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Device
OFET
OLED
OPV
(ON®
SCFET
TRMC

e
3

Organic field-effect transistor
Organic light-emitting diode
Organic photovoltaics

Organic semiconductor

Single crystal field-effect transistor

Time-resolved microwave conductivity

Theoretical calculation

ADF
DFT
HOMO
LUMO
TD-DFT
Compound
COoT
DBU
HBC
HBF4
HMDS
IC1

NBC
NBS
TAT
TCPTP
TfOH
TIPS
PVA

Measurement

CVv
DPV
Other
GPC
HOMA
NICS

Amsterdam density functional program
Density functional theory

Highest occupied molecular orbital
Lowest unoccupied molecular orbital

Time-dependent density functional theory

Cyclooctatetraene

1, 8-diazabicyclo[5.4.0]Jundec-7-ene
Hexabenzocoronene
Tetrafluoroboronic acid
Hexamethyldisilazane

Iodine monochloride
Nonabenzocoronene
N-Bromosuccinimide
Tetraacenaphtatetraphenylene
Tetracyclopentatetraphenylene
Trifluoromethanesulfonic acid
Triisopropylsilyl

Polyvinyl alcohol

Cyclic voltammetry

Differential pulse voltammetry

Gel permeation chromatography
Harmonic oscillator model of aromaticity

Nucleus-independent chemical shift
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T4, BRI 4 A4 4 — R (OLED)X A #% 5 K F5 &8 M (OPV), £ 1% % A %)
RFTZ YV AZ(OFET) 72 EIZH W LIS H SR (OSCM B D W JE 23 B A
AT TWnW5d, AWEEEROFEIL, FIZoFHOrEFOERERVIZL -
THRATDH, AEFLEERELTHVWOND nE OBl LTT UL
AN DLH, T MAEEMIT. R UBRMNERIRICHEE LA THY
T TR T N TR R R B B S C 5 (Figure 1-
1), MEERBEDEMTHIC LN TRRKRIEENERE S 7 b L, IEfLig
ERFERT BT A0, R, 07T OREESCHEMMENE LK TT 2 m
Zh D, Thit. MR OMIMZIEWY o B AIEREN L T HOMO-LUMO
BN OZ XL X — 138 72D —FH HOMO O = R VX —H#EMN N EHL D 2
LWL TBILIZX L TCARLELE DD THD, BFE. KA T TLEICHE
DWRDDIFRZECETTHD, 0, WHRMEOKRTIX o FmoImiklc
v, DFEDO a-n HHBAEERANBS D720 THD, Lieno T, AHEEME
TR E MR L2 o FOREME., WHMELZHER LTS FOT A 70
mEHE LD,

Iy
[em?Vis]  Low

OO Anthracene 0.02
e‘e Tetracene 2.4
e‘ee Pentacene

(5]

.0

WEAWEY,

High

Figure 1-1. Structures and hole mobility of acenes !!-3].

1-2. HBFHEITF7=v

T MAEAITEBRIKRICR B UVBRBMHEER LIILAW TH DN, IRTIZ
RUBVEMEER LXK oL T LUy XU by aagrxroRndbo,
IO FIXEEDILFESHN TR TH D, 61, nHERNILESIT
FTEGTFH T T T LT RENM TR TWD, B F T 77 =R
7T 7 2 VBERERIINETRINTOVARNA, KX T, 1 nm
UEo2®kxgicntBr2mR LD Ta2nrHEro7 720235,
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hexa-peri-hexabenzocoronene (p-HBC) hexa-peri-hexabenzocircumcoronene (HBCC) Ca22Hy42
Ry =tBu, R, = °C6H13

Figure 1-2. Structures of molecular graphene -],

INFETICHRESINTERROGFES T 7 = 20132002 4F 12 Miillen 512 &
STHBREI N sp? IRFE 222 M ZF 250 F Th DB, 4+ O E T AW
ICHEE L WO ESHT EEERRETCOWRIN AT NMLOKRTH-T, &
72, 2014 H12 Wei H I X » THK S 4172 HBCC 13 HLfE d X BRAS 1E MR AT 12 &
HREE AT AT O TN & OB E TIERAE S LTV (Figure 1-
2),



Figure 1-3. Structures of HBC derivatives [7-].

DM T Tz TiEanx s dl 6 OXRVPUVBAERLEAT LY
A X HBORESICEK., FEKIELTELZEN6XIMFRINATND
41, Miillen HIXE#ET7 VX AL E AN LKREEEZH T 25 p-HBC-C12 & Ak L
T zone-cast {EIC K DB N7 VA X (TFD)EZ/ER L., EABEIE u, = 5.0
X103 em?Vist 45 L T AU Nuckolls b1k, E#HT7 v ax a2 EA
L7 ¢-HBC-OCp2 5k L, EALBENE 4, = 2.0X102 cm?V's! 2 #E L 72
Bl FHME S, WHMMEERILZ LS HBC 2 A L, #AKMEERILDO K5
DERIEGIZT T — L CooZBEANTHTZ & TF /F =2—7(HBC-Coo Nanotube)
DRI L) L T 5, HBC-Cgo Nanotube /X HBC N IEfLEGAEE, 77— L
Y CooMNETHEEE L THE EABEE 1th,=9.7X107 cm?Vist, E B
FE pe = 1.1 X107° ecm®Vist O 7 v B R — 7 — Rt &2 @i L 720 (Figure 1-3),
INHGOMETIE, n B TOBRMMEZHERT H27-DICEHEERLZEA
THZILETHBEMEZALTCRY, HCEAICEL 2D T AEEEERT 5, L
MLRBG R F L)L TOFEMRMELEMEOHBEE TR I TR
AR



Scheme 1-1. Retrosynthetic scheme of NBC.

AR TIE., XV EBBEOHMBIAIKZEM L HBC LV & o L& PL5RE
SNl It 7205 EBELE, 7% 7 77 20 DOEKTIE,
Ly EHESTFELTHWD Z L ClEERAMRICHKE L, L% 3 DM
HhEbEDLZETang il 9 SR PBURMRLE TRy Y oo x
Y(NBC)% A T& %5 L % % 7= (Scheme 1-1), NBC [T kE & 72 B #a 5k 2 2R T
.60 AR L CHARDLDZIET—RITOELY ZHEINLLRY, X1
U7 EMFEND AR—RZEHRLG AR EITH) ZENAEETH Y | BEREME M
FICFHAT 22N TES, 295 0L7 NBC OFEZIENLZZNL, §EdhiE
HEEHOLPICTAZLETHRFLNLVOBELYHEOMBEREST L L &
L7,

1-3. REBBEEBSBETHBRALVTEGFHR T T 7=

INETITHEINTWDEI DTS IT 72 VI3 HER/ESTOMAEILED
Thbd, W77 7 ICRKGEBREEZEANL THEE & WMEOME 25t
L7zfliZze v, BFHEBEMEITE =2 v 7 VANZ e b, FHEREE TUnt2)n O
BFEAET L FTHIAT L, —FH, KAEFBHEEITFEEME T 4nn OE
T L FTRATLIN, —RWICARLE TRISEDE W,

4 D
R AP
o
Cyclooctatetraene v Non-planar (D,y) v Planar (D)
8n electrons v Non-aromaticity v" Anti-aromaticity
. o

Figure 1-4. Structure and aromaticity of cylooctatetraene.



vromA s E2 T R T (CODITER 8t R CIH FPmDO K 7HEE L7
50 TCHEFBEMZRT, L LANRL., COT N FhitEEr & > - e K%
BEEMEEZ AT Z ERHE I LTV S0 (Figure 1-4),

Kh He
[ecm2Vis?]  [em?V1sT]
4.5x10°°

——TIPS 0.40 0.18

Figure 1-5. Structure and carrier mobility of Sulfur-bridged tetrathienylene [,

FELIEFIT M I TFZ=L U ZMEEEB LAY A-C AL, C OHHE
i I E N7 v U A Z(SCFET)DO M EIZB W TIESL, &1 & & I8 fr i 25
FEERETDHT7T R —T — AR L7 (un = 0.40 cm?Vis™ pue = 0.18
em?VIs HIM (Figure 1-5), FHOM DR Y TIIK G HE D 1 CREE 2 R)iE
LD nnME—opfThsd, LrLARRNDL C ILEMBHZHIET 2720
IZEmEmWERILTH D TIPS EN 4 »AHICEAIR TS, fGMEEND
TIPS KXOKRFEEZBITH LI a PP TN TEL>TEY o P oE:R
DM/INELBRoTWVWDHIENOLHEDRMNH 5,

FEELIT.COTORBEF 7 X Lo TR LT T %77’%7”7577 N
== L U (TAT)D A 2 #k 8k L 72 (Scheme 1-2), TAT (% sp? k% 48 24 L
f:»s@ NBC OfE&ERMEARTH D, TATIZIC LV b n ﬂ?ﬁb)#éﬁéhf:ﬁo

. n-n AHAAER SR < B R R EICARMICE E TEIRRS, 2T,
NBC & TAT O 4y 1-#UiE 5 5H O i R 2 7~ 97 (Figure 1-6), NBC & £ X T TAT ®
HOMO #{7(% 0.10eV L& L . LUMO #47 (% 0.69eV & KIEIZIKT L’Cb\é
NBC & TAT (IR U sp? RFBEKEZFFL 2 0 HLEMEE O E W THE IRE
K& F22 0 BTSSR OEWICEEN S 72172, TAT @é\ﬁki]\)'fﬁ
VI L UB3)DMERKIS N HEEICAERTE D EB X0, 3-3 1% 2000 1T
Scott HLIZ KT T7 T =LV UOEHDEROBARY E L TlE IS0 0
FL3-3D2EFEILHIX. BERFGTEBEMEY T =4 1075 2 &7 Whalley
HliZkoTHEINLB, Zzovry=FriFe=y VALY 10n OFE
T a2 RbLEEBRMEZ R LI,



Tridecacyclene (3-3)

Scheme 1-2. Retrosynthetic scheme of TAT.
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Figure 1-7. Structure of tetracyclopentatetraphenylene (TCPTP) 4],

Acenaphthenone (3-1)
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2-1.

NBC (% sp? IRF 48 HHAER SN TEY Dy OXMNEEFFS D T F
7I/T%éo%%#ﬁﬂ%%%btﬁuiﬂmcﬁ%gmiffuMwm
blickoTHESN TV —RFH5EH AT v 7HTARTEZL D
XD E WY NBC B THLICH 0L LT, oI Bro b7
U—nibx&Em 3 50— k%8R L (Scheme 2-1, Route A), I — K b=
N 5 EETHEONDLD T =T ML rUEEEKRE 1,35-N) T rEXRCE Y
EHAWVWTEHIZ2 BEBEOXIST NBC B0 FHE 77 72400 T
Zaxn

Br

Route A
Qm

Pd(PPh3)4

CH; Ba OH)>
\’5 DME, water

5 steps reflux

46%

Route B R
(Ho)z W

At hsle icl QOO
KzCOgaq
oo Q O O oncn Q Q Q

reflux

B,

-78”0
, 55 e 0 O
- R I
R R
RB(OH)2
Pd(PPh3)4

KQCOj ag

—b
e () S

reflux

Scheme 2-1. Synthesis of trizigzagHBCs ! 2.

