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=R F 7 V7 WL EFIR LT R MMy EHEERT S, dRICKT
U CHRER RN « 2R T, AFR LSRN T v 7T ¢ V2R, 7o PhEx
IEREE O LD BEREMMELBIRLC BT A T TH VD AR S LT D,
R, FEBRRICKEEZBRIRICEBREG Ly 7a 7 UV —Lv it 7/ h—R 05y
HIETHDRICBWTHLIER SN D,

AWFFETIIRR 2 72ALIE CHEEM S LIZBIRE L BRI Z 3G - B L. &% ORI
WZDOWTHRKR LT,

KRETIT, FRIEEERICKFZL LT 7 B — R B OREECRHEIZ W CTHEBLL .
A=K F ) VTGl LEOMMEEZRD Z L DEFRS. U o 7P X R
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1-1. 7/ B—RUMEHZ BT 5 0 FHEEE ORI DER

7=V ) Fa—T I Tz PIRESIND T =R BEHE, 1980
AR Y- DARR AR IE D3 & M ST JRERIHT LW IREMENCH D, T/ A— b A
ADOEZ R D B OM B 2@ p s SR T =R UM EHC R & Tn s,
Z OB E R RS I E AL OBLE D b BIBRROIIFER TH DM, 7
—RF ) Fa—7 (CNT) 7 7 7 = NIHEME S Z b o T2 CE e WIREAEY
THY, MR PEEE LN TSV h—R L LTV Z e TE, 20
EECRIIRBER S ONREZ N, T DT, T/ I —R o ORI A % ol
Beio iy FEF ) =R 2GR T 52 Lid, T/ =R OEELE LT 5 5 2T
HEITHRTH 2,

77— L (Figure 1-1a) X 0 IRITDOERIRMEEARTH D . 1985 41T Kroto, Smalley,
Curlniyotte |2 X > TEDEENFR 7z ', £2, 1990 FITIXBERITHELE LT D
E VD TERFR IR TIRIZ L > T7 7 — Ly O REABIEN R SN, 2 OA#E Tk
DT T — L UBRIFFZAERIND T2 =D 7 T — L 2155 720 O Sy HERE 23T
PRI IV AF =TT =L (Ceo) CroRmIR 7 7 — L U INENTNHBES -,
Tk, BRITRKGTENED LT 7 — L OAERK, 77— L v OBERE NG
DOBIR. AHEHERKISERD R —ME~DISHR Y, 77— L U HHDOIZEN AT
bivd X oo, ZO LT, B HEENHMEICRE S Tem Ik ) I—Ro o
BRI, REMERZOF =720 2 BT 5 b5,

1 WIEDFREIRAEERTH D CNT (Figure 1-1b)°7 ° 2 RtV 7 7 = > D 2 — MiRHEE
D77 7 x> (Figure 1-1¢) [IZBWTH, 77— L ERERICEZ S OFZER SN TE T2
W, T — 7 IO RIBEL 72 0 by T T G RRIE TR DD S T
WERICH Y . BHITS Uiy 71T ) —R o OBITEERFETH D, FlziX,
FENFOBTIIS AT 2 EEFE ST 7 2 OEOEEY A b2 SNCT 5720
WX B EORAEREGER I T 7= B R NAT v TIETERT 2 Z E BN b HIRHT
ORI

Figure 1-1. (a) Fullerene. (b) Carbon nanotube (CNT). (c) Graphene.



1-2. ¥ 7uryl)—vv
vruaT V=L, BEBERIEKEEZ Y S TRIZORIT T u g T =
(CPP) #(XFLTDHRFEFT VT THY, T/ =R MEO—DTHDH, Zhbix
NERZE LA FIH L CH R My EHEAERT 5. BRICKIE L TR 2RIV - L% R
T, ARFRACIUCE I 7T ¢ IAREZRT, e Ehke elie 2 b o2 &b B
REMEAMEIRIRUIC ST 285 FTh Y . WHROAHREFHEL L L THER ST D,
CPP (Figure 1-2a) (I B U 2" TEBRRICHEA LIZv 7T U —L U O b H
MR ERETHY . 7T—LF =78 ONT OF/MEEHA TH D, CPP ITIEFITT >
TNBHEETH VRN RUBVBREZRESELERICE LI EATRLF =R REWN
ZEML, BFEETEOARBITHEETH - 7=, 2008 41 Bertozzi 512 & > T CPP D
WIOERPRE SN TR, Bl L7endb R RICHRT DRk et a "L B, 20D
%, PP WF 507 N—TRENEN CPP OA U P LOAKEEKR L TEY, H
TEE T CPP BRI OB ZE DN A < B STV D 15, it Tk, CPP DA TDKHEF
7 v RBEFICEESBRZ VTV Ar Y7 v 7 2 =1L (PFCPP, Figure 1-2b)
ARSI, RIETHEEREETRT L Vo BN E O KX B LG sz 16
Flo, RUBUEAXNTERRICHESG LIz v A X7 ==L (CMP, Figure 1-2¢)
I%. 1967 412 Staab HIZ X > THIEI N TS V, CMP FHRIKIX, &BA 4 DFRA
Ry B WM R 2R A R HLE OLED O EH Y & LCThISHEhTWna,
EbIC, iR AIR LIz m 7 U —L it THADORKE INERLRD Z L0F
FZUT 4 BRBT H72 L CPPR°CMP & 7R o TR R 2 b D72 B LWE &
HORRIERE S F 2 AR T 5 Z LIZERICHEHETH S, 2017 FEICITHHHICL - T,
X7 VF4—2AFTHr7ur7 ) k=1 (CC, Figure 1-2d) VB SN TW15 2, =
DHFIEEERFT T ZEOLEAMBBRICERL, ZCO_EHLEADBXHITINFOXF 7
V74—l TRES NIz, F7o, MO THROWIHRELILZFZB L TRV | £ OME
IEHS & LT EREEEZTEL TWD, MEEHELITID T A AT LA 7 EDHE
KELTHEEESNDHNWMETH D, BWVBELFEBRTH-DITINETEBLIENT
DI ERMEE SNTERER, 2O TI3eR%2E T ICHEW ORI 2 5
Bl7c, 20X, nffREIR LI LW 7T V=L o 25T 5 2 &1,
ZIVE CITHER SN o T T2 70 RSB B AR B 5,



Figure 1-2. (a) Cycloparaphenylenes (CPP). (b) Perfluorocycloparaphenylene (PFCPP). (c)
Cyclometaphenylenes (CMP). (d) Cyclochrysenylene (CC).

1-3. ¥Zurr=1rr

B LU URRERIT, mOEERTICEE R L, e R RE T TN
AR E L WENWGETHNLGNATND 22, L LRRS BT ClEmuwat & 1IN
RERTHOO, FRREBIZBWCIACSAICEVEET 22 &M mbn TS *,
HOE2AZ2MHT272001 20K EL LT . ZEITHILETHTIOARAA T T
BiZ, BERREOE AR TED 2,

16 [HD sp* IRFEN B D — MROILEMTHLIE L I, NUBUr RS L E
BIZ E > TEGICHEREILNT 5 2 LD AEETH D, 2016 2%, Millen CBEE 5 (1T
Lo T, ZNEN 13 ML TORRZEANHE STV D (Figure 1-32)*%, BRIk 6 &
KITEBEREOR MBI THY PRI T DL THOCEALEFET 25T T
7z OERPEIR S, £2, BIR S BRI GBEE b OF TS THD
EDRIBE SN, —HOBR S BIRE RICHER T 5 2 & T, B A AN L
IZ X D0 THEEDE VD, ZNE O NWHE-CREENREICE b2 H 726 Lz, 2014 4
I HIZ L 5T, 2,70 CTOBRRK 4 bR HESNTEY . EFICREADY 7 10
L= L URARRENT (Figure1-3b), Z OBRILIKIL, L UoRESOA Y T L
LR L T, BIHEEDN R LT A Z EARENTL, 20X HIC, AL LU DB
AT HRAMESLEREY A XL > TR AR o2 R"d, 0D OFEWZ BIEIC
THZEE, BWZIH ol TET ) =R kit D EERERIC R D,

Uy

E



N
u‘; 514 ‘I'I"I'll|l.
HHEPM Qi%¥i>4

2,7-CP4
1,3-CPn

Figure 1-3. (a) 1,3-Cyclic pyrene oligomers (1,3-CPn). (b) 2,7-Cyclic pyrene tetramer (2,7-CP4).

AREE AL T RO B\ T, RFE-IRBREGTESOS TR b BERIED—D2TH Y |
MBI ENT NS, B TH, NIV L=y T L7 EOEBERE W=
v IV T RONE, T, MRS E G ROG 7 IR L. AS b F0—K
S LI TND PN, —fHO a7 2=y PV IRLIEATEY 7a 7 ) —L i is
T 572012, Clsp?)yClspHHBED v 7V TR E WD Z LB TH D, 0 1
D=y NERNT V=T A ROH v 7Y 7 FOSE 1992 FIZILARBIZ L > T
W INTWD (Scheme 1-1)°32, ZDREH v 7V v 7 UG H0E A GE 72 B #PH 2
FHHITIR< . OFET X° LED Mk & p RIMAEARE L THMRIE AR Y ~—DERkIE L
LTHBRTND ¥,

Ni(cod),

COoD, b
X-Ar-X ——— 2P —{Ar)—
X = Cl. Br, OTf

Scheme 1-1. Homo-coupling reaction of aromatic dihalides.

1-4. KRR SXOBEE

AT, BLrzffa=y F LT, 0fi=y o rzfnizvy oLy (b
DIV ALE L) DIUARD v T Y T RIGIZ & o T B R ANLE & b
DO HOEHERE AR L L EBIKOG IR U, o =— 7 72E T kT 5 Fr i
IRREREDFEBLZ B DT LTz, REREBEATFLX —ZBEEN ) & Lo RS2 LA T
LIZR A b= A2 MBS, AFRCNADOIE, MBI X D2ELBOMHER L, v nm
T U=V R OYMEE R LT, RETIE, ZEFEHRRIKE KBRS F
BEOT ) =R B OREERFEIZ O W THEBL L L A 53R SO BEZET SV TR~
7=



2ETIE, L3 MEHEMSAMERIRE L Z &K (CPr) OEEB L OFERY A X217
HEFEOWTIER D, ZHETIC, BB A XN Lo TR DML R~ T BRI TOWE
IXIFEAE R, ZZTIHLS-Y7rEEL D Ni(cod)r & W=D v 7Y > RIS
K0, —#HD CPn G LT, BIR 3 BRITEEICEATLHETHY kit kb
YL U ORI E IR AEER O, 2L URBENRMOT TRLERETHD
599nm DA L U P EREN AR Uiz, £io, BIOET CEEHER ASGETT LTz, BRIk 4
BIRIZTZ 7=V T ANy & LTV IAR, T A Ny FOIIRIC L > TR L /3y
¥ o /AR Uz, B S BIRIIAFR UNOSRELESE & > TR Y | o ENT ik
LT BAMARD CD B L OCPL O 7V Z 8 LTz,

WIZ, 55 3 FETIT 4,10 MEPEBARBIRE L V2B (vCPr) DERE L OF DR
ERREICOW TR RS, ZZTiE5,9-Va— RE LU A2FEE LTHY, 2 2R
® Ni(cod), Z W= T 7V U TRONZ LD | —8OD vCPn Z B LTo, 2L 5H D vCPn
TENTNEHOT o T RERE RS TR | MBS L DEEEH A R Lz, 24
B OREEZAL O 2 BR 3 5 72012, 1) (R,S,R,S,,) N b BTN HETH Y | 2)3
OOEGET HEEITRET HND, LW T INR 2 DD — L AR L, EBIE A
T 5 L CHEEE RO A I 2 &N TE T,

4 ETIL, KETKFINREMEMBESTLHANTILT-EA(FM) 7L FRAZ A
A=A XN D-EE L= B FERE LT, L7-7, PV EEEASRER YL 4 &
K (cCP4) DEMEIT o7z, ¢CP4 L2 rFTDOEIARE LA L, HFnElEic7eIfbL
RN FULOZEFIZT T T NRT A My a0 AT Z & TR AF—BE L 21X
AT ENC X 2 WD RE O CPL ¥ WIFRF T 2,

RZIC, & 5 EOAM LR OMBIE L SBRORZIZONVTRR, KigLaxELdd,
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L3 L ESHARHRR YL VS EA

CiH;0  OCsH,

P1B CPn
n=3-19

mWEMBEEN G CEORAEFE 2=y NEMBIAATE TS T 7 =0 %
AT D2EME LT ETZORIBIA L 7225 1| SATEFERERINE L 2 8BIK (CPr) %,
AT 7V 7D TRy AR L3 EEND 8 BIKE TEHEEL 7o, T D%,
Bk 4 BARORE 2 R MEBR UGS 2 R L7es, YO B CTh ook —Y —F/ T 7 =
AAIFENRPoT, LU G, CPn NENENZ=—7 2t a b D2 W5
Mg oTz, CP3ILREEIZEATEETH D Z &2 M X SEEMTIC K s L
oo BEL OIS L D172 B T AEER OIS, 2 L U RBEHHAOH TR G
REHETH S 599 nm OA Lo DR E /R LTZ, £7o, BNE T CEESEIR AL A
13252 LU, ZTORIGHEMEZHEE LTz, CP4ITIERT CEOXETH 2 2D
VATHEENTZZEMIC Co BE N Cp 7T — L U B A My & LTV AL, fifhd
TIRHENZEN—RITOBYF R === Coo BDEBRICHEAT Cro 7 LAY, BAE
BOBENEKM LTy X 7L R Lz, CPS IXBRERTAREF L Lo L IRELHE
e oTEY., HFHENTHI) LT BMEARD CD B X NCPL D 7 F V2B LTz,

C3H0  OC3H;




2-1. FFim

BEMRACKBEZBIRTES L2y 7 a7 V=L i3, 7/ I =R O G TH
HZERHABTLY br =0 ZAMBISOIEHP IR SN TN D Z &0 D | ITFEE A
FRINTWD, BT, BIRICHAIE L ARDEE I TWDH T2, %t%@@ﬁm
MEFCHNM D ZEFLIZ T A Ny H BV AT R A My & LTEI< 2 LR FIED
BMNELACESL Y7 a7 U — L 3T TS 1,3 MEREBAREIRE L SRR 3
%i@;%&ﬁ@ﬁa@ﬁ%bvy/ﬁﬁ%éhf%é(ﬁ@m%h13&@%%Am
BUIRE L U ZEERIT, B/ v =0 b BT RICKERR D T2 AT 5 L CIIE &
SIHIZE D 16 BERE THRINTED ., S BERBLU 6 BEANHE SN TWD, £,
armchair B 1 —R T ) F o —T OEGHEE L LA S D 2,7 MLEREE AR e L
NI, FEFICEEADOY I L =L AaBKE LTARENTZ, 2D OBR{bIRIT Y
VO BEEMIZ/NS L 1IN EOBRY A XK G ZEEA R E L2 0 R
HThdH, I T, L3 MEHEEEHERE L UV ZEAELID bZEMICL > TRIA X
WRBIIKEL Y | WEOIERL IR T 5 1|8 MERMABRBNE L U ZE&EDEKIC
PRk L 7=,

By n=5-14

Figure 2-1. a) [n]Cyclo-1,3-pyrenylenes, and b) [4]cyclo-2,7-pyrenylene.

2-2. L8 (L EERE SRR L V2 EK (CPn) DERR
BIRE LU OHRERE LT 4,5 A 7 T AV EEEANLTEARIEEZSZEIC
1,8- 7 0EA4S5-EAT O ENLAFUE LY (PIB) Z8 L7= (Scheme 2-1)%7,

Br.
1) TBAB, Na,S,0, O O
RUC‘a NalO, THF /H,0, rit., 5 min “ OCsHy Bromine “ OC3H;
—_— - e
TCHLCly I THF 1H;0 .’THF.’H 0 2) C3H,Br, KOH CH,Cl,
Gt z H,0, 100°C, 12 h O OCsHy tL, 5 min O OC3H;
Br

Pyrene 2-2 P1B
44% 94% 96%

Scheme 2-1. Synthesis of P1B.
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RICBRIRE L U 2 BIERO AR E{T>72, PIB 24X LT~z « DMF a4 ¢
Ni(cod),/2,2-E Y DNV EHWZIUARD v 7Y o T EEALI-E A, —EHOE L%
BEROEREZHR L., BRIREEY (CPr) NELNTWVWD Z L a2 maieE &oiric &
ST 19 &R FE TR L7 (Figure 2-2,82-26)*°, IUAD v 7Y 71X, 7uELE LN
= TSI L, =y VO ARBHEIZ L > THiclil =y 7 b-E L R E
R LT DB, IBTTHIIBEIC L0 IRFE-IRFERE GBS 5 % BOGTRIED = v rL-
LV UERENERZE THH Z b, o FHNBILT 2 £ TRISHFHT 5 Z & T,
BERA ) A~ =G BER LD, Fx DIMBIRY | F—70F R ERICEEWS G
L7z 7a7 V—LrOHF TR bREVDTFRIELN TS, B HARY 2 v
VATNITZEru<x NI 7 4 —BLOFVERZ v~ 8777 4— (GPC) |
R, 3 &6 8 BIKE TA LI LN, CP3:3.5%, CP4:3.5%, CP5:3.1%, CP6:2.1%.
CP7:0.7%. CP8:0.3%D MBI E T D Z L IZEh L7z (Scheme 2-2), G DK = v
7 )V-CPn $ERDERR Lod SIHEEFRINC BRI FIIC BT E A EED LT, A
DOAINIHENC D L EZ BID,

MALDI-TOF MS of a reaction mixture Spiral-MALDI-TOF MS of a reaction mixture
3mer 7mer 13mer
14mer 15
mer
gmer 16mer
9meryomer * 30
dmer 11mer o2mer 4000 4500 s000 M/z
5mer 2500 3000 3500 17mer 18mer
19mer

U, J 6mer 7mer gmer

| 1 1 A
1000 1500 2000 2500 3000 3500 4000 m/z 5500 6000 m/z

Figure 2-2. MALDI-TOF-MS of a reaction mixture.
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Br Ni(cod),
oR coD
SOW-r
toluene / DMF
OR
O reflux, 18 h
Br

R = "CyH,

P1B

Scheme 2-2. Synthesis of cyclic pyrene oligomers CPn.

AR LIEEAEAEY D 'THNMR 227 kL& LLFIZRT (Figure 2-3),

CP3 : Pseudo Symmetric
l 2 doublets, 1 singlet
-
CP4 : Symmetric
ll 2 doublets, 1 singlet
L
CP5 : Asymmetric
Jl 14 doublets, 1 singlet
_J - “

CP6 : Symmetric
JL 2 doublets, 1 singlet
1 1
CP7 : Asymmetric

i 20 doublets, 1 singlet

CP8 : Symmetric
k 2 doublets, 1 singlet
L

]

r T T T T T T T T T T T T T T T 1

8.8 8.6 8.4 8.2 8 7.8 7.6 7.4 7.2 7 6.8 6.6 6.4 6.2 6 5.8 5.6
&/ ppm

-
—____

Figure 2-3. "H NMR spectra of CPn in CDCl; at room temperature.
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CP3. CP4, CP6, CP8 DA, 9,107 h ATk D I KDY T Ly hE—7
EL2TMRBLEV36 DT B ALK D 2 ROX T Ly NE—InB25 18y hO
STFNDIRER LU, ZHITETOE LU BNEET TIEEM T, miHR 7 % 7 01
BEE->TWDZEERAMIIRL TS, —J7, CP5 BL U CPT DHAETIE, 7
Ly NE—=I W1 AREXT Ly NE—=IRENEN 14 RKE 20 K50 WIRFP THE L
URIEEMAAEECHDH L EIRLT,

RIZ, CPn BLOZOHERTH 5 P1 DIFL AT L OSSN AR A~ kL
(Figure 2-4) 35 X OVEJE A7 RV (Figure2-5) % UL M, WINEB XM E BT,
ETOCPrIEPL KV bRERY 7 LT, 4 &KL EO CPar 13290 nm {131 & 370 nm
AT IZIRIN 2 B> TV 523, CP3 1% 550 nm f3TIC £ CRINASHERB S Nz, £72. #t
AT MLV THRBRIC, CP3 BMULOBRRZ ®mIA LV b REE Y7 ML, AL DB
JaR LT, — T, 4 'K ED CPr T HEBFHNEZH Lic, &HI2, FEFRETOHR
bR LTz, IR T 34%-68%., FEAIRETE 2%-28%DR N EFIRZR LT
(Table 2-1), XIE T CP3 ORFEII 72 FREIC DN TE LT 5,

25
— C
—= o
& s () oo
CP6
CP7 P1
—CP8

[
w
L

£/ 104 M1 em!
5
N

C;H;0 OC3H;

250 300 350 400 450 500 550 600 CPn (n=3-8)
Wavelength / nm

Figure 2-4. UV-vis absorption spectra of P1 and CPn in CH,Cl,. Chemical structures of P1 and

CPn are also shown.
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3 3 cP8
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Figure 2-5. Fluorescence spectra of CPn (a) in CH,Cl, and (b) in the solid state. Adex = 346 nm
for P1, 395 nm for CP3, 363 nm for CP4, 367 nm for CP5, 375 nm for CP6, 388 nm for CP?7,
and 403 nm for CP8.

Table 2-1. Spectral data of CPn.

compound }‘abs,solution }‘ex }‘ems,solution/solid wf, solution /solid
[nm] (loge) [nm] [nm] [%]

P1 281 (4.49) / 332 (4.32) / 346 (4.40) 346 381, 401 / 420 8/12
cP3 298 (4.23) / 395 (4.21) / 505 (3.64) 395 599 / 635 34/2
cP4 288 (4.67) / 363 (4.57) 363 465 / 498 60/12
cP5 290 (4.98) / 367 (4.89) 367 455 /483 64/14
cP6 293 (5.15) / 375 (5.07) 375 456 / 487 68/ 28
cp7 295 (5.26) / 388 (5.12) 388 484 / 506 43/2
cP8 295 (5.37) / 403 (5.26) 403 466 / 500 55/4

2-3. BIRE LV 3 BIK (CP3)

vrmRT 7=l (CPP) 72Dy /a7 V—LUit, TOa2=—772E W
HAORE, B X OMERE~OISHORTREMEIZ L0 . HEH STV D T4 CPP D4R
M D% IE, e RN S TWDE Z EICHKT B, T, U+ 5%, A&HHEIC
K B[518B L VY6]CPP D 2 DD C-Cofti & DS WS L ¥, Z OIS, [5]6 &
[6]CPP DN EA T /X —10 (Z3 2 117.2 keal, 97.23 keal, ZH5HDEIZY 7 1
Ta N OfE (27.6 keal) LD HRIBIZKE W ) ([ZX o TH#EIT A Z &b LML
TWb, —fRIC, T BEAREEIC L > TERAF =M £ L A WELEBICRFF S 1
TWEHA, BHDORWSRILAEY L IR L T FICEAT LT =R 0o TEY |
BiE DB EOIMT 5 2 L CEATFIAX—PRHE S ND 8 BEAT LT —IL, f
EE A (Bayer E£4), #aU 0 EAH (Pitzer EH), BLRT 7 T LT —/L AEH (Prelog
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EA)VE L THLNIBRIREADMAGDENLELD P, AEERML, BHEAENE
FRRAEBAENPLRB L CTODEED I 7 4 A —3 3 » TRRRKDEERE % #Eil
FTRIDIHET D, BREREZ OB FIMET DRT ¥ VX F—ZF [ LT,
AHEE RS Z BB T 5 2 L bATRETH D, 2D X 9 AL D & LT /NRBABREUS
Va7 T o OIHERR, BLOTARX U ROREBENH T 515 (Scheme 2-3)%
2, BREBICLHAOTHBE CC HADOEMELL, X<ambnTng 2, Zhbol-
Bl LTI, 77—V Rk sp? RFED, KREFRIEL ORIERHIT LD ¥, 20
BEEh /11, AERRE AR L2 L IO Z 2 EAOMHETH 5,

C-C Bond
Cleavage [M7]

Qu\,/ = <> [Mn+ll]
Oxidative Addition

n=0,11

hvor 4
I
= I

©
0 Nu 0@
Nu/\/

<

Scheme 2-3. Strain-induced reactions.

