF) m/z caled for CoxHg2O4 [M]": 1230.4643, found 1230.4651.
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——as prepared
——with hydroquinoe
——with AgPF¢ (0.2 eq)
——with AgPF (0.7 eq)

327 328 329 330 321 332
mT

Hydroquinone

- f,JNM"\-'J:lAA: :%4
0

10 8 6 4 2
ppm

Figure S3-1. (a) ESR spectra of compound 3-1 in CH,Cl, at room temperature. (b) 'H NMR
spectrum of compound 3-1 with an excess amount of hydroquinone in

1,1,2,2-tetrachloroethane-d> at —40 °C.
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3-8-3 HR-MS
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Mass Tolerance Electron Mode Charge DBE Range Max Results
1230.46510 = 0.00615 5.0 ppm 0Odd/Even +1 -0.5 - 200.0 100
Elements
C 0-92 H 0-63 O 0-4 F 0-0 Na 0-0
Results:
# Formula Mass DBE Abs. Error (u) Error (u) Error (ppm)
1 €92 H62 04 1230.46426 62.0 0.00084 0.00084 0.69

Figure S3-2. HR-Spiral-MALDI-TOF mass spectrum of 3-1.
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3-8-4 UV/Vis absorption spectra

Normalized absorbance

300 400 500 600 700
A (nm)

Figure S3-3. UV/Vis absorption spectra of 3-1 in toluene ([3-1] = 1.4 x 10° M-8.0 x 107° M),

which exhibit no concentration dependence.
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3-8-5 X-Ray Crystal Data

Table S3-1. Crystal data and structure refinement for 3-1.

Empirical formula Cs00H186C114012

Formula weight 4124.28

Temperature 90 K

Wavelength 0.71073 A

Crystal system triclinic

Space group P-1

Unit cell dimensions a=20.184(3) A a=101.825(4)°

b=23.0064)A  B=108.494(3)°
c=251314) A  y=103.028(3)°

Volume 10288(3) A’

VA 2

Density (calculated) 1.331 Mg/m’

Absorption coefficient 0.130 mm™

F(000) 4300

Crystal size 0.150 x 0.050 x 0.030 mm’

Theta range for data collection 1.429 to 25.500°

Index ranges —-18<h<22,-25<k<25,-28<[<23
Reflections collected 48563

Independent reflections 30244 [R(int) = 0.2079]

Completeness to theta = 23.500°99.4%

Max. and min. transmission 0.996 and 0.871

Refinement method Full-matrix least-squares on F*
Data / restraints / parameters 30244/ 2646 / 2959
Goodness-of-fit on F* 1.014

Final R indices [I > 20(])] R1=0.1149

R indices (all data) wR>=0.3916

Largest diff. peak and hole 0.421 and —0.384 e. A™*
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Figure 4-1. Isoelectronic relationship between C=C and B—N units.
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Figure 4-2. Structures of benzene and borazine.

ZOEDIRARTF 2R U RET L ERFEF TERESBITALEMOMTEITH 0D
fToh T, ZOHTH Dewar Hlt, B-N B#GFEBRILGWICHE L THZ% < O
Z3#E L C\Wb, B 21, l-aza-2-boranaphthalene!” | 9-aza-10-boranaphthalenes
9-aza-10-boraphenanthrenes!®), 4a-aza-10a-boraphenanthrene!’), 13-aza-14-boratriphenylene®,

4-aza-5-borapyrene® 72 & 23T B 4L B (Figure 4-3),
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Figure 4-3. BN-substituted aromatic compound derivatives.
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Figure 4-5. Structure of 10b-aza-10c-borapyrenes.
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Figure 4-6. The replace of one C=C bond of pyrene into B-N bond.
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Scheme 4-1. Synthetic route of 4-aza-5-phenyl-borapyrene 4-1.
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Figure 4-7. Crystal structure of 4-1: (a) top view, (b) side view of 4-1.
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Figure 4-8. (a) NICS (+1) values of 4-1, (b) NICS (—1) values of 4-1, (c) NICS (+1) values of
4-phenylpyrene, (d) NICS (—1) values of 4-phenylpyrene, (e) NICS (x1) values of

phenanthrene.
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4-4 4-aza-5-phenyl-borapyrene O ESALF Rtk
4-aza-5-phenyl-borapyrene 4-1 O FEXALFHIHIE OfE R % Figure 4-9 12777, CHCL
DOYA 7Yy ZRNE AT —(CV)TIE, RNAl#iRm b 28l L7z, £/, 41
DG 7SIV AR NS o A R Y —(DPV)I b 5 1 (kAL % 0.72V (Fe/Fe) & HH LT,
BT BB B R L7z HOMO O =) L ¥ —YENL1X, -5.52 eV Th o 72,
F72. CHLCL P CId&EmdlE, Bl SnienoT,