Route A TIHEHT VXLV EELZEFEALLEZ7 =T ML UFEEKEAKRL T
DL, AR AB TV T KIGICE D IR ZKILR 2N D Gk L7z,
RBICHEALSR() 2 AW TR ICIC LY BEE T VX L E A2 S D40 11
7772 EAEKRLTWAHIN, RouteB Tik, 1,3,5-FV X 2-7 7 =1
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RUBrvERESFELTHAZ Ry 7Y VI RE, WL vHE
ACHZEH W= FHNBRILKISICE Y 7= P LU FKZEMR L, HOHA
I RAB T YT AEREZEAL, RUBUED 1,3,5 L7
= MU UEKEEANLZAIBEAEZ G LT, &% Route A & [RIARIZHE
fEE(I)Z H W B ERKIGIC IV RET A ALK EZ ST Y — L K28
AL T I 720K ERELTCVWDIE, b+ rT7 7«
VTIE, AT RET AR AR EZ L O TS T 7 2 TR O DKM
WRBIZOWTHER SN, S HIC HFmEIRIZE Y NBCHKD 2 43+ 7% 60°
TN THERSTLEEZICEMBHEICHBEADRZL 2 ERVBE SN RIZRD &
WO ERDPHE S 2B

IHNETONZETIL, 3 HXHDO NBC BRAEZAKRTHEZDICRUE U
DI13SMICT=F U Py EKREZEALLE, ZO7EOKINEEZITLER
DEENVETH T, £, BEEHT7T AR AEZEAL TWD DKL
LUV T L COHEMBEEICOWVWTIEMIAISN T 2holz, 2T,
EHEOITHBEERE L THRENLTWAE L U2 H W2 THdE 72 NBC
DFHERNL— FNORFEEERLE, S5 NBCICEATHEBRILIZK L
TrnanfHAEREZHEELRVEBEOBEBRLE L BIRT 52 & THMBEMEZMHERL
RN S OMERICHRE L7, NBC O #EEZH LT 5 2 & TH
T L)L TOWEDOMA A B iR L -,

2-2. JFRyYan R (NBCO)DARK

Fex MPAR L7z — b %& Scheme2-2 IZ " T, LU nd 45-7 0 F 9,10-
VTN ax e Ly 23 ZBEHOAEMIEICIE S THREEOIETHMR LM
Sy vzl cilma vEBRFT N v ABIOELVT =T A E AW
AL RIEEZITH) 2T hE LY 2-1 2187, 2-1 ZEMEBET T, N-7
TEAZ A I RFINBS)ZHWTTZ7rE/LL910-V 7T BEE L4507
Ny 22 570, WICEBIER)D A FMF U HER=0CH3)D 2-3a T A F )L
il L v, EHREN o 4% v (R=0C:H)D 2-3b &7/ ) — L1y
n-~% LA F I (R=0CeH13)D 2-3¢ Z~FH /) — Lk ZThZEnamkL
72 (Scheme 2-2),
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Me,SO,4 or RH

O NalOy4 BuyNBr O
RUC|3 B Br. l ' N328204 Br “ R

| CH Cl, HtS40h THF, HQO R
THF r 4M KOH

Pyrene rt,2.5h 40 OC Overr“ght 2-3a: 620/0 R = OCH3
43% 100% 2-3b: 74%, R = OC4H,
2-3¢: 78%. R = OCqHs

Scheme 2-2. Synthesis of compounds 2-3[% 31,

WIZ NBC ORIERATH LB LV 3 &K 2-4 ORI L T Xl xS
ENAT o 72100, 2-3 © 3 BERALK G IZ Ni(cod)r & AV, BINE T 2-4 Z A L
2o BRI, B HN T 2-4 ITHALER(I) %2 W CTHEER BB (L S 2 1TV, NBC
DA AT AKX E) L 72 (Scheme 2-3) 171,

Ni(cod),
1,5-cyclooctadiene
O 2,2'- blpyrldme

FeCl3/CH3NO,
—_—

O THF CH,ClI,
° rt.,4h
70°C, 24 h R
2-3a: R = OCHj3 2-4a: 87% NBC-C4: 52%
2-3b: R = OC3H; 2-4b: 61% NBC-Cj3: 73%
2-3c: R = OCgH43 2-4¢: 68% NBC-Cg: 80%

Scheme 2-3. Synthesis of NBC [6- 7],

RANCAR LI A MU EEEHF T 25 NBC-Cr I A A~ DR RN K < |
e ODPWENBIT A>T, T T, TAXNVEORIZRFTT HZ & TH
e ESEH LI L, TR AT F U EKR AT LA F M
A4 5 NBC-C3,NBC-Cs N5 H 7= 2 & % '"HNMR B X T8 MALDI-TOF-MS
A7 R XY [EGE L 7 (Figure 2-1),
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CeH130  OCgHy;

2-4c (m/z = 1200.72) NBC-C¢ (m/z = 1194.67)
2-4c CHCl, ™S 1200716
HHH? ‘
I i ik, L1l L
NBC-C, 1194.672
Hb Ha
I Ll ]
1 I 1

| L | J | ! |
10 8 6 4 2 0 1190 1200 1210
ppm m/z

Figure 2-1. 400 MHz 'H NMR spectra in CDCI; (left) and MALDI-TOF-MS spectra
(right) of 2-4c¢ (top) and NBC-Cg (bottom).

2-4c /X, '"H NMR LV HHEHEB O 8.20 ppm & 8.40 ppm (2 2 KFE/H DX
7Ly e 754 ppm I H* ORI 7Ly PR TE %S, MALDI-TOF-MS
NHH 2-4e NALTETNDHZ L AEfER LT, NBC-Co IIMEERAZITH 2 & T
'"H NMR Xk 0 H & EMEEK D 8.63 ppm @ H* B XL W 8.71 ppm D H* DX 7 L v
k2 RIZIFE TE 7, MALDI-TOF-MS 7» 5 k3% 6 il /0 DD &R L C
B, 2-4c ODBALIZ LV KBE72 < NBC-Ce WA L TWD Z & 2R LT,

NBC-C; LTV /nux /=X ) —LORMbLEEEPELNT
DT, WL X BEGEMATIC X - T, Mg x5 22 L 72 (Figure 2-2),
HAFHNICY 7oz o2 | FaBERGONT, o @y o=
TIWZHT25 48 RF DO FH M5 D X L (mean-plane deviation) 23 0.09 A & |
OIENCBEALE D FHBEERN SN, ZOEHZOKKNIE, BERETHDL TV
AXFEOMBBERFICHLEZZAOND, MET L2 LICLOBERTFOK
FICED 6 BRV/ELZEN T I 7 THEI N TWVDHEB & C-C
MAEEMZROLEZA, Ty VHFIZBWT136A & “EHEAGMEZ TR L,
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RAZYTIZENT 145 A LHFEAUEERT ZERNbhoTe, /vy X
VIUREND 1 RO T AEEEZIER L TR Y . 2 oMo E R EE T
344A L 347A THH72, C-C DT 7T IIVT = LAFEREOFMN34A TH
% O T, NBC-C3 [T ftH T\ n-n A AAE M 2R S vz (Figure 2-3), 7
TZALHMED 2 55FTiE, 600 THNTHER>TWVWDH I ENRIN, NBCEHHIZ
B EMBERMEICBONTHENZERY FZLTWDL I ERbholz,

a) b) 1.361

1366 1367

C-C bond length (&)
double bond character
single bond character

Figure 2-2. a) X-ray crystal structure of NBC-C3. Thermal ellipsoids are scaled at

50% probability. Solvent molecules are omitted for clarity. And b) bond length of
NBC-Cs.
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Figure 2-3. X-ray structure (packing structure) of NBC-Cs. Propyl groups are
omitted for clarity.

2-3.  NBC OB Wi

Bonlz7e et X EKAEHT D 2-4b, NBC-C3 DS A UYL A~ 7
B LOEXE AT MV EIRT, 2-4b T, 300nm & 400 nm £ 37 12 R K
B 7l 2 ~x L, 515 nm IC®E % /~x L7z, NBC-C3; Ci¥., 400 nm & 438 nm
IR 72 I Z 7k L, 2-4b & LR L C o P OIEEIC LD Ly KU 7
FELTW5D, ®HIE530nm (IZHE M 4L, NBC O 6 R X SRk & R v —
# %~ L 7= (Figure 2-4), 2-4b 3 . O NBC-C3 & 112 460~560 nm 255\
IWAERTEE, ZiE, ZOBEOFRMETIIEH TH 5 0-0 BRI H R
TOWMNTH D, WINANT MILERNEANRT NVDETHDAN—T7 AT
7 N IEFIZ/HE L 2-4b TiE 544 cm’!, NBC-C3 TiZ 0cm! ThH DV, FKER
RE L EIRRE Dy TAEE OB T/hE L MIE R EZ2A Ly 1
777 xRN RETH LY, Ee wmotEFIEIL 2-4b TIX 3.1%.,
NBC-C3 Tl 4.6% T & - 7z (Table 2-1),
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Figure 2-4. UV-vis absorption and fluorescence spectra of 2-4b (12 uM, blue) and
NBC-C3 (5 uM, red) in toluene.

Table 2-1. Optical properties of compounds of 2-4b (12 uM) and NBC-C3 (5 uM).

Aabs (&) q ¢
/nm (10* M- Tcm™) / nm / %

289 (6.2), 306 (6.4), 400 (5.4),
473 (1.8), 500 (0.7)

394 (16.5), 403 (18.8), 437 (9.3),
495 (1.3), 502 (0.9), 530 (0.5)

2-4b 514 3.1

NBC-C; 530, 571 46

BonllbEMORIN AT M ZHIET SR T, A7 MVIZREK
GERd5HZ EHRH L, NBC-Cs DI AT ML OEEELE bz
EHEAF L UBIRTHIEL, D FOBELLZHAGE2ETSAREK K &K
W 72 (Figure 2-5), XU LY E XA I ROBAICHEKDOEEKRIE KN
Wiirthuner HIZ X > THEINTEY, 20 L ETOEEHF/FH Ko 1T, X(D)IT
LToTkwohTnalle Nl Ao ¢ FHERASFH2Y LB A A I RREEE
I, B E CRENTZEI R T ABEOEERICHR>TVD EREL,
Ko 2B L7z, =T 74974072k 0Rkd7- Ko OfEIZ ML R
R TIE Ka=7.1x10* Lmol'!, L A F L VIEH TIL Ka=1.1x10"" Lmol! TH
D, WIEIZEXVELRIESE/BE R THRLE o, ZOEWIE, MLz »
NaYHEHDFDOr AX vy 7 #lETHEHIC, 2EREEZE/RLICSWVWED
ThHDH HBIEAF LU TH AT v 7 ZHETERVWEZOEERELZERL
RIS BEEHIZI0fFE NI RERENELLEEZE X BN D (Figure 2-6),

15



a) 4_ — 0.53 uM b) 4_ — 048 uyM

2.5x10 w25 080 k) 4.0x10 e OT2 DM

20 134 uM ---- 242uM

_ : 267 M _ 484 uM

e 15 === 801 M = === 726 M

w9 : - 12,00 uM . 2420 pM

s b - 80.10 uM > - 4840 pM

Py i — 120.00 uM P — 96,80 uM
0.5

0.0- T T T T T 1 T T 1

300 350 400 450 500 550 600 300 350 400 450 500 550 600
A/ nm A/ nm

Figure 2-5. Concentration dependence of absorption spectra of NBC-C3 a) in DCM

and b) in toluene.

Equal K model

. B NBC-C3_toluene K.
e NBC-C3_DCM monomer+ (n-1) polymer _ " npolymer
Y op- — cal_NBC-C3 toluene n polymer = (monomer),
< K = 7.1%10% Lmol-" Ke=K,=K:=K,=... =K,
< [R2 = 0.998]
w 2Kc+1—V4Kc+1
3o — g, 0= EE a0
[R* = 0.998] ¢ RO
0 - & BERERD.
L g BN —IREEDe
-7 -6 -5 -4 3
10 10 10 10 10
c/M

Figure 2-6. Curve fitting of spectral changes of NBC-C3 in DCM (red) and toluene
(blue).

WALz b A F L > & W T 2-4b, NBC-C3 DL ENME T A 7 U v
JRNLHE A NY — (CV)ERBT/SIVARLHE A NY — (DPV) (2L - T
H7E L 7= (Figure 2-7), 2-4b TIX CV X 0 FEF W72 i 45 5 v, 2-4b 20
LI L TCALZETCHDZ ENboT-, DPV LV B{LEMZ LB -
72 25058,077V TERLENL BT OBbINTWHZENRDND
HOMO ¥E{7|% 5.38 eV L WML iz, —F . NBC-C3 TlE CV XV afif
REBALERE O, 2-4b LR TRBILICKH LTRETHL Z EBbhrol,
DPV XV 004V T1 FEF. 046V BLUV0.69V TENETN2 EFT O
fbEn, 5 s EBrBIibIN2Z ENnbhoT=, DPV OF —BILENMN D
HOMO % Bt 72 25 484 eV & AFEDL b, 2-4b & LT 0.54
eV EH L TuW/=(Table 2-2), F 7. 2-4b, NBC-C; D ETENMITHEAL AT L
VOBMBTIEHMEEITO) ZENTERNoT,
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Figure 2-7. CV and DPV of 2-4b (left, blue line) and NBC-C3 (right, red line) in
DCM. Condition; 0.10 M Et4NBF4/CH2Cly, scan rate = 0.05 Vs~!, [2-4b] = 0.50 mM,
[NBC-C3] = 0.50 mM, working electrode: glassy carbon, counter electrode: Pt,
reference electrode: Ag/AgNOs.

Table 2-2. Electrochemical properties of 2-4b and NBC-C3.