—#HD CPn DT TH CP3 NN AT M OEEREREY 7 NeRmdTHAZHS
PNCT D72, BRESZER L, X SRS & D &2 B 5 72M2 L7z (Figure 2-
6)0
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Empirical formula CssHgoOp

Formula weight 949.14

Temperature 90(2) K

Wavelength 0.71073 A

Crystal system triclinic

Space group P-1

Unit cell dimensions a=8.9771(10)A  a=116.5169(19)°

b=17.6262Q)A  B=93.784(2)°
c=17.7632)A  y=102.4952)°

Volume 2412.5(5) A3

z 2 _ C10-C23=1.485(5)A ¥ Mo C32-C45=1.489(5) A
Density (calculated) 1.307 g/em? £ C11-C10-C23-C36 = 45.3(5)° £ C33-C32-C45-C58 =52.1(5)°
Absorption coefficient 0.082 mm'! N <

F(000) 1008

Crystal size 0.10x 0.10x 0.02 mm?

Theta range for data collection 1.304 t0 25.999° o

Index ranges 10<h<11,-21<k<14,-19<1<21 o3

Reflections collected 14199

Independent reflections 9398 [R(int) = 0.0365] b3 S

Completeness to theta = 25.242°  99.4% M >

Max. and min. transmission 0.998 and 0.972 C1-C54=1. 546(5) A O_H

Refinement method Full-matrix least-squares on /2 £14-C1-C54-C55=19.5(6

Data / restraints / parameters 9398/0/ 655

Goodness-of-fit on F2 1.061 CP3

Final R indices [/ > 2o(])) R, =0.0738, wR, =0.1592.

R indices (all data) R, =0.1256, wR, = 0.2024,

Largest diff. peak and hole 1.100 and -1.029 ¢. A3

Figure 2-6. Single crystal X-ray structure of CP3.

pyrene 1 & pyrene 3 X4 UALA N 19.5°L IEFIT/IhE < | FEHEIZ R > TWD, 704
At IS Cld pyrene 3 A3 pyrene 1 KV & EIZZEEHTEY CP3 1L T L7t & 72 - T
W5, "THNMR #IE%-90°C £ TIREZ T TRl Lo Ry —2 N7 a— Ridks
DIHTHBMEDERTIZA DN o72 2 &b T OEMELER Ik < | ik

THEHAZHIZTEIMLLTWDH EEZDHNLD (Figure2-7), SMAKM 721 HI/5 | pyrene 1 &
pyrene 3 O EHI G AITE L U BR RIS ANZEA TV S, Cl & C54 D POAV (r-orbital
axis vector) fi 2> 3 4.88°, 4.04° L AR FH THIULX 0 &7 DT T OENEICKEL 8o
7= (Figure 2-8), —XJICZHI HAL TV D @EEMEAEW D POAV i & b4 2% & | [8]CPP
ERFREDEATH S (Figure 2-9)%,

X HIT.CI3 & C56 DHREIL288A LIRFED 7 7 T IV T— )L AYEO 3.4A) &
D HELELS ZDORFBRITLONKIIZE Y B L ATHE T MICADESREZ S > T
Wz, Cl1, Cl4 & C58 @ POAV fEITAIZ72 > T % (Figure2-8), = DOfEF, C1 & C54

OFEEIEBEL. W5 O Csp?)-CspH)ite (F¥) 149 A) KV HIEFITEWV 1.546(5) A 12
ES T“@U‘Tb\é Z &R ST,
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20°C 40 °C
CHCl, Jk CHCl,
L _ |
10°C —50°chL
JMU\ i Jk e~
0

- S S
-70°C m
N U

e || 0 S
A 1
90 89 88 8.7 86 8.5 84 83 82 81 80 79 78 7.7 76 75 74 73 72 7.1 7.0 69 68 6.7 66 90 89 88 8.7 8.6 8.5 84 83 82 8.1 80 79 78 7.7 76 75 74 73 72 71 7.0 69 68 6.7 66

&/ ppm

Figure 2-7. VI-NMR spectra of CP3 in CD,Cl..

pyrene 2

POAV

Selected distances

&/ ppm

(m-orbital axis vector)
Cc1 4.88° C54= 4.04
C11=-0.81" C55= 0.07
C14=-0.94" C58=-0.99

Selected distances
C13-C56=2877 A
C1-C2 =1.419(6) A
C1-C14 =1.429(4) A
C53-C54 = 1.414(4) A
C54-C55= 1.440(6) A

pyrene 3

Figure 2-8. POAV values of high-strained parts in CP3.

‘ 1.6°
' 3.7°
% 8.1°
subporphyrin corannulene

[6]CPP : 6.1
4.6° [10]CPP : 3.8
[12]CPP : 3.1

Cgo-fullerene

Figure 2-9. POAV values of representative high-strained molecules.

Fio, BENEEL (DFT) SHAEICEK VRO E LV 3 Bk L k452 & THRIHL
72 CP3 DEHL T F)ILF—(X, 60.0 kcal/mol T > 7= (Scheme 2-4),
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Total energy —1587851.978 —1059367.423 x 3 —1588671.074 x 3 (kcal/mol)
= 59.975 kcal/mol
Scheme 2-4. A hypothetical homodesmotic reaction for the calculation of strain energies of CP3.

Propyloxy groups were replaced by methoxy groups.

CP3 OEEADRER E L CEEF TOLFEMHAEERNREE L TS T29,
HAE Oy X o THEEZ R LI, RESEGLTWRNZ R0 57 (Figure
2-10),

Figure 2-10. Packing structure of CP3.

INETICHE SN TOEREN R L UERBIKE ZOWRINE X OHEEAT F v
DK E— 7 % Figure 2-11 (Z/x3 3% CP3 OIL, #0627 huid, ELUHE
K (@) 2 &K (b), I3V CTHESE/E LY 7oL =12 6 &K (c) &L TH
HMNIRERTZ FLTWDS, 61T, MERELIEE LY 2 &K (d, e) . FFIZ CP3 23
SERIHEER LI/ TRy anxry (NBC) () LV HERES 7 FLTWAZ b
Molz, 2T M ETAFUEHTHESZ LIk > TE L OB &2 il IcEE 87z
5F (g) CHFHEE LU AT 5L BEARTIEREAIC L 2RINEEDOZEITIZE A
ERHNZR, —F T, CP3 DRI LML RIFE L A ES< Ak e LTERE
RETHY . 7TEF UGG LIZBRIR 3 BB L0 BEREZRWETRXTOE LV R%
SO Tl b B EL LT,
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30 b31732

®
%‘

a

Jabs = 310, 322, 336 nm in CH,Cl, Jabs = 285, 315, 330, 346 nm Jabs = 288, 359 nm in CH,Cl,
Aem = 377, 390 nm in CH,Cl, (104 M) in benzene Aem = 432 nm in CH,Cl,
475 nm in CH,Cl, (102 M) Jem = 427, 437 nm in CHCl,
d33—34 egs

R = CMe;"CgH17 R=C12Hzs
Aaps = 323, 375, 408, 435, 462, 495 nm A, = 267, 277, 290, 303, 320, 344, 360, A = 379, 397, 436 nm in CH,Cl,
in trichlorobenzene 394, 414, 435 nm in CH,Cl, Aem = 530, 543, 557, 563, 570 nm in CH,Cl,
Aem = 488, 525 nm in CH,Cl, Aem = 474 nm in CH,Cl,

P aN
)

Jans = 277,309, 323, 338 nm in diethyl ether 1. = 298, 395, 505 nm in CH,Cl,
Jem = 378, 388, 424 nm in MeCN Jem = 599 nm in CH,Cl,

R = CaH7

Figure 2-11. UV-vis absorption and fluorescence data of various pyrene oligomers.

o fEEEE KIS HEANE T 72 0ICE#iEE X b v HIc& 2 72 CP3
@ DFT & AW FHUERH A 21T\, = L X —HEL 2RO 7 (Figure 2-12)°, 43 1l
HEHEORERI B, HOMO (B m#k HfuE) HEG773-5.00 eV, LUMO (FfKZEdiiE) HEfr
N"-237 eV THY ., NBC (f) &HfEd 25 L HOMO 235 < LUMO &< 72 1) . HOMO-
LUMO ¥ v 7RIEFINEL 2D 0, FEIZ LUMO O L E(LDFENRKENT E3b
Mole, CP3I DEEVE S 2 2OV L X _EANEFITNS SHEHRIZR>TND Z
& T NEN Y | LUMO BN EL ez Z EVRIBE NS, CP3 D LUMO D%+
BLE L, R CAD/INEV pyrene 1 & pyrene 3 D2 DD E L OfLEN C13 & C56 T
FER->TWD, ZOPEDOELRY 28, CP3 DRFLREREY 7 MIER-TWDH EEZ
SY LR
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T
—2.03 =
-2.37 , : ::
.d“l:l:
@ O «
% ’a“.,.;.u’
> LUMO
5
2| 263 k%S 3.13 -
z S 4428
5 58 sk
',:’ 3 e 4: ‘:“"""{ ’
-5.00 HOMO -5.16 HOMO

Figure 2-12. MOs of CP3 and NBC based on the B3LYP/6-311G(d,p) level of theory.

599 nm @ CP3 O E— 7 N L A F Lo, FiR, BN F TR 12 480 nm @
Bl — 2B bT 5 2 & 2R L7 (Figure 2-13), Z O =724/ CP30 % H
HEL . BEoW L7okiR, BEET 1 208U FERE I (m/z =964.4347
calc = 964.4334), i A&HIIC CP30 OREIE T, HLAS it X BRAEIEMENTIC L U #E58 L7 (Figure
2-14), CP3 & CP30 O/ XT A — & &g U, R F-RIBEEEC Ui 02,
BENFATLZ LI TEADBBHEINTZ N 05, BEOFHANITLD
pyrenel & pyrene3 DHFEEAIANR Y L ISR 72< 725 2 &L TE L B OE K
FEERARTL 20 WIEB LW IEALT MUREEREY 7 NLiEEsEz b, £
DFER. CP30 [ THF AL ANRYT ML (AR TUEE 54%) ZxLiz, D£0 ., CP3 D
EHTINF— BB ) & U CIRBE-IRF RS WICIBERF 23 A L, CP30 ~ZH
TDEEZR BN, @BMEEEZ AW WEEROFARINT, BT U — /LD RHE-RFERE
AMICEERENEASND S E LTEE A EHREHIN 720 (Scheme 2-5)*,

—oh —24h =N _
|—1h —zon 0, hv
= 3h ——36h g &
® 6h 48 h = :
Q 9h —78h solution  solid solution  solid
=4
S | —12n CP30 CP3
@
5
=
) ]

400 450 500 550 600 650 700
Wavelength / nm

Figure 2-13. Fluorescence spectral change of CP3 under room light.

20



Empirical formula CesHgoO7-(methanol), s,-(dichloromethane), ;o

Formula weight 1012.83

Temperature 90(2) K

Wavelength 0.71073 A

Crystal system triclinic

Space group P-1

Unit cell dimensions a=17.7176(19A  a=109.8071(19)°

b=18.088(2)A [=114.3435(19)°
—188552)A  7=91.189(2)°
Volume 5088.2(10) A3

z 4

Density (calculated) 1.322 g/em? POAV -0.15

Absorption coefficient 0.124 mm™!

F(000) 2143

Crystal size 0.30x 0.20 x 0.05 mm®

Theta range for data collection 1.392 to 24.462°

Index ranges -19<h<20,-20<k<21,-21<I<12

Reflections collected 26337 3 By
Independent reflections 16673 [R(int) = 0.0408] —Cfﬁ
Completeness to theta=23.5° 98.9% o
Max. and min. transmission 0.994 and 0.906

Refinement method Full-matrix least-squares on F2

Data / restraints/ parameters 16673 /35/1514

Goodness-of-fit on F? 1.025

Final R indices [/ > 20(])] R, =0.0829, wR, = 0.2091 S,

R indices (all data) R, =0.1777,wR, = 0.2715 ”‘ﬁ

Largest diff. peak and hole 0.533 and -0.359 ¢.A3 CP30

Figure 2-14. X-ray structure of CP30. The thermal ellipsoids are scaled to the 25% probability.
The crystallographic asymmetric unit of CP30 contains two identical molecules of slightly

different structures.

0
room light

Scheme 2-5. Oxidation of CP3.

S

KREIEDFISHERIT 2 2D L U H~O—BHHBE DAL THDH LEZ b,
T, ZOBRFEFHALIGIE CHCL & CHCL TR Il T L7, BRSO Bk % i
O 5T, K0 (H'*0) THIFI L7 CH.CL TR FHRAMGEIT 72 25
CP3"°0 OHHEAEM LT-720, HAINT-BEFRTIEER T OBES TIChkTs L
ML o T, S HIT, BE N TIEME L KOSET C-C EHENEHEb L2 &

—HIEREFE 10, *(" 4,) N CP3 LET D Z & Z/RE L2 (Table2-2), CP3 DHYJHK
TERINZ L5 10, D3 EERNT 572912, CP3 % FEE THIFI L7- CHCL T LT
AT SAVERE LT E Z A, 515 nm THIEREZ 1274 nm @ '0, O B — 7 28|
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L7- (Figure 2-15), 7 N7 7 = =)LK/L 7 4 U > (TPP)" @ 'O, DFIETIE O, =
0.60 & iz L, CP3 @ 'O, DFENE T UL 298K TD,=033 LR L7z, HEAOE
L, RN 30, BIEAIE L THHR TV DA, RIDED I LRI T & 720 2
—J7C, CP3 ORI A FUIFH 600nm £ TREFES 7 b LAY MLVERT T
B, IO IEENRIC Lo TEREND, L3> T, CP3 23 bk = BIEIRAED & JLECIR
REIC R D BRI AR R 20, 2 'O ICR D BEKIENEIT L TWD EBEX LD
(Figure 2-16),

Table 2-2. Examination of conditions for oxygen insertion reaction of CP3.

entry conditions time results
1 under room light 78 h 58%
2 in dark 6h trace
0.001
0.0008 1 10, (1274 nm)
E 0.0006 -
g
§ 0.0004 -
0.0002 4

0

1250 1300 1350 1400 1450
Wavelength / nm

1100 1150 1200

Figure 2-15. Emission spectrum of 'O, generated by CP3 excited at 515 nm in O-saturated

CH,CL. [CP3]=9.3x10° M.

Measurements of singlet oxygen quantum yield (®a): Measurements were performed on a
Fluorolog-3 (Model: FL3-11-NIR, Horiba Jobin Yvon), using a 450 W Xenon lamp. The emission
at 1274 nm was detected using a liquid nitrogen-cooled InGaAs detector (DSS-IGA020L).
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cp3*

\ 3cp3*

102
reaction with CP3

Energy
=4

302

CP3

Figure 2-16. A plausible 'O, generation mechanism.

L0 BEMIC OS2 B D 2MS T B 7ol M SRS (MR Rk~ T U
TIWAA T =T 4 7 AWIEEFHEN AR, BUBERBRFHERER) & o LFFFEIC
X0 NI ERUE (AFIR: Artificial Force Induced Reaction) 14 & FEIEAL 2 H B iR
HEERSE T L DFT LV O & A GO T OSHIE R 21T RO X 9 7okt
ZHeZ L7 (Figure2-17), CP3 [ZEAIC LV A E <, C() EBFEOMETEKITE
FDFFEIZ 72 D T2 fEREZR < (BEWIZ) BT L. PRI INT1 7213 INT2 23RS
%, ZOFE, CP3 LANDERIRZEIKITD &b & EAD e < AREDFHRHIITAR N
—HHAME LG L CEAEZBET DI ENARTH Y, INTL £7213 INT2 24K L
MNEEZLND, PR INTL £721X INT2 (32 0%, © 9 151D CP3 LD C-O
FEE AR L, =RV F —MIC iR Z2 E 72 INT3 234K L 72, Figure S21-22 (277§ X
91T, INT3 TITmE b 3\ RTE S 2 AR AN R L 7y O o i O — &2 5 A
L.O-O fEEHEOBA . 7 b 0-0 6 DA EZFHFET 5,2 DO HPEHRHIK INT4
WA L%, 3 FLEBIREZ B L Co FWNIRM S ETTT 5 2 & TREERY
CP30 R E 472, INT4 225 CP30 ICEHT HEED mWIEWEIL, EAOfERICE
K+ 2EEZBND,
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Gibbs Free Energy
(Enthalpy)

ot \ =346.2
inkJ mol™' \ (-391.2)
—

I Attack of O, on CP3 - 0-0 Cleavage - Rearrangement and C-C Cleavage -

Figure 2-17. Investigation on the reaction mechanism by DFT calculations.

SHIT, Wb RY DL - 9K & DEINT LY | iR 23MHA LT BRIRTF A=
—7 )L CP3S ~AH9 5 Z LIZH k) L7z (Scheme 2-6), ZiLiL, ©7 UV —/L® CCo
FEA T ~OEBEIFAL S DRI ORETH 5D, CP3 O T A S LEE T T
FEALS S 132 BRI CHEITL T D LB X BN D0, FEIIC DWW T AT
HB, PTU—=NANT 4 RBLORZLR L OMEDOEEIC L5 T U —AbE~D
BENT T SN TWD D, BTV — AT 4 —T L OERILE ERRE-RE
HATEML T2 THD »,

NaZS'9H20
_—

oR DMF
0
80°C,72h RO

CP3S

2% NMR vyield
67% conversion yield

Scheme 2-6. Thioertherification of CP3.

AR DR E . ZNETp-F /) AT RIS EET D EFREZRE L, X
N T UHNRREE AR T D L THENFHFAT D LWME SN TWZ Clsp))-
CpHFE G ~DEEFFFASUE 03, A% L RIFROBERE THATL T D & W I FTIE#RSE
7R SHL, RISHEAETRZE O LR R 57 (Figure 2-18),
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Figure 2-18. Correction of the mechanism of the oxygen insertion reaction. a) Intermediate before

correction, b) Intermediate after correction.

2-4. BIRE LV 4 BIE (CPY)

77— L UIIENTE T BFEREE R0 TR Y. Co RO Sy TR HIEE e if
B THD *, < DRTIE, Co &ndbfyFOHFHEFE B E/EMZT 2 2
&TC, B IO TIC T 1 ORZTENT 5. Ceo & DREGIRREIC ISV T £
/ ME > 7 (monotopic) Th D7, BIRT X Moy T3 2 HAMMECEIRMZm D 5
72D, TRETICE  y RRLY D Y o RIS Yy g 2T gy RIS e
— U EORRA IRGIRD 7 T — L U BEDBHE SN TE L, ZTRETIZE L&
77—V DRA Ny UTHW RSN, ¥ty MEO TTFV-pyrene D—# L
el TORBERITZI ma XU B U T Co 2 130 M, Cpo 28 112 M Tho7z &
(Figure 2-19),

o O 1Y § 5
o 2\ ‘
Ceo@TTFV-pyrene C,@TTFV-pyrene
Q TTFV-pyrene O K =130 (£4.0%) M K =112 (%£3.0%) M

Figure 2-19. TTFV-based molecular tweezer as receptors for fullerenes.

CP4 (T 13-alternate #iEZ &V, MNWVED 2 DO L b Dn i THENE
Zefii & —4y 1T 2 DM LT\ 5 (Figure 2-20), DFT FHEICE > TR D Sz CP4
DZFNFX —mFECIE, ELVRERMEAEI L TTED HANTERD
2, CP4 HisEH OIEXIFRL = > FOAEIL 68°0°D 86°TH Y, CP4 D4y THEIEN H
HIEEFRTHH Z LHIVRIBR ST (Figure2-21), BRRDE / b+ vy 7 BRI L&Y 4752
EIEIRRAIZ, 1,3-alternate #51ETH D CP4 (ZAEY FE > 7 (homoditopic) 72748 A
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DETHD Y, ZOa=—7 I HERREIC LU | CP4 13 Coo & RHIZARA h-F A K
RBEEBR L. —REOBY TR ~—Z2T 5 2 LRSS,

Figure 2-20. Two n-surrounded spaces in CP4.

Empirical formula CgHgoOg:(dichloromethane), 4-(water), 4
Formula weight 1407.39

Temperature 90(2) K

Wavelength 0.71073 A

Crystal system monoclinic

Space group P2)/c

Unit cell dimensions a=21.774(4) A

b=45367(8)A  B=92.690(3)°
¢ =36.900(6) A

Volume 36411(11) A3

Z 20

Density (calculated) 1.284 g/cm?

Absorption coefficient 0.194 mm!

F(000) 14840

Crystal size 0.20x 0.15x 0.10 mm?

Theta range for data collection 1.193 to 21.00°

Index ranges 21<h<16,-43<k<45,-37<1<37
Reflections collected 131659

Independent reflections 38869 [R(int)=0.2403]

Completeness to theta=21.0°  99.4%

Max. and min. transmission ~ 0.981 and 0.797

Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 38869 / 183 / 4560 ]
Goodness-of-fit on /2 1.060 .
Final R indices [/ > 2o(])] R, =0.1233

R indices (all data) wR, =0.4012

Largest diff. peak and hole 0936 and —0.846 ¢.A-3

Figure 2-21. X-ray structure of CP4. (top) Monomeric view and (bottom) crystallographic
asymmetric unit. The thermal ellipsoids are scaled to the 50% probability. The crystallographic

asymmetric unit of CP4 contains five identical molecules of slightly different structures.

CP4 L 77— L DOBOERA M7 A MAIBEER%Z 'HNMR (2 X 5 € £ & Hig
mh X BAEERATIC L > TRFT LT, 7 IR CTOF A Ny Filiie 2 il 5720,
75— LrORlEX vy SR L BN IAER T T — L UBERTHDH T =
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=)V C, B A T NV AT )V (PC,BM) Z A5 Z & T—RITHHE~DR Y ~—{LDHl
#&4TV, CP4 & PC,BM % 1:2 THA &E7- (Figure2-22), K1 1 DHDOZ A My
LDOBBRTER. Kkx2OHDT ANy L OREEREERT D,

= .X = .x.
— —=

FanK1[Gl+86,K:K; (Gl K, : Association constant for the first guest molecule

A5 = 1+ K,[G] + K,K,[G], K, : Association constant for the second guest molecule

Scheme 2-22. Association model of CP4 and PC,BM.

7 = =)L Co BEliE A F /L= AT )L (PCaBM) %7 A 7L L, "THNMR % V7=
EFEBREIT o7 (Figure2-23), 7.42 ppm I[ZfEZR SN =AM~ = k> (H) 1%, PCaBM
EMZDITONTHRAIIEES; > 7 P L, 20 Y& T748 ppm IZE TV 7 ML=, HD
v — 27 OZE{b%E, CP4 & PCoBM 25 1 : 2 THFEIZRNH 556 & 7254 T BindFit™
BERNCHO—T 7 4T 4273252 & T, non-cooperative 72 2AEL K (= [HG] /
[H][G]) % Ki=765M"(£2.0%) BL O Kr=191M" (£2.0%) & H L L7z (Table2-3),

0) ;48 .
(a) 20 8 -
747+
. 10 eq -’/_,_/”
(] -
N & 746
5 g E
deq =745
L=
leq
744t
2eq
1 eq 7.43 /
Oeq
— 7.42 " ' y
7.5 748  T46 7.44 742 T4 1] 5 10 15 20
[PCaiBMcen | [CP4]

ol ppm

Figure 2-23. (a) Changes in the chemical shift of inside proton resonance seen in a '"H NMR
titration (500 MHz, 298 K) of CP4 (the starting concentration was 0.4 mM) with PC¢BM in

toluene-ds. (b) Fitting results obtained by using the 1:2 binding model.
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Table 2-3. Different Binding Models for CP4 and PCsBM.