Ccv

DPV /\

-0.5 0.0 0.5 1.0
E/V (vs.Fc/Fc))

Figure 4-9. Cyclic voltammogram (CV) and differential pulse voltammogram (DPV) of 4-1 in
CH.CL. Conditions; 0.1 M TBAPF¢/CH2Cl,, Scan rate = 100 mVs ', [4-1] = 0.5 mM, working

electrode: glassy carbon; counter electrode: Pt.
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4-5 4-aza-5-phenyl-borapyrene DYt ReE

4-aza-5-phenyl-borapyrene 4-1 DA AR IN IS L OVaOE A~ 2 K /L% Figure 4-10 (2R
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BFNHEIL 5.5%TH Y, 4-1 OELETFIERIL 20.7% & FREOEE R Lo, Ziud,
Sethuv—S BB DEWREE L T\ D EE X HiLd, 4-phenylpyrene D So—S; B 1L

1B XTFRPEEE 0D 72 8 | 4-phenylpyrene DHRE) -5 £ & /LW HARE gnax [T D T/ S W,

—Ji. B-NfEA CEWT D 2 & THEHER DR S U, 4-aza-5-phenyl-borapyrene 4-1
DOIRENF-TREE £ & TN AR smax 1. 4-phenylpyrene (Z bR & < | A GIHEREL O
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WH, ELVATEmRESRGE T TR v — & PR L, £ OmKREEH K3 100 nm £2
FERBRMIZC T P22 Mmbn T, £Z2 T 41128V THHLARS b
JL DY FETRAY 2 IE L 7= (Figure 4-11), T D27 MEIL. 20 nm LD TAES N b,
FERGI 70 =% o~ —IERRIZAE LTV RW T EAVRIR ST, UL, SRS Em W T
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Figure 4-10. UV/Vis absorption and fluorescence spectra of 4-1 (black) and 4-phenylpyrene
(red) in CH2Clo.
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Figure 4-11. Concentration-dependent fluorescence spectra; black line is 1.6 x 10* M and red

line is 7.2 x 1074 M.
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Figure 4-12. Molecular orbital diagrams of 4-1 (left) and 4-phenylpyrene (right).
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R I|Z 4-aza-5-phenyl-borapyrene 4-1 DU IR AFHE % € L 7= (Figure 4-13 and 4-14), WYX
AR MBI ENEART ML b BEREERITR b o T,
Hifd i X BRAEEAENT 72 © NS FHRE DR R D5 | 4-aza-5-phenyl-borapyrene 4-1 D

JECIRTE & JRh IR

IR A RE LSS MITR <. BN EEN _EHiEAM A AT o1

ER B T 5 & & 2 H LD (Scheme 4-2),

Normalized abrobance

| ——cyclohexane
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| CH,Cl,
—THF
—DMSO

2.5 3.0 3?5 410 4?5
Energy (V)

Figure 4-13. UV/Vis absorption spectra of 4-1 in cyclohexane (black), toluene (green), CH>Cl»
(yellow), THF (red) and DMSO (blue).
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Figure 4-14. Fluorescence spectra of 4-1 in cyclohexane (black), toluene (green), CH>Cl»
(yellow), THF (red) and DMSO (blue).
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Scheme 4-2. Resonance structure of 4-1.
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4-6 d4-aza-5-phenyl-borapyrene O it

4-aza-5-phenyl-borapyrene 4-1 DSUGMEZFA L1z, RFEMHE LTI FONES 7
N-7HERAZ A I RNBS)EHWTRF N EITToToE A, B/ 7T 0ER 42 B0
BRI A PFLEE DR T H A7~ (Scheme 4-3), BRI E 1E, HLAG &L X At
TEMEATIC X0 B 5 52 L 7= (Figure 4-15),