E' oy E? oy B, HOMO
/Va /va  /va  Jeyb

a) Versus Fc/Fc*

2-4b 0.58 0.77 - 5.38 b) Eromo (€V) = -(4.8+E, onsety.
0.1 M Et,NBF, / CH,Cl,
NBC-C; 0.04 046 0.69 484 Scan rate = 0.05 Vs

NBC-C3 @ 5 &F &£ 12 >\ T, Harmonic oscillator model of aromaticity
(HOMA)Z W CHift 21T > 72, HOMA X2 2R T HEHETH D EHESIND
C-CRADHREMEA.38 b oagROBKEIMTCERSN, X)Lk -T
Koo pU MBI R EEHRILEM TH DX O HOMA Offiix 1 T
HO . EFHFEBKED HOMA OfEIL 0 THXFHIIZFEN 4 5, NBC-Cs O if i
MENOELNTEMAEERICH & 5%, HOMA % HH L 7245 & % Figure 2-8
\Z”9, B,C,G,H, 1,0,P ®6 EERIZE VT HOMA DfEA 0.72~0.80 & 1
WWITWEZ R L, 2NHDNEICBWTEWESFKREEZAL TWVWE EEZS
N%, F7ZA, LN ®6 BERIZBWTH HOMA OfEN 0.68~0.74 & HLELH
1 ICEHEWEEZRL, 2Ry VHESICBW T _EHEAEEZAT 52 &N E
K<chHsd, —F5.D,EFEILKM D6 BEDHOMA DfEIX 0.52~0.63 & %
Do 6 BEEHNTERWEZ RL, FEBEERFHS, 20201 TH E, F,
M ®6 BRIZELTIERAZ Y TOHFBEMENER THDL, ZHLEHER
REEAEEOR ALY B, C, G, H, 1,0,P D6 BB 7 DIZHFBKRMEN
JSTEfE L Clar HlIC X W ZEL L TWD & E % 515 (Figure 2-8)
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HOMA = 1 - 22 5(d,, - d)? ()
n  C-CHEEDEL
dope: BRIB(E SHUTHES IRA(1.388 A)
d; :C-COAUE

HOMA 0.74 080 0.76 054 060 064 074 0.72

| J K L M N O P

HOMA 072 052 063 068 062 071 079 0.73

Figure 2-8. Structure of NBC and calculated values of HOMA.

B ook S % 2L NBC-Cs O % LB EE(DFT) 2 H v T oy 7 #lE
HEEITV, TFAX WA ERD T, S TELEFEOE RS HOMO,
LUMO & HICHiiBE L TWABZ N bholz, EFEM BN S HOMO #E(L
1%-4.84eV TH VD DPV H RO E RWVW—F %/ r L7z (Figure 2-9),
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Figure 2-9. MOs of NBC-C3 based on the B3LYP/6-31G(d) level of theory.

X 51T NBC-C3 O #E i 1 2 J£ 12 Amsterdam Density Functional program
(ADF)Z W CTE M BB L ICFHEA T 5 EHZ D 65> V (charge transfer integral)
ZEHHE L7z (Figure 2-10) B3 1) FHRIC K S TRELIBEHE X, 2OV L&
BRI =R L F =L O TERIND, TOMED T L5 M OIEFLEB)EICH
B D Viele IZHEM O T 102 meV, @ T 779 meV & R bz, Z Off
BERFEOHEFETELNEAF TRV ROALT LU ORAKDETH D 87
meV. 91 meV ([ZILE3 5fE TH 21> 10, HEEHESALNOTOLEY bEZ
DHEDPOEPN/NS LK Lo BRIT » FEHOEZRYDDPRELSEHbo TS &
ZExbi, O EQTIE o FHROERLRVIZKEZREWDNRA LT (Table
2-3), £, AKICH T LHFHOEFBEHEICHBET D Vae DEIE 49 meV &
25 meV DR E RMED R E o7z, AR B IV R db 138 db TS B85
FTEGATEY, BT7LFRAUNOELRYBESITFEFITNHNIWVVETH -7,
ZOREND 1 AF v 7 HFZE MM ERFE AR T RREN D D L BR
S/, NBC OHi#EEZ =X B /7 b= I LOZRNLERS
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L EREMmPICEERN G EN TV R WHERZ G, HomfEE,» o NBC O
MIEREEA 351 A T 7 omnxc X Ui e e XTI BEBENIAA Y n-n fHA
ERARH L 2o Tz, £70, O FIETHBOERVESZRD L Z
5 Vhote = 1.0 meV, Veie =39.7 meV TIHFHIZ/NSWETH-T2, T b ORER
NOELUBEOEHBEEOREIIY 7o X o2 BSR4 H W TlE
AT o T2,

) 0.01 meV

0.82 meV

Figure 2-10. a) Schematic presentation of packing of NBC-Cs. b) Top view of

upper two planes. ¢) Top view of lower two planes.

Table 2-3. The calculated transfer integrals of NBC-Cj3 based on the GGA:BP/DZP

level.

Interplanar Viole Vele
distance/ A /meV /meV

@ 3.47 102.8 48.9
@ 3.44 719 25.2
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2-4. NBC Lt 75—V vt

AR L7 NBCIE, FOFHNIKFEASTEHO LN LR SN D BN KX 7
ndBETFHTHY, ETH-EGEEDO R —MEE L TEB BRSNS,
—H. 7TV VB TSRO T 7 T2 — MRt LT, AHEERR K E
e SR IEHENTWS, SEZD 2 BEOSFEHWDHZ L TR
—7 77 —ROLGESE L TES. BFRMHEIC W THIBRE W R 15
SNLDTIERNWNEBZLFEEEZFER L, 21 E TIZ Millen 51T &
THEB I8 n I A FNFUETEBRINT HBC & 7 7 — L Ce O AL N
WE I TWAHIT FEEIZZ D HBC & 77— L v Ceo & 1 k1 O HiAk
RBWRPOIER L TEBY, ZoFEMEEZSZIC L TS OERIZHE L
7z,

Figure 2-11. X-ray crystal structure of NBC-Cego cocrystal a) ORTEP representation,

b) Packing structure and ¢) CH-n interaction between NBC and Cso fullerene.

FEEIINBC-C3 & 77— 1LY Ceo ZENKT 1 X1 IZRDEIICHID &
D, M Z U ZEMBSETHELLEER? O AK[KILBIEIC TER Lz, X #
REERET N DA IS X A 1 6 1 oGO, i Ticix
W A2 G5 EF, 79— ColdT 4 A4 —F—FPFICHEBENEENLENT
V72 (Figure 2-11 (a)), £72. NBC,Coo TNENN A T AfEEEZ K L T 5
Z L b o Jo(Figure 2-11 (b)), 4Bl 7 7 — L 2 Ceo M EEA S VT EK &
LTI .NBCORLS YT DT hrb 75 —1L 2 Ceo D6 EBEDCH-=n
HAEEHIZL DD ThH D LB X T b (Figure 2-11 (¢)), TV E TIZHE &
NTWNWbH7T7 =LY Ceo ZaL LR TITETE 77— Ceo DIEIEET
AF—H—=LTWb7d, SHEELNZFBERITT T — 1L Coo NEES
NTWLELZ2NEITH D, LM E T O o Vs F 1%L, mean-plane
deviation 78 0.14 A TH VY, H—K o0 OO E X TELEN DT NITK
ELL o THY, n Ty rHOmMERIX3.49 £ 354 A ThoTe, Th
X7 7 =1L Coo ZETEILTATNLEZ ENEEL TWNWLLEEZ NS,
SOIWHEREON 7 AEIL o FH TN 1 AX Y7 FANZH 7 AERE
L. ZNICH>TT7T7—Lb 2 Ceo DI TLENIHEATEY, £2FKITZNETND
MORIMEEEES>TWVWD, ZHiEX, FF—, 727872 —NKRHIZE % 72
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L7 BB S CTh o 7o, T OME XA S B KB I 381 2 BLAEM 7
HEThHLIEMEINTEY, ZoEMOoMEEZNET 52 & THRM
ANELND AN H D REBEEN S 7,

FIT, B—oOfEMm L REIC ADF 2 HHWTEAR VIS V 2KkD 7
(Figure 2-12), B — 3 OB FEARIC, n Fili 7 F O HEH G & @ TIEE R £ 7
D . Vhole IZ@ T 37meV., @ T 82 meV & H—/yDOfEdh & ik L CIEEH /N
S o2, —H T, Ve lZ@® T 86 meV & @ T 53 meV & H—p4r Dbk
EHRTEHIIRE 2MENRNE ST (Table2-4), —JF5., 77 —1L > Ce [T
XV RFR—)v, B Py FIEEOEIIEON RN T,

Figure 2-12. The calculated transfer integrals of NBC-Cgo cocrystal.

Table 2-4. The calculated transfer integrals of NBC-Cgo based on the GGA:BP/DZP

level.
Interplanar Viole Ve Distance between V| . Ve
distance/ A /meV /meV centroids / A /meV  /meV
® 349 36.7 85.6 ® 14.32 0.02 0.05
@ 3.54 81.7 52.5 ® 10.75 7.8 16.5
@ 10.23 0.3 7.1

F/ro-vr7umuXoBy /2-7a X)) — ILDOFRTT T —L 2 Chonb A
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RICHBERAIFR Lz, 77— L Ceo DILHE S & AR & P I+
ol RN EONTT, BONTEHEEEIZ T 7 — L Choid6:
4 THHET 4 AFA—H =L TWVDLHDD, 77— Ce &IAUAEZED
TWie, 4 EBOEIETEENHHEE % Figure2-13 ()l mn L, 6 FITHEEND
1 1% % Figure 2-13 (b)IZ/RT, NBCIZX L T7 7 — VL Cro DI TN HE 7R
WIEERT 4 A —H —L o TWD, HEHEEET D o Pl 13 mean-
plane deviation 78 0.15 A TH VY | H— o3 DML T 7 — L Ceo D I b
DL HRTHOLTDICELNKEL 2o Tz, n 3% 5 1M o i R Rk
349A L 35TAThHo72, ZNIEFET7T7—L 2 CrolN 77— Ceo LD bR
F10fHOPRENVTEZOTHDIEEZLD, 77—V Cro DEFERIZTBWTEH
77—Vl Ceo DIEFERMFAERIC, TNEND T T LA Z K LK
TFNFR DY K LI > TW 5 (Figure 2-13(¢)).

Figure2-13. X-ray crystal structure of NBC-C7o cocrystal a) minor structure, b)
major structure and c) packing structure.

2-5. HEERZAVWEENBBEOHE

FEERIZ . NBC-C3 O Hijfi fli . NBC-Ceo 3 & O NBC-C79 D ISR Z H W THE
TMBEEDOREEZIT>7-, TRMC TIZH 7 ricmiglr —%—%2 AR L., ¥
VINVHNTEMEERSE, W T~ A 702l L, FERINOEL T
FNF =L LTRDODAG) DD EBEMEKRE TINEL EMBEEOMZIud
L L THEHEND, TRMC Of#E L CTHEMEIRIES T TR IBRIRETYH
HECTE, EMEOEMELE LS FTICEMBBELRDDL ZENAETDH
% o W 7E 1X F 9" Time-Resolved Microwave Conductivity (TRMC)EIZ X 0 1T,
Wiz NI AR EICHERY v= L7 a— (PVA)RIKIC L v EE L.
S B 2 R LI E &2 1T o 72 (Figure 2-14) 181

NBC-C3 D H it Tk, TRMC O 2 7 — )L TIZEM N AR L TV 5D X
R MV ERTE o lz, — 7. NBC-Ceo 3 £ TV NBC-C7o @ I &t Tl
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Xy UTHERLTNDE AT FULRHERTE, ZOMHIT ¢Zu = 6.0x1072
cm?VIs! Th o=, T OFER, B OAEREMGIELS AL U T
FIEHE T HEECTHMAEAL TV Z ERNbho o, A SR O — T
7R gl 1032 ~10° A — X —THE I N TE Y NBC-Coo D gZulT IEH 1T < |
BN EME RN I, ZoMEIT. RICEMAEKREFIE =10
3STHLIRLIEEMBIHEOMTH D Zu = 60 cm?Vist L7220 | HHEM B E
LCIEHEFICREEMBHEDM TH LM, TRMC OFERENL Zu OfE
DIEFICRENVWETFTEHEINDGTED, ARy BT REETANL N NMEEE
THNERFTOIMLEND D,

a) 70a0° b) 70q0° gru= (1/eAlFygn )(APT/Pr)  (3)

60 60
= o b BEERETINE 4 BERT
S F S BEARE BN E A Iy ABI DA BEE
§ 20 V;T 20 e: %%@%ﬁ Fligh‘r: t#IEE-F

10 10 Pri X OOKRODEE

0.0 —= T T T T i 0.0 = T T T T 1

00 02 04 06 08 10 00 0.2 04 06 08 10
Time / ps Time / ps

Figure 2-14. TRMC spectra of a) NBC-Cg¢o and b) NBC-C7y. Conditions; crystal
with PVA film, Aex = 355 nm, p-wave: 10 mW, 22.9 GHz.