Relationship between

Binding model K, (MY) K, (MY)
K,and K, I g and 20 446
Full K, # 4k, Saver * 28 1me 958 (+16%) 173 (+7.5%)
Additive Ky # 4K, S aner =20 4ve 234 (£11%) 370 (£15%)
Non-cooperative K,=4K, Sanaz * 26 446 765 (£2.0%) 191 (+2.0%)

The O and dnc2 denote the changes in the NMR resonances of interest upon forming a 1:1

(Oanc) and 1:2 (Sanc2) complex.

REIERIE (Zaa_UP /A K ) —)L) ITL 5T CP4 & Coo DR 2B L X
BIEEMT L7 2 A, 22008 L 7T — LU EOMBEERIZE D, 1:1 OEKR
BHNTND ZEEH LT LI (Figure2-24a), fiidaH Clid, B L AZHE N7 Coo i
KHLTHI 1570 CP4 NEETHIET, 1 WITITKE LTS TEE L - Th
D, BOFRY ~— RO Z R L7z (Figure 2-24b),

Empirical formula CygHgoOg-Cgpo

Formula weight 1986.12 (a)

Temperature 90 K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group C2le

Unit cell dimensions a=33.702) A
b=13.070(8)A S=122.531(8)°
c=24.353(15)A

Volume 9043(10) A3

V4 4

Density (calculated) 1.459 g/em?

Absorption coefficient 0.089 mm!

F(000) 4128

Crystal size 0.200 x 0.100 x 0.020 mm?

Theta range for data collection  1.433 to 23.499°

Index ranges 37<h<37,-14<k<14,-27<1<27 ()

Reflections collected 40767 -

Independent reflections 6678 [R(int) = 0.1798] IS

Completeness to theta = 23.499° 99.8%

Max. and min. transmission 0.998 and 0.766

Refinement method Full-matrix least-squares on 2

Data / restraints / parameters 6678 /829 /1010

Goodness-of-fit on F? 1.774

Final R indices [/ > 20 ()] R, =0.1889, wR, = 0.4687

R indices (all data) R, =0.2472, wR, = 0.4978

Largest diff. peak and hole 0.824 and -0.711 e. A3

Figure 2-24. (a) The asymmetric unit of X-ray structure of the CP4-Cq 1:1 complex. Ellipsoids
are scaled at 50% probability. The disordered parts are omitted for clarity. (b) A columnar array

of CP4-Ce along the b-axis For clarity, CP4 units are shown as a ball-and-stick model.

Flo, FAMITELTT7 ==/ CnBEEA F LT AT )L (PC;BM) % 40 K& FE T
AV PCaBM & [EERIZ 1:2 A% E LT ' HNMR 2 HWElEFERN G, 7 r—
JVERHTIZ & 0 G EEE Ki = 196 M (£0.4%), K> = 49 M (£0.4%) & B H L7- (Figure
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2-25, Table 2-4), S 5T, CP4 & Cyp DIHFEFDOIERIZHAEIL, 22D CP41Zx LT
Cro 3 3 D EfERILIREED 7 na X8y 1| D Ao it 21572 (Figure 2-26a),
Ry X THEEIR, Co DEFIRICIEA TG TH D (Figure 2-26b), FER7REKTE D Ceo
LITRIR D CroDEFTHEN, 2EERB LOERFOEEDENIHE L LEZX LN
Do

®)75a
(a) 20 8q
.
A 10 0q 7.52 ,-"’"J
Beq /
S—— — S———— 7.5
Seq E
& A-
4 89 - T.48 |
"
deq
7.46
Jaq
1eq 7.44
0ag
. . - 742 !
TS T2 TS 748 746 T4 742 0 20

10 15
5 oo [PCr1EMpeaw | [CP4)
Figure 2-25. (a) Changes in the chemical shift of inside proton resonance seen in a 'H NMR
titration (500 MHz, 298 K) of CP4 (the starting concentration was 0.4 mM) with PC7BM in

toluene-ds. (b) Fitting results obtained by using the 1:2 binding model.

Table 2-4. Different Binding Models for CP4 and PC;1BM.

Relationship between

Binding model K. (M) K, (MY
Kiand K, O 4nez and 26 446
Full K, # 4K, Sive * 204us 597 (£3.2%) 15 (+1.9%)
Additive Ky # 4K, S iver =20 sme 95 (+2.0%) 99 (+4.9%)
Non-cooperative K,=4K, Sanz * 20 4ue 196 (+0.4%) 49 (+0.4%)
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Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

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 [/ > 2o ()]

R indices (all data)

Largest diff. peak and hole

2CggHgOg:3Co-C4H;5Cl

5165.68

90 K

0.71073 A

Triclinic

P-1

a=18.7421(13)A a="74.3140(10)°
b=126.0398(17) A L=71.0140(10)°
¢=26.4603(19) A y=173.6140(10)°
11486.0(14) A3

2

1.494 g/cm?

0.101 mm™!

5324

0.200 x 0.100 x 0.050 mm’?
0.831to 25.378°
22<h<21,-29<k<31,-31</<23
64340

41665 [R(int) = 0.0554]
99.5%

0.995 and 0.925

Full-matrix least-squares on F>
41665/2238/4778

1.018

R, = 0.0834, wR, = 0.1752
R, =0.1859, wR, = 0.2373
0.652 and —0.390 e.A-3

Figure 2-26. (a) The asymmetric unit of X-ray structure of the CP4-C7-PhCl 2:3:1 complex.

Ellipsoids are scaled at 50% probability. The disordered parts are omitted for clarity. (b) A

columnar array of C. For clarity, CP4 units are shown as a ball-and-stick model.

fame LT, WHEHLEDX ¥ 7 1 & FF> Homoditopic 73 R A N CP4 [XIZDE
Lo O n EEEE & OMAERIZ LY (ERIR T 7 — Lo LR RO & CEib LT,
CP4-Coo HEAMITFMRIRBTIIFR A F-F A NEHBS AR ~v—E720 | CP4-Cy #
BERIIFEREIR T T —1 v Co O—RILT LA ZBRT 5 2 & 2 Bikdh X ftik g
Fric L VR L7z, CP4 &Rl U 1,3-alternate L OHEE % > CP6 D X Mk sl & b
OFERNSIE, CP6 N LV KE S F#AnZEM A FF>Z L 2R LT\ 5 (Figure 2-27),

Lt CP6 DNEIRT T —

Do

L ATK U TR IR 2R 2 L 2R LT
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Empirical formula C135H,29042 (dichloromethane),

Formula weight 2068.12
Temperature 90(2) K
Wavelength 0.71073 A
Crystal system monoclinic
Space group Pi/e

Unit cell dimensions a=18.716(4) A

b=15758(4) A B=111.956(4)°
c=18.963(5) A

Volume 5187(2) A3

z 2

Density (calculated) 1.324 g/em?

Absorption coefficient 0.182 mm!

F(000) 2184

Crystal size 0.15x 0.15 x 0.03 mm?

Theta range for data collection 1.735 10 25.799°

Index ranges 22<h<16,-19<k<19,-23</<22
Reflections collected 29527

Independent reflections 9962 [R(int) = 0.1190]
Completeness to theta = 25.242°  100.0%

Max. and min. transmission 0.995 and 0.839

Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 9962/ 15/ 738
Goodness-of-fit on F* 1.101

Final R indices [/ > 2a()] R, =0.0793

R indices (all data) wR, = 0.2405

Largest diff. peak and hole 0.820 and -0.404 ¢. A3

Figure 2-27. X-ray structure of CP6. The thermal ellipsoids are scaled to the 50% probability.

Solvent molecules are omitted for clarity.

2-5. BIRE LV 5 BIE (CP5)

KIRIAFAET 27 2 o 2 G O ABEEME O L ITABE B L OEEED 2
DONEENE (=) FA~—) BFEETLX T NMEETH DL, —BICZ DL H72%
TN, 4 DOER DEWILNFES LTEARAFIRER 4 1 DU EFF>TnD, —F
T, F TR DTEDITIFTSLT L AFIRFBRAIILETITIRLS, TR0 F7F 1
FEARD L) REOREEEZHIET 5 2 TAELIZEEF TV T = v e T 7 R
7t UFEERO LD REORKEAGIEHT L 2 E TELLIEEFT VT =2 b D,
Tz, NV BRI ZOX D RARFHRLLX T VL, X T VIEIIRE WA, FEEER
IEBEEDLEIMEEDNY) T 4 — " O == RX T AT ThDH Y, 2D L)
22% 7 Vo ORI BLE L, BEACIREE CIEERSS X SERATIC L - T iR ok
JEIRAE TILE M Al (ECD). #REIT Al (VCD). et (ORD) A7 kb,
DL IRAE TIXFRIEFEIE (CPL) AT MMIZ K-> TIRIES N D,

Figure 2-2 (7R3 K 512, —#H D CPn OHIT 5 &IKD CP5 X° 7 &IKD CPT OffiE
(%, '"HNMR A7 MUZ KDDL BERE TR > IFHEMEETH D Z LR E
Nz, THOOEHSEGEERFFET DD, T/ axUHE A PR UERICES BT
CH%HET%EK&OT%EWLMLK&C%\ﬁ%ﬁ%@h%%%T%6:kﬁ%
Bk 72 o7 (Figure 2-28), LD L BV TR, S, R, S, R D NEARECE % 7779
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HLDE . SR S,R,S DSNAREEZTRT DD 2 >OEMGENELNT-, BV EI L
A+ 10,1060, DF D NXVALOKFRIZ L DMRKIEIZ L - T, 7 /MEEERFF L T
WHZ e R EnT, £72, CP5 ITEHT M7 7 mrr=X T 100°CE TR RZ
NMR HIEZAT S Te B 7 F O Z = BNEEET . 2L Z OREFHFNTO 'H
NMR DI A 7 — /B W TLERBER B 2RO & 2R LT\ 5 (Figure 2-29),

(R, S, R, S R-CP5 (S R, S R, S)-CP5

Figure 2-28. Optimized Structures of CP5 by DFT calculations.

C,HCl,
100°C
CHCl, |
85°C L

0°C MM
MWMMWW
T TN T Fan
T TR . e

\\\\\\\\\\\\\\\\\\\\\\\
8.8 8.7 8.6 8.5 8.4 8.3 8.2 81 80 79 78 7.7 76 7.5 74 73 72 7.1 7.0 69 6.8 67 66 65 64 63 62 6.1 6.0 59 5.8 5.7 5.6

Figure 2-29. VI-NMR spectra of CPS5 in tetrachloroethane-d>.

BIREHRAERRI I AT 2007 FoErohthomEiclsx5 07
S EETAT LU NI 4 BIK ORIV OHEOMXICEIAXTIT A 2H6THY
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suag Je=1r I RERE SN TV D (Figure 2-30a, b), £7-. EF 7 F LDl RE %
FIH L= 72 Lo ORBIRS 1 2 b s iz (Figure 2-30¢), AAFZETH L AL
= 18 MEHEEARBIR Y Lo 5 BIKIT, LU OB TH D Z LIk > TlRAeK
X7 VT 4 2RETIELNERTH D,

"0 8o | aug0 PN | Bt
Bu g _ g _ Q Bu | Bu 8 _ g _ O B ps " OO ,‘ || Qh ) O%
= = R OO R R OO A

Figure 2-30. Chirality on the basis of cyclic skeleton.

X TN T Da AN T bRk % IS TR LR R. ~F Yo 2-Taos )
—/L =99.8:02 ODREMBHZHANDZLIZLY, 2 200 F U F A~ —IHHET 52
LT LT (Figure 2-31), Y% EI L7= CP5 O Pk (CD) A~<7 hLE L OH
fWIEFEN (CPL) A7 MAVZRIE Lz E Z A, ETFHo8Eg s 7 ngill sz
ZEnbh, ENENEFTUTFFY—ThHDH I EDHER TE - (Figure2-32), CD A
7 MBS HEE L7 gunsfEIZ 1.0 x 107 (409 nm) TH -7, (R, S, R, S, R)-CP5 D CD A
~7 h)V%& DFT TRt L7=& Z A, st fraction DE—27 L B —EH L7=720, 1<
NoOY—7 %)FE L7z (Figure2-33), SpecDis 7’11 77 A 8 % W= fi# AT Tld— RN
0.54 LHESNT=, £72. CPL O gunfiiZ 1.0 x 107 &GS O TR R E »
EAF DTz, £72, DFT #HRICE Y gaEOFRRMEZFH L72RER, 3.6 X107 23455
AU, EEBEITHRFIRIC L o THIFF S 4172 (Figure 2-34),
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1st fraction 2nd fraction

(S,R, S, R, S)-CP5
(cP5Y)

(R, S, R, S, R)-CP5
(cps*)

9.742
12.150

in hexane:2-propanol = 99.8:0.2

Figure 2-31. (a) Chiral separation of racemate CP5.

2 4
CD CPL
1st fraction --—
E i S [N
1 2nd fraction -—-r2 =
o o 1l
So -0 o
. s
% .
—
-1 2=
a
. -2 _ -4 ~
o UV-vis n
= p—
L1 Pt -ll
W s > - - \-;'E_.a
0 T T T r — 0 5
250 300 350 400 450 500 550

Wavelength / nm

Figure 2-32. Circular dichroism (CD) (solid line) and circularly polarized luminescence (CPL)

(broken line) spectra of CP5 in hexane.

100

— Experimental CD
1st fraction

~— Simulation by TD-DFT
of (R,5,R,S,R)-CP5

A [ %

100 - -
250 275 300 325 350 375 400 425 450 475 500
Wavelength/ nm

Figure 2-33. Comparision of experimental CD spectrum with simulated one by TD-DFT

calculations.
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4| ||m’|cos®

Igabsl =
|12+ |m’|?
|1/ =4.7 x 10718 esu=cm
Im’| =5.4x 10 erg-G™*
|gabs|calc =3.6x 10-3

& ,m=85 TD-B3LYP/6-311G(d,p) level
cosH’ om = =0.08

Figure 2-34. Theoretical calculation of gas value.

CP5 D7 & LI, (R,S,R,S,R)-CP5 D CD A7 MDA NLEH L, Z0
B, @i L7 R OEL LMD AENKIETHZ LT, 2O v F4~—ThbH
(S,RSR,S) BLE~ LB I ND T2, — RN 21T o2, 2O Z LI RImtE % & 7272
WG =— 7 R TH D, ZORER. FOSEEEH 2.5x 107 /s, B 0.4 Ff
. EME b= kL% —22 keal/mol & FAE S Hiv7z (Figure 2-35), CP5 @ 7 & I LD TH M
b X —it, 40CIZBITS L,L-EF7F L1078 b RBEED XX —Th
% (Figure2-36), JEMEACREREENME S 7 & IEB RN LiX, T72bbiEtlix 715

Ny RXFTINARBRE T CH O R T A~ — Il X T NVEERMfFTE 5

(Figure 2-37)%°,

80
40
o0 0 —
QU ) .
€ o ".;r\f-uw*\‘hk B 10 S — %ﬂ :
S~ f N ‘J &7 “"l W — e *
fa) ~
e —gn : T= 203K
——30min  —— 45mi c 40 4
40 | 60min  —— 75min a . k=25X104 s
90min 105min o
—— 120min 135min it tiz=0.4h
— 150min 165min © t=
Toomn 3 AG?t = 22 kcal/mol
-80 - : . -80 ; r T
250 300 350 400 450 0 1 2 3
Wavelength / nm Time/h

Figure 2-35. Racemization kinetics of CPS.
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AG-JA: _
22 kcal/mol
benzene 317K OO

Figure 2-36. Racemization kinetics of binaphthyl.

or
chiral solvent

(R,S,R,S,R)-CP5 (R,S,R,S,R)-CP5
(CP5%) (CP57)

Figure 2-37. Equilibrium of two enantiomers with a chiral guest.

CP7 IZOW T % CP5 L [EIERIC DFT stHBIC L o TR b L7 & 2 A, BRIRICH
HAEBENTUW (Figure 2-38), L2L. ZNE TICRFEDETE L5042 /R0 5
nNTEL., T IR IR ATEEER D D,

(R,S,R,S,R,S,R)-CP7 (S,R,S,R,S,R,S)-CP7

Figure 2-38. Optimized Structures of CP7 by DFT calculations.

2-6. KETHEEL=y NERBIRAALTEGTHT T 7 = v DERRE

77774 (B ODFETE IOy — M NMEEW TH LT T 7 = 0T, filliitEE
72 EENIMEREE RO T D R CRRIE AN TN TV D IERFIH ST b
(LB FIBEE OB FIBEE I CREFESND by X U BT Bond 777200
e — SN —EDOMREZ T2 Z LB L Vv, —F7, ARG TTiE%E
MWTR LT v T ROT T 7 = OERTTIE TR, 53 F O 2 B IZHIE TE 2036
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AGETRERE ETHY, 2 A M EWI ERHEE o TWD, o, Ko EFRE
EAEWITEOHANE L WAy 0 ZREEIC X O ERIEPRWZ & b E 72 D,
TN TT T RIS D 2 LI KD ERRIENR T BT o P Biro T
P ZRT 720, EROEOMIE L U TCIHFFICER SN TWD, ZomEIX, T2
A ASDISHIZB W TRWIZHEFIZ R 5,

FEFEA—AR T =D 1D —F 2 Lo BEF LN, —Fa L L, #
BORP BN ARETORBOMEERE LS+ THY ., [TV —F2 LU ETEL
DRERIFFH G TH D, [8]—F =L (Figure2-39) OHFJZIL8 BEED Y 7 1
F7 BT NZxr (COT) BT %, COT 1L FHEEE & 5 & I EFEME 2 /RT
(Figure 2-40)°"; Wu B2 X 2 [RFEDH THIIEA L 7-[8]—F = L > 1Z HOMO-LUMO
v v 7OETRRLN, p APEEEREEZR LS, L EOMAEZIIZ, CP4 OffitR
RIS KX = THFHRIZCOT 2T BT 77 = OERERT LT,

Figure 2-39. Chemical structure of [8]circulene.

8 S — 8

cyclooctatetraene Nonplanar (D,,) Planar (D)
(COT) Non-aromatic Anti-aromatic

Figure 2-40. Structure and aromaticity of cyclooctatetraene (COT).

CP4 ZRLAUMEER 32 Z LIk v | Hulic ¥ 8 BB (COT) Mz b i h oy 1k
TS BNERTH IR LT, EL R4S TN L ZEEA A B o T
LHI20, FEERT D2 L THLO 8 BERIZ 8t 1R E biot, KEFEFRMEICHEKT 58
WEMBEIE N HRF TE 5 (Scheme 2-7),
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Scheme 2-7. Oxidative cyclodehydrogenation of CP4.

CP4 DOFRLBIFEER BG4k 2 72 S50 T

T, ELrD N0 DORISEDIR I AEE L TER biLD,

Table 2-5. Examination of Oxidative cyclodehydrogenation of CP4.

FFLIED, 13 & A ET X TOSRMETREE
& 720 | MEBR UG ITETT L7222 72 (Table 2-5), Z DFUSHEIT Ligdo - F & L

entry reagents solvent temp. (°C)  time (h) results
1 FeCl; (16 eq) CH,Cl, -20 4 Almost SM recovery.
2 FeCl; (16 eq) CH,Cl, / MeNO, -20 4 Almost SM recovery.
3 FeCl; (16 eq) CH,Cl,/ MeNO, -20 0.5 Almost SM recovery.
4 FeCl; (16 eq) CH,Cl,/ MeNO, rt. 0.5 Almost SM recovery.
5 FeCl; (16 eq) CH,Cl,/ MeNO, 60 0.5 Almost SM recovery.
6 DDQ (10 eq) CH,CI, / TfOH rt. 12 mixture
7 Cu(OTf), (24 eq), AICI; (24 eq) CS; rt. 12 Almost SM recovery.

SFEEFHEZITV., EL O HOMO OREBEMER LI 2 A, MRS SE X9

& L7 9,10 PEDAREUTFRRF AU /N & <\ BUSHEDMEW Z & 3 52272 > 72 (Figure
2-41), =D, CP4 D 9,10 (LD Z 0 L&D HikEHE 27,

Figure 2-41. The highest occupied molecular orbitals of pyrene and phenanthrene.
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() 1.8-BRE L 2 4 BiK (CP4) D 9,10 (e D USHEZ ) B S+ 5 Jrik

DRV E TS NMRE LTS RIL. AT BN T o ML TR DD,
Figure 2-40 I[ZH 5 L 35D 9,10 MO ISVED A 9% (Figure 2-42), 7 =) F L F
a9 % acetal-PIB 5% L @, Ni(cod), Z# HW o IUAKIGNZIT-oT2 L 2 A, 3.2%D
I #& T acetal-CP4 %1572 (Scheme 2-8), = D14, FeCl; X°> DDQ % H\ 7= B b AJAE BR S i
(2 LV acetal-GS4 DE KA RATZD, EBL LG UNTET Lieho 7,

High Reactivity Hieh Reactivit
igh Reactivity

Figure 2-42. Reactivity of pyrene and phenanthrene

Zn Br.
wdise () ®
(o] TMEDA OTBDMS Br, OTBDMS TBAF
—_— —_— —_—

CH,Cl, “ CH,Cl, “ CH,Cl,
° r.t,12h O OTBDMS r.t,1h O OTBDMS r-t,12h

Br

2-4

241 2-3
75% 79%

Br Ni(cod),
Ethylene glycol o COoD
TSOH eN bpy (]
toluene oy toluene / DMF
reflux, 2 days o reflux, 18 h
Br
acetal-P1B
61% acetal-CP4 acetal-GS4

3.2%

Scheme 2-8. Synthesis of acetal-CP4 and subsequent oxidative cyclodehydrogenation.

(2) 9,10-BIRE L 2 4 BiK (9,10-CP4) ZE kL, SISO E 1,8 i T 4~ ik
WIZ . BOSHEDRN 9,10 . THRIZER L L. £ DOBEISMED E W 1,8 . T biEER 1 5
2 OHD N — L&A T (Figure 2-43),
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RO OR RO OR
Gy TS
High Reactivity

Figure 2-43. Reactivity at 1,8- and 9,10-positions of CP4.

ZON— KN THIUREIZ COT 21EDH Z LN TE, MR L T TX DHINEER 6 B
BRIZ D, F7o. 1,8-CP4 1IUSmRI LD BEREEDBEN TV D 72O IS LIZ < WS, 9,10-
CP4 THIITIGE S BT WREZBR ENRESERT ISR EIT LT W EE 2 NS,

Fli 2 DA% VT 9,10-CP4 DA% 7+ 7- (Scheme 2-9, Table 2-6), Entry 1 D5
ETIE. 9,10-CP3 7% 60%D HEEINE T H 72, entry 2 3B LU 3 TIL 9,10-CP4 23>
MIEMHAER L TND Z L ZEREOITIC L VIR L TV DD, HEET 5I2I3E L7205
7

R = C3Hy

2-6a: X, =Br
26b: X, =1 9,10-CP3 9,10-CP4

Scheme 2-9. Synthetic attempts of 9,10-CP4.

Table 2-6. Examination of reaction conditions for synthesis of 9,10-CP4.

entry reagents solvent temp. (°C)  time (h) results
1 FeCl; (16 eq) CH,Cl, -20 4 Almost SM recovery.
2 FeCl; (16 eq) CH,Cl,/ MeNO, -20 4 Almost SM recovery.
3 FeCl; (16 eq) CH,Cl,/ MeNO, -20 0.5 Almost SM recovery.
4 FeCl; (16 eq) CH,Cl,/ MeNO, rt. 0.5 Almost SM recovery.
5 FeCl; (16 eq) CH,Cl, / MeNO, 60 0.5 Almost SM recovery.
6 DDQ (10 eq) CH,Cl,/ TfOH rt. 12 mixture
7 Cu(OTf), (24 eq), AICI; (24 eq) CS; rt. 12 Almost SM recovery.