42 DB-NHARIT1410A THY . “HEEGMHLA L Tz, —J T.B-C5a, B-ClI,
N-C3a DfAEIL. 1.544 A, 1574 A, 1396 A TH Y | HiEAME R Lz, 42 ORFEH
DB OFEFZAIL 0.016 A TH Y | D TEWFEEMEZ A L TNDZ ERHALNIRS
7

WIZ, 41 OREF a7 AR 1L TR D, ZHUIEE#R LY LV ORS
REFRILCTHoT, Figure 4-16 0260015 X 912, RFED 1, 6 fLIZF1F 5 HOMO Dk
ERBUTER K& < a%”:':“l‘T//ﬂ?/l/ﬁ 5. L6 A EMEA LT\, ZO—
T, 6 NLDRFBALEILT = = VEDOVREEICL Y | ARG > TWD, ZTHHELER
RHIFI72 D ONTRETAITH D NBS & VW22 & T, MERIRIC UGS EIT LT &

ZEZLNET,
® T
‘ NH NBS ‘ NH
B CH4CN B
g o

4-1 4-2

Scheme 4-3. Synthesis of 1-bromo-4-aza-5-phenyl-borapyrene 4-2.

Figure 4-15. Crystal structure of 4-2: (a) top view and (b) side view of 4-2.
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Figure 4-16. (a) Highest occupied molecular orbital and (b) Electrostatic Potential of 4-1.
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Figure 4-17. (a) UV/Vis absorption spectral change of 4-1 (2.7 x 10 M) in dry THF upon

addition of n-BusNF and (b) Fluorescence spectral change of 4-1 (2.7 x 107> M) in dry THF

upon addition of 7-BusNF (Aexc = 323 nm).
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Figure 4-18. UV/Vis of titration of 4-1 (2.68 x 10> M, 3 mL) with TBAF in dry THF.
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(a) TBAF only

(b) 4-1 with TBAF

60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 —-170
d(ppm)

Figure 4-19. (a) ”F NMR spectrum of TBAF in THF-ds and (b) '’F NMR spectrum of TBAF (1
eq) and 4-1 in THF-ds.
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(b) 4-1 with TBAF
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Figure 4-20. (a) ''B NMR spectrum of 4-1 in CDCl; and (b) "'B NMR spectrum of TBAF (6 eq)
and 4-1 in CDCls.
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Figure 4-21. (a) '"H NMR spectrum of 4-1 in DMSO-ds and (b) "H NMR spectrum of TBAF (1
eq) and 4-1 in DMSO-dk.
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4-3

Scheme 4-4. Reaction of 4-aza-5-phenyl-borapyrene 4-1 and tetrabutylammonium fluoride.

70.30
10.25
1020 &
@ Q.
3
% 10.15 i
<
1010 =
10.05
0.0 t t t 0.00
300 350 400 450 500
A (nm)
Excited state 1 Excited state 2
Energy 3.18 eV 3.56 eV
Wavelength 389.51 nm 348.55nm
Oscillator strength 0.073 0.047
Configulations HOMO—LUMO (0.688) HOMO—LUMO+4 (0.665)
HOMO-1—-LUMO+4 (—0.124) HOMO-1-LUMO (0.201)

Figure 4-22. The excitation energies and the oscillator strengths of 4-3, based on the TD-DFT
(B3LYP/6-311++G(d)) calculations.
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4-9 Supporting information

4-9-1 Instrumentation and Materials

'H NMR (400 MHz or 600 MHz), C NMR (100 MHz or 150 MHz), ''B NMR (192 MHz)
and "F NMR (564 MHz) spectra were recorded with JEOL JNM-ECX 400 and JEOL
INM-ECA 600 spectrometers at ambient temperature by using tetramethylsilane (6 = 0 ppm) as
an internal standard, BFs;-OEt;, (6 = 0 ppm) and hexafluorobenzene (6 = —163.9 ppm) as an
external standard. The high-resolution MS were measured by a JEOL JMS-700 MStation
spectrometer operating in electron impact (EI) mode. X—ray crystallographic data were recorded
at 90 K on a Bruker APEX II X-Ray diffractometer equipped with a large area CCD detector by
using graphite monochromated Mo-Ka radiation (A = 0.71073 A) or at 103 K on a Rigaku
R-AXIS RAPID/S using Mo-Ka radiation. The diffraction data were solved with the SIR-97
program and refined with the SHELX-97 program.*’]