1. Clean Si wafer 2. Spin coat (HMDS, Resist) 3. UV-exposure
Hg lamp
T T
Si/Sio2 :: Si/sio2 [ Si/sio2 [
[ 1] Resist
== HMDS
4. Development 5. Deposit Ti and Au 6. Lift off

1 [ | = |
Si/Sio2 \—:> Si/Sio2 :> e~

Si/Sio2

—3 Au (50 nm)

== Ti (5 nm)

Figure 2-15. Fabrication of Au substrate by photolithography.
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3. Removed solvent

] [ ] [ :: ] [ ] [ : F_F_
Si/sSio2 Si/Si02 Si/Si02

== (rystal

1. Clean up Au substrate 2. Drop cast

B

Figure 2-16. Fabrication of SCFET device.

TRMC OFERN SR TZ2EBEMABEIL TWVWD I ENRINTZD T, Bk
pa e W2 FET RF2FR L TEMBENEORIE Z1T o 7o, HIEE T A
mAEERDE N T U AZ(SCFETHEIZ L VATV, R RASF— A KAz
> % 27 N SCFET A /E8 L 72200, ¥eid L 72 n-Si/SiOr R IT~FH A F L
VT H U (HMDS) CTREMB AT\, 74 N VT T 7 4 —iEICk-oTE&E
(50 nm) % N % — =2 7 Lk & HE L 72 (Figure 2-15), @MW NZ —=7
SNTEWRICHEFERODBEREZ Fay 7Sy XA b IWEEZEEL, &EFEMW
M HEAE 2286 L C\W\W b E T4 SCFET % 1 & L 7= (Figure 2-16), NBC-C;
DHDFEHOREILTT R TOFEFTRRT, BETITWY—R - LA VFE
MM DOEE Va=-60 VIZRE LTc, 7 — MEE Vg & 40 V 22 5-60 V (T 5]
TH5ZETHLNATL 1o-V RO BEEE Vi 8 L O on/off . E )
BuxBEHELE, £B7FDOGE% Figure 2-17(a)ll R~ 1, X B EMNT 217 - 7=
FERNPOEMOEMFME T LAOREFMMPRILETHDLZ EE2MHRLL
(Figure 2-17 band ¢), £+ H 11 7= SCFET ® # £ % Figure 2-18 |2 F & ® 7=, NBC-
C3 X IEABEIE 1.4X107° cm?VIisTZ/ R L, ZTHNETICHWEINLTWD o F
Wy EREDETH 2B, ZNODO/RERNL, BT HFMICR L TEAM
W REEZ R L2 T LI FE2 B ATB Y EMBEIEZT S
HHERTHDLEEZ TS,
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a)

7o

W=7.85 um
L=50 pm

Figure 2-17. a) Photograph of device of SCFET, b) Photograph of single crystal
and c) Packing structure with cell axis of NBC-Cs.

-8 b
TN = )
6.0x10 By <80V
-9
10 3
— 4.0 s
<< N <
_~ S 0
-~ >
-10 =
10 3 L
Ve =-60V i
vy, =74V
<11 _| on/off = 5.0x102
10 Fpe = 14x103 cm/Vs
T [ I I | |
60 -40 -20 0 20 40
Vy/V VgV

Figure 2-18. a) Transfer curves and b) output curves of NBC-C3.

NBC-C¢o @ SCFET O 3% 1 O B H % Figure 2-19(a)lZ 7K J, NBC-C3 O i [A]
R, fEdm O E®M T E DT AOREFAMNFELTHDZ & AR L7 (Figure
2-19 b and ¢), /R TIT, BFFERIATELEFEEFTCHEZI T, K
KT CIXELBEE 8.8X102cm?V!s! /8 L, NBC-C3 O A D HfE M &
T 50 {5 D % 7~ L 72 (Figure 2-20), EZ8 F TIZ R F T SN2 o T
BTWEENEEA R L, BTBEHE 49X10" cm?V's! 7k L 7= (Figure 2-21),
I, R T CHBIELRENEFZ N7y 7L TLEI>IZEICLD, 2O
FEF D5 NBC-Coo D IAE M TITIEA . E & bICWMERFRFEEL R LI 206
TUOER=T KL AT LN oNnE ol

26



W=12.26 pm
L=50 um

Figure 2-19. a) Photograph of device of SCFET, b) Photograph of single crystal
and c) Packing structure with cell axis of NBC-Cso.

s ; b :
3 407 3 ~3.0x10" ) 60x10”
10° E — 2.0 5
< ] S <
- - - .
— - > =
10° 3 1.0
-10
107 -

Vy/V

Figure 2-20. a) Transfer curves and b) output curves of NBC-Cso measured by
ambient condition.

a) -7
10 Vep= -60 V

L1l

-8
10

Iy/ A

-9
10

Lol

———
60 30 0 30 60 -60 -40 -20 0
Vy/V Vy/V

Figure 2-21. a) Transfer curves and b) output curves of SCFET of NBC-Ceo

measured by vacuum condition.
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®EIZ, BABENEOERE L HRECOWVWTELEELITo o, HRME T
Ry BV 7RI L > TEMBMENMTOLTWD ERE LEHBAEZT -
720221 Marcus Bla L W RV & 95 2 o IO EMBEHESRE W I HRS

ns,
V2 m \1/2 A V.. EIRDED
Wi = h (AkBT) p(_-'-l-kBT) “) J BB IR —

h: TS5 >FR
kg TN > TEEK
T 5E

Bl rx X —2 TG0/ ML, &= /¥ —%(U)B3LYP/6-31G(d)

level LV Rk,

A=(EI-E)+(E —E) (5 E; - &fal - hhileIRRE
E, : &fa - HEIARE
E* - 9 - phileiRRS
E 9 - BEERIRRE

B BEIMR W 2RV, IKBRE DTGk RSN D,
D= lz r? WP (6) I; . 2ﬁ%®EFL‘FEﬁEE%E
gLl (S &

iHBEODTRITHRY E>OhEC SR
Wi

P, = RTZ (7)

BEH BB E 4 13, Einstein O BIE L 0 IR D 2 H 0 TR@)IC L 0 B S
n o,

e B

il

p=—D (8)

kgT

B L7-EMBENE ¢ O R % Table 2-510F & 72,
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Table 2-5. The calculated carrier mobility of intercolumn of NBC in single crystal
(NBC) and cocrystal (NBC-Cso).

A 2 Iy Vv, r Hcalc Mscrer

/eV  /eV /A / eV JA  /cm2Vst /em2V-TsT

hole 0.26 0.102 5.18 0.078 3.71 0.38 14x1073
NBC
ele 6.14 0.048 5.18 0.025 3.71 <1020 -
hole 0.25 0.037 4.81 0.082 4.19 0.21 5.3%x10?
NBC-C,,

ele 0.22 0.086 4.81 0.053 419 0.39 49x%x107

NBC HiEDOH 7 AR TIXIELBEE 038 cm®V-ls! & BRfE D 541 SCFET @
FHHE LV bEmWEZ R L, EFBENEILHREMN T X LF —NIEFITKE
W72 10720 A — X —DLFERED b, FEERIZ SCFET 7o b @l S 41T
W, ZIDOFEEN D NBC BARTIT A 7 2 F M st L CIE FL#w o5& 5 M
DHZHLTWDLZ R RSN, —FH., HBHE&EICBIT S NBC O 7 A
TIHXIEABEE 0.21 cm?Vis!, EFBHE 0.39 cd? Vst EHEH SN, 7
T— L UM TRERVESOMB/NEIL, 77—V UBBRBENRLTHD Z &0
LRy B 8BS CITEMBBHEOFE T/ NIV EEZZX N5, HFid
®» SCFET OffR LB VW—FHA RLTRY, Rt EtTT7T7— 1L
L DEEAZIT T NBC X4 7 A FMIICx L CIEF., & Fmk a2 R
L7V ER—=T LRI LTLEEFEIOND, SEIT, &y Vo 7 inE5K
BICIVEMBEEZHEBE LZA, TRMC O ENLEBEMBENE Su = 60
cm?’Vist L PRINTEBY AN FMEEEBEIZOWTHLBZEERLETH DL, 2
I LR, iERmERD 2L T NBC OEMBMEREELAM ELEZZ &2
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2-7. EBRIHE

General: 'H and '*C NMR spectra were obtained with JEOL JNM-ECP 400 and
ECX 400 spectrometers at ambient temperature by using tetramethylsilane as an
internal standard.

Spiral MALDI mass spectra were measured with a JEOL spiral TOF, JMS -
S3000. The high-resolution atmosphere pressure chemical ionization (APCI) MS
were performed on a BRUKER DALTONICS micrOTOF using positive and
negative ion modes.

UV/vis/NIR spectra were measured with a JASCO UV/vis/NIR
spectrophotometer V-570. Emission spectra were measured with a JASCO FP-6600
spectrofluorometer. Absolute fluorescence quantum yields were measured on
Absolute PL Quantum Yield Measurement System C€9920-02 (Hamamatsu
Photonics).

Materials: TLC and gravity column chromatography were performed on Art. 5554
(Merck KGaA) plates and silica gel 60N (Kanto Chemical), respectively.
Commercially available regents and solvents for synthesis were reagent-grade
quality, and used without further purification. For spectral measurements, spectral-
grade dichloromethane were purchased from Nacalai Tesque.

Electrochemical Measurements: CV measurements were conducted in a solution
0f 0.10 M Et4sNBF4 in dry CH2Cl, with a scan rate of 0.05 V/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.

X-ray Crystallographic Analysis: The diffraction data was collected at 100 K with
a Rigaku VariMaxRAPID/an imaging plate diffractometer with graphite-
monochromated Mo-Ka radiation from the corresponding set of confocal optics.
The diffraction data were solved with 29 the SIR-97 program and refined with the
SHELX-97 program 123/,

Theoretical Calculations: The geometries of compounds were fully optimized
using the density functional theory (DFT). The functional and basis set used in the
DFT calculations were the Becke’s three-parameter hybrid functional combined
with the Lee-Yang-Parr correlation functional (B3LYP) and the 6-31G(d) basis set,
respectively. Equilibrium geometries were verified by the frequency calculations,
where no imaginary frequency was found. All the calculations were carried out

using the Gaussian 09 suite of programs.

7,8,15,16,23,24-Hexamethoxyhexabenzo[cld1,de,ij,no,st,xy|trinaphthylene 2-
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4a: In a glovebox, Ni(cod)2 (295 mg, 1.07 mmol) was added in schlenk flask and
then 1,5-cyclooctdiene (0.17 ml, 1.35 mmol), 2,2°-bypyridine (167 mg, 1.07 mmol)
and THF (10 ml) were added at room temperature under argon. The solution was
stirred for 10 min and then a solution of compound 2-3a (300 mg, 0.71 mmol) in
THF (20 ml) was added dropwise. After the mixture was stirred at 70 °C for 24 h,
it was added to water and filtered. The residue was washed with CHCl; to give the
compound 2-4a (160 mg, 0.20 mmol, 87%) as a yellow solid. 'H NMR (400 MHz,
CDCl3): 0 = 8.40 (d, J = 7.2, 6H), 8.22 (d, J = 8.0, 6H), 7.56 (t, J = 7.6, 6H) and
4.30 (s, 18H) ppm; '*C NMR (100 MHz, CDCl3): No data; HR-MS (Spiral MALDI):
m/z: calcd for CssH3606, 780.25 [M]"; found: 780.23; UV-vis: No data.