B ERA TNV GS4 (3 THLEFTE OFE R, BILEBEMN KL, RLEETHDH I &
DRI X7 (Figure 2-44), = D 7=, GS4 % HEfEd 2 7= O T LR ORIz 45
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LEWNZM ESEDVERD D EEXT, HTEtEZLEL CP4 ICE T VU RE A
IAATE NCP4 Z 5% L (Scheme 2-10), & OFFERSIT X 0 Fe b BEALA M - L 72 NGS4
DA ZE AT (Scheme 2-11), NCP4 DIRACHIMEER G % Bk 2 72 5 CTHagt L7273,
HAb#k & 7z entry 1 3B X OV 2 O TIEISOGITETE T, DDQ 2V /- entry 3 B
L4 DERMTIHEM D53 L T L E -7z (Table 2-7),

LUMO+2  LUMO+1
-2.0 LUMO
3 278 —— éj&
5 30 i
o]
b 1.52 HOMO
T ,
S 40— 7
: i ops < ‘5 S "
high HOMO level stabilized HOMO i ¥
-5.0 — 520 HOMO-1 HOMO-2 HOMO-1 'HOMO-2
: 523 H— i g ;
523 s s H B oE Wy 3
iie, &8, vy Y
. 'u .““':::‘ 2 567 ,A:’““. g;:"
-6.0 — Wy A w PRt L e T A

Figure 2-44. MOs of GS4 and NGS4 based on the B3LYP/6-311G(d,p) level of theory.
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Pd(OAGc),
Br ‘BuXPhos OR OR

Cs,CO5 HaN
N toluene N= Et,0 HoN
[ 2!
B 110°C, 24 h OR rt.4h OR
2-8 29 210
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Scheme 2-10. Oxidative cyclodehydrogenation of NCP4.

Table 2-7. Examination of reaction conditions for synthesis of NGS4.

entry reagents solvent temp. time Result
1 FeCl; (12 eq) in CH3;NO, CH,CI, r.t. 3 days no reaction
2 FeCl; (12 eq) in CH3NO4 toluene 80°C 12h no reaction
3 DDQ (12 eq), TfOH CH,CI, r.t. 3 days decomposition
4 DDQ (12 eq), TIOH CH,CI, 209C 18h the alkoxy groups were removed to

form the hydroxy groups

42



2-7. fE

1,8-7 BEE L D Ni(cody W= v 7Y U I RISIZE Y | —# O BEHREEH
R E L UL EIR CPn DR 19 EIRE THEGR L., 3 &5 8 iR E T4 HLEES
DI Lz, CP3ITmEICEATETHY . I KIZ L 58 L RO
BFHEERORD, 2LV CRFEAHOP TR ORERE TH D 59 mm OF LY
RN R LT, £, BPOL T CEEHARISHET L7z, CP41LCeo 77— L
RC 77— L% T ANy L LTHRVAR, 1285K% K LT, CPSIEAFKAL
AVDSAREJEZ & > THR Y | HFHENTI) LT 8RO CD B8 X WNCPL D> 7)1
BN L7, TNENOERYA XL Clea=—7 BREEEZH O NCTH 2 ENTE
7z BRI 6 BIALL EOZBEKICONWTHKRERT A My E OMAERASK ATy
7 ISHEEEHAIR & ENENOMIEFFR 2150 LT BRE 2 83 5 L HIfF T & 5,

IHNHOEEITIWTR L LU I (LR THEBEEA TS 2 LT UL (10 fi7)
DKFER LSRN T D Z LN E 7e> T D, UWEME LT- 8 BRZHMA
WIS T 7 2 F ) = FOARRICIZE S o Toi=, HERMES 2RV LE
D FELE RN, BIEE TR L TR, FZ TRETIIE L U RENRRR DAL
B CHEEM AT 25610 Z 2HIEMRIC O W THERT D,

43



2-8. Supporting Information

2-8-1. Instrumentation and Materials

"H NMR (500 MHz) and *C NMR (100 MHz, 126 MHz, and 150 MHz) spectra were recorded
with JEOL JNM-ECX400 spectrometer, JEOL JNM-ECX500 spectrometer, and JEOL JNM-
ECX600 spectrometer at ambient temperature by using tetramethylsilane as an internal standard.
The high-resolution MS were measured by a JEOL JMS-700 MStation (EI magnetic sector (70
eV)) and a BRUKER Autoflex II (MALDI-spiral TOF MS). X-ray crystallographic data were
recorded at 90 K with a BRUKER-APEXII X-Ray diffractometer using Mo-Ka radiation
equipped with a large area CCD detector.

UV/Vis absorption spectra were measured with a JASCO UV/Vis/NIR spectrophotometer V-
570, and fluorescence spectra were measured with a JASCO PL spectrofluorometer FP-6600.
Fluorescence quantum yields were measured on a HAMAMATSU Absolute PL Quantum Yield
Measurement System C9920-02G. Near infrared fluorescence measurements were performed on
a Fluorolog-3 (FL3-11-NIR, Horiba Jobin Yvon), using a 450 W Xenon lamp. The emission was
detected using a liquid N2-cooled InGaAs detector (DSS-IGA020L). Optical separations were
performed through a SUMICHIRAL OA-3100 chiral column with a diode array detector SPD-
MI10A. CD spectra were recorded using a JASCO J-820 spectropolarimeter. CPL and PL spectra
were collected using a JASCO CPL-200 spectrofluoropolarimeter.

TLC, PLC and gravity column chromatography were performed on Art. 5554 (Merck KGaA)
plates, Art. 13792 (Merck KGaA) plates and silica gel 60N (Kanto Chemical), respectively. All
solvents and chemicals were reagent-grade quality, obtained commercially, and used without
further purification. For spectral measurements, spectral-grade CH,Cl, was purchased from

Nacalai Tesque.

2-8-2. Experimental Sections

4,5-Di(n-propoxy)pyrene (P1)°: To a solution of pyrene-4,5-dione (1.16 g, 5.00 mmol) in THF
(20 mL) and H>O (20 mL) were added tetra-n-butylammonium bromide (TBAB) (484 mg, 1.50
mmol) and Na,S,0;4 (2.61 g, 15.0 mmol). After 5 min, a solution of KOH (2.28 g, 40.0 mmol) in
H>O (20 mL) was added to the reaction mixture followed by 1-bromopropane (2.27 mL, 25.0
mmol). The red colored reaction mixture was stirred at 100°C for 12 h. The reaction mixture was
cooled and extracted with AcOEt. The layers were separated and the aqueous phase was extracted

with AcOEt. The combined organic extracts were washed with water followed by brine and dried
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over Na;SO4. The solvent was removed under reduced pressure. The crude products were
subjected to silica gel column chromatography (Ry= 0.35 with CH,Cly/hexanes = 1:5) to give 4,5-
dipropoxypyrene (P1) (1.52 g, 94%) as a colorless oil. 'H NMR (500 MHz, CDCls): 6= 8.50 (d,
J=17.5Hz, 2H), 8.14 (d, J= 7.5 Hz, 2H), 8.06 (s, 2H), 8.02 (t, /= 7.5 Hz, 2H), 4.31 (t, /= 7.0
Hz, 4H), 2.01 (m, 4H) and 1.18 (t, J=7.5 Hz, 6H) ppm; *C NMR (100 MHz, CDCl;): 6= 144.03,
131.05, 128.89, 127.30, 125.93, 124.28, 122.83, 119.40, 75.29, 23.84 and 10.84 ppm; HR-MS
(ED): m/z: caled for C2aH202, 318.1620 [M]"; found: 318.1626; UV-vis (CH2Cl): Amax (6[M'em™
') =281 (31214), 332 (20658) and 346 (25308) nm; F1 (CH2Cly, Aex = 346 nm): Amax = 381 and
401 nm, @ = 0.08; FI (solid, Aex = 346 nm): Amax = 420 nm, @& =0.12.

1,8-Dibromo-4,5-di(n-propoxy)pyrene (P1B)": Bromine (0.34 mL, 6.60 mmol) was added
dropwise to a solution of P1 (955 mg, 3.00 mmol) in CH>Cl; (25 mL) over 5 min at room
temperature. After complete addition of bromine, stirring was continued at room temperature for
5 min. The reaction mixture was poured into sodium thiosulfate solution and the layers were
separated. The organic phase was washed with water followed by brine and dried over Na,SO..
The solvent was removed under reduced pressure. The crude products were subjected to silica gel
column chromatography (Ryr= 0.20 with CH>Cly/hexanes = 1:10) to give 1,8-dibromo-4,5-di(n-
propoxy)pyrene (1.37 g, 96%) as a white solid. '"H NMR (500 MHz, CDCls): § = 8.53 (s, 2H),
8.38 (d, J=8.5 Hz, 2H), 8.28 (d, /= 8.5 Hz, 2H), 4.29 (t, /= 7.0 Hz, 4H), 1.98 (m, 4H) and 1.17
(t,J=7.5 Hz, 6H) ppm; *C NMR (100 MHz, CDCl3): 5= 143.70, 130.71, 129.39, 128.65, 127.44,
123.44, 120.81, 119.91, 75.37, 23.76 and 10.80 ppm; HR-MS (EI): m/z: calcd for C2H20Br,0s,
473.9830 [M]"; found: 473.9820, 475.9807, 477.9792.

Br
C;3H,0 O Ni(cod),
“ CoD
C4H;0 O
Br

+ Higher Oligomers

1,8-Linked cyclic pyrene oligomers CPn’’: A mixture of 2,2’-bipyridine (300 mg, 1.92 mmol),
1,5-cyclooctadiene (0.24 mL, 1.92 mmol), Ni(cod), (528 mg, 1.92 mmol) in toluene (1.76 mL)
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and DMF (1.76 mL) was heated at 80°C for 30 min under Ar. A solution of 1,8-dibromo-4,5-
dipropoxypyrene (382 mg, 0.80 mmol) in toluene (7.0 mL) was added to the solution, and the
whole was refluxed for 18 h under Ar. After cooling to room temperature, the reaction mixture
was quenched with 10% HCI for 1 h. The solid was collected by filtration and rinsed with toluene.
The filtrated was treated with water, and the organic materials were extracted with toluene. The
combined organic solution was washed with brine and dried over Na>SQOs, and evaporated to give
crude products. The crude products were separated by silica gel column chromatography (R =
0.20 with CH>Cl/hexanes = 1:2) and gel permeation chromatography (CHCl; eluent) to give CP3
(8.9 mg, 3.5%) as a red solid, CP4 (8.8 mg, 3.5%), CP5 (7.8 mg, 3.1%), CP6 (5.1 mg, 2.1%),
CP7 (0.7 mg, 0.3%) and CP8 (1.3 mg, 0.5%) as yellow solids. CP3: '"H NMR (500 MHz, CDCl;):
0=28.67 (d, J=8.0 Hz, 6H), 8.60 (d, J= 8.0 Hz, 6H), 6.99 (s, 6H), 4.39 (t, /= 7.0 Hz, 12H), 2.06
(m, 12H) and 1.22 (t, J = 7.5 Hz, 18H) ppm; *C NMR (100 MHz, CDCl;): § = 144.03, 134.75,
129.51, 128.33, 127.89, 125.52, 123.41, 118.94, 75.58, 23.88 and 10.88 ppm; HR-MS (Spiral
MALDI): m/z: caled for CesHsoOs, 948.4384 [M]"; found: 948.4383; UV-vis (CH2CL): Amax (&
[10° M em™]) = 298 (16.9), 395 (16.1) and 505 (4.34) nm; F1 (CH2Cly, Aex = 395 nm): Amax =
599 nm, @ = 0.34; F1 (solid, Aex = 395 nm): Amax = 635 nm, @ =0.04. CP4: "H NMR (500 MHz,
CDCl3): 6=8.67 (d, J=8.5 Hz, 8H), 8.18 (d, J = 8.5 Hz, 8H), 7.34 (s, 8H), 4.41 (t, J="7.0 Hz,
16H), 2.06 (m, 16H) and 1.22 (t, J= 7.5 Hz, 24H) ppm; *C NMR (126 MHz, CDCl3): 6= 144.00,
135.73, 129.64, 128.86, 126.10, 122.67, 119.52, 75.41, 23.88 and 10.87 ppm; HR-MS (Spiral
MALDI): m/z: calcd for CssHgoOs, 1264.5848 [M]"; found: 1264.5851; UV-vis (CH2CL): Amax (&
[10° M™' cm™']) = 288 (46.7), and 363 (37.2) nm; F1 (CH>Cla, Adex = 363 nm): Amax = 465 nm, @
= 60%; F1 (solid, dex = 363 nm): Amax = 498 nm, @ = 12%. CP5: 'H NMR (500 MHz, CDCl3): &
=8.66 (d, J= 8.5 Hz, 2H), 8.60 (d, J = 8.0 Hz, 2H), 8.55 (d, /= 8.0 Hz, 2H), 8.51 (d, /= 8.0 Hz,
2H), 8.49 (d, J=8.0 Hz, 2H), 8.42 (d, /= 8.0 Hz, 2H), 8.27 (s, 2H), 8.20 (d, /= 9.5 Hz, 2H), 8.01
(d, J=8.0 Hz, 2H), 7.91 (d, J = 8.0 Hz, 2H), 7.76 (d, J = 8.5 Hz, 2H), 7.73 (d, J = 9.5 Hz, 2H),
7.70 (d, J= 8.0 Hz, 2H), 6.49 (d, /= 10.0 Hz, 2H), 5.72 (d, /= 10.0 Hz, 2H), 4.37 (m, 20H), 2.03
(m, 20H), and 1.19 (m, 30H) ppm; *C NMR (150 MHz, CDCl3): &= 144.12, 143.95, 143.76,
143.57, 143.44, 136.98, 136.72, 135.98, 135.59, 135.25, 133.42, 133.33, 131.34, 130.36, 129.79,
128.81, 128.74, 128.57, 128.51, 128.47, 127.45, 126.22, 126.01, 125.67, 125.55, 125.43, 124.86,
122.97, 122.79, 122.63, 122.56, 122.46, 119.58, 119.51, 118.77, 118.57, 118.47, 75.38, 75.27,
75.23, 58.51, 23.87, 23.83, 18.45, 10.85 and 10.81 ppm; HR-MS (Spiral MALDI): m/z: calcd for
C110H100010, 1580.7311 [M]"; found: 1581.7313; UV-vis (CH>CL): Amax (£ [10° M™" em™']) =290
(96.6), and 367 (77.7) nm; F1 (CH2Cly, Aex = 367 nm): Amax = 455 nm, @ = 64%; F1 (solid, Aex =
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367 nm): Amax = 483 nm, @ = 14%. CP6: "H NMR (500 MHz, CDCl): 6= 8.57 (d, J = 8.0 Hz,
12H), 8.00 (d, J = 8.0 Hz, 12H), 7.36 (s, 12H), 4.37 (m, 24H), 2.03 (m, 24H) and 1.19 (t, /= 7.0
Hz, 36H) ppm; *C NMR (126 MHz, CDCls): 5= 144.09, 135.50, 130.02, 129.21, 128.68, 125.54,
123.20, 118.66, 75.46, 23.87 and 10.84 ppm; HR-MS (Spiral MALDI): m/z: calcd for Ci3:Hi20012,
1896.8774 [M]"; found: 1897.8768; UV-vis (CHCL): Amax ([10* M cm™']) = 293 (14.3), and
375 (11.8) nm; FI (CH2Cly, Aex = 375 nm): Amax = 456 nm, @ = 68%,; F1 (solid, Aex = 375 nm):
Amax = 487 nm, @ = 28%. CP7: "H NMR (500 MHz, CDCl3): 6= 8.63 (d, J= 8.5 Hz, 2H), 8.61-
8.56 (m, 8H), 8.53 (d, /= 8.0 Hz, 2H), 8.51 (d, /= 8.0 Hz, 2H), 8.44 (d, /= 8.0 Hz, 2H), 8.38 (d,
J=9.5Hz, 2H), 8.26 (d, J = 8.0 Hz, 2H), 8.14 (d, /= 10.0 Hz, 2H), 8.08 (s, 2H), 8.00-8.97 (m,
4H), 7.91 (d, J= 8.0 Hz, 2H), 7.85 (d, J= 8.0 Hz, 4H), 7.82 (d, J = 8.0 Hz, 2H), 7.78 (d, /= 9.0
Hz, 2H), 7.14-7.10 (m, 4H), 4.45-4.25 (m, 28H), 2.08-1.96 (m, 28H), and 1.24-1.14 (m, 42H)
ppm; HR-MS (Spiral MALDI): m/z: caled for CisaHi49014, 2213.0238 [M]"; found: 2213.0238;
UV-vis (CH2Cl): Amax (¢ [10* M em™]) =295 (18.2), and 388 (13.3) nm; F1 (CH>Cly, Aex = 388
nm): Amax = 484 nm, @ = 43%; F1 (solid, Aex = 388 nm): Amax = 506 nm, @ =2%. CP8: '"H NMR
(500 MHz, CDCl3): 6=28.62 (d, J=8.0 Hz, 16H), 8.16 (d, /= 9.0 Hz, 16H), 7.94 (s, 16H), 4.39-
4.37 (m, 32H), 2.07-2.04 (m, 32H) and 1.21 (t, J= 7.5 Hz, 48H) ppm; HR-MS (Spiral MALDI):
m/z: caled for C176H160016, 2529.1701 [M]"; found: 2529.1689; UV-vis (CH2ClL): Amax ([10* M~
"em ™)) =295 (23.2), and 403 (18.3) nm; F1 (CH>Cl, Aex = 403 nm): Amax = 466 nm, @r = 55%;
F1 (solid, Aex =403 nm): Amax = 500 nm, & = 4%.

CP30: A conical flask containing CP3 (4.6 mg, 5.0 umol) in CH,Cl, (900 mL) was left in the air
under room light at r. t. for 3 days. The solvent was evaporated in vacuo to give CP30 in 81%
NMR yield (internal reference material: HMDS). The crude products were separated by silica gel
column chromatography (R = 0.18 with CH:Clyhexanes = 1:2) and were subjected to
precipitation from CH,Cl,/MeOH to give CP30 (2.7 mg, 58%) as a yellow solid. CP30: 'H
NMR (500 MHz, CDCl3): 6= 8.90 (d, /= 10 Hz, 2H), 8.75 (d, /= 8.0 Hz, 2H), 8.59 (d, /= 8.0
Hz, 2H), 8.53 (d, /= 8.0 Hz, 2H), 8.43 (d, J= 8.5 Hz, 2H), 8.394 (d, /= 8.0 Hz, 2H), 8.386 (d, J
= 8.0 Hz, 2H), 6.92 (d, J = 10 Hz, 2H), 5.87 (s, 2H), 4.49 (m, 4H), 4.27 (m, 8H), 2.14 (m, 4H),
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1.98 (m, 8H), 1.29 (t, J=7.5 Hz, 6H) and 1.16 (t, /= 7.5 Hz, 12H) ppm; HR-MS (Spiral MALDI):
m/z: caled for CosHeoO7, 964.4334 [M]"; found: 964.4347; UV-vis (CHCL): Amax (6 [M ' cm™])
=295 (55282) and 363 (38979) nm; F1 (CH2Clz, Aex = 363 nm): Amax = 481 nm, @&k = 0.54; Fl
(xsolid, Aex = 363 nm): Amax =492 nm, & = 0.23.

Na28°9H20
DMF, 80°C

CP3S: A Schlenk tube containing CP3 (8.0 mg, 8.4 umol) and Na,S-9H,0 (20 mg, 84 umol) was
evacuated and then refilled with Ar. Dry DMF (5 mL) was added and mixture was heated at 80°C
for 72 h in an oil bath with stirring. After cooling to room temperature, the organic materials were
extracted with Et,O. The combined organic solution was washed with brine, dried over Na;SOs,
and evaporated to give crude products. The crude products were separated by PLC (Ry=0.58 with
CH,Cly/hexanes = 1:1) to give CP3S in 67% conversion yield. CP3S: 'H NMR (500 MHz,
CDClz): 6=9.15 (d, J=9.5 Hz, 2H), 8.77 (d, J = 8.0 Hz, 2H), 8.68 (d, J = 8.5 Hz, 2H), 8.58 (d,
J=8.0 Hz, 4H), 8.42 (d, J = 8.0Hz, 2H), 8.41 (d, J= 8.5 Hz, 2H), 7.02 (d, /= 10 Hz, 2H), 5.87
(s, 2H), 4.51 (m, 4H), 4.29 (m, 8H), 2.15 (m, 4H), 1.98 (m, 8H), 1.30 (t, J=7.5 Hz, 6H) and 1.15
(m, 12H) ppm; HR-MS (Spiral MALDI): m/z: calcd for CesHeoO7, 980.4105 [M]"; found:
980.4113; UV-vis (CH2CL): Amax (6 [M™' cm™]) = 296 (44414) and 372 (34992) nm; F1 (CH,Cl,
Aex =372 nm): Amax = 482 nm, @ = 0.44; F1 (solid, Aex = 372 nm): Amax = 525 nm, & = 0.15.

"H NMR titration of CP4: An aliquot of a solution of PC¢;BM (1.0 x 102 M in toluene-ds) was

added to a solution of CP4 (4.0 x 10™* M in toluene-ds), and the resulting solutions were subjected

to 'H NMR spectroscopy at 25°C (Figures S2-1 and S2-2).
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Figure S2-1. 'H NMR titration spectra of CP4 with PCsBM in toluene-ds at 25°C.
[PCs1BM]/[CP4] = 0-20.
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Figure S2-2. (a) Expansion of '"H NMR titration spectra of CP4 with PCs;BM marked in Figure
S1. (b) Plots of chemical shift change versus [PC¢1BM Jiowal/[ CP4]. Nonlinear curve regression of
the titration of CP4 with PCs;BM for H' by using 1:2 binding model associated with the program
BindFit.®" Basing on this data set, the association constants K; and K, were estimated to be 765

£15M "' and 191 £ 4 M, respectively.
An aliquot of a solution of PC71BM (1.0 x 10 M in toluene-ds) was added to a solution of CP4

(4.0 x 10* M in toluene-ds), and the resulting solutions were subjected to '"H NMR spectroscopy
at 25°C (Figures S2-3 and S2-4).
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Figure S2-4. (a) Expansion of "H NMR titration spectra of CP4 with PC7;BM marked in Figure
S5. (b) Plots of chemical shift change versus [PC71BM Jiowal/[CP4]. Nonlinear curve regression of
the titration of CP4 with PC7;BM for H' by using 1:2 binding model associated with the program
BindFit.®" Basing on this data set, the association constants K and K, were estimated to be 196

+1 M and 49 + 0.2 M, respectively.

1,8-Dibromo-4,5-pyrenedione (2-5): 2-4 (1.86 g, 3.0 mmol) was dissolved in 107 mL of CH,CL,
in an open flask. Tetrabutylammonium fluoride (TBAF) (7.5 mL of 1.0 M solution in THF, 7.5
mmol) was added, and the mixture was stirred overnight while air was slowly bubbled through
the solution. The solvent was removed, and the dark orange solid was purified on a silica plug,
eluting unreacted starting material with toluene and the orange product with dichloromethane.
The solvent was removed to afford an orange solid (725 mg, 62%). '"H NMR (400 MHz, CDCl;):
0=28.42 (s, 2H), 8.38 (d, J=8.2 Hz, 2H) and 8.13 (d, /= 8.2 Hz, 2H) ppm.

acetal-P1B: To a solution of 2-5 (226 mg, 0.58 mmol) in toluene (20 mL), 1.5 mL of ethylene
glycol and ptoluenesulfonic acid (45 mg, 20% w/w) were added. The reaction mixture was
refluxed for 48 h using a Dean-Stark apparatus. After completion of the reaction, the solution was
allowed to cool to room temperature, CHCl; was added and the mixture was washed with aq.