UV/Vis absorption spectra were measured with a JASCO UV/Vis/NIR spectrophotometer
V-670. Fluorescence spectra were measured with a JASCO FP-6600 spectrophotometer.
Fluorescence quantum yields were measured on a Hamamatsu Absolute PL Quantum Yield
Measurement System C9920-02.

CV measurements were conducted in a solution of 0.1 M TBAPFs in dry dichloromethane
with a scan rate of 100 mV/s at room temperature in an argon-filled cell. A glassy carbon
electrode and a Pt wire were used as a working and a counter electrode, respectively. An Ag/Ag”
electrode was used as reference electrodes, which were normalized with the half-wave potential
of ferrocene/ferrocenium’ (Fc/Fc') redox couple.

TLC and gravity column chromatography were performed on Art. 5554 (Merck KGaA) plates
and silica gel 60N (Kanto Chemical), respectively. Gel permeation chromatography (GPC) was
performed on JAI LC-9225NEXT eluted with chloroform. All other solvents and chemicals
were reagent-grade quality, obtained commercially, and used without further purification. For
spectral measurements, spectral-grade solvents were purchased from Nacalai Tesque.

Density functional theory (DFT) calculations were employed with Gaussian 09 package.*"
Ground states of neutral and radical cation state were calculated the (U)B3LYP level of theory
with basis set 6-311++G(d). The calculated absorptions were computed at the TD-DFT level
with the same functional. NICS values were calculated at the B3LYP/6-311++G(d) level using

optimized structure and the standard GIAO procedure.
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4-9-2 Experimental Sections

4-Aza-5-phenyl-borapyrene 4-1: To a solution of 4-aminophenanthren (30 mg, 0.16 mmol) in
dry o-dichlorobenzene (7 mL) under argon was added triethylamine (0.2 ml, 1.4 mmol) and
phenyldichloroborane (0.05 mL, 0.39 mmol). The reaction mixture stirred at room temperature
for 1 h and the heated to 180 °C for 7 h. After cooled to room temperature, the organic products
were extracted with CH»Cl, and washed with water. The organic layer was dried over Na>SOs
and the solvent was removed under reduced pressure. The crude product was dissolved in
CHCI; and filtered with a pad of neutral alumina (Al>O3). After the solvent of filtrate was
removed in vacuo, the crude product was purified by recycling GPC. 4-1 was given as a white
solid (10 mg, 0.036 mmol, 23%). '"H NMR (400 MHz, DMSO-ds): 6 = 10.53 (s, 1H), 8.42 (d, J
= 6.8 1H), 8.37 (d, J = 8.0 1H), 8.10-8.04 (m, 2H), 7.96-7.89 (m, 4H), 7.87-7.84 (m, 2H) and
7.60-7.52 (m, 3H) ppm; “C NMR (100 MHz, DMSO-ds): 6 = 138.96, 133.78, 133.70, 138.83,
131.81, 130.32, 129.60, 128.72, 127.90, 127.27, 127.12, 126.96, 125.56, 120.07, 118.56 and
114.91 ppm. The two signal of the carbon to the boron was not observed; ''B NMR (192 MHz,
CDCLs): 6 = 37.91 (br s) ppm; HR-MS (EI) for CoH4sN'""B (M") found: 278.1241; calcd,
278.1256; UV-vis (CH2CL): Amax = (¢ [M'em™]) = 310 (1.1 x 10%), 323 (1.3 x 10%), 351 (6.3 x
10%), and 369 (9.6 x 10°) nm.