7,8,15,16,23,24-Hexapropoxyhexabenzo|[cld1,de,ij,no,st,xy|trinaphthylene 2-
4b: In a glovebox, Ni(cod)> (1.73 g, 6.29 mmol) was added in schlenk flask and
then 1,5-cyclooctdiene (0.92 ml, 7.50 mmol), 2,2’-bypyridine (980 mg, 6.27 mmol)
and THF (50 ml) were added at room temperature under argon. The solution was
stirred for 10 min and then a solution of compound 2-3b (2.00 g, 4.22 mmol) in
THF (50 ml) was added dropwise. After the mixture was stirred at 70 °C for 24 h,
it was added to water and extracted with CHCls. The organic phase was dried over
Na>SO4 and concentrated. The crude product was separated by silica gel column
chromatography (CHCls/hexane = 1:1). The product was purified by
recrystallization (CHCI3/EtOH) to give the compound 2-4b as yellow solid (815
mg, 0.85 mmol, 61%). '"H NMR (400 MHz, CDCl;): 6 = 8.40 (d, J = 8.0, 6H), 8.20
(d, J=17.6, 6H), 7.54 (t, J = 8.0, 6H), 4.43 (m, 12H), 2.06 (m, 12H) and 1.23 (t,
18H) ppm; '°C NMR (100 MHz, CDCl3): § = 143.67, 130.34, 129.39, 128.40,
127.61, 124.54, 121.99, 119.61, 75.34, 23.91 and 10.89 ppm; HR-MS (Spiral
MALDI): m/z: calcd for CesHeoOs, 948.44 [M]"; found: 949.44; UV-vis (toluene):
Jmax (¢ [M'em™']) =306 (63961), 400 (53509), and 416 (sh, 40594) nm.

7,8,15,16,23,24-Hexakis(hexyloxy)hexabenzo[cld1,de,ij,no,st,xy]trinaphthyl-

ene 2-4c¢: In a glovebox, Ni(cod)2 (736 mg, 2.68 mmol) was added in schlenk flask
and then 1,5-cyclooctdiene (0.39 ml, 3.18 mmol), 2,2’-bypyridine (419 mg, 2.68
mmol) and THF (30 ml) were added at room temperature under argon. The solution
was stirred for 10 min and then a solution of compound 2-3¢ (1.00 g, 1.78 mmol)
in THF (30 ml) was added dropwise. After the mixture was stirred at 70 °C for 24
h, it was added to water and extracted with CHCI3. The organic phase was dried
over Na>SO4 and concentrated. The crude product was separated by silica gel
column chromatography (CHCls/hexane = 1:1). The product was purified by
recrystallization (CHCI3/EtOH) to give the compound 2-4¢ as yellow solid (556 mg,
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0.46 mmol, 78%). '"H NMR (400 MHz, CDCl3): 6 = 8.40 (dd, J = 7.6, 6H), 8.20 (d,
J=7.6,6H), 7.54 (t, J=7.6, 6H), 4.40(m, 12H), 2.04 (m, 12H), 1.68 (m, 12H) 1.44
(m, 24H) and 0.97 (t, 18H) ppm; '*C NMR (100 MHz, CDCl3): § = 143.73, 130.34,
129.40, 128.39, 127.61, 124.54, 121.98, 119.61, 73.87, 31.84, 30.65, 26.04, 22.74
and 14.13 ppm; HR-MS (Spiral MALDI): m/z: calcd for CgsHosOs, 1200.72 [M]";
found:1201.72; UV-vis (toluene): Amax (¢ [M'ecm™'])= 306 (65029), 400 (53501),
and 416 (sh, 40722) nm.

5,6,11,12,17,18-Hexamethoxy-diphenanthro(3,4,5,6-uvabc;3',4',5',6'-
efghilovalene NBC-C: 2-4a (23 mg, 0.03 mmol) was dissolved in CH>Cl> (600
ml) under N»>. FeClz (88 mg, 0.54 mmol) dissolved in CH3NO> (4 ml) was added
dropwise over 5 min. After the reaction mixture was stirred at rt for 5 h, it was
poured into MeOH, forming a precipitate. The precipitate was recovered by
filtration and washed with MeOH, 1 M HCIl and CHCI3 to give NBC-C; (12 mg,
0.02 mmol, 52%) as a yellow powder. '"H NMR (400 MHz, CDCI3 and CS,): § =
8.32 (d, J = 7.2, 6H), 8.12 (d, J = 8.0, 6H), and 4.24 (s, 6H) ppm; '*C NMR (100
MHz, CDCl3): No data; HR-MS (Spiral MALDI): m/z: calcd for CssH3006, 774.20
[M]"; found: 774.21 ; UV-vis: No data.

5,6,11,12,17,18-Hexapropoxy-diphenanthro([3,4,5,6-uvabc¢;3',4',5',6'-
efghilJovalene NBC-C3: 2-4b (80 mg, 0.08 mmol) was dissolved in CH2Cl, (100
ml) under N2. FeCls (246 mg, 1.52 mmol) dissolved in CH3NO> (3 ml) was added
dropwise over 5 min. After the reaction mixture was stirred at rt for 3 h, it was
poured into MeOH, forming a precipitate. The precipitate was recovered by
filtration and washed with MeOH and 1 M HCI. The crude product was separated
by silica gel column chromatography (CHClsz/hexane = 1:1). The product was
purified by recrystallization (CHCI3/EtOH) to give NBC-C3 as orange solid (55 mg,
0.06 mmol, 73%). '"H NMR (400 MHz, CDCl3): 6 = 8.63 (d, J = 7.6, 6H), 8.49 (s,
6H), 4.90 (t, J= 6.4, 6H) 2.52 (m, 12H) and 1.69 (t, 18H) ppm; '*C NMR (100 MHz,
CDCl3): 143.51, 123.66, 122.12, 119.23, 118.72, 118.11, 115.00, 76.01, 24.52, and
11.40 ppm; HR-MS (Spiral MALDI): m/z: caled for CssHs40s¢, 942.39 [M]"; found:
942.39; UV-vis (toluene): Amax (¢ [M'em™']) = 395 (153193), 403 (187538), and
437 (98232) nm.

5,6,11,12,17,18- Hexakis(hexyloxy)-diphenanthro[3,4,5,6-uvabe¢;3',4',5',6'-

efghilovalene NBC-Cs: 2-4¢ (120 mg, 0.10 mmol) was dissolved in CH2Cl> (90

ml) under Nj. FeCl3 (292 mg, 1.80 mmol) dissolved in CH3NO> (5 ml) was added

dropwise over 5 min. After the reaction mixture was stirred at rt for 4 h, it was
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poured into MeOH, forming a precipitate. The precipitate was recovered by
filtration and washed with MeOH and 1 M HCI. The crude product was separated
by silica gel column chromatography (CHCls/hexane = 1:1). The product was
purified by recrystallization (CHCI3/EtOH) to give NBC-Cg as orange solid (96 mg,
0.08 mmol, 80%). '"H NMR (400 MHz, CDCl3): 6 = 8.71 (d, J = 8.4, 6H), 8.63 (d,
J=128.8, 6H), 4.95 (t, 12H), 2.51 (m, 12H), 2.14 (m, 12H), 1.80(m, 24H) and 1.26
(t, 18H) ppm; *C NMR (100 MHz, CDCl;): 143.68, 123.81, 122.37, 119.51, 118.86,
118.37, 115.31, 74.60, 32.38, 31.40, 26.63, 23.11 and 14.46 ppm; HR-MS (Spiral
MALDI): m/z: caled for CsaHooOs, 1194.67 [M]"; found: 1194.67; UV-vis (toluene):
Amax (¢ [M'em™']) =395 (159213), 403 (199951), and 437 (103986) nm.
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Figure 2-35. HR-Spiral-MALDI-TOF mass spectrum of 2-3a.
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Figure 2-37. HR-Spiral-MALDI-TOF mass spectrum of 2-3c.
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Figure 2-40. HR-Spiral-MALDI-TOF mass spectrum of NBC-Cs.
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2-8. MR

Table 2-6. Crystal data and structure refinement for NBC-Cs3.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F (000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 26.00°
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

Cs6Hs5406C2Cl2
1038.01

90 K

0.71073 A
Monoclinic
P2i/n
a=22.008(6) A
b=28.5142) A
c=126.625(7) A
4984(2) A3

4

1.383 g/cm?
0.190 mm™!
2176

0.30 x 0.05 x 0.05 mm®

1.53 to 26.00°
-27<h<26,-10<k<10,-15</<32
27926

9794 [R (int) = 0.0718]

99.9%

0.9906 and 0.9452

Full-matrix least-squares on F?

9794/ 1/ 724

1.017

R1=0.0742, wR> = 0.1792

Ri1 =0.1563, wR, = 0.2353

0.773 and —0.593 e.A3

B =92.510(5) °
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Table 2-7. Crystal data and structure refinement for NBC-Ceo.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

V4

Density (calculated)
Absorption coefficient

F (000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 23.50°
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

Co6Hs5406Co0
1663.69

90 K

0.71073 A
Monoclinic
C2/c
a=150.779(8) A
b=17.505(3) A
c=16.937(3) A.
14272(4) A3

8

1.549 g/cm?
0.094 mm™!
6864

0.20 x 0.10 x 0.02 mm?

1.67 to 23.50°

56 <h<56,-18<k<19,-18</<19
32454

10524 [R (int) = 0.1065]

99.7%

0.9981 and 0.9814

Full-matrix least-squares on F?

10524/ 0/ 1195

1.004

R1 =0.0570, wR>, =0.1014
R1=0.1380, wR>, =0.1310

0.237 and —0.341 e. A3

B =108.558(3) °
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Table 2-8. Crystal data and structure refinement for NBC-Cro.

Empirical formula Cs6H5406Cr0
Formula weight 1783.79
Temperature 100 K

Wavelength 1.54178 A

Crystal system Monoclinic

Space group C2/c

Unit cell dimensions a=151.2436(12) A.

b=17.8533(4) A B =109.9249(13) °
c=17.5115(4) A.

Volume 15061.7(6) A3

V4 8

Density (calculated) 1.573 g/cm?®

Absorption coefficient 0.748 mm™!

F (000) 7344

Crystal size 0.49 x 0.03 x 0.03 mm?

Theta range for data collection 2.64 to 68.08°

Index ranges —-61 <h<60,-21<k<21,-21<5[<21
Reflections collected 96554

Independent reflections 13690 [R (int) = 0.0574]
Completeness to theta = 68.08° 99.5%

Max. and min. transmission 0.9779 and 0.7107

Refinement method Full-matrix least-squares on F?
Data / restraints / parameters 13690/ 1260/ 1917
Goodness-of-fit on F? 1.042

Final R indices [/ > 20 (/)] R1 =0.0368, wR> =0.0877

R indices (all data) R1 =0.0457, wR> = 0.0932
Largest diff. peak and hole 0.222 and —0.214 e A3
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F=ZF vouF s BTS2 OBLICIERNVEBEUVR~DORMEDRIS
D fiE B

3-1. i

1957 4. Ganellin & Pettit (IZ L > T 7 a4 27 X7 b7 (COT)DEEL
RIS T hr Y ULAEBERT L EHEINZN, LrLen s,
ZOFmXTIHFEMARRICHEESCHREICE L TidmE s TRy, 2TOK
RIS a— ViR EEFBEICLIEEER CETTAE TRIAE
(Scheme 3-1(a)),

Pinacol-pinacolone
rearrangement

H
O—*Q — (Oon

Cyclooctatetraene

H
— (O
Tropylium cation
3 SbCls
L8520
\ SO,CIF

$ -78°C

Tetramethyl Tetramethyl
cyclooctatetraene cyclooctatetraene
dication

Scheme 3-1. a) Ganellin and Pettit’s proposal for the reaction of
cyclooctatetraene upon oxidation and b) Two-electron oxidation of

tetramethylcyclooctatetraene by SbCls.

ZALARE 60 AR, T ORI BEE U 2B U 2 Bl S LT B S EE
IZOWTIEEMH SN TWRno 2R, Z O KISIZE L CHEFBEMEE WD
BEINOEZDE BEOLRTEN I DDRIAL LT T+ — R >TW
LHEZFEZOND, Thbb, PR TCHAFEFBHEMED ETFHRTHDS COT D
g fbid, AL > T EFHCon BFRTHDL eV LA TF A %
Bk L EGEMEZES T 20, 25 LEWREHAH 5 H T, Olah 1L X F L
L7 COT D 2 B FHBILICE > TR THEEBHEMED 6n ETFRE72D COT
T A A LTV D (Scheme 3-1(b)) M4,

FHBIOJIEOIZE > THKRWT, BILIZ X 2800 L DS HEST L 8
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BRMNRME/ DT D2 HE I, FE oL, RO COTEKEZ DD
B L7z A OFERISIZE Y 8 BERA)N 7 BER (OWKEML, N T 6 7
BRebO7T T RX Y aaxy (D)yNAERK L., BBEMICEEN SIS D EITT D
& & L7261 (Scheme 3-2),

--------------- »
DDQ
Sc(OTf),
PhCI
FeCl3 DDQ 120 °C
CH3NO,
CH,Cl, or| S¢©Ths
rt toluene
80 °C DDQ
Sc(OTf);

a2 28 8

Scheme 3-2. Rearrangement from A to D upon oxidation.