NaHCOs3 and dried over Na,SOs. After removal of solvent under vacuum, the crude product was
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recrystallization with CH»Cl, to give 5a (94.3 mg, 0.20 mmol, 34%). The filtrate products were
separated by silica gel column chromatography (CH>Cl,/Hex = 1:1) to give acetal-P1B (38.2 mg,
0.080 mmol, 14%). 'H NMR (500 MHz, CDCl;): 5= 8.31 (s, 2H), 8.03 (d, J = 8.0 Hz, 2H), 7.88
(d, J=8.0 Hz, 2H), 4.31 (br, 4H) and 3.76 (br, 4H) ppm.

acetal-CPn: A mixture of 2,2’-bipyridine (75.0 mg, 0.48 mmol), 1,5-cyclooctadiene (58.8 puL,
0.48 mmol), Ni(cod), (132 g, 0.48 mmol) in toluene (0.44 mL) and DMF (0.44 mL) was heated
at 80 °C for 30 min under Ar. A solution of acetal-P1B (95.2 mg, 0.20 mmol) in toluene (1.75
mL) was added to the solution, and the whole was refluxed for 18 h under N,. After cooling to
room temperature, the reaction mixture was quenched with 10% HCI for 1 h. The solid was
collected by filtration and rinsed with toluene. The filtrated was treated with water, and the organic
materials were extracted with toluene. The combined organic solution was washed with aq. NaCl,
dried over Na,SQs, and evaporated to give crude products. The crude products were separated by
silica gel column chromatography (CHCI;) and gel permeation chromatography with CHCIl3
eluent to give acetal-CP3 as a red solid, (1.0 mg, 3.4%), acetal-CP4 (1.1 mg, 2.3%) and acetal-
CP5 (0.6 mg, 1.5%) as yellow solids. acetal-CP3: "H NMR (500 MHz, CDCl;): 6=8.09 (d, J =
7.4 Hz, 6H), 8.03 (d, /= 8.0 Hz, 6H), 7.12 (s, 6H), 4.36 (br, 12H) and 3.86 (br, 12H) ppm. acetal-
CP4: '"H NMR (500 MHz, CDCl;): 6= 8.14 (d, J=8.0 Hz, 8H), 7.77 (d, J= 7.4 Hz, 8H), 7.07 (s,
8H), 4.38 (s, 16H) and 3.90 (s, 16H) ppm. acetal-CP5: '"H NMR (500 MHz, CDCl;): 6= 8.10 (d,
J=17.0 Hz, 2H), 8.09 (d, /= 7.5 Hz, 2H), 8.03 (d, /= 7.5 Hz, 2H), 8.01 (d, /= 8.0 Hz, 2H), 7.98
(d, J=7.5 Hz, 2H), 7.95 (d, /= 7.5 Hz, 2H), 7.91 (s, 2H), 7.80 (d, J = 9.5 Hz, 2H), 7.63 (d, J =
7.5 Hz, 2H), 7.59 (d, J= 7.5 Hz, 2H), 7.48 (d, J= 8.0 Hz, 2H), 7.44 (d, J= 9.0 Hz, 2H), 7.35 (d,
J=17.5Hz, 2H), 6.55 (d, J=9.5 Hz, 2H), 6.00 (d, J = 10.0 Hz, 2H) and 4.70-3.49 (m, 42H) ppm.

4,7-Di(2’-ethyl-1’-butoxy)benzo|c]-1,2,5-thiadiazole (2-9): The reaction was performed in a 20
mL Schlenk flask under argon. To solution of 4,7-dibromobenzo[c]-1,2,5-thiadiazole (11.8 mg,
40.0 mmol), Pd(OAc): (1.80 mg, 8.00 mmol), ‘BuXPhos (6.79 mg, 16.0 mmol) and Cs,COs (39.1
g, 120 mmol) in distilled anhydrous toluene (400 mL) and 2-ethyl-1-butanol (80 mL) was
degassed. The reaction mixture was heated at 110 °C for 24 hours. The reaction mixture was
cooled to room temperature and extracted with Et,O. The organic layer was dried and evaporated,
and the crude light orange product were separated by column chromatography (Hexane/CH.Cl,=
1:0 to 1:1) and GPC (CHCl) to give 4,7-di(2’-ethyl-1’-butoxy)benzo[c]-1,2,5-thiadiazole (2-9)
as a white solid. (677 mg, 6%). "H NMR (500 MHz, CDCls): 5= 6.68 (s, 2H), 4.12 (t, /= 6.9 Hz,
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4H), 2.01-1.94 (m, 4H) and 1.11 (t, /= 7.4 Hz, 6H) ppm.

1,2-Diamino-3,6-di(2’-ethyl-1’-butoxy)benzene (2-10): 4,7-di(2’-ethyl-1’-butoxy)benzo|[c]-
1,2,5-thiadiazole (2-9) (570 mg, 1.69 mmol) was dissolved in ethanol (12 mL) at 0 °C. Under
argon sodium borohydride (636 mg, 16.9 mmol) was added slowly to the reaction medium. After
18 h, cooled to 0 °C, the reaction mixture was cooled to room temperature and extracted with
Et,0. The organic layer was dried and evaporated, and the crude yellow product were separated
by PTLC (Hexane/CH,Cl, = 1:1) to give 1,2-diamino-3,6-di(2’-ethyl-1’-butoxy)benzene (87.7
mg, 17%). "H NMR (500 MHz, CDCl3): = 6.29 (s, 2H), 3.84 (d, J= 5.7 Hz, 4H), 3.51 (s, 4H),
1.70-1.65 (m, 2H), 1.55-1.43 (m, 8H) and 0.93 (t, /= 7.4 Hz, 12H) ppm.

2-11: 1,8-Dibromo-4,5-pyrenedione (121 mg, 0.31 mmol) and 1,2-diamino-3,6-di(2’-ethyl-1"’-
butoxy)benzene (113 mg, 0.37 mmol) were dissolved in a mixture of AcOH (1.3 ml) and toluene
(2.6 ml). Then, the solution was heated to 60 °C for 2 hour. After cooling to room temperature,
the mixture was filtrated to give NCP4 as a yellow solid (198 mg, 96%). 'H NMR (400 MHz,
CDCl3): 6=9.49 (d, J= 8.2 Hz, 2H), 8.55 (s, 2H), 8.40 (d, /= 8.2 Hz, 2H), 7.14 (s, 2H), 4.21 (d,
J=6.0 Hz, 4H), 2.06-2.00 (m, 2H), 1.79-1.65 (m, 8H) and 1.10 (t, J = 7.6 Hz, 12H) ppm.

NCP4: A mixture of 2,2’-bipyridine (300 mg, 1.92 mmol), 1,5-cyclooctadiene (0.24 mL, 1.92
mmol), Ni(cod) (528 mg, 1.92 mmol) in toluene (3.50 mL) and DMF (3.50 mL) was heated at
80 °C for 30 min under Ar. A solution of compound 2-11 (530 mg, 0.800 mmol) in toluene (14.0
mL) was added to the solution, and the whole was refluxed for 18 h under Ar. After cooling to
room temperature, the reaction mixture was quenched with 10% HCI for 1 h. The solid was
collected by filtration and rinsed with toluene. The filtrated was treated with water, and the organic
materials were extracted with toluene. The combined organic solution was washed with aq. NaCl,
dried over Na;SQOg, and evaporated to give crude products. The crude products were separated by
silica gel column chromatography (Hexane/CH>Cl,=2/1) and GPC (CHCl) to give NCP4 (3.4
mg, 0.8%) as a yellow solid.: '"H NMR (500 MHz, CDCls): §=9.69 (d, J= 7.5 Hz, 8H), 9.51 (d,
J = 8.0 Hz, 8H), 8.86 (d, J = 7.5 Hz, 8H), 8.02 (d, J = 8.0 Hz, 8H), 7.14 (s, 8H), 6.40 (s, 8H) ,
5.74 (s, 8H) , 5.52 (s, 8H), 4.23 (d, J = 5.5 Hz, 16H), 2.00-1.92 (m, 16H), 1.78-1.60 (m, 64H),
and 1.20-1.05 (m, 96H) ppm.
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Figure S2-5. "H NMR spectrum of 4,5-dipropoxypyrene (P1) in CDCl; at room temperature.
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Figure S2-29. HR-ESI mass spectrum of P1.
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Figure S2-30. HR-ESI mass spectrum of P1B.
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Figure S2-31. HR-Spiral-MALDI-TOF mass spectrum of CP3.
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Figure S2-34. HR-Spiral-MALDI-TOF mass spectrum of CP6.

71



1[1] SP-D03-00-001.tas Description: 180704kurosaki-CP7 DCTB+TFANa+PEG
S

3
6000 -
=
o -
2
3
4000 2
H H
3 2 -
- 8 =
2000 £ H
. o ° -
~
L L&
&
0 T T T T T T T T T T T
2213 2214 2215 2216 2217 2218 2219 2220 2221 2222 2223
x10% 2 [2] C154H140014-R50000 taip Formula: C154H140014 Resolving Power: 50000
~
&
1.20 4 s 8
= 3
N I
E 0.80 o a §
s & k=4
£ & 2
S
040 - 2 g =
b -1 g
~ o =3
A = =
o~ o™
S
000 . . - : : - : . : : .
213 2214 2215 2216 2217 2218 2219 2220 2221 2222 2223
Elemental Composition Estimation
Parameters:
Mass Tolerance Electron Mode Charge DBE Range Max Results
2213.02376 % 0.01107 5.0 ppm Odd/Even +1 -05 - 2000 100
Elements
c 0-1860 H 0-150 o 0-20
Results
# Formula Mass DBE Abs. Error (u) Error (u) Error (ppm}
1 C154 H140 014 2213.02376 850 0.00000 0.00000 0.00
. .
Figure S2-35. HR-Spiral-MALDI-TOF mass spectrum of CP7.
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Figure S2-36. HR-Spiral-MALDI-TOF mass spectrum of CP8.
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Figure S2-37. HR-Spiral-MALDI-TOF mass spectrum of CP30.
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Figure S2-38. HR-Spiral-MALDI-TOF mass spectrum of CP3S.
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Figure S2-39 HR-Spiral-MALDI-TOF mass spectra showing the enlarged details of each peak

(matrix: TCNQ, ionization mode: linear positive). Simulated peaks at the bottom are calculated

for cyclic oligomers.
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2-8-5. DFT Calculations

Computational Details

We focused on the model structures in which all the propyl groups were replaced by methyl
groups. All the local minima and transition states were optimized (without any restrictions) at the
dispersion corrected”' B3LYP-D3/6-31G(d) level’”"* and the Gibbs free energy corrections at
latm and 298.15 K were evaluated at the same level of theory. Then, the single point calculations
were carried out at B3LYP- D3/6-311G(d,p) level” to refine the electronic energies. In all

1”° with the dielectric

calculations, the solvation effect was included by the SMD continuum mode
constant for dichloromethane. The transition states were confiremed by the intrinsic reaction
coordinate (IRC) calculations™.

To find the initial guess structures of the local minima and transition states along the reaction
coordinate starting from CP3 and a singlet oxygen molecule, we used an automated reaction path
search method, called the multi-component artificial force induced reaction (MC-AFIR) method””.
The MC- AFIR calculations were performed via the global reaction route mapping (GRRM)
program’® using the energies and energy derivatives computed by the Gaussian09 program’’. All
the geometry optimization, frequency calculations, IRC calculations, and TD-DFT calculations

were carried out using the Gaussian09 program. Mayer’s bond orders*’ were computed with the

Multiwfn software®!.

Computational Results
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Figure S40. The excitation energies and the oscillator strengths of CP3 calculated by the TD-

DFT method (in black) and the experimental UV-vis absorption spectra (in red).
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Figure S41. MO diagrams of CP3, CP30 and CP3S based on calculations at the B3LYP-D3 /6-
311G(d,p)//B3LYP-D3/6-31G(d) level including the SMD solvation model. The propyl groups

were replaced by methyl groups.
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Figure S42. MO diagrams of CP3, P2 and P3 based on calculations at the B3LYP-D3/6-
311G(d,p)// B3LYP-D3/6-31G(d) level including the SMD solvation model. The propyl

groups were replaced by methyl groups.

Figure S43. Structures of CP3, INT1, and INT2 optimized at B3LYP-D3/6-31G(d) level with
the SMD solvation model. The propyl groups were replaced by methyl groups.

77



1.0

=

0.5
vy
gﬂ —o—01
2 0.0 ——02
(&)
< —o—Pyrene A
=
-0.5
-1.0
CP3 INT1 INT3 TS1 INT4 TS2 CcP30
+0,
2.0
(b) —e—C1-C54

——01-02
—=—C1-01
A—C54-01

Bond orders

-0.5
cP3 INT1 INT3 TS1 INTA 152 CP30
+0,
Meo,  OMe 01—02
(c) Pyrene A ‘r__jf;' \F_D\p /
R N

Figure S44. NPA charges (a) and Mayer’s bond orders (b) on and between the reactive atoms and
moiety at the critical structures along the reaction. The names of the reactive atoms (O1, 02, C1,
and C54) and the moiety (Pyrene A) were defined in (c). All the values were calculated at the
B3LYP-D3/ 6- 311G(d,p)//B3LYP-D3/6-31G(d) level including the SMD solvation model. The
propyl groups were replaced by methyl groups.
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Figure S45. HOMOs of INT3 (a) and TS1 (b) calculated at the B3LYP-D3/6-311G(d,p)//B3LYP-
D3/ 6- 31G(d) level including the SMD solvation model for dichloromethane. The propyl groups

were replaced by methyl groups.
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Figure S46. The excitation energies and the oscillator strengths of CPS calculated by the TD-

DFT method (in blue) and the experimental UV-vis absorption spectra (in red).
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Figure S47. MO diagrams of CP5 and linear pyrenylene 5-mer calculated at the B3LYP/6-31G(d)
level. The propyl groups were replaced by methyl groups.
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TV — L OREE RO —CHfE T A AR L oy 77 ) —
VUACH Y T EDDREE LT, DX DT, T ET ) I —R L OREERNTIZRB T 5
B8t 2 R BT 5 LN TET,
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3-1. FFim

7 b FEMERT, EERIEOSAREIC L 5T C-C SO HHREERNHIE S D
LK VAU BNIREMEIRTH D (Figure3-1), 22 7E e MR AFAET 2 BB E
BN, TRIRSIEEH DTN X —[EREL AT 5 2 LT, BIEEROREINFIREL 2D, €
ORFEFIE LT I1L,1-E-2-F7 7 h—/L (BINOL) 23217 5415 (Figure3-2), 7 k7%
PR T D= o TF A~ = F0E S, BUETIEARERISIZRDT Z EOTERN
ARRFINGFTHD 2, B FEHEFENZBZET LT b a 7 RIEROAFLE
FEETHY, LITEFETIEGFRE TR T v 7T A o PR ERNE 2T
Lo TnD, nERSTO7 ha FRERIL, B ELEREOSAEFEICL 5T
BT, ¥ 7T g Ve ER AR OBRRIC TR < S8 KT 0, BAIERIC b
L7EBIHH N THNDERENTH Y, BRI F A~ —D0Hm & fli#Ed 5 Z &%
BT HIEFIZEE L\ 115, Stepien HIX, A YV NLOEHIES A4 X P& R a2 LSt
LZ2ET ANVT 4V rOT hu BRSNS D Z L IZEkE L7z (Figure 3-
3)% F/m. Al RS, RLT 4 VDA 1-F 7 F—AEEAL, NV F
J v DRk LB EN AR LTZ (Figure 3-4),

Figure 3-1. Atropisomer.

(R)-BINOL

0 (Pro),TiCl OH
AN A, —— L
H” ~CO,CH; *“CO,CH;

72%, 95%ee

(S)-BINOL (R)-BINOL

Figure 3-2. A typical example of atropisomer (BINOL).
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M = 2H, Zn, Cd, Hg
R = phenyl, p-tolyl, p-CgH4-Bu

Figure 3-4. Molecular recognition of a tetrasubstituted benzoquinone with a,a,0,0-meso-

tetranaphthyl-porphyrin accompanying atropisomerization.

EFEAES LI BREREP O SN DBRDFThov 7 a7 U —L ik, TV ik
L=y MADONERIFEREIRIL DI IR DA a7 A—varz by
DT, a7 A= a VOEWEIFT 22~ T, BIIE. 46 iz AF
MLy 7 m A% 7 x=1 ) 8 &K (CDMB) %, BE#IT CoatEEsE & 0,
BUZ LY D RIFREIE~E T b 7THBMELT 5 2 LR EINTND S, 2D 9 6| Dag-
CDMP OHMN Co BELWN Cro 77— L &7 A MMy+ & LTHY AL (Figure 3-5), —
oMy rns ) et 6 007 hr TEEREEE o TR Y ThENnEAe S CD
AT FVERT (Figure3-6)°, X512, [6]v 7 w4~V =L iE, ~U kUMD
SERFEIZ LY 4 50T b TERMAREZ AT S (Figure 3-7)%,
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(M)-(11,9)-{4]cC (10,10)-[4]CC sz (10,10){4]CCupap

Figure 3-6. Six kinds of atropisomers of [4]cyclochrysenylenes.

[6]Cyclo[4]helicenylene
([6]1CH) 4 kinds of atropisomers

Figure 3-7. [6]Cyclo[4]helicenylene with four atropisomers.
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2016 4, Miillen %7 B A D 7V 7 ZEE L7 ZEEBEG AT K D 1,3 7 EHEE
BRBLIRE L 6 BAKDERITHII L 2 [FE, o Id=y v a iz Ry |
REH V7T 13-V L2 E LR UEALEE SR LT 2
(Scheme 3-1), Z @ 1,3 (\ifESERIRE L2 6 BIKIT 4,100 DO KERONAKKIEIZLD 2
FBEOT ba TRIEREZ AR T D, Dy BYERIT= R LF—HIZ 9.8 keal mol! ZZ/E TH
D728, ARRIFRERME AT INEC L 0 2T Dy Bk~ s Z L b@iEshT
W% (Scheme 3-2), 1,3 (if5EEIRE L id~ 7 B BRIC)H L COMANS STARBEE 3L E L
TS0, 6 BELLEOBRRIEAEZ OV TIXZNLL ERFTEhTunen,

Bu
Ni(cod),
COD, bpy O
-
O
Br ‘ Br

COO0,
‘Bu
25%

(R.5,R,5,R,5)-1,3-CP6

(R.R,S5,R,R,9)-1,3-CP6 (R.S,R,S,R,5)-1,3-CP6

Scheme 3-2. Conversion of 1,3-CP6 upon heating.

2% T, CP5X° CPT RE LV OHRHER THLHLDICF IS T LR, =F v F
Fe— (7 Fa TR 2o L a2k, CPSICOWTIEF T Lh T A% FIV -
HFEHENIERI LI b DD, Z O REREREN /NS W (4G =22keal mol”, 11, =0.4
h), =T 90 H&ICITERICT ' (b L7z, —J7. CP4, CP6, CP8 [T FED E\
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EOHEE ST, ZOXIIZ, ¥ 7uaT V—L OBV A RIHAF Lz BRSO
o FIEFICHETH S,
AETIE, 59-Va—KREL>OI vy TV IRISICEY . ~ 7 aEBONANI SRR
EE2bTEDLETRVEY A XOREBRKRERSF 2B 2B E LT, 4,101
EHERE S IUERIR B L U Z 8K vCPr D& AL - HifEds X OV oINEZ X 5 BV RUS O fig
HrZ DWW TEEMICIR D,

3-2. 4,10 fLEHERFHARERR Y VU BB (vVCPr) DAL
BERE L o HZEEEE LT, Scheme 3-3 |- EERNI O HIEICHES T 5,9- 3 — R E°
Ly (PI) AR LTZZ,

'Bu

PdiC
XPhos
5 g 1-DIPA "BuLi | PEPPSH-IPT
r T 2 lodine Br Br __ KCO; TIPS acelylene
_ =
THF T doane ~ ow TS TIPS
—78°Ctor.t,5h 120 °C, 6 days O 110°C, 24 h
31 3-2 3-3
72% 65% 48%
‘Bu Bu
TBAF O DMAP __ACI O
THF . = CHZCIZ lolueme “
rt,4h = O & 40°C, 6h 70°C, 18 h | O |
35 P1l
1% 69% 58%

Scheme 3-3. Synthesis of P11 .

WIZEIRE L U EBEROEKEZIT>72, 2 T, Ni(cod) Z A7z 18- 7Tt
YOWART T TN LY | Bkx Te A AOBIRE L v L EARDG S ALTRRERD
5. RELFEERICILAD » 7V U RIGE VT 4,10 fLEEB AR E L 28R
(VCPn) &R L7 (Scheme 3-4), HESHTIZL > T 6 =AML 21 BIKE TORKS
BIROARR Z MR LTz (Figure 3-8), SO TMEKME L VAT NI T AT a~ N7
F74—BIOSVER v~ T 74— (GPC) ICEVHRLZEZ A, BIREZE
Ko 6 Bk D 9 BIKE TEZNEH, vCP6:1.2%, vCPT7:2.6%, vCP8:2.7%, vCP9:1.2%
DR THEET S Z SIS Lz, 26T 13-EEEARIRE LSBT/,
~ 7 aBRONMONAREEIC LV EEROT be TEEREZ S - TEY .7 &KL GPC IZ
Lo THERIC2ODT b 7HEMEERZSEECE | 8 BIKITZERITIINBHIITE ol

91



INT b u T RMRDIAER " GPC 7 B~ F 75 ANHER S L7 (Figure 3-9),

Ni(cod),
COD, bpy
—_—
“ toluene / DMF
[ g I reflux, 18 h

P11l
:1.2%
1 2.6%
vCPn vCP8 :2.7%
(n =6-9) vCP9 : 1.2%
Scheme 3-4. Synthesis of cyclic pyrene oligomers vCPn.
— cyclic
6mer 7mer Y
. o~
acyclic S 3
~ e
/—H E E 8mer
~
2
3mer S
. S 14mer
2 x10
= Smer 15mer
N a ‘ 16mer
mer ’; 9mer |‘ 17mer
o 2 = 18mer
803 2 | “ \\ | 19me;0
50T \ ‘ | mer.
g § 10 W "va,‘,\a‘h"kf “““‘“’W""’\‘f‘ WW\\.J‘IKWW"‘W’AM )\ 21mer
H : mer et ——
3600 4000 4400 4800 5200
&
@ 1llmer
&
© ; > 12mer
o~ ~ ™~
- = © o = 13mer
o « ~ o S 2 >
® = |2 fe & < & =
H = © @ : ~ © N 3 e o~ =) o - —
05 g g 3 2 = § B = g - =B
| i ] = o © © — @
IU A i 1 b b4 0 '?
1000 1500 2000 2500 3000 3500 4000 4500 5000
m/z

Figure 3-8. MALDI-TOF-MS of a reaction mixture.
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fr1 vCP9

-2306 898

oo

O fr2 D, VCP8
n=6-9 ‘

2060647

vCPn
GPC Chromatogram fr3 é C,-vCP38
Tth fr‘II . | fr§
cycles| | Nl gy H!#
2 Fr il i i - N
A T : vePTa
AT IR *
i L !
TR i frs : VCP7b
34ath i |
cycles ==k fré 2c.-vCP6
Eoal i
iBIE)
fi[’l
TN 1000 I 1500 2000 2500 3000
miz

Figure 3-9. GPC chromatogram of a reaction mixture of vCPn and the corresponding MALDI-
TOF mass spectra (matrix: dithranol, ionization mode: linear positive). Polymeric materials and

small acyclic oligomers were removed at the early recycling stage.