1-Bromo-4-aza-5-phenyl-borapyrene 4-2: To a solution of 4-Aza-5-phenyl-borapyrene 4-1 (11
mg, 0.039mmol) in CH3CN (5 ml) was added NBS (8 mg, 0.045 mmol) at ice bath under
nitrogen in the dark for 1 h. After stirring at room temperature for 4 h, the organic products were
extracted with CH,Cl, and washed with NaHSOsaq and water. The organic layer was dried over
Na»SO; and the solvent was removed under reduced pressure. The crude product was purified
by recycling GPC. 4-2 was given as a white solid (7 mg, 0.020 mmol, 50%). 'H NMR (600
MHz, DMSO-ds): 6 = 10.66 (s, 1H), 8.47 (ddd, /= 7.2, 7.2, 1.2 2H), 8.29-8.26 (m, 2H), 8.16 (d,
J=28.41H), 8.02 (dd, /= 7.2, 7.2 1H), 7.93-7.92 (m, 2H), 7.86 (d, J = 8.4 1H) and 7.60-7.55 (m,
3H) ppm; *C NMR (150 MHz, DMSO-de): 6= 138.82, 134.59, 133.68, 131.19, 130.63, 130.11,
129.99, 129.43, 129.31, 128.74, 127.80, 126.26, 124.82, 120.02, 115.96 and 112.48 ppm. The
two signal of the carbon to the boron was not observed; "B NMR (192 MHz, CDCl;): 6= 37.93
(br s) ppm; HR-MS (EI) for CoH;sN”Br'°B (M") found: 356.0358; calcd, 356.0361; UV-vis
(CHxClLy): Amax =278, 317, 330, 357, 375 nm.
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Figure S4-1. '"H NMR spectrum of 4-1 in DMSO-ds at room temperature.
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4-9-4 HR-MS
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Figure S4-7. HR- Electron Impact (EI) mass spectrum of 4-1.
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Figure S4-8. HR- Electron Impact (EI) mass spectrum of 4-2.
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4-9-5 UV/Vis Absorption and Fluorescence upon addition of halide ions
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Figure S4-9. UV/Vis absorption and fluorescence spectra of 4-1 upon addition of TBACI in
CHxCl..
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Figure S4-10. UV/Vis absorption and fluorescence spectra of 4-1 upon addition of TBABr in
CHoCl.
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Figure S4-11. UV/Vis absorption and fluorescence spectra of 4-1 upon addition of TBAI in
CHxCl.
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4-9-6 X-Ray Crystal Structures

Table S4-1. Crystal data and structure refinement for 4-1.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

VA

Density (calculated)
Absorption coefficient
F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F?

Final R indices [/>2o(])]

R indices (all data)

Absolute structure parameter

Largest diff. peak and hole

CxH14BN

279.13

90 K

0.71073 A

Orthorhombic

Pna2,

a=10.2788(11) A
b=7.6137(8) A

c=36.040(4) A

2820.5(5) A’

8

1.315 g/m’

0.075 mm

1168

0.200%0.100x0.020 mm®
2.260 to 25.998°
—8<h<12,-9<k<9, 44<1<42
15453

5494 [R(int) = 0.0489]

100.0 %

Semi-empirical from equivalents
0.998 and 0.911

Full-matrix least-squares on F*
5494 /1/397

0.992

R =0.0427, wR, = 0.0797

R =0.0763, wR, = 0.0932

0.5

0.184 and —0.183 e.A”
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Table S4-2. Crystal data and structure refinement for 4-2.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

VA

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Absorption correction
Refinement method

Data / restraints / parameters
Goodness-of-fit on F*

Final R indices [[>20(])]

R indices (all data)

Largest diff. peak and hole

CxH3BNBr

358.03

103 (2)K

0.71075 A

monoclinic

P2i/n

a=13.37653) A
b=6.04740(14) A B =109.398(8)°.
c=19.6067(5) A

1496.01(9) A’

4

1.590 g/m’

2.744 mm-1

720

0.200 x 0.050 x 0.010 mm’
3.160 to 27.482°.
—17<h<17,-7<k<7,-25<1<25
23815

3421 [R(int) = 0.0652]

99.9 %

Empirical

Full-matrix least-squares on F*
3421/0/208

1.042

R1=0.0349, wR, = 0.0650
R1=0.0477, wR, = 0.0685
0.507 and —0.479 ¢.A”
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51 RELESBOBE