ZOEALISE. ADD B ~OMERMICICE DM AR LD & AR IC X
D F A HREUED S O DENMIZETT S @G S ve, £72. Scott &
STy 7 u o T hXv o= v hF 4 Nidiibic kX 5z
FOBAONLR=NERBALTCT AL 24K T 5 & WA L7720 (Scheme 3-3),

(e e D

THF Azulene
H,O
hv -CO Rearrangment
-tBuOH
OO0tBu H O0OtBu
. H,0O tBuOOH <]/
D= (D= (o —{(D
Bicycloundecca Bicycloundecca
pentaenylidene pentaenylcation

Scheme 3-3. Rearrangement from aromatic carbene to azulene via cation.
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3-2.  FMUTFTAHTIZ VUMD OBLHEERRIG DB

3-2-1. BILIZX 2 8BR»L TEBR~DORM/NKEDFEH

FZHEIFIHOICIEFE COT HiEE b D 3-3 OBLMEER ST L - THILIZ
Wi COT #iE A2 S D TAT O ERICHKEE L7, L2 L7236, TAT 345 51
T ROVIZ3ARFREOINETHLND Z EIZKMBFT Wz, TAT O 4 K
MNERCTE o RNEZHET S0 3-4DRIEEIT-T2, ©Z T.3-3 7
5 3-4 ~D S ERE ORI & 3-4 OISOV TIRAE L 7=,

FNUT 7 L r@NEBRMOERIBEICENT BT 7T ) @3- 165
B L. 3-3 BEEIICHE G H A& RiEZ &I L 72U( Scheme 3-4), 3-1 D o-¥
s X BURERENVA AB T LEATFTZ (V)R FPITMA TV R—
NWVERAL B 24T, 3-3 Z2457-, 3-3 OHEEN 7 n o R L A/~FH Unb
BHNTZDT X ARG 21T - 72 (Figure 3-1), fEMEE»LH LD 8 B
BelX Z 7 HEE O 1,3-alternate &4 & - Tz,

N .o

TiCl,

(N, —>
LD o, O
reflux, 3 h O
31 3-2 3-3
lit<1% lit 21%

Scheme 3-4. Synthetic route from 3-1 to 3-4.

Figure 3-1. Crystal structure of 3-3. Thermal ellipsoids are scaled at 50%

probability. Solvent molecules are omitted for clarity.

WAZ, 3-3 ([ZHEAL#R(M) 2 W 72 BB L fs BR & 247V TAT O & AR IC Bk L
7o L2LANRSL, ML TV TAT ZEONTRA O 3-4 NHEEES N T-,
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HEOF O, 3-3 055 F 8N 32 mass I L7= m/z = 633.1874 O A 4
YE— I RBIHIE LT, 'THNMR AX7 hvid, 7 FRICHET S 10 K
DET Ly heESADIMN) Ly hE—Z ZapR 0L, 3-3 &l L TN
BTFLTWDZEMNHEDLNE - 7= (Figure 3-2), 3-4 O i #0970 # &  E 1%,
BRI X B S MEAT 12 X 0 4T o 72 (Figure 3-3), HAEMIZHEAL A F L o /~F
P URNDRE, T — FOREENE LN, BAMIZE > THLORY A4 X
NEEBRML TERICHW VL, AeI s N MEEsAET D7~ H b
V2L Tz, #ERTEIZED 3-4 2 69% DINEKRTHE LI, [5,614
e hoEEAT LY/ a~THX N D AL AEM OB E IO TT
5,

TLC Solvent;
AcOEt:Hex=1:4

——=3-3
o ——»3-4 (69%)

3-3 (m/z=600.19) 3-4 (m/z =632.18) fo==be--
CHCl,4
3-3 601.28
3-4 . 633.19
i
I T T T T I 1 T T T I T T ) T I T I T | T I 1
9.0 8.0 7.0 6.0 600 620 640
ppm m/z

Figure 3-2. 400 MHz 'H NMR spectra in CDCl;s (left) and MS spectra (right) of 3-
3(top) and 3-4(bottom).
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Figure 3-3. Crystal

/ M‘:-T_j:..ﬁ ""'\ PNy
\ NS = VAR = 1
INCTNAA S K@ﬂﬁﬂ
N L /N \ed o™
\,_j"(_\-\_/ N / aa “SI-_/ ~~
';/’y/ . Ll *\/xl
[/ & ,.-i&/'\./\:"'

structure of top view (left) and side view (right) of 3-4. Thermal

ellipsoids are scaled at 50% probability. Solvent molecules are omitted for clarity.

2T, 33,5 3-4 ~DOEEN D KIS EREIZOWNWT 2 DD — FRE
bz, 1 2O — NI, 3-3 REALSADIZ L > TRk T4 T
CHNER L BELEINT D RIS IMNEZ Y X T DA,
SRR LT 3-4 AT 50— K TH 5 (Scheme 3-5(a)), ZALiE, T A

CFNTT S AH
RERISLTYA
BEBA TNV E
fie 12 XL - CTER1L

VBRI L o THNARVEAR L, ZDOH IR N
FUIUERRL, HREOICZAT L THDL N AFNLE
ERT DML ESZICLTVWDHE 95 1 20— M,
SNEFBENEZY  RZICE T a— L BMOEMIZ LD

3-4 BNAEKRT DL — FTHD PI(Scheme 3-5(b)), FFEE D #ENL S 13 B8 35 75 B

AT CledE s,
flsinsdZ & &k
INHORERNG

AIEME R P KA AL 8k () S AEE L 722 W35 A1 B 3 0
BLTEBY, BETHOINIEBIITFELZWVWEEZOND,
3-3 OAFER IS BT D G DO S PE RN R W72 8 . TAT

WTAERE T, BN ELENICHEITT 272D 34034 L TWVWb EE X T

ARSI
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Scheme 3-5. Plausible reaction mechanisms of 3-3 to 3-4: a) dioxirane formation

decomposition route and b) pinacol-type rearrangement route.

3-2-2. AT FOEEELOSOTERSTOHE
AT s FoREBTIT LIS IR FEIND LD WA 2 B
XDOBRIR= X T L ThHh 5% (Scheme 3-6),

HO (o) OH HO o o
909 90¢
:

Q o CO,H

b ¢

Spirolacton Fluorescein Ring-open form
Nonfluorescent Fluorescent

Scheme 3-6. Chemical structure of Fluorescein.

A2vv T b oEEREDREMW; pHIZ)SE L TR, HAREZMES Tk
DAA v TFLLTESEDEIZLEDRHLNALTEY ., B —E~DIx 2 7]
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BETHd, 22 C, ARKED 33 ICMEMX D ETAER T 27 bR
BLUNCZEHEEOZNIAHFEEINTZDO TR AT MLEDEE AT F L
ORPEZITV, MO EITo 7=, Fiz, 3-3 DHBRREL -5 A.
FLOTEBRIIVTFAREERZD e Y DA TFAUMEERS, b
VYO LAhFAE NI I ~TE N RN TF LR EE L o b F
ThHO, 6n BEFRCVFHMEEEZ L IO EZRNSORNBDE 2 v 7V EFE
AW T, T2 T, 3-3D0FLEOFHFEBERHEIZONTHMAEL -,

Absorbance
Juj 22ua2salon)4

A/ nm

Figure 3-4. UV-vis and fluorescence spectra of 3-4 (black) and 3H-OT{ (red) in
THEF.

Table 3-1. Optical properties of 3-4 and 3H-OTT.

/1abs /lﬂ ¢
/nm /nm /%
3-4 348, 360, 500 603 3

3H-OTf 448, 466, 532 620 15
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3-4 DRI AT VL 500 nm £ U255 VKL & 348, 360 nm (ZFF A 72
Wl &' — 7 Z 7~ L 7= (Figure 3-4), O A7 F/LiX 603 nm (B — 7 ZR L |
HNHBEINRIL 3% Thole, BELTHY 7 Fw AL A)LR [EE(TIOH)
Z30%E®EMZX D&, 3-4 D7 1 b MEAR(BH-OTL) 1 466, 532 nm (T 7= 72 Wk
INE—27 %R LTz, AT ML 620 nm THOITNICEKRET 7 b L.
L EIN X 15% 7T 3-4 O 5 5 Ol % 7~ L7z (Table 3-1), Ziuid, 3H B A FH
RYMEZ S L T REIC R T Thd, BBELTT T 74 uRnm
/M&mmﬂﬂmrt%ﬂﬁwfﬁw>%%nto%%kaxﬁ%&t/ﬂuﬁ
/Tt/mmm%w“EMZékm®34@&W2A7%w ZRY . A
ZRER LTS, 3-4 (3 - HIRICKL 2 Wi E 2R Lo, fbFER I TIX
BAER L 72\ 2 &#%%bwwaot/ﬁ~$M%~@Eﬁ%@%bmk#Wﬁbto

3H; T =293 K °°|

T=183K
-OH J
=
| | |
11 10 9 8 7 6
ppm

Figure 3-5. '"H NMR spectra of 3-4 and 3H in THF-ds (TfOH was added to 3-4 and

temperature changes -90 °C).

WIZ, BHRMEZ R T 572, 'THNMR OHl|E % 1T - 7= (Figure 3-5),
F 7 3-4 ® THF-ds iR = BIRFHECHUEEZIT o2, H\ T, Z ORI EEIE
[ TFOH(1 pul)Z M % 'H NMR O #| & %17 > 7=, Figure 3-4 {73 3H O A
J M2 e PEICEVIRBEBINZ, KRIBEWNEEZITH-72E 2 A 183K TH
NARUVBEOT e N CHKETHE -7 & 1133 ppm (BB L=, £/, F0
DL YA TFFUOERERDOHMFICELY 3H O@D 7 1 ki 7.78
ppm ([ZELH X2, 3-4 D 7.36 ppm /25 A = 0.42 ppm DIKRE > 7 b & iR
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Lic, TNODRRIT, FEBEEREZAET DL et U U LADFI U HEEDEK
ZRTREMLCTH H, W& LT HBFs & V72 3H-BFs OREIED . BfEMm X ##
s MEHT I XV P L 72 (Figure 3-6), WG XL A F L o/~FH R
SR, 7 a7 ORENE LN, 3H-BF: O &E T A 727 h oo
FBRZTRL, fimHP Tk, WAVAR VB TKB/KE LA — 2R LEE
fbLTCWi, RS> 7 b L7=7 1 b v (Figure 3-6(b) > 7 A T/RI)T 7 A
BOTSHICHFET DI EEZEERLTBY, hrE UV VAT A NL DR
BROMREZZITCY 7 P Ll L 2METAIMETH - T,

a) |
‘ q v
e
P 9
\/‘5\ ; /‘
NN

Figure 3-6. a) Crystal structure (top view), b) Crystal structure (side view) and c¢)
Dimeric structure of 3H-BF4. Thermal ellipsoids are scaled at 50% probability.
Solvent molecules are omitted for clarity.