3-3. MBUZ X B vCPn D EBMHALKOS

ARRE %O vCP6 O 'H NMR O FRAEICIL, At 22 KO > 7 F gl S iz
(Figure 3-10), k% 727 h 1 7 BMEAKRZELZ LR, RSS,RRS) BE (LD )
FA~—) & D CRIPREEN Y 7T N2 —0 L) FRESHT, &I vCP6 D
AT 2 T2 DI HRE fi & AR L C X SR IE AR 2170 FARE Y O (RS.S.RR.S) Fid
BEELO CRPEETHDHZ L EH LM LI (Figure3-11), 6 DOEL D H H—D
BEO3IOOELUMNEEHERY, FRVOE L O BuERAZFnEn b, T, RiEN
TWAHZ L ZER LI, ZONBEEIX, 7y 7Y 7RIS OETHIBBERTIC= > 7
JV-vCPn $EIR AT 5 I TR & 5 70, IR T OBLBIER |2 228 2e NG~ S 2 kT %
EEZEZTWD,
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s, 2H%8
d, 2H* 4 (J= 1.0-1.5 Hz)
d, 2H* 6 (J = 7.5-9.0 Hz)

t,2Hx2

CHCI, £ 1Hx 2

LN ] (1] L] LN ]
l oo
L] L] ™ *
M i L AJ\ |
89 87 85 83 81 79 77 75 73 71 69 67 65 63 C,-vCP6
3/ ppm (R,S,S,R,R,S)

Figure 3-10. Aromatic region of *H NMR (500 MHz) spectrum of Cs-vCP6 taken in CDCl; at
293 K.

Empirical formula C123H102C|6

Formula weight 1792.74

Temperature 103(2) K

Wavelength 0.71075 A

Crystal system Triclinic

Space group P-1

Unit cell dimensions a=16.0044(18) A  o=78.743(2)°

b=18.483(2)A  p=73.933(3)°
c=213143)A  y=67.586(2)°

Volume 5572.2(11) A3

V4 2

Density (calculated) 1.068 g/cm?

Absorption coefficient 0.199 mm'!

F(000) 1884

Crystal size 0.200x 0.140 x 0.050 mm?

Theta range for data collection  1.999 to 24.000° b

Index ranges J17<h<18,-21 <k<21,--24<1<24 (D)

Reflections collected 66356

Independent reflections 17460 [R(int)=0.1018]

Completeness to theta = 24.000°  99.9 %

Absorption correction Semi-empirical from equivalents o

Refinement method Full-matrix least-squares on F, T

Data / restraints / parameters 17460/ 0/ 1180

Goodness-of-fit on F2 1.055

Final R indices [/ > 20(])] R;=0.1113

R indices (all data) wR, =0.3194 e
Largest diff. peak and hole 0.320 and -0.328 e. A3 T

Figure 3-11. Single crystal X-ray structure of C-vCP6.

Z D C-vCP6 % [EAIRAE T 260°C, 48 KFIMEAL 7= & Z A, Z® "H NMR L&
IpRB— BB, S9N IO 68 T e M AZKHET D 2 oD Ly b
=7 137 m AT AE T Ly hE—2 2 i m bR T A R
Ly NE—=2 OB~ 7 FNVDH %~ L= (Scheme 3-5, Figure 3-12), 'L > —D>%)
DO T FNOHBPER S ., T Dy iFEETH D (RSRSR,S) BlE L —K LT,

94



Ni(cod);

COD, bpy Kugelrohr
—_— —_—
toluene / DMF 260°C, 48 h
reflux, 18 h
Cs-vCP6 D;vCP6
(R,S,S,R,R,S) (R,S,R,S,R,S)

Scheme 3-5. Structural conversion of vCP6 upon heating.

s, 12Hx 2
CHCI, d, 12Hx1 (J=7.5-9.0 Hz)
t, BHx 1

lL —_— ..Jl.

8.9 8.7 8.5 8.3 8.1 79 7.7 7.5 7.3 7.1 6.9 6.7 6.5 6.3
J/ ppm

DsvCP6
(R.S,R,SR.S)

Figure 3-12. Aromatic region of 'H NMR (500 MHz) spectrum of D33-vCP6 taken in CDCl; at
293 K.

Ce-vCP6 7D D3-vCP6 ~D Wikt 2 5N ET9-5 72 B3LYP/6-31G(d) L~V
@ DFT &R %17 -7 (Figure 3-13), 4RETHD C-vCP6 > D )8 DELJEE D JHRIL
26.7 kcal mol™! DFEEETIEE = U | (R,S,S,S,R,S) FLAED A (INT) 2L, Z ZhbH &
512 24.3 keal mol™! D FEREE% I 1 B8 2 T(R,S,R,S,R,S) BLAED D3g-vCP6 NN T D, Dsg-
VCP6 (XT3 ZET, MALTH I INOWKGNEI 5 Z Lidkn, Fihbo
R D B C-vCP6 1L D3-vCP6 LV b H =R F—Th 5 Z LR LI o7z (4B
= 14.6 kcal mol™), HHATH D (RS,S,S,R,S) BLEDKRT ¥ v VXL F—EL
(R,S,S,R,R,S) BT B 2 3 S s DIEMEALRRREE DM T2 80 | IR TH C-vCP6 ITRD &5
bbb,
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Relative EE + Thermal Enthalpy Correction (kcal mol-')

(R.S,S.5.R,S)

—14.6

Dy +vCP6
(R.S,R,S,R,S)

Figure 3-13. The optimized geometries and relative-energy (F£) profiles for the Cs-to-Dsg

conformational conversion of vCP6. The bond highlighted in yellow isomerizes.

Figure 3-13 725, (5,8) 75 ST/ 57-OIIESTHIC (5.8,5) ZHRETIMHEND
D, WDOSNWHETDHE (SSS) 1S E (S,S) OMIcHD, £/-EkHT IR ELITSD
N NEEHR TR X —PE L RLETH D ARG T CIE, ROGHICHE
R (RR.R,,) BREE 21T (S,S,S,,,) BLEDEIRY AR L TH RS ~EHT 5
TEMHALBEEE R E < (RR) X (S,8) ~DEEENR W=Dz, ZNEFI (RR,) F721X
(S,S.,,,) BLE~L 2SS, A& BOIC (R,R,R,,,) BLEDNT T (R,R) \ZZEH 5 J7H)~IY
T,

DX T, vCP6 DAEIEZ M 'THNMR (2 X YV FE L < BT L7-f5 R, Cox s o
5 Dig SHEE~ELT D Z L3R S, BHRICK > Th R shiz, LL, Zh
SITBRY A ANRKRELARDHITONTT o FEREEOE LN 5720, BY A ZDK
v a7 ) — LU OEEROITIIEF ICN#ETH 5 Z L RNELS I TR INT,
a7 Y — b OREEEWOHA A Z BT 5 2 LA TEIUL, S %D
F TR OREERNTIZ T D72 704881 & 70D Z L SHIFFTE B,

e, B 51X, [6]3 7 v[4]~V =1 ([6]CH) ®7 kr 7RO/ FEICB
T, BIRGFE2FEROBIEL L TRET S EZFLTIERL |, BEHRICER 7237 1
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TV =L O =y MNEOEE RS KL TRIT HZ LT, —FHZT 70T U —
VY OREERFTLTE D2 & 2ME Lo (Figure 3-14)*,

[6]cyclo[4]helicenylene
([6]CH)

(E.E.E.E.E,E)[6]CH

(R,S,R,S,R,S)-[6]CH

Figure 3-14. Structure and line drawing diagrams of [6]CH.

T ¥ aT V=L rDT ha TREKROEEDOHITICIWT, ETREI N
RS FFCITIM A THIZITUU T O 2 SOMHRRHAZRE L, 7 u7 U —L rOfMER
OB SV CAE CHRT 5.

(1) ZZEFF] (RSRS....) NBSEMICR L EETH D,
(@) 4 L 72 3 SOFR—BUE (RRR /=13 S.8.5) 1B b5,

INSDRBUTHEZIE, BIAIZB 7 a7V —L b LTHETE DS,
(RSRS.R) & (SRSRS) D1XDTF »FAY—D—lY DHLRY | ZHIX[S]> 7
2-13-EL =L R 2 BETH-Z[5]v 7 v-18-EL =L (CP5) MNEF LR, v
n7 Y=L OBIK 5 BESKEMICET VT 124 2L &2K LTS (Figure 3-
15).
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(R,S,R,S,R)-1,8-CP5 (S.R,S,R,S)-1,8-CP5

Figure 3-15. Conformations of 1) 1,3-CP5, and 2) 1,8-CP5.

LRS- 7 BIR vCPT 12, UEER A2 2 oDEFHEEH LA D, vCPT
WCOWTHERICEZONDOEED S B KL 2) ITERIEX. & V15D EHEIT,
(R,S,RS,R,SR) 3L (RS,SRSS.R) Bl L, ZNENDOTF v FA~—D 4 FEHD
Td D (Figure3-16), 7=, i (1) LV, KAEETHD (RS,SRS,S,R) B LY
BN EETHD ZEWNRBRIND, ZH0 2 FEHOMEE T, 2 OxFENRR C
THHZ LMD 'THNMR O3 — 3 RIZFE LIS/ 5 Z EnPRIn5,

@CO + enantiomer + enantiomer

s, 2Hx8

/)
s, 2Hx8
2

d, 2Hx6 (J=2.0 Hz) Q d, 2Hx6 (J=2.0 Hz)
d, 2Hx7 (J=7.5-8.0 Hz) d, 2Hx7 (J=7.5-8.0 Hz)
vCP7a f,2Hx3 VvCP7b t,2Hx3

(R.S,SRS,SR) L 1H*1 (R,S,R,S,R,S,R) 1 1Hx1

Figure 3-16. Two molecular structures of vCP7.

VCP7 X GPCIZ L > T2 HEHDT hr 7 EM(K (vCPTa : vCPTb=0.58 : 0.42) (57 H
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S, BHEALATF L oFO 'THNMR A7 hUid, PAGEY ORIEOE— 7 R4 —2 T
Hixol=2/r I HV 7 &R LTZ (Figure 3-17), GPC THEICiH L&k 7 &K%
vCP7a, &2yt L7=E8RIK 7 &K% vCP7b & L7-,

s, 2H%8

d,2Hx6 (J=2.0Hz)
d, 2H* 7 (J = 7.5-8.0 Hz)
t 2Hx3

8.8 8.6 8.4 8.2 8.0 7.8 7.6 7.4 7.2 7.0 6.8
S/ ppm
vCP7b
L]
s 2 s, 2H %8
L ] e e o L ]

d,2H X6 (J=2.0 Hz)
d,2HX7 (J=7.5-8.0 Hz)
£ 2Hx3

8.8 8.6 8.4 8.2 8.0 7.8 7.6 7.4 7.2 7.0 6.8
3/ ppm

Figure 3-17. Aromatic region of *H NMR (500 MHz) spectra of vCP7a and vCP7b taken in
CD,Cl, at 293 K.

vCP7a [X[EAIRAE T 260°C, 1 WFRIINELT % & FEAIT vCPTb |24 Hi L 72 (Scheme 3-
6). — 7T, VCPTb (TN THE(L LR o7z, ZHHDFER LD, vCPTb 1ZE )%
MINCEERT ha7BIERTH D Z EnRR Iz, il (1) IZHl-> T, vCP7a &
vCP7b DH§IEE Z I ZE 4L (RS,S,R,S,S,R) )R LT (R,S,R,S,RS,R) BLJE & fEE CX 7,

‘Bu

Ni(cod);
O COD, bgy
—_—
" toluene / DMF
| O | reflux, 18 h

Kugelrohr
—_—
260°C, 1h

vCP7b

vCP7a: vCP7b vCPT7a: vCP7b
=058:042 =0:1

Scheme 3-6. Structural conversion of vCP7 upon heating.

EANL MY 7aaXoB o, 175, 160, 145, 130, 115°COEIRE T vCPTa D
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ZHOEFE A Z AL Z40 TH NMRIC X O BUAI L, BOSHEE OIR AR FMED & Eyring plot (Z
X o TIEMEALFERE (AGY) % FEBRAYIZ 23.5keal mol! & HH L7z, £7-. (RS.S,R.S,S,R) 7>
5 (RSRS,RS,R) ~DEHT v ADT U H N — (AH =38.6 kcal mol!) L h 1
B — (4S* = 0.051 kcal mol! K") 2355 17- (Figure 3-18), vCP7a 75 vCP7b [Z 284
(Conversion) 9 27-DIZIX, 1 DOE L 2=y b Q2 O0HEfGET HHES) 2 NinXE5
(Flipping) %ER3 &5, F 7 ORET T 23045 (Inversion) 75 &, (R,S,S,RS,S,R) 1%

(S,R,R.S,R,R,S) (2727 (Figure3-19), ZiLi% vCP7a ® 7 & Il (Recemization) ToH Y |
DFT #H RN OHEE ST vCP6 D C—Dsy DL & S HICKIEEED 7 v A TH 5
LEZEZ NS, E£7-. vCPTa & vCPTb DFAXIHI = R AF — & 3R LIZfER, vCPTb 2
7.20 kecal mol' ZE TdH D Z LN LT/ > 7= (Figure 3-20), ZAUX R & S AIC
WA TESRBLE RN I b EETHDH I EaRLTEY, G (1) BEREICL > TH Xk
STz,

o b) ¢
a) vCcP7b vCP7a 175G ) g P
Oh 08 - "*._VDICPTa][vCPTb] .
05h M j \ , £°¢1 '
£ 0.4 . ..
1h YW, i
024 7 WCPTB] Tt
" WNCPTalvCPTB] T .
2h ol M f{ ' 0+ . : .
0 0.5 1 1.5 2
89 87 85 83 8.1 79 7.7 75 13 Tlme!h
) hk [ kgT In (hk 1 kgT) 1/T (K"
k (388K) = 0.0012s™ 224 x 107" 2452 0.00258
k (403K)=0.0087 5™ 168x 107"° 2251 0.00248
k (418K)=0.0336 5™ 6.74%10™° 2112 0.00239
k (433K)=0.1408 5™ 2.93x 107 1965 0.00231
k (448K) = 1.1061 s~ 2.38x 10710 —17.55 0.00223
d) s
v In (hk / kgT) = -19450 / T+ 25.564
JT)=- .
g1 In kT \ = - AH + st + Ink
< hk ) RT R
E -23
- AG* (298 K) = +23.5 kcal mol™
AH* = +38.6 kcal mol™
27 AS* = +0.051 kcal mol1 K1
2.20 2.30 240 2.50 2.60

/T x10%

Figure 3-18. Eyring plot from rate constant £ and temperature of conversion process of vCP7.
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Flipping Route

vCP7a ™

B 'Bu
(SR, S,R,S,SR)=(SR,S,R,S,R,S)

(R,S,S,R, S SR * (SR, S,R, SR, S)
“Conversion”

7.20 keal/mol 0 keal/mol
Inversion Route
{Racemization”

o

N
By,

1 ) - )

— 8

= B yCP7a
(S,R,R, SR R, S)

(SR SR SRS (SRR SRRYS)
enantiomer < or A— or > enantiomer
(RS R SR SR) diastereomer (R.S.SR, S. SR

Figure 3-19. Conversion and racemization routes of vCP7a. To make it easier to identify that

conversion or racemization was occurring, the entire molecule was rotated.

p ¢:f“
F LAy

%ﬁ%%

(S,R,R,S,R,R,R)
17.1

4 d

€,

S
>
E

INT2

_15_1 INT1

vCP7a
(S,R,R,S,R.R,S)

(S,R,;‘é,é,R,S,S)
VCPTb

(R.S,RS,R,SR)

Relative EE + Thermal Enthalpy Correction (kcal mol-")

Figure 3-20. Conversion of vCP7a to vCP7b.
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BRI, BRIk 8 BIK vCP8 IZ 2 DDA M L TE X 5, iKGil 2) LV, =F v F
F~—%®< L 5 o077 b FEMEKE, RSRSRSRS). (RRSSRR,SS) .
(R,R,S,S,R,S,R,S). (R,R,SR,S,S,R.S) L (RR,S,RR,S,R,S) FLIEMNBEM & 72D (Figure 3-
21), £/, G (1) £V, R ESORABETEH D Dig-vCP8 NET )N i & IE 7
G CTH D Z EIUREEND, Figure3-21 IZHFLLI-E B o7 o 7Bk
RIZEAO "HNMR ¥ 7 F A" — o nPREESND T2, ERE S i35 Z & T
THOT b o FEMEENHRITE D LB BND,

s, 8H x4 s, 2H <10
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(J=7.5-8.0Hz) (J=2.0Hz)
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D,vCP8 C,vCP8 D, vCP8
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(J=2.0Hz) (J=2.0Hz)
d,2Hx8 d, 4Hx 4
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f,2Hx>4 t, 4H > 1
C,-vCP8 C,,-vCP8
(R,S,S,R,S,S,R,S) (R,R,S,R,S,S,R,S)

Figure 3-21. Five possible configurations of vCP8 excluding enantiomers and their predicted

"H NMR signal patterns.

vCP8 HEAMAKIL, GPCIZ L - THRAIZIINHET 2 Z L TE RN oTc, KENITHEE
L7z O 'THNMR O /3 5 — o 23RN AT L7 3. 3 -2 00 vCP8 EAE{KIT Figure
321 L OB LY ZNLI Dogy Cyy Dag DXFMEZ BB £ D13 0.19:0.75:0.06
Td -7 (Figure 3-22), [E{AIREE T 260°CICIET 5 Z & T, T _XTHOVCP8 DT b1
T BNERIL Dag RERMEZ FFOBT ) FHIT L E TR (R,S,RS,R,S,R,S) BllE~L AR I T
(Scheme 3-7, Figure 3-23), DFT MR OFER . Co & Doy xtFMED vCP8 DAHNIH) T 1L ¥
—IFERETH D Z L RNbh-7= (Figure 3-24), vCP8 73 vCP6 L 0 L BRGICEH S
5 EIE BOTA ARKENTEDIZY 7 rBRONRMOBREMEGDEMINDS Z & LT
JE L7,
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D,,vCP8 s, 8H>4t 4H>2d, 8Hx2
L]

8.7 8.5 8.3 8.1 7.9 7.7 7.5 7.3 7.1
&/ ppm s, 2H*10¢t 2H >3
C,-vCP8 d, 2H>6 (J = 1.0-1.5 Hz)
b4 d,2H % 8 (J =7.5-9.0 Hz)
L]

8.7 8.5 83 81

7.9 7.7 75 73 7.1
J/ppm
D,vCP8 .. s, 16H %2t 8H x 1 d, 16H* 1

8.7 8.5 8.3 8.1 7.9 7.7 7.5 7.3 7.1
S/ ppm

=

Figure 3-22. Aromatic region of *H NMR (500 MHz) spectra of a) D2g-vCP8, b) Cs-vCP8, and
C) D4g-vCP8 taken in CDCl; at 293 K.

Bu

Ni(cod),
O COD,bpy D, YCP8:C.YCP8: D, YCP8  Kugelrohr D, 'CP8:C,YCP8: D, 'CP8
“ toluene / DMF =0.19:0.75:0.06 260 °C, 24 h =0:0:1

I O | reflux, 18 h

Scheme 3-7. Structural conversion of vCP8 upon heating.
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Figure 3-23. Thermal conversion of D2g-vCP8 and Cs-vCP8 into D4g-vCP8 at 260°C in the solid
state confirmed by *H NMR (500 MHz) spectra in CDCl; at 293 K.
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Figure 3-24. The optimized geometries and relative-energy profiles for the Djs-to-Cs-t0-Daq

conformation changes of vCP8.
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OT BT R F—DBAL & LT 5 7212, Figure 3-25 (259 X 9 72O A Al il
{b7'm 7 Z & StrainViz #FE{7 L7z 2, RIUEYA XD7 b a 7 EMERFETIE, P
DENHDIFEDT AR LF =KL, C-vCP6 (24. 5 keal mol™) > D34-vCP6 (10.6 kcal
mol™), vCP7a (16.7 kcal mol™") > vCP7b (9.9 kcal mol™"), 3 Y Dys-vCP8 (7.8 kcal mol™)
> D4g-vCP8 (0.8 kcal mol-1) T&H D, FFlZ. Dag-vCP8 ITIT & A EEHBR72NT L3 D0
ST VTP A ZEAFEIZONWTIE, PRBVERY A ANKRELRDICONTEALT
FNAF—ThEL ol

Dy VCP6 m
’ ) -

Min: 0.00026 kcal/mol

Max: 1.20599 kecal/mol

Total strain: 24.48 kcal/mol
Bond strain: 1.250 kcal/mol
Angle strain: 4.216 kcal/mol
Dihedral strain: 19.01 kcal/mol

Min: 0.00040 kcal/mol

Max: 0.43214 kcal/mol

Total strain: 10.59 kcal/mol
Bond strain: 0.6874 kcal/mol
Angle strain: 2.690 kcal/mol
Dihedral strain: 7.216 kcal/mol

Min: 0.000099 kcal/mal

Max: 0.53505 kcal/mol

Total strain: 9.865 kcal/mol
Bond strain: 0.6400 kcal/mol
Angle strain: 1.575 kcal/mol
Dihedral strain: 7.651 kcal/mol

Min: 0.00033 kecal/mol

Max: 0.67593 kcal/mol

Total strain: 16.74 kcal/mol
Bond strain: 0.9114 kcal/mol
Angle strain: 2.346 kcal/mol
Dihedral strain: 13.48 kcal/mol [ 0.00

D,rvCP8

IG.DZ

Min: 0.000073 kcal/mol Min: 0.000025 kcal/mol

Max: 0.20531 kcal/mol kecal ) Max: 0.02279 kcal/mol

Total strain: 7.769 kcal/mol mol ’\:Q"\ Total strain: 0.8136 kcal/mol
Bond strain: 0.5055 kcal/mol %\ Bond strain: 0.3067 kcal/mol
Angle strain: 1.048 kcal/mol Angle strain: 0.2934 kcal/mol
Dihedral strain: 6.216 kcal/mol | g.00 Dihedral strain: 0.2136 keal/mol

Figure 3-25. Strain energy in vCPn estimated using StrainViz program.

3-4. vCPn D Y2245k

VCPn DA FEMARD 5 HE)FHNC —FLE TR vCPr O CHoCly, H1 T D LS AT I
ALy RV ZHIE LT (Figure 3-26), vCPn OWIL A~ M UL, HEKTH S 2-1-7
FAEL L TREREY Y L, £, BRZ BRI CHET 5 &, R4
ARKRELBRDIES THTHEEEY 7 MLz, ZOZ EIE, B/ MIWEEE L /M
DREP/NSL 720 | ndBEORENETZ L 2R LTS, £-REEIC, CHCLH O
B ERNCEE TR vCPr DAY NV 7RT (Figure 3-27), 8 CE IR (@) &
Fn (1) 2 OIS TR FE O E I ke & FEHR T FR O 3R B EH ke 2L L T2 &
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A ke FBEY A XIEMRZR —ETH Y | kTR A XDOHME & bIT/hs<ib
L D3R S 7= (Figure 3-28, Table 3-1),

2
BuPy
15 D;4-vCP6
_ vCP7b
£ D,4-vCP8
o
T 1
=
B
0 . . :
250 300 350 400 450

Wavelength / nm
Figure 3-26. UV-vis absorption of Ds-vCP6, VCP7b, and Dag-vCP8 along with 2-tert-
butylpyrene (‘BuPy) in CH.Cl..