ARELH LTI EREERICAM THHE L U OREETEN LT F ) I —R
DOEZET2 B NI D OMERREY 2 H IR 21T - 72,

W2 BT, BN TIAEOE W L XY LURERA SRR, L, #
NHDTHNAT IRV AT A RO FRHERCE IRREZE O & R AT
B LTo, YT A AROBAEN X SEEMIT I L OB EN O . BRI RO
PEREALT 2 Z LW BT LT, 50 BEOERVE L OHGRAFEL S| Clar
BN HF A REICB N THEATE L 2L 2EREREL LTHLNT LT

FRALITHE O BEBMEDO AT MO ZRFEBED THHRITEID 5 2EE2H
. ZOETHELNIARIL, Bl o L8R5 7 OBRACHE O 22 & Mo E ) R 2 111
T5 LT ARBRIMAICRDEEZEZOND, EDIT, VAFAUHIZEBT 2 HEBREED
ZALZEFIT L e e ARRBOSOBRIRFICRIR I EDL 2N TEDL LEZE X BN D, Fl 2T,
HPEIRAE TITSOG LR WERLIZ, mifili 22 B B B fil i 2 o P E ML A 38N T & 5 Al RE
WD, ZNFETLULICHFRADIEZINTHZENTELEEZBND,

H3ETIL, 2EDOHRE S & 1T 56 {H D sp? [RFE )™ 5 7% % Tetrabenzoperipentacene
BRAEDORY & WV 24T o T2, B L U FREIK 3-2 ORE2{RIZ L V| Tetrabenzoperipen-
tacene 3-1 DG LTz, 3-1 OFG G ITIFFITFHTH Y | 2= MO fH
OFEJFEREITHK 3.4 A Th o7z, HfSRBEMRIT D, 3-1 O/ y F 2 &I, 351
Tl1a2=v F&ER L, ABCROREMZA L T, BIE, B—psr L LTABCH
(B DB E O 2 B L 72 B11X 720, 3-1 OEHILARGFTT5 2 & T M T
BIRPIT T T 7 A N OREME LT D IR Z O TR . 7T 7 7 A4 FOLEE
WE AR 5 ECHEBERERIR D B X HNLD,

3-1 ONFREDFERD G, 0-0 BREITFHAE N OBEEZEIT/NS WA h—27 227 (13
em &R L, 3 ORIEMZ Kk L2k R Th o7z, & 61T, BRULTFRIE DR R )
b, AR 5 LS BUN S e, i bR D IREERE O T, Co & Cro
L 6HDEFHZRTEDLZENMBNTNEN, 31 IEZEMELEICHHETE D0
FF ) =R ME T D Z ERH LN T, At n R FEOKRE RERY R
RFBEREDIRINOIR DL E AR L BEAIAET L7 ha =2 2R LE
Fafbfitfil & U COISHRHIRFTE %,

AREOMBAZ S EIZ, LT TR, Xt caax ol e Bem)s
BRI EWZNND Z L T XSRS ) 7T 7 = U R R TR OIS
TE LR H 5,
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F4TETIE, BEMOMSZBMICE L VB O C=C #A % BNEA TEBR L
4-aza-5-phenyl-borapyrene 4-1 DAL & MMERRIA 24T > 7o, BLAE S X BAEIERAT 70 6 | 4-1
DO B-NEGIXEEGEZA L TEY ., CBNERO NICS X5 W FRMEZ R LTz,
F 7o AT L OEOE AT ML OSSR A R, B SN o7, =
NODRERNPD, 41 IFE VU RROEEZA L THDHZ EEH LN LT,

B-Nfii& CTEWT DI LIZLD, TOEEETFIERZ RIEICH L3252 &Ik L
7o ZAUE, B-NEG CTEBT 2 Z & THUERFREDSBIIL. So— S| DEEHIER A3 fiRTH
ENTTOTHDHEEZLND, IDIT, 41 O a7 AW A A TxtT b2
TIZOWTHAELZE Z A, 7okl A A DB A BRI TE 72,

BN EH#i B L o O USSP E R R E O fEIL, BN B L7201 F ) I —RDf
FIEDOBRIRICEMTE 5 LB 2 bivd, £72.4 EOMFSENE L Tibingen K @ Bettinger
Bz L OILFFTETH D,