G s oL 7T BBROMAHEMICIERET 5 &, 3-4 TlE 5 BRAMES
%53 »AICC-CAEAHEEN 138 A THY C-C —EHFBEAMNRBELL TV
(Figure 3-7(a)), £72. AP BRFLEALTNDH 250D C-C #EATHEEIT 1.53
ATC-CHBEAENDLERENT WD, —J7 3H-BF, TIX C-C #i & BEAEDY 1.39-
1.44 A T 7 BERE2KICIEF/ENLL TS, 3H-BF: @ 7 BEE D mean-plane
deviation (£ 0.12 A T3-4 ® 026 A XV L /NS FHMEZES L TWVWDH I &
o LTo, 3-4 KOV 3H @ 7 BER OB FHENEZ TN T 5 72 O IS L s 2 &
IZ Nucleus-independent chemical shift (NICS)#t 5 % 17 - 7=[1!)(Figure 3-7(b)),

3-4 D NICS(0)DEIE-1.23 ppm TIHFHFHEMETH D &R I 72, 3H D NICS(0)
D fE1X-4.26 ppm, F 7= NICS(+1)i%-7.15 ppm, NICS(-1)i%-6.84 ppm TH ¥ |
FEHFEETHD LR RENTZ,3H O NICS(O)DEN/NEL bR L LT
THEETI2RDPOOREBIROEEEZZ T HOTHDL, 20O LI RGHE,

NICS(=D)IC XV FEHFBEE N FEwm I, 3HO 7 BERO LT TILAEDY ORKEE
MOLZTHBREMODENER D720 NICSEDIZEWAH TS, 512,
B DG HFEBENEZ R 3T C&H 5 Harmonic oscillator model of aromaticity
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(HOMA)T % 3H TIX 059 DfEZ R L A BEIRMEZFFO 2 & BRI s vz
INLORERNSL 3H O 7 BRIZ, T A WREEZ LD 6n B 1R CFHEME
EEESE LT TCHEEHELEEZES L EBRS T,

a) b)  NICS/ppm
1 NICS | 33 3H
(+2) (+2) - -6.78
(+1) ==t (+1) | 437 715
©0) —4— % © | 123 -426
) —— 1) | 161 684
(-2) e 2 | - 417

Figure 3-7. a) Bond lengths and HOMA values of 3-4 (black) and 3H (red) based
on the X-ray structures. b) NICS values of 3-4 and 3H calculated at the HF/6-
31G+(d, p) level [13],

INnE I EFEBAIC X VEMNKERNEIT T EERALNE LTE T,
WICESALFBALIC L VBRI DNEITT 202 E L7, ExibFiEl %
1T 972012 3-3 Db EN 2 KD 1=, WEEFEHEICELAF L 2ZHWT
VA7V RNV E AN —=(CVHIEBIRWEOSAVARLE AR —
(DPVVEIZ LV BEXALFHEEZIT 70, 3-31£048V & 0.80 VIZCENEINA]
Wil — %7 O & 7~k L 72 (Figure 3-8(a)), 5 DL V7= B 5 56 — B L E AL
(Eox' =048 V)Z RLFE S V| BMWIN AT MV ERIE LTz, BREWILA T
N VITE — BRALEAL D ENL T 72N BRI AT kL DR ZE AL o HE
AT o7z, WIEND 2 5%I2IE 350 nm OB — 27 BNEd4 5L L i,
500 nm fFIE DO E— 7 N R L7z, 2 REMBZBICITERI A Z/&T3HICH KT
% 460, 530 nm O KRy 72 B — 27 1224k L 7= (Figure 3-8(b)), MWL A ~ 7
FLOFERNSBELSALFERILICE > T 33 1ERS IS 3H BN ERKT S
TERBHBEMNER ST,
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a) — CV
=~ DPV

04 02 00 02 04 06 08 10 12
E / Vivs Fc/Fc)

Absorbance

300 350 400 450 500 550 600
A/ nm

Figure 3-8. a) CV and DPV of 3-3 in CH:Cl,. Condition; 0.1 M TBAPF¢/CH2Cl,,
scan rate = 0.1 Vs'!, [3-3] = 1.0 mM, working electrode: glassy carbon, counter
electrode: Pt, reference electrode: Ag/AgNO3 and b) UV-vis absorption spectral
changes of 3-3 to 3H generated by electrolysis at +0.48 V(vs Fc/Fc") in CH»Cl,.
Condition; 0.1 M TBAPF¢/CH:Cl,, [3-3] = 1.0 mM, working electrode: Pt, counter
electrode: Pt, reference electrode: Ag/AgNOs.

WIZ, BEIEEIEDOFT)ZHW T FiLEF R ZITWE FREIZOWT

L7, 3H O#LEFE 75 HOMO, LUMO & b IZHEiB X7 < . o FHlE

DELE R I T F 2SI RIEL L TV 7= (Figure 3-9), R [ 4 17 25 5 1L B %%

FE(TD-DFTIWC X 2 IRE 7R EFFHE 217\, 3H O EHEE O 532 nm O WL X

HOMO 75 LUMO ~D & TH 1 (=0.046). KWL D 466 nm I£ HOMO-1

2> 5 LUMO+1(f=0.12) & HOMO-2 7> 5 LUMO+1(f=0.14)~DEK T 5 LR
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S, EBERELEOBWW—F AR LT,

3
LUMO+1
-543 eV

Figure 3-9. MO diagram of 3H" based on calculations at the B3LYP/6-31G (d)

level 114,

3-2-3. BILICX B TERND 6 BRE~DOEBE/DRISDOBRE
ThETICYZ7 e~ E NI LR UCBOBIEKISIZE D T L 7 X
WEENAERT D T &R HE I T B 5 Scheme 3-7),

H + H
O - ©<COOH - Qcoon
HoH

Cyclooctatetraene Cycloheptatriene
carboxylic acid

H H
—_— HOHQOCOOH—> Hooc—©—c00|-|

Terephthalic acid
Scheme 3-7. Rearrangement from COT to terephthalic acid.

61



® 34 03-2 ®3-5
m/z = 632.18 m/z = 450.14 m/z =198.03

Scheme 3-8. Synthesis from 3-4 to 3-2 and 3-5 upon oxidation.

a) b)

[3-5]" = 198.69

[3-2+H]" = 451.22
[3-4+H]" = 633.20

b wl

[ [ [ [ I [ | I y I : I y

90 85 80 75 70 65 60 200 400 600
ppm mjz

Figure 3-10. a) '"H NMR and b) APCI-MS spectra of reaction mixture of 3-2, 4 and
5.

2O L7eE 22 E I 3-4 O AL G % 7 #~ 72 (Scheme 3-8), 3-4 Ok A
F U URIRICHEALSR(ID Z M2, HESHTEH L VH NMR 12 X 2 K& O B B
EATo 70, BESN MDD 3-2,3-5 CHKT H[M1=451.22,198.69 =il L 7=
(Figure 3-10(b)), 7 =2 F#%® 'HNMR 2 H|ET 2 & 3-51CHKk+THE—7
% 8.35,8.66 ppm (Z#LH L 7= (Figure 3-10(a)), T D%k T 7 2ER EZ 1T\, 3-
2 % 40%. 3-5% 60% CHEEL 7=, 3-4 705 3-2,3-5 NAERTAKISICE LT
THREND KGRI OV TELE L 7= (Scheme 3-9), BOGHERE 1T 3 B PRIC &
DEZV, TTHDIZ34DTERNT66EBRE Y7 a7 a0 BRI
ElEnT, 2O 6 BRIISEBREZEHR LN, IR B L HEL
B~DBEBITBRBNE-D, 7 ra R FF R ERT D, RIC, BBHE
DTN REZBEEITON Y 7 a2 W TF A 2T 5, K, B
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L7 BAbEBR ST 2 2 & CEFBEINEZID , 5 FNERILICE KD
VKRB ERR LN OREET 22 T332 K035 8 ERT 5, ZOK
D R T A 7 75 —RALLTIE, LD 6mETFRD T EERENEY
A X%/hIKLT 6 BREERY LVBWERERELZES LEZENLT D20
WCET L EE X TWVD,

Scheme 3-9. A plausible reaction mechanism of 3-4 to 3-2 and 3-5.

3-2-4. £&

AlEl, 3-3 OREALHEER IS Z R AT HE TH LN 3-4 ORIEICHKE L,
FEFHEFHEMED 3-3BPBILIcEID AT 7 B EEAT D 3-4 ~DOHRNL K
ISARE LT, 3-4 I, HIEICLI > CTEFHEMEO P Y v AhFF o0~
ORWMEE R LN, B —MEE L TSI b B THIT L 2w
ZEmbWiE&E L, 3-3 OMKISTILFEIE T TRIERITFRILTDH
EITT D2 L2 Lz, BMi/DMISIIERELRDO COT THH THE ST
N, ABETRXToOHERD 0% X BBEMBITICEVRELEZ, Mx T, 5
BN 34X LR DBIEINICE S THLICR U EBUVREZAT D 3-2 XY
35 HERTHZEEHONE LT,
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3-3.  BI— boOKBH

3-3-1. BB K RIT X 5B B

32EOREAE D EICBILISERB L2 TAT O Fii= 2 &y — k &2 &%
L7, Hilo ARV — b TR KOS 2 D b KT IZ LD h ~y7°U v IR
JIETITO NV — b &aB 2T, 3-3 BT, BIEAM A ER L TWDHEHRIIK L
% DR S DRFFERICONWTHET 5,

2-7mnFT7HE LYy 36 b unT vl 7T v 3-10 ZEEM O A Rk
IZHE WAk L 72110 Scheme 3-10), 3-6 (2% L CTH /LT A =7 A(IH)B L O
kT e F AL EHWEZTZ ) =T - 7T 7Y T UL KIG B TV, 3-7 &5
oo TORMSTIE, AR RZER VALRT b S iz B R S ARk
HZWNRIECKIE ST Z L CTEMEERDOEREMZA I T LIZXDBERICTED
WEMMICZER 3-7T ZHEEL 72, RIC, XYY v AT EY 2 ) A
MNEZHWTHNLE = VKON IS ZITV, = AT LK 3-8 457117 3.
Ik L CHEMEIZ X DMK MEZITV, DIVAKRBEIK 3-9 2457, 3-9 (2 1k
FA =N ERHWTEEFEZITO, T THEAATAI =0 LEZHWET7 Y —F
NI T TR0 FRNBRILEITW, ZaeaeTvF 75 7 v 3-10 245
776

CH,COCI

cl AICI3 TI(NO3)3oMeOH/K 10 o~
Cl
o — oot
.78 °C reflux, 2 h
0,
3-6 85% 64%
5 M HCI 1) SOCl;
acetone reflux 2h
cl Cl
refluxo 3h 2) ACl3, DCM, 0 °C
99% then KF, H*
63% 3-10

Scheme 3-10. Synthesis of chloroacenaphthenone (3-10).

VT, 3-10 ([2xF L T NBSIZ LD 7 aEfbx T\, 3-11 % 4572 (Scheme 3-
11), 3-11 OEMTT v axi bzl AL A, DAR=VIEKITHEET D
o-KBVNBEEICEOVBBE L) 99— 2EKRT 2O KIENETET T L
XK 312 IR oTs, EZTC, MITATVLUVDARKRESEIC
-1 L TCT NV R— VBRI EZITW3-13aZz G LB T L ax ik
ZiTH 2L L LT, 3-11 O 7 )V F— VB IE TlE 3-13a Ofthic 7 & L~
SRS A U 72 BAEAR 3-13b, ¢ WAEKT D70 GPC I XA ATV, &
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FUER A HEEL -, £8MEAREZ 'THNMR BXOHEES X BEEHET I IFE
nzuto 3-13alX G OE WK BEEZA L 'HNMR 264 7 L v b 4 RIZIRE

. FEmHEE D L 3-13a TH D Z L BNHEFR S U7z (Figure 3-11), 3-13b I
7?%7—?‘/%ﬁ{t75§ 1 7 ITIES U ME T L7272® 'THNMR (38— 7 %
16 AL, FmEENOGSH 1 I L TWD Z ERMRINT, 3-13¢ X
'HNMR b E—27 28 KR L, 7T F 7T VAN 2 s FTisL TW5D Z
EMTFHREINTEND, BEBEELXELNL TV RN OBEDORTEIZIEE->TW
QAT é{is 13b, c ITBBZDOMERKIGIZE W TRIGRE RS> TWVWDHTED Z
DEFE TR EIT > T2,

1-PrOH
_ Pd(OAc), B
0 tBuXPhos 0
CSzCO3
i (Gl S
o > O T CO
r.t., 4 days oluene
56%
3-10
TiCly
e
o-DCB
reflux, 2 h

Scheme 3-11. Synthesis of 3-13.
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3-13a

IV U | N | S

3-13b

3-13c

| I T | I |
8.0 7.8 7.6 74 7.2 7.0

ppm

Figure 3-11. '"H NMR spectra of 3-13a, b and c.

HWT, LkESEBIZ3-13allxf LT va— a2l 7Y I
JSZ XV 4 T v X OB A LR A 3-14 & 57208 19 Scheme 3-12),
3-14 OFEIL 'H NMR B X OVE &S5 W2 1T W A& B 22 18 O TR 8 13 R
i X BB 1S FEAT 2> 51T o 72 (Figure 3-12), fEmE&E»OH L0 8 BRI X 7
& D 1,3-alternate #iE 2 & > TR fLEERRWIZT Lax T EE2zEH AL,
MBS DS I F RN T D 2 L 2R LT,

1-PrOH
Pd(OAc),
tBuXPhos

CSZCO3

toluene C3H70
80°C,2h
35%

Scheme 3-12. Synthesis of TAT-OCs3.
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Figure 3-12. Crystal structure of 3-14. Thermal ellipsoids are scaled at 50%
probability. Solvent molecules are omitted for clarity.