1.2

1 BuPy
% D,;-vCP6
S 0.8 vCP7b
IS D,-vCP8
0.6 -
[0)
N
T04 |
g 0.4
o
Z0.2 -

0

350 400 450 500 550 600
Wavelength / nm

Figure 3-27. Fluorescence absorption of Dzg-vCP6, VCP7b, and D4-vCP8 along with 2-tert-

butylpyrene (‘BuPy) in CH,Cl,. Aex = 346 nm for D3g-vCP6, 345 nm for vCP7b, and 344 nm for
D44-vCP8.
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Figure 3-28. Transient fluorescence decay of D34-vCP6 (top, Aex = 346 nm, Aem = 424 nm),
vCP7b (middle, Aex = 345 nm, Aem = 426 nm), and Da4s-vCP8 (bottom, Aex = 344 nm, Aem = 403
nm) in CH2Cl,.
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Table 3-1. Photophysical data of Dss-vCP6, VCP7b, and D4g-vCP8 along with 2-tbutylpyrene in
CHCl.

compound 1 s [NM] 1., [nm] 1., [nm] F, [%] t [ns] k,[sY ko™
‘BuPy 272,334 334 390 4 30.0 1.3x 10° 3.2x 107

D 54-vCP6 286, 346 346 424 21 10.0 2.1x 10’ 7.9 x 10°
vCP7b 286, 345 345 426 20 115 1.7 x 10 6.9x 10

D ,,-vCP8 285, 344 344 403 10 15.3 6.5 x 10° 5.9 x 107

3-5. FIMCZEAE BT HHFHST T 7 =V OER

777 = ATRE T CRWETBEIE AR L, EEMECEREME, JIERE e L
BN ) IR UM TH B3, BIERRICE W 2 ORMEET D S, Z ORI
X777 = OBEFH, TR, BB, DFRECRESEEE 525, T OEPX
oD K& SEFIELTZAR—Y —F ) V57 2 2O TE U BEDE T L DS
DODELEH LT DI ENARETH D, ZOXIRA—V—F /) T T 720307 A
WICHEAERD Z LT D HFLICTF ¥ FAVERAT D720, AT E L &~
HFcx 5 Y, LIAT, Millen HI2X - T 1,3-BRRE L 6 BIKNARK S 4,10 fLOEE
LROREEBR SR S N2, ZORIMEDIR & L 0 SOSITE TR, A=V —F /7T 7=
NEAR SN/ D 572 (Scheme3-8), F7-, LIiHkx 73 59- 93— RKE L L 6,8- 4R
VILVELVOAKR-EHI a A7V 7RIS E D ARk LTz 1,3-4°,10°-CP8 1%, iR
T HENL 2 SOSHED E 1,3 AL ~—FEHR L7225, Z OIS T L7222 > 7 (Scheme
3-9), FZT, SEEKLIZ4,10-2 7 0L =L o LBIKDORISHEDEN 1,3 (i & i8R
THI LR Bx YA RO FRBIOWEHA—Y —F /) 7772 285/ T 52
EAZHkEE L7,

Br Br

T, e
H —_—
Bu “ Bu Yamamoto-
O coupling

Bu

Scheme 3-8. Cyclodehydrogenation of 1,3-CP6.
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Scheme 3-9. Examination of cyclodehydrogenation of 1,3-4°10’-CP8.

PBu,

Cl-Bd-NH,
—_—

Suzuki-Miyaura
cross-coupling

1,3-4'10'-CP8

[0]

B L7 vCPh (n = 6, 7) DERALHIMEBR UG & k% 70 5/ TR L72 (Table 3-2), %
fbFI & LT b E721323-Y 7 un-56-V 27 /p-_r V% ) > (DDQ) & HAWV 2K
JETHE, 2005 4 EETOMEBR RIS EIT L7223, RIRFICEEE(L Sz, 6 BL OV T EHT
DEUS R —SKUTHEER T2 Z L NSHEECTh o 7o 7o D | S HITERER 2 BOSIT L 0 R—1
—F ) 757 2 OEHE BT,

Table 3-2. Examination of cyclodehydrogenation of vCP6.

Oxidant
solvent
temp., time
YCPn (n=6,7) HNGn (n =6, 7)
Entry n Oxidant solvent temp. time result (MALDI-TOF-MS)
1 8 FeCly in CH3NO, CH,Cl, r.t.to 50 °C 3hir.t) rt:-4
3 h(50°C) 50 °C : -8, inserted O-atom
2 3 DDQ/TIOH toluene 80°C 10h —138
3 3 FIFA/BF 4 Et;0 CH:Cl; -78°C 6h not detected
4 6 Cu(BF,),"6H,0 toluene/CH,CN 100 °C 3h -6 and +34 species
5 7 DDQ/TfOH CH.Cl, -30°C 3h vCP7, -8 or-6
and inserted O-atom

6 7 DDQITOH CHCl; r.t 10 min vCP7, +33
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3-6. #Eam

5,9-3— RE L @D Ni(cody, & W= > 7V U ZROSIZE D . —HO 4,10 (7[E 4
FEORIBINE L U2 BIK vCPr DA E 21 BIRE THER L, 6 BIED 9 BIKRE T
HEES 2 2 LITHE) LTc, WL BB OBRIRZ EiR & BER & 5 M VI TN
THI LT, EENEET 52 L% 'THNMR OFE72 T L > TR L=, 2 b
HEEZALOMIE 2 BT 272012, 1) (RS,R.S,,,) DI BENZICLZETH Y, 2)3 D
O HEUEITRET DD, EWVH T TR 2 OO EIRE L, EBRICEAT S
Z L CREEEROMMAZ EBEICHAT 2 2N TE T, ZNHOBE X HIE, 5% T
PET ) =R v OREEFFNTIC 31T 287 7045881 £ 72 D 2 L WIRFC& 2,
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3-7. Supporting Information
3-7-1. Instrumentation and Materials

"H NMR (500 MHz) and *C NMR (126 MHz) spectra were recorded using a JEOL JNM-
ECX600 spectrometer at ambient temperature by using tetramethylsilane as an internal standard.
The high-resolution MS were measured by a JEOL JMS-700 MStation (MALDI-spiral TOF MS).
X-ray diffraction data were collected on a Rigaku VariMax RAPID X-ray diffractometer using
Mo-K ¢ radiation (4 = 0.71075 A) equipped with a large-area IP detector at 103 K. The structure
was solved by a direct method (SHELXT-2018) and refined by full-matrix least square method
on F* for all reflections using SHELXL-2018 program. All non-hydrogen atoms were refined
anisotropically. Hydrogen atoms were placed using AFIX instructions. The crystallographic data
have been deposited with the Cambridge Crystallographic Data Centre as supplementary
publication materials. These data can be obtained free of charge from the Cambridge
Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

UV/vis absorption spectra were measured with a JASCO UV/Vis/NIR spectrophotometer V-
670, and fluorescence spectra were measured with a JASCO PL spectrofluorometer FP-6600. The
absolute PL quantum yields were determined using a Hamamatsu Photonics C9920-02 system
equipped with a xenon lamp, A10024 calibrated integrating sphere, and PMA-12 C10027-02
photonic multichannel analyzer. The transient fluorescence decay measurements were performed
using a Hamamatsu Photonics Quantaurus-Tau C11367-22 under air atmosphere.

TLC and gravity column chromatography were performed on Art. 105554 (Merck KGaA) silica
gel plates and silica gel 60N (Kanto Chemical), respectively. Recycling preparative GPC-HPLC
was performed on a Japan Analytical Industry LC-9204 equipped with a series of JAIGEL-1H
and 2H (®20 mm, CHClI; eluent, flow rate; 3.5 mL/min). All solvents and chemicals were reagent-
grade quality, obtained commercially, and used without further purification. For spectral

measurements, spectral-grade CH,Cl, was purchased from Nacalai Tesque.

3-7-2. Experimental Sections

vCPn: A mixture of 2,2’-bipyridine (150 mg, 0.96 mmol), 1,5-cyclooctadiene (0.12 mL, 0.96
mmol), Ni(cod), (264 mg, 0.96 mmol) in toluene (0.88 mL) and DMF (0.88 mL) was heated at
80°C for 30 min under Ar. A solution of 2-(¢ert-butyl)-5,9-diiodopyrene (204 mg, 0.40 mmol) in
toluene (3.52 mL) was added to the solution, and the whole was refluxed for 18 h under Ar. After
cooling to room temperature, the reaction mixture was quenched with 10% HCI for 1 h. The solid

was collected by filtration and rinsed with toluene. The filtrated was treated with water, and the
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organic materials were extracted with toluene. The combined organic solution was washed with
brine, dried over Na,SOs, and evaporated to give crude products. The crude products were
separated by silica gel column chromatography (hexane/CH>Cl,=5/1) and gel permeation
chromatography with CHCI; eluent to give Ce-vCP6 (1.2 mg, 1.2%), vCP7a (1.5 mg, 1.5%),
vCP7b (1.1 mg, 1.1%), vCP8 (conformational mixture, 2.7 mg, 2.7%), and vCP9
(conformational mixture, 1.2 mg, 1.2%). Cs-vCP6: '"HNMR (500 MHz, CDCls3): 5= 8.91 (s, 2H),
8.85 (s, 2H), 8.65 (d, J=9.0 Hz, 4H), 8.57 (d, J= 1.5 Hz, 2H), 8.56 (d, J= 1.5 Hz, 2H), 8.52 (s,
2H), 8.44 (d, J = 1.5 Hz, 2H), 8.32 (s, 2H), 8.31 (d, J = 1.5 Hz, 2H), 8.28 (s, 2H), 8.22 (s, 2H),
8.11 (d, J=9.0 Hz, 2H), 7.77 (d, J = 8.5 Hz, 2H), 7.63 (t, J = 8.5 Hz, 2H), 7.32 (d, J = 7.5 Hz,
2H), 7.23 (t, J = 7.5 Hz, 2H), 6.80 (d, J = 1.0 Hz, 2H), 6.74-6.68 (m, SH), 6.44 (d, J= 7.5 Hz,
2H), 1.76 (s, 18H), 1.74 (s, 9H), and 1.62 (s, 18H) ppm; HR-MS (Spiral MALDI): m/z: calcd for
Ci20Hoo, 1536.7507 [M]"; found: 1536.7505. vCP7a: 'H NMR (500 MHz, CDCl;): 5= 8.78 (s,
2H), 8.77 (s, 2H), 8.72 (s, 2H), 8.68 (s, 2H), 8.57 (s, 2H), 8.56 (d, J = 2.0 Hz, 2H), 8.54 (d, J =
2.0 Hz, 2H), 8.53 (s, 2H), 8.51 (d, /= 2.0 Hz, 2H), 8.47 (d, J= 2.0 Hz, 2H), 8.45 (d, /= 2.0 Hz,
2H), 8.40 (s, 2H), 8.36 (d, /= 2.0 Hz, 2H), 8.33 (d, J=2.0 Hz, 2H), 8.30 (s 2H), 8.06 (d, J=7.5
Hz, 2H), 7.79 (d, J= 7.5 Hz, 2H), 7.73 (d, J= 8.0 Hz, 2H), 7.52 (t, /= 7.5 Hz, 2H), 7.26 (d, J =
8.0 Hz, 2H), 7.19 (d, /= 7.5 Hz, 2H), 7.16 (d, /= 7.5 Hz, 2H), 7.15 (t, J = 7.5 Hz, 2H), 7.06 (t, J
=8.0 Hz, 2H), 7.02 (d, J = 8.0 Hz, 2H), 6.90 (d, /= 8.0 Hz, 2H), 1.73 (s, 9H), 1.72 (s, 18H), 1.65
(s, 18H), and 1.56 (s, 18H) ppm; HR-MS (Spiral MALDI): m/z: calcd for CisHi12, 1792.8759
[M]"; found: 1792.8766. vCP7b: '"H NMR (500 MHz, CDCl;): 6= 8.81 (s, 2H), 8.63 (s, 2H), 8.58
(s, 2H), 8.56 (d, /=2.0 Hz, 2H), 8.56 (d, J = 2.0 Hz, 2H), 8.54 (d, J = 2.0 Hz, 2H), 8.52 (s, 2H),
8.51 (d, J=2.0 Hz, 2H), 8.46 (s, 2H), 8.46 (s, 2H), 8.44 (s, 2H), 8.44 (d, J= 2.0 Hz, 2H), 8.39 (d,
J=2.0 Hz, 2H), 8.33 (s, 2H), 7.92(d, J = 7.5 Hz, 2H), 7.80 (d, /= 7.5 Hz, 2H), 7.53 (d, /= 8.0
Hz, 2H), 7.53 (d, J= 8.0 Hz, 2H), 7.51 (d, J=9.5 Hz, 2H), 7.45 (t, /= 7.0 Hz, 2H), 7.30 (d, J =
8.0 Hz, 2H), 7.30 (d, /= 8.0 Hz, 2H), 7.27 (t, J= 8.0 Hz, 2H), 7.16 (t, /= 8.0 Hz, 2H), 7.12 (d, J
=7.0 Hz, 2H), 7.00 (t, /= 7.5 Hz, 1H), 1.73 (s, 9H), 1.69 (s, 18H), and 1.64 (s, 36H) ppm; HR-
MS (Spiral MALDI): m/z: caled for CiaHi2, 1792.8759 [M]"; found: 1792.8762; UV-vis
(CH2CL): Amax (£ [10° M~ cm™]) = 286 (13.9) and 345 (10.7) nm; F1 (CHxCly, Aex = 345 nm):
Amax =426 nm, @& = 0.20.

Cs-vCP6 (1.2 mg, 0.78 umol) was heated in a Kugelrohr to 260°C under argon for 48 h. The
reaction mixture was cooled to room temperature, and the obtained residue was recrystallized

from CH,Cl,/methanol to obtain pure D34-vCP6, as a white solid in quantitative yield. D3;-vCP6:
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"H NMR (500 MHz, CDCls): 5= 8.53 (s, 12H), 8.46 (s, 12H), 7.08 (d, J = 6.5 Hz, 12H), 7.02 (t,
J = 6.5 Hz, 6H), and 1.69 (s, 54H) ppm; HR-MS (Spiral MALDI): m/z: calcd for Ci20Ho,
1536.7507 [M]"; found: 1536.7498; UV-vis (CH>CL): Amax (¢ [10* M~ cm™]) = 286 (11.2) and
346 (9.14) nm; F1 (CH2Cla, Aex = 346 nm): Amax = 424 nm, & =0.21.

A mixture of D»s- and C-vCP8 (1.0 mg, 0.49 umol) in 1,2,4-trichlorobenzene was heated at
200°C under argon for 24 h. The reaction mixture was cooled to room temperature, and the
obtained residue was recrystallized from CH,Cl,/methanol to obtain pure D4;-vCP8, as a white
solid in quantitative yield. Ds-vCP8: '"H NMR (500 MHz, CDCls): 8 = 8.45 (s, 16H), 8.42 (s,
16H), 7.77 (d, J= 6.0 Hz, 16H), 7.48 (t, J= 6.5 Hz, 18H), and 1.67 (s, 72H) ppm; HR-MS (Spiral
MALDI): m/z: calcd for CiaoHi12, 1792.8759 [M]"; found: 1792.8762; UV-vis (CH2CL): Amax (&
[10° M~ em™']) =285 (16.6) and 344 (12.3) nm; F1 (CH,Cla, Aex = 344 nm): Amax = 403 nm, & =
0.10.
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3-7-3. NMR
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Figure S3-2. "H NMR spectrum of D3;-vCP6 in CDCl; at room temperature.

115



Fo _ ococ

w.m.gmﬁ . : = 09

PRT [l F =

Ny
2

o't
0T
[

8T
' _€8¢'¢

)

7.4

LA
|

/
80 79 78 77 76 15
I

|
J
2 Sll
F“
7.0
Y & en 00
=283

8.

84 83

J
86 85

88 87

116

Figure S3-3. "H NMR spectrum of vCP7a in CD.Cl, at room temperature.
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Figure S3-5. "H NMR spectrum of mix-vCP8 in CDCl; at room temperature.
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3-7-4 HR-MS
1 [1] SP-H04-00-001.tas Description: 220233kurosaki-Cs-vCP6-DCTB+TFANa+PEG
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1537 1538 1539 1540 1541 1542 1543 1544 1545 1546 m/z
Elemental Composition Estimation
Parameters:
Mass Tolerance Electron Mode Charge DBE Range Max Results
1536.75046 =+ 0.00768 5.0 ppm Odd/Even +1 -0.5 - 200.0 100
Elements
c 0-150 H 0-200 N 0-10 o 0-10 Na 0-0
Results:
# Formula Mass DBE Abs. Error (u) Error (u) Error (ppm)
1 €120 H96 1536.75065 73.0 0.00020 —-0.00020 -0.13
2 C105H102 N O10 1536.74982 55.5 0.00063 0.00063 0.41
3 C104 H96 N8 O5 1536.74982 61.0 0.00064 0.00064 042
4 C106 H98 N5 O6 1536.75116 60.5 0.00070 —0.00070 -0.486
5 C103 H100 N4 O9 1536.74848 56.0 0.00198 0.00198 1.29
6 C107 H94 N9 02 1536.75250 65.5 0.00204 —-0.00204 -1.33
7 C108 H100 N2 O7 1536.75250 60.0 0.00205 —0.00205 -1.33
8 C101 H98 N7 08 1536.74714 56.5 0.00332 0.00332 2.16
9 C109 H96 N6 03 1536.75384 65.0 0.00338 -0.00338 -2.20
10 C115 H96 N2 02 1536.74663 69.0 0.00383 0.00383 2.49
11 C99 H96 N10 O7 1536.74580 57.0 0.00466 0.00466 3.03
12 C111 H98 N3 04 1536.75519 64.5 0.00473 —0.00473 -3.08
13 C113H94 N5 O 1536.74529 69.5 0.00517 0.00517 3.36

Figure S3-7. HR-Spiral-MALDI-TOF mass spectrum of C;-vCP6.
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1 [1] SP-F01-00-001.tas Description: 220234kurosaki-D3d-vCP6-DCTB+TFANa+PEG
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Elemental Composition Estimation
Parameters:
Mass Tolerance Electron Mode Charge DBE Range Max Results
1536.74980 X 0.00768 5.0 ppm Odd/Even +1 -0.5 - 200.0 100
Elements

G 0-150 H 0-200 N 0-10 o 0-10 Na 0-0

Results:
# Formula Mass DBE Abs. Error (u) Error (u) Error (ppm)
1 C104 H96 N8 05 1536.74982 61.0 0.00002 -0.00002 =0.01
2 G105 H102 N O10 1536.74982 555 0.00003 -0.00003 -0.02
3 G120 H96 1536.75065 730 0.00086 —0.00086 -0.56
4 C103 H100 N4 09 1536.74848 56.0 0.00132 0.00132 0.86
5 C106 H98 N5 06 1536.75116 60.5 0.00136 -0.00136 -0.89
6 C101 H98 N7 08 1536.74714 56.5 0.00266 0.00266 1.73
7 C107 H94 N9 02 1536.75250 65.5 0.00270 -0.00270 -1.76
8 C108 H100 N2 O7 1536.75250 60.0 0.00271 -0.00271 -1.76
9 C115H96 N2 02 1536.74663 69.0 0.00317 0.00317 2.06
10 C99 H96 N10 O7 1536.74580 570 0.00400 0.00400 2.60
11 C109 H96 N6 O3 1536.75384 65.0 0.00404 -0.00404 -2.63
12 C113H94 N5 0 1536.74529 69.5 0.00451 0.00451 2.93
13 C111 H98 N3 04 1536.75519 64.5 0.00539 -0.00539 -3.51

Figure S3-8. HR-Spiral-MALDI-TOF mass spectrum of D34-vCP6.
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«10? 1 [1] SP-J01-00-002.tas Description: 220235kurosaki-C2-vCP7a-DCTB+TFANa+PEG
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Parameters:
Mass Tolerance Electron Mode Charge DBE Range Max Results
1792.87656 = 0.00896 5.0 ppm 0dd/Even +1 -0.5 - 200.0 100

Elements
Cc 0-200 H 0-200 N 0-10 o 0-10 Na 0-0

Results:
# Formula Mass DBE Abs. Error (u) Error (u) Error (ppm)
1 C126 H114 N5 O6 1792.87636 725 0.00020 0.00020 0.11
2 Cl40H112 1792.87586 85.0 0.00070 0.00070 0.39
3 C127 H110 N8 02 1792.87770 71.5 0.00114 -0.00114 -0.64
4 C128 H116 N2 O7 179287771 72.0 0.00115 -0.00115 -0.64
5 C125H118 N O10 1792.87503 67.5 0.00153 0.00153 0.86
6 C124H112 N8 Qb 1792.87502 73.0 0.00154 0.00154 0.86
7 C129H112 N6 O3 1792.87904 77.0 0.00248 -0.00248 -1.39
8 C123H116 N4 09 1792.87368 68.0 0.00288 0.00288 1.60
9 C131 H114 N3 04 1792.88039 76.5 0.00383 -0.00383 -2.13
10 C121 H114 N7 O8 1792.87234 68.5 0.00422 0.00422 2.35
11 C117 H116 N8 O10 1792.88089 64.0 0.00433 -0.00433 -2.42
12 C135H112 N2 O2 179287183 81.0 0.00473 0.00473 264
13 C132 H110 N7 1792.88172 81.5 0.00516 -0.00516 -2.88

Figure S3-9. HR-Spiral-MALDI-TOF mass spectrum of vCP7a.
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msTomado Analysis 1.9.1, 2022-10-06T1504:44+0900
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0 e o Estinati
Parameters
Mass Tolerance Electron Mode Charpe DBE Range Max Results
179287620 + 0.00896 50 ppm Odd/Even +1 -05 - 2000 100
Elements
Cc 0-200 H 0-200 N 0-10 o 0-10 Na 0-0
Results:
# Formula Mass DBE Abs. Error (u) Error (u) Error (ppm)
1 CI26HI14 N5 O6 179287636 125 000017 —000017 -009
2 Cl140H112 1792 87586 850 0.00034 0.00034 019
3 CI25HIIENOIO 179287503 675 Qo017 000117 065
4 C124HI12N8 05 1792 87502 730 000118 000118 066
5 CI27HIIONS 02 179281710 Fi5 000150 —000150 -084
6 CI128HI16 N2 O7 1792.87TH 720 000151 —000151 -0.84
7 CI23H116 N4 O9 179287368 680 000251 0.00251 140
8 CI129HI12N6 03 179287904 710 0.00285 —000285 -1.59
9 Ci21HI14N7 08 179287234 685 000386 0.00386 215
10 C131 HI14 N3 04 179288039 76.5 000419 000419 —2.34
11 Ci35HI12N2 O2 17928183 810 000437 0.00437 243
12  C117H116 N8 C10 179288089 64.0 000470 —000470 262
13 Cl1I9HI1ZNI0O7 1792.8H00 690 000520 0.00520 230

Figure S3-10. HR-Spiral-MALDI-TOF mass spectrum of vCP7b.
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«10% 1 [1] SP-001C-00-001.tas Description: 220238kurosaki-D4d-vCP8-DCTB+TFANa+PEG
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Elemental Composition Estimation
Parameters:
Mass Tolerance Electron Mode Charge DBE Range Max Results
2049.00096 + 0.01025 5.0 ppm Odd/Even +1 -0.5 - 200.0 100
Elements

C 0-200 H 100-200 N 0-10 O 0-10 Na 0-0

Results:
# Formula Mass DBE Abs. Error (u) Error (u) Error (ppm)
1 Cl60H128 2049.00106 97.0 0.00010 -0.00010 -0.05
2 G146 H130 N5 06 2049.00156 845 0.00061 =0.00061 -0.30
3 C145H134 N O10 2049.00023 79.5 0.00073 0.00073 0.36
4 C144 H128 N8 O5 2049.00022 85.0 0.00074 0.00074 0.36
5 C147 H126 N9 02 2049.00290 89.5 0.00194 -0.00194 -0.95
6 C148 H132 N2 O7 2049.00291 84.0 0.00195 -0.00195 -0.95
7 C143 H132 N4 O9 2048.99888 80.0 0.00207 0.00207 1.01
8 C149 H128 N6 O3 2049.00424 89.0 0.00329 -0.00329 -1.60
9 G141 H130 N7 08 2048.99754 80.5 0.00342 0.00342 1.67
10 C155H128 N2 02 2048.99703 93.0 0.00392 0.00392 1.91
11 C151 H130 N3 04 2049.00559 88.5 0.00463 -0.00463 -2.26
12 C139 H128 N10 07 2048.99620 81.0 0.00476 0.00476 232
13 C137H132 N8 O10 2049.00608 76.0 0.00514 -0.00514 -2.51

Figure S3-11. HR-Spiral-MALDI-TOF mass spectrum of D4s-vCP8.
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4-1. FFim

RUBURBHEAS LT SBRE ERRICKE PAH 1, KWt i &b S
HOMO-LUMO ¥ ¥ v 7% H L, Aoh7andbtaEk 45 2 Lic kv, SEMom L, %
ICFEEREE (BB 1IREE) ORI, L RNy 7 AIEEOFIHZR & Bix 2aiiett 2 A2
TIENTE D, 5 LWARARILEW ORIBUC L0 2 DR EINEN I & )T 224U,
ZOmkit EEREL) IZX > THEEDOFF O 2« DRET) 2 i KIRICHE T E 2 DA
59 A LD EHIREDOELCH - e ie ORI b IFF T X 5, RFEN e flo—
DELT XU NIAHEL RAEMERDE N7 VAKX (FET) 2 IR T
D2 ENER SN, TOMENED SN TS, FERIMAREEL LT, T4 AT LA
E~DICHE THIFFICEHETH D,

B L AZES FEMEHE. CP3 D & 9 2Bk iiE & bR < & BRARRITITERSMIIT
DHWILE b o7, ZOFRKITFAIIROND (52 F), AL "TRE e %
KEwHTEDZDDOTROOEDSE LT, $ERMEREEIT 5D, 2011 4412 Bardeen
X, BETHEGE (FT—) TOHLIFERDTEERETZRE (T 7872 —) THD
1,2,45-7 727 7 X (TCNB) % 1:1 TRA LIS AOEIE AT ML Lok
FaOEEME LY BEIENTe FP—0F0FTH, ELURI-ATF AT T
T REEPORGMET 2 EMEE) (CT) dEEORMEA R LI, LarL, 20
SOEENT RT—L 7 7877 —OMAEERDEROHRCRE G722 & O BEKRIRIZIRS
. RF—=LCT7 77 7 — RS e DR TIEBLIH S e,

WAL, A RETIIMERERE LY bRERMTRLET 20, XM FT 7
BY—OR B TE A SN TN D, B— 3R TR & Aws & T EAm DZEH
A N—=7ZAT7 FEMES, KU BRI & Aws & FHIE R A DFAEE REL T HT2OITIT2
FEOBEMOZ X NX—BENZFHT 5 HEN L AL D, RIA & 5k % T
ICELET 2D Z LTk 0 | WIS ORI & TRk L, FIROEE 28T 5,
4,4-Y 7 NAw-1,3,57-7 8T AF 478 T 3a4a-2 T A X (BODIPY) [Tt
BRO—FETHY | FIUREIEKFE LRV EWaO & FICREZRE S T 00 FTh 5,
BODIPY (Z%f L T HBAYALE R AR AT & b DL 2 f5 & S 5 & . BODIPY ~DT
INF—BEZEZI L, BT DHIENARETH D, 2003 4F1Z1% Burgess HIZ L > T,
BODIPY &7 F Tk %2 Y U —IC X o THEG L7243 FH3BFE S, SRRy = L
X—B#)Z/~ L7- (Figure 4-1)°,
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Figure 4-1. Excitation energy transfer in anthracene-BODIPY cassettes.