AEERLTHELNZHR, TROHBE LV ORBH v 7Y o TG, KED
I ZER T2 LT, ELVRREEZMET L2 LN TEHLEAbBND, b
ELUDRIGEEE L TS, < MBRMISNEIT L. 2 E TERBID 720
ZigZag M1 —R 2 F ) F 2 —T7 HH T E D ATREMZ R TU 5 (Scheme 5-1),

P EARE GG CCHE, BV ORERTEN LTS 1 ) =R OfFF R b NZER
S OMERIIZREY LTz, 5%, 1T/ =R E, BILZOSE 7210 TR, 1L
RSO, T AT R, AT L ha =2 A7 IR B ORIEEZ D 41
ELTHIf SN TEHRY , RIFEORERIL, 0T/ I—R 2RI 5 LT AMHem
Richdt&E2 605,

BRI LG SCTR DIV ENS, 17T /) D =R B ORBICHERT 5 L %

Hie,
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Scheme 5-1. Synthetic route of ZigZag type carbon nano tube.

165



MR

1. “Akinetically protected pyrene: molecular design, bright blue emission in the crystalline
state and aromaticity relocation in its dicationic species”,
A. Matsumoto, M. Suzuki, D. Kuzuhara, J. Yuasa, T. Kawai, N. Aratani, H. Yamada,
Chem.Commun, 2014, 50,10956—10958.

2. “Tetrabenzoperipentacene: Stable Five-Electron Donating Ability and a Discrete
Triple-Layered B-Graphite Form in the Solid State”,
A. Matsumoto, M. Suzuki, D. Kuzuhara, H. Hayashi, N. Aratani, H. Yamada,
Angew. Chem. Int. Ed, 2015, 54, 8175-8178.

3. “Aromaticity Relocation in Perylene Derivatives upon Two-Electron Oxidation To Form
Anthracene and Phenanthrene”,
A. Matsumoto, M. Suzuki, H. Hayashi, D. Kuzuhara, J. Yuasa, T. Kawai, N. Aratani,
H. Yamada,
Chem. Eur. J. 2016, 22, 14462—14466.

4. “Studies on Pyrene and Perylene Derivatives upon Oxidation and Application to a Higher
Analogue”,
A. Matsumoto, M. Suzuki, H. Hayashi, D. Kuzuhara, J. Yuasa, T. Kawai, N. Aratani,
H. Yamada,
Bull. Chem. Soc. Jpn. 2017, 90, 667-6717.

166



Eir33

AW 2D DI HT- VI H T2\ THRE L A 5 0 £ L= BBk
WRFBERFOWLHE KFFHI% 7525 IR EREBIRIGEA TEHOEER L ET,
FIoAFEELZHY LTS ZEIVMIRICEAT 2BE A2 3 WE Lo, viEd®a FF5
W E I ONOEB S T RSB AR FEE RERIE LB L LT
£7,

WRED ZHHEEY £ LR RIIEG & FRF BTEN TE0ER B
). A KEIBIE. M ZEGHEHEBIE A 1L U o4 RIS R R HA KRB KRk B o
FRICE AL L L E9,

ESR HIEIZRBWTERARDEME L IEEIWE LZGE EEBEE AR K=
PR — 50 S bR GEAT) . B S X BAEEREAT IR W TR I o
RIGAKU OEfE BRI L, FEHAEDORHIAF RO Z L T 72V T B K7 O ik
PEHR, AR SRUEEERICD X 0 IEH - L E T,

TIRATAJTH% KA D Tiibingen KF D Holger Bettinger f5z & % DAFFE A 23
— 2D TEH N L E T,

AT W TE KA 5488 % < 12 & WE Lo, WHAIRE F e B AR B 0%
PP SCORBR. RS RRKERR. R FOPAR. TR RITER. )1 B FARIC Z OB E &Y
THRSEHN 2 L ET, RS OLHE - BIEOEK, REAOME Mk, B EA
K. BAR WEKIZODE Y ES W LET,

AWFFENE, 7% BB A H A R B R SR W [ 7 © ONT A AR B KRR 78 B
(DO L AWFEE DL LIiTbN-bDTHY . ZZICHEEZRLET,

WEIZRD E LR, ZTRETHSOE EZELZ 2Tk L, B ASFDZELT
FHsR < ST L T S o e MBUCER RS B OB A R L Calffr s LE T,
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