%A 3-14 DAL KE Z O MRS Z . LA 25 1237+ 72, Table
32 IR EE LD, 1 ORKISTIEL, PAfMBEEZ H e v 7Y VT RIG %
AT 3-14 BEN SR Wiz, 2 TIEXMES BT 2 U v &K
fEB Vo L& HOCTEMERKIGZRA, 3-14 O K ITHR S 72 TAT-0Cs
DAERITHER TCE - 72B T 6OKISIZE L T 3-14 O EN D 72 <
PR SR RETE TII T A CW Ry, L2l ZThHETICHEMNLIZX
HZ0—FRF )T T2 RAMEBIC LD E—T T DA TIIR G A
DEEN TV THMBRMIEDEIT T2 ERHEINTWHEL22 = 5 Lk
MENOISFICEBWTIE D FO 7Y v FEENC L > TRISHEDITDNT
WHEZEZTEYD TAT OFEREMISIZARETH L THL TWD,

Table 3-2. Reaction condition of TAT-OC3;.

3-14 Reagent Solvent ~ Condition
1.0 mg,  Pd(Pcy;),Cl, DME 120 °C
1.0 pmol DBU 24 h
1.0 mg, L 180 °C
2 1.0 pmol KOH Quinoline 20 h

BfE, RE LR TS 3-14 OINELEL HHIZ, 3-11 OB LAR =LK
ERBELT A ALEIT WV, 3-14 ZHIHF ROV — N EE R
(231 Scheme 3-13), U/ =/ J7— M CHRELZ3- N1 ETOEMREEMRL T
WANLBEOGRIZE L TIEMRFT 21T 2 TunvZaun,
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Scheme 3-13. New synthetic route of 3-14.

3-3-2. £& 9
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3-4.  FEw

DTS T T 2 G FREEE S O COTHiEL EAN LT TAT O &
RAICHRER L=, P U T 7 Ly 3305 OALHEE Mt Tl 69% DI ER T
3-4 B fELNTE, 34 OFEEENOFOLENS 8 AR D 7 BERITE DM/
LTEBY AR eHELs B L Tz, 3-3 05 3-4 ~O LI >V Tl
F TN LA RE L, 2. AV nEEE AT D 3-4 (TR GG
DRNEETHY , KFEFEICODWTHRE L, AV RBELRT LI &M
b —ME~DICHEZBER LD AL EmE TIIHERRELZ & 5700
ZEMDIEHIIW S L, 3-4 ICBALTELRBMILKSE R A, TR
FHFEHEEDO 6 BRETBK T DI EEZHOMNE Lz, 216 BRM/INIS D ELT
THHERELTHLRNEEBRELZEET L2 L THRENIZZERLT ST
HTHDEZEZT, ZNEDOREEE2% 1 TERALRIG & &7 WL AL K 35 % #%
ML Gmry— Naemet Lz, HEAK 3-14 T TOERKEER L T
BY TAT OB RIZIFEE > TR0V, BETLHL— MTEYD TAT OHF K%
ERTAZEEFARETHDLEER D,
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AT S, KEEFEBRMEEZ L OFHE COT MiEsEA LD THS 77 =
COHRFEHERE L, KEBEEEE T D0 TS 7 7 = iR Y
PRI CTH O FIR A B E L CHIREES NS, 72, COT i XL X
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3-5. REBRIE

General: 'H and '*C NMR spectra were obtained with JEOL JNM-ECP 400 and
ECX 400 spectrometers at ambient temperature by using tetramethylsilane as an
internal standard.

Spiral MALDI mass spectra were measured with a JEOL spiral TOF, JMS -
S3000. The high-resolution atmosphere pressure chemical ionization (APCI) MS
were performed on a BRUKER DALTONICS micrOTOF using positive and
negative ion modes.

UV/vis/NIR spectra were measured with a JASCO UV/vis/NIR
spectrophotometer V-570. Emission spectra were measured with a JASCO FP-6600
spectrofluorometer. Absolute fluorescence quantum yields were measured on
Absolute PL Quantum Yield Measurement System C€9920-02 (Hamamatsu
Photonics).

Materials: TLC and gravity column chromatography were performed on Art. 5554
(Merck KGaA) plates and silica gel 60N (Kanto Chemical), respectively.
Commercially available regents and solvents for synthesis were reagent-grade
quality, and used without further purification. For spectral measurements, spectral-
grade dichloromethane were purchased from Nacalai Tesque.

Electrochemical Measurements: CV measurements were conducted in a solution
of 0.1 M TBAPFs in dry CH2Cl, 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.

X-ray Crystallographic Analysis: The diffraction data was collected at 100 K with
a Rigaku VariMaxRAPID/an imaging plate diffractometer with graphite-
monochromated Mo-Ka radiation from the corresponding set of confocal optics.
The diffraction data were solved with 29 the SIR-97 program and refined with the
SHELX-97 program 24,

Theoretical Calculations: The geometries of compounds were fully optimized
using the density functional theory (DFT). The functional and basis set used in the
DFT calculations were the Becke’s three-parameter hybrid functional combined
with the Lee-Yang-Parr correlation functional (B3LYP) and the 6-31G(d) basis set,
respectively. Equilibrium geometries were verified by the frequency calculations,
where no imaginary frequency was found. All the calculations were carried out

using the Gaussian 09 suite of programs.
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3H-Spiro[benzo[de]isochromene-1,10'-cyclohepta[1,2-a:3,4-a':5,6-
a''|triacenaphthylen]-3-one (3-4): Compound 3-3 (10 mg, 0.016 mmol) was
dissolved in CH2Cl; (5 ml) under atmosphere. FeCl; (32 mg, 0.16 mmol) dissolved
in CH3NO; (0.5 ml) was added dropwise. After the reaction mixture was stirred at
r.t. for 4 h, it was added to water and extracted with CH,Cl>. The organic phase was
dried over Na>SO4 and concentrated. The crude product was separated by silica gel
column chromatography (AcOEt/Hex=1:3) to give the compound 3-4 as red solid
(7.0 mg, 0.011 mmol, 69%). The product was further purified by recrystallization
(CH2Cl2/Hex). '"H-NMR (600 MHz, CDCls): § = 8.85 (d, J = 7.6 Hz, 2H), 8.46 (dd,
J=7.6,1.4 Hz, 1H), 8.19 (d, J = 6.9 Hz, 4H), 8.02 (d, J = 8.2 Hz, 2H), 7.91 (d, J
= 8.2 Hz, 1H), 7.84 (t, J = 7.8 4H), 7.71 (q, J = 7.8 Hz, 4H), 7.61-7.49 (m, 3H),
7.41 (d, J=8.2 Hz, 1H), 7.36 (d, J = 7.3 Hz, 1H) and 6.47 (t, J= 7.8 Hz, 1H) ppm;
I3C-NMR (100 MHz, CDCl3): § =166.06, 138.07, 137.66, 137.48, 137.38, 136.50,
133.78, 132.31, 131.51, 129.49, 129.29, 129.13, 128.79, 128.77, 128.63, 128.23,
128.14, 128.02, 127.91, 127.87, 127.57, 127.03, 125.93, 125.58, 125.29, 124.99,
124.91, 120.91 and 89.39 ppm; HR-MS (Spiral MALDI): m/z: caled for C4gH2502,
633.1849 [M+H]"; found: 633.1874; UV-vis (THF): Amax (¢ [M' e¢m']) = 348
(31997), 360 (32000), and 491 (6637) nm; m.p. > 300 °C.

3H: '"H-NMR (400 MHz, THF-ds with 1 pl of TFOH): 6 = 9.16 (d, J = 7.3 Hz, 2H),
9.09 (d, J = 7.3 Hz, 2H), 8.70 (d, J = 8.1 Hz, 2H), 8.65 (d, J = 8.4 Hz, 1H), 8.53
(d, J = 8.1 Hz, 2H), 8.44 (d, J = 8.4 Hz, 1H), 8.30 (d, J = 8.1 Hz, 2H), 8.20 (q, J =
7.4 Hz, 4H), 7.95 (d, J = 7.7 Hz, 1H), 7.80 (d, J = 7.0 Hz, 1H), 7.65 (d, J = 7.7 Hz,
1H), 7.56 (d, J = 7.0 Hz, 1H), 7.46 (t, J = 7.9 Hz, 2H) and 6.18 (d, J = 7.7 Hz, 2H)
ppm; '3C-NMR (100 MHz, THF-ds) 6 = 169.32, 151.16, 150.69, 150.50, 147.69,
135.66, 135.36, 135.11, 134.83, 134.52, 133.73, 133.70, 133.36, 132.71, 132.12,
132.09, 131.91, 131.85, 131.77, 131.62, 131.30, 131.06, 130.88, 129.88, 129.28,
129.20, 128.99, 128.76, 128.38, 126.86, 126.14, 121.32 and 119.20 ppm; m.p. >
300 °C.

Compound 3-4 (10 mg, 0.016 mmol) was dissolved in CH:Cl>, (4 ml) under
atmosphere. FeClz (18 mg, 0.080 mmol) dissolved in CH3NO2 (0.5 ml) was added
dropwise. After the reaction mixture was stirred at r.t. for 4 h, it was added to water
and extracted with CH2Clo. The organic phase was dried over Na;SOs4 and
concentrated. The crude product was separated by silica gel column
chromatography (AcOEt/Hex=1:3) to give the unreacted 3-4 (5.4 mg), the
compound 3-2 as yellow solid (2.9 mg, 0.006 mmol, 40% in conversion yield), and
compound 3-5 as pale yellow solid (1.9 mg, 0.010mmol, 60% in conversion yield).
71



3-6. MR

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

C4sH24 C4.3Ho 9Clio 3

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F (000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Max. and min. transmission
Refinement method

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

Final R indices [/ > 20 (1)]

R indices (all data)

Largest diff. peak and hole

672.94

90 K

0.71073 A
Triclinic

P
a=13.579(2) A
b=15.680(3) A
c=17.3913) A

o =83.198(3) °
B =76.108(3) °
y = 82.032(3) °

3545.7(11) A3

4

1.261 Mg/m?

0.093 mm"!

1411

0.150 x 0.070 x 0.030 mm?
1.555 to 26.999°.

-17<h<17,-20<k<11,-21<1<22

22240

15280 [R (int) = 0.0416]

98.5 %

0.997 and 0.894

Full-matrix least-squares on F?
15280 /59/1012

1.025

R1=0.0736, wR> =0.1728
R1=10.1292, wR> = 0.2077
0.591 and -0.758 ¢. A~
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Table 3-4. Crystal data and structure refinement for 3-4.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F (000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.35°
Max. and min. transmission
Refinement method

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

Final R indices [/ > 20 (1)]

R indices (all data)

Largest diff. peak and hole

C4sH2402 CH2Cl2
717.65

103 K

0.71075 A
Monoclinic
P2y/c
a=17.5462(4) A
b=12.1503(2) A
c=16.0238(3) A
3250.69(18) A3
4

1466 Mg/m?
0.093 mm"!

1480

0.200 x 0.040 x 0.020 mm?

3.014 to 25.35°.

21 <h<21,-14<k<14,-19<[/<18
44700

5937 [R (int) = 0.0689]

99.8%

0.995 and 0.740

Full-matrix least-squares on F?

5937/ 0 /478

1.088

R1 =0.0518, wR>, =0.1728

R1 =0.0699, wR, =0.1287

0.32 and -0.49 e. A3

B =107.905(8) °
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Table 3-5. Crystal data and structure refinement for 3H-BF4.

Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F (000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.242°
Max. and min. transmission
Refinement method

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

Final R indices [/ > 20 (1)]

R indices (all data)

Largest diff. peak and hole

(C48H2502°BF4)2-:2CH»Cl»
1610.83

90 K

0.71073 A

Orthorhombic

P212121

a=153978(11) A
b=17.4586(12) A
c=26.7858(18) A
7200.7(9) A3

4

1.486 Mg/m?

0.246 mm"!

3296

0.200 x 0.100 x 0.050 mm?
1.525 to 26.000°.
-18<h<11,-21<k<21,-33<1<33
42544

14148 [R (int) = 0.0518]
99.9 %

0.98 and 0.893
Full-matrix least-squares on F?
14148 /0 /1075

1.022

R1 =0.0480, wR> =0.1078
R1=0.0710, wR> =0.1191
0.672 and -0.533 e.A"?
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