RF—& 7 7272 —MOMAERIL, fisaVEE R R 720650) . BRE). HARE)
HEOHBUCB W CTEHE TH D, ZNOORICHSMIZERMIBEIT 5 &, BE LT
CT $53E T, @ AT 4 THRAFANS ATEDE R B RAMEIC M) T 7 e — R
W & 366 % ", CT ARBO TR OB FBEN X A 7 X 7 23w 2 R ik
ERHWTHRD ZENTE, TRETHEZ L DN TONTE S,

T George HIZL->T, 778 7¥—ThHoirer Ay MU A I FLETFEER
HER T =0T ORI LD ERR 22 Z LIl L, ¥l TOER
CT B 28U L7 (Figure 4-1), = EIUIRREDOIREFEM N/ NS, RFP—n1&T7 7
TS =0 DRk & 725 TR EAERIC K 0 AR E N AT 2 LIk o T &
TR L FFmAE L L7 CT REBL 20 | MEikEAOERBEREIC 2R I L,
F72, 2019 F 2 Duan HIZ LT, WiEXF 7 VT s —2RTE V2=V EFETAHE L
YOXTNRN BT BRI TR TART ANy L OMAEDEICLDE
T EhEER D RIS (CT-CPL) 2Ll S 47z (Figured-2)*, BLEREWZ &2, Zh
B OFNTNT AL S HR TILEEIMEIZ LI A & 72 eV ME B OFL A G o TRER S
NTW5,

400 500 E00 700
Wavelength {nm})

Figure 4-2. Molecular structure of PmDI (acceptor) and its tunable emission with different

aromatic donors.
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Figure 4-3. Chiral CT complex, which exhibits intense CPL, can be obtained by blending chiral
R/S-Py with achiral acceptor TCNB, through various approaches.
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IRONENT 2T X T V7w MM A My I K D3I S— D &R 2 IC38 R L, B E)
R T RV —BENZ L > T2 20— E{EODIT 52 LT ElExS e 77 4
JVEHEDORBLZ HIg LTz, RANE ST A NTEEE DT D2 & TR kit T,
TERTO LAY TR R E R MR ORI R (RFEA~ITR) PRI R & 5h
WRITIER T & b o T e AL & DRI 2 B 5 L7,

Achiral Guest i Achiral Guest
FluorophoreCsto Q i ocsH; Acceptor
CqH70 / Q QQ OCsH; cN

(Colorless) Chiral Cyclic  nc
Pyrene Tetramer CN Charge Transfer
and CPL emission

ar

Energy Transfer
and CPL emission

Figure 4-4. Energy or charge transfer in complexes of a chiral cyclic pyrene tetramer and achiral

guests

4-2. 1,7-7, PN EEE S HBRE LV U ZEE (cCPn) DA

ERINGIZ, P70t 7FAORED TV U TRIGIC L > T—HOBRK T
TFNLEEREAK LTS (Figured-1)", o i3#hx7 V7 4+ —%F> 1,1-&
FTI7FNEFRET DI LT, FTAREBRESBEDOESHICHIIL, £ €1 CPL %
YewR LT, £, RS, FEEOKRED v 7V v RIS L D % T ABRIRM A &
nE7A L= EERK LT (Figured4-2)!', Zh b0y 1kt a5%52, 1,I-EE
L= (LI-EERAE LY 2 8K ZHEWEE L, RED YT U 72K RS
BEROERICHRER L 7=,

OO Ni(cod),
R COD bpy R E

,

Br
S SR
-O(CH,),0-

Scheme 4-1. Synthesis of chiral cyclic[n]binaphthylenes.
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Scheme 4-2. Synthesis of chiral cyclic[n]spirobifluorenylenes.

INETOMRERIZESE, = TV EHWTILAD » 7Y v 7S %E AT 1L,7-7,1
NEEREGREIRE L o 4 K (cCP4) DA% B L2 (Schemed4-3), & DJFEL & 72
5 7-7aEE Ly 2 Bk (P2B) OFHEZLLTDAF—LIIHE - T 72 (Scheme 4-
4B L Unb A ) YUy MMl A UV C-H AR Y b L ORI L . BEn
D2t FuFxFi 'Ly (bW 42) 2 LTc, TOHROT IV aFx Ak, Hbgkz
W ZEAEB XN, 7LD C-H AR U UARIZENZEND SRk E S EIZ L T ALEY 4-5 D
BRUZHEI LTz, L L, (L&Y 4-5 D RALERIADZ V2R U VO 7 v i E &5
HHic T HAYAERA) P2B DAFAEITMER TE 722, BEEHCIIE S o7z,

Br.

‘ Ni(cod)z
SOW -
OC;H; bpy

—_—
OCsHz  toluene/DMF
reflux, 18 h

P2B (R,R)-cCP4 (S,S)-cCP4

Br

Scheme 4-3. Ni-mediated coupling reaction of P2B.

Bpin OH 0OC;H;
[Ir(u-OMe)cod],
B.pin, H,0, C;H;Br
dtbpy NaOH K,CO3 FeCly
—_— —_— —_— —_—
hexane “ THF / HO O‘ acetone “ CH,Cl; / CH3NO,
80°C, 16 h ‘ r.t.4h O reflux, 18 h O r.t,3h
pyrene 4- 4-2 4-3
89% 85% 22%
pinB
[Ir(u-OMe)cod],
Bapin O
OC4H; dtbpy OC;H; CuBr,
_—
OCsH; hexane OC;3H; MeOH / H,0
O 80°C,16h O 90°C, 18 h
pinB
4-4 4-5 P2B
91% 19% mixture

Scheme 4-4. Synthesis of P2B (route 1).

T, B AX—2L%LLTF® Scheme 4-5 ~L W L7-, &b ARNC 7T hiix KR
FT 52 LT, RIS ORIEM EMZ D LN TEDHEEZ T, LAY 43 D
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C-H R U ABITIER 34% T, LAY 4-6 DRFLITIER 84% TENFNH LR %
B, F0%., HALEAE BN TALEY 47 O BV S E RT3, HIERD TS &
I THIZFEALBIIENT, ARTE o7,

Bi
OC3H, OC:H, "
OC3H;
[Ir(u-OMe)cod],
® O
dibpy “ CuBr, O‘ FeCl, OC3H;
_— _— _—
“ hexane MeOH / H,0 CH,Cl, / CH3NO, OCsH;
O 80°C, 16 h O 90°C, 18 h O rt,3h ‘O
Br O‘
4-3 4-7

Bpin
4-6
34% 84% mixture

Scheme 4-5. Synthesis of P2B (route 2).

TuEREAT D PB IIAEEECTH oo, RERICT v 7Y v 7 RS TR AR
LR DR TV A O AR ARV AR U EAE A LT P2T ZEEHC
J5¥ L 7= (Scheme 4-6), P2T |3fbE&¥) 4-5 DAL B L OE 6N Ra KD ALk
ZIRED 2 AT T TEGIZERDARETH D, 7,70 R U VFEOEEEbKFEIZ L
HIALITINE 83% T, MK MY 7t m A X LRI L B AR = U IRIE 47% CilE
TL, o7V I ROSDEENCH 5 P2T AT 5 Z L ICHHP LT,

in|
oCH, pinG l i HO l ' TiO i i
® 90 90 90
“ FeCly OC;H; NaOH OC,4H; Tf,0 OCH;
e [ — [ S — -
CH;0l, / CH3NO;, OC:Hy  THF/H0 OC3Hy pyridine OC3Hy
() 99 i 9¢ e 9¢

pinB HO TiO
4-6 4-5 4-8 P2T
46% 83% 47%

Scheme 4-6. Synthesis of P2T.

Bpin

P2T O 8t (4 BROI) TN E TOEMIEICHEL T2, 77 (KD P2T
ZREELE LT, 0fi= > 7 v E AW IUAR D v 70 U O ROSIZE Y | HEOT ha TR
MR EET 2 —ED 1,7-7,-FIRE L L8R (cCPr) DOERITHT LT (Scheme 4-
Mo Flo, BEHITICE > T4 EEND 18 B E TOBRKZ &K Z MR LT (Figure 4-
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TfO.
O‘ Ni(cod)>
O
OC;H; bpy
OCsH7  toluene/DMF
‘O reflux, 18 h

trace

+ other oligomers

TfO
P2T mixture of (R,R)-cCP4 and (S,S)-cCP4

Scheme 4-7. Synthesis of cyclic pyrene oligomers ¢CPn.
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Figure 4-5. MALDI-TOF-MS of a reaction mixture.

4-3. cCP4 & TCNB D BB EISEIA

¢CP4 & TCNB & OFHAEH O ATREMEIC DWW TR B EFT 5 72912, Chem 3D @
MM2 5 E1T>7-& Z A, Figure 4-6 (T3 L 9 SRR S UG5 2 L 3bno
72 Host-Guest FH AR @Y CEMBEMHAMEMRE Z V. CT WINABNLILIZ, LY
REHREICCTRBANBIN D RS 5D, £72, TCNB 27 v B —s38— k& L TEbHE
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Figure 4-6. The complex of cCP4 and TCNB obtained by MM2 calculations (Chem 3D).

THF HC?D ¢CP4 55 L8, ¢CP4 & TCNB O 1:1 {BETRIK O L O A7 |k
JVERIE LTo (Figure 4-7), WES X OHOEO MG IZEBWT, TCNB Z{EHT 52 & T
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Figure 4-7. UV-vis absorption and fluorescence spectra of cCP4 with and without TCNB in
THF.

F7o, [EAREETOD cCP4 B LT, ¢CP4 & TCNB O 1:1 IRATRIE D HAERK L 7= [ {4
DHN AT MV ZLLUTIRY (Figure 4-8), £ DFEONHR 13K 440 nm 725 610 nm ~
DXVBEERREEY 7 Ve, £70, BATHoBEIEROA L I a~DZEA L
LEMICE VMR TE, ZNHORR LY, TCNB (X eCP4 OEROHFIZITI Y A E
T, ERREECOREROINTHEMER L, CTEREZERL D EBEXbNS
(Figure 4-9),

135



=
[}

——cCP4
5 17 cCP4+TCNB
4]
~
£ 08
w
c
2
£ 06
o
Q
N
T 0.4
£
A
o]
Z 02

0 T T T

350 450 550 650 750

Wavelength / nm

Figure 4-8. Fluorescence spectra of ¢cCP4 with and without TCNB in the solid state.

Figure 4-9. Outside complex of ¢CP4 with TCNB.
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4-4. FER

TTALZ R I Fda AR A NVR= VA XU HE O 1,1-E B L =/L® Ni(cod), &
AWy 7V ITRISIZE D ZXAF—RF—noF% T VT ¢ —EAMALE LT
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FAVER 2 3Bl 72 13T K 2 BB 24TV, TCNB 2 8D T 7 & 7 2 —45 1 L Vi
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Flo. TR INNRENRNS DI A, SN HEATHF T LARA M & - THI
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4-5. Supporting Information
4-5-1. Instrument and Materials
"H NMR (500 MHz) and *C NMR (126 MHz) spectra were recorded using a JEOL JNM-
ECX600 spectrometer at ambient temperature by using tetramethylsilane as an internal standard.
The high-resolution MS were measured by a BRUKER Autoflex Il (MALDI-spiral TOF MS).
UV-vis absorption spectra were measured using a JASCO UV/Vis/NIR spectrophotometer V-
570, and fluorescence spectra were measured using a JASCO PL spectrofluorometer FP-6600.
TLC and gravity column chromatography were performed on Art. 5554 (Merck KGaA) silica
gel plates and silica gel 60N (Kanto Chemical), respectively. All solvents and chemicals were
reagent-grade quality, obtained commercially, and used without further purification. For spectral

measurements, spectral-grade CH,Cl, was purchased from Nacalai Tesque.

4-5-2. Experimental Sections

2-Propoxypyrene (4-3)'*: A mixture of compound 4-2 (21.8 mg, 0.10 mmol), 1-bromopropane
(45.2 uL, 0.50 mmol), K»COs (138 mg, 1.0 mmol), and dry acetone (5 mL) was heated to reflux
under N and refluxed at 50 °C with stirring. After 18 h, the solution was cooled to room
temperature and concentrated. The crude mixture was dissolved in CH,Cl,, was H>O added to the
solution, and the organic layer was washed with H,O twice, collected, dried over anhydrous
Na,SOs, filtered, and concentrated. Purification of the crude product by column chromatography
(hexane/CH,Cl,= 5:1 as eluent) afforded compound 4-3 (25.6 mg, 98%) as a white solid. "H NMR
(500 MHz, CDCl3): 6= 8.15 (d, /= 7.7 Hz, 2H), 8.05 (d, J = 9.0 Hz, 2H), 7.98 (d, J = 9.0 Hz,
2H), 7.93 (t, J=17.6 Hz, 1H), 7.72 (s, 2H), 4.23 (t, J= 6.6 Hz, 2H), 1.97 (m, 2H), and 1.15 (t, J =
7.4 Hz, 3H); *C NMR (100 MHz, CDCl3): 5= 157.29, 132.52, 130.06, 127.94, 126.81, 125.15,
124.82, 124.56, 119.88, 110.87, 69.92, 22.74 and 10.68 ppm; HR-MS (Spiral MALDI): m/z: calcd
for C1oH;60, 260.1196 [M]"; found: 260.1196.

2,2’-Dipropoxy-1,1’-bipyrenyl (4-4)'>: Compound 4-3 (25.0 mg, 0.096 mmol) in CH>Cl, (0.5
mL) was added to a solution of FeCl; (47.0 mg, 0.29 mmol) in CH3NO, (0.5 mL) at room
temperature, and the reaction mixture was stirred for 3 h. The solvent of the reaction mixture was
removed under reduced pressure. This solution was poured into a flush column chromatography
(gradient by hexane/CH>Cl) to give compound 4-4 (22.7 mg, 0.044 mmol) in 91% yield as a
white solid. "H NMR (500 MHz, CDCl;): 5= 8.20 (dd, J= 7.7, 1.0 Hz, 2H), 8.15 (s, 4H), 8.07 (d,
J="7.0Hz, 2H), 7.92 (t, J= 8.0 Hz, 2H), 7.91 (s, 2H), 7.76 (d, J=9.3 Hz, 2H), 7.35 (d, /=9.3
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Hz, 2H), 4.15-4.08 (m, 4H), 1.54-1.47 (m, 4H) and 0.62 (t, J= 7.4 Hz, 6H); *C NMR (100 MHz,
CDCly): 8= 155.74, 132.13, 131.76, 130.26, 130.07, 127.71, 127.57, 127.03, 125.54, 125.14,
125.00, 124.80, 124.75, 121.81. 120.04, 108.61, 70.35, 22.44 and 10.35 ppm; HR-MS (Spiral
MALDI): m/z: caled for CasHz00,, 518.2240 [M]'; found: 518.2240.

2,2’-Dipropoxy-7,7’-bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-1,1’-bipyrenyl (4-5)'%:
[method 1] To a hexane (0.5 mL) solution of [Ir(x-OMe)cod]> (1.0 mg, 1.44 umol), dtbpy (0.70
mg, 2.60 umol), and B,pin; (0.73 mg, 2.88 umol) were added compound 4-4 37.4 mg, 72.0 umol),
Bopiny (20.1 mg, 79 pmol) and hexane (1 mL) in a sealed tube under an Ar atmosphere. The
reaction mixture was stirred at 80 °C for 16 h. The reaction mixture was passed through celite,
and the solvent was removed under reduced pressure. Purification of the residue by GPC (CHCls)
afforded compound 4-5 (4.8 mg, 0.019 mmol) in 19% yield as a white solid. "H NMR (500 MHz,
CDCls): 6=8.65 (s, 2H), 8.52 (s, 2H), 8.17 (d, /= 9.0 Hz, 2H), 8.12 (d, /= 9.0 Hz, 2H), 7.89 (s,
2H), 7.81 (d, J = 9.3 Hz, 2H), 7.36 (d, J = 9.5 Hz, 2H), 4.13-4.11 (m, 4H), 1.53-1.46 (m, 4H),
1.45 (s, 24H) and 0.60 (t, J = 7.4 Hz, 6H) ppm; *C NMR (126 MHz, CDCl;): 5= 156.11, 132.72,
132.29, 131.56, 131.36, 129.56, 129.37, 128.08, 127.96, 126.89, 126.50, 125.44, 121.59, 119.95,
108.44, 84.02, 70.34, 24.97, 22.40 and 10.33 ppm; HR-MS (Spiral MALDI): m/z: calcd for
CsoHs2B206, 770.3961 [M]"; found: 770.3959; UV-vis (DMSO): Ama (¢ [M'em™]) = 259
(341323), 286 (152389), 332 (20658) and 346 (25308) nm; F1 (DMSO, Aex =346 nm): Amax = 381
and 401 nm; FI (solid, Aex = 346 nm): Amax = 420 nm.

2-Propoxy-7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)pyrene (4-6)'*: To a hexane (1 mL)
solution of [Ir(u-OMe)cod]> (8.5 mg, 0.013 mmol), dtbpy (3.5 mg, 0.013 mmol), and B,pin; (6.4
mg, 0.025 mmol) were added compound 4-3 (130 mg, 0.50 mmol), Bopin, (127 mg, 0.50 mmol)
and hexane (2 mL) in a sealed tube under an Ar atmosphere. The reaction mixture was stirred at
80 °C for 16 h. The reaction mixture was passed through silica-gel column chromatography
(CH2Cl), and the solvent was removed under reduced pressure. Purification of the residue by
flash column chromatography (gradient by hexane/CH:Cl,) afforded compound 4-6 (66.7 mg,
0.17 mmol) in 34% yield as a white solid. "H NMR (500 MHz, CDCls): 6= 8.59 (s, 2H), 8.06 (d,
J=9.0 Hz, 2H), 7.95 (d, J = 9.0 Hz, 2H), 7.70 (s, 2H), 4.23 (t, J = 6.6 Hz, 2H), 1.98-1.94 (m,
2H), 1.46 (s, 12H), and 1.14 (t, J = 7.4 Hz, 3H) ppm; *C NMR (126 MHz, CDCl3): 6= 157.73,
133.08, 131.55, 129.36, 128.32, 126.69, 126.30, 119.80, 110.77, 84.07, 69.93, 24.97, 22.72 and
10.66 ppm; HR-MS (Spiral MALDI): m/z: caled for C2sH27BOs, 386.2052 [M]"; found: 386.2052.
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2-Propoxy-7-bromopyrene (4-7)'°: To a round-bottomed flask fitted with a condenser,
compound 4-6 (51.2 mg, 0.13 mmol) and CuBr; (88.9 mg, 0.40 mmol), dissolved in MeOH/H,O
(2.6 mL, 1:1), were added. The mixture was heated at 90 °C for 2 days. After 2 days, cooled to
room temperature. H>O was added, and a white precipitate was collected by filtration and washed
with H>O. Reprecipitation from CH,Cl, and MeOH gave compound 4-7 (36.7 mg, 0.11 mmol) in
84% yield as a white solid. "H NMR (500 MHz, CDCl;): 6 = 8.24 (s, 2H), 8.00 (d, J = 9.0 Hz,
2H), 7.95 (d, J=9.0 Hz, 2H), 7.73 (s, 2H), 4.23 (t, J= 6.6 Hz, 2H), 2.00-1.93 (m, 2H) and 1.14
(t, J = 7.4 Hz, 3H) ppm; HR-MS (Spiral MALDI): m/z: calcd for C1oH;sOBr, 338.0301 [M];
found: 338.0301.

2,2’-Dipropoxy-7,7’-dihydroxy-1,1’-bipyrenyl (4-8)"*: A mixture of compound 4-7 (114 mg,
0.15 mmol), NaOH (35.5 mg, 0.89 mmol), H,O: aq. (30%, 104 mg, 0.92 mmol), THF (33 mL),
and H>O (3.3 mL) was stirred at room temperature for 2 h. The mixture was diluted with CHCl3
and washed with water. The organic layer was dried over Na;SO4. The solvent of the filtrate was
removed under reduced pressure to give compound 4-8 (68.1 mg, 0.124 mmol) in 83% yield. 'H
NMR (500 MHz, CDCl3): 6= 8.12 (d, J = 9.0 Hz, 2H), 8.02 (d, J = 9.0 Hz, 2H), 7.88 (s, 2H),
7.66-7.63 (m, 4H), 7.53 (d, /= 2.3 Hz, 2H), 7.33 (d, /= 9.3 Hz, 2H), 5.12 (s, 2H), 4.13-4.06 (m,
4H), 1.53-1.46 (m, 4H) and 0.61 (t, /= 7.4 Hz, 6H) ppm; HR-MS (Spiral MALDI): m/z: calcd for
CssH3004, 550.2139 [M]"; found: 550.2138.

2,2°-Dipropoxy-7,7’>-bis(trifluoromethanesulfonyloxy)-1,1’-bipyrenyl  (4-9)'”: Under a
nitrogen atmosphere, compound 4-8 (20.7 mg, 0.038 mmol) was dissolved in dry pyridine (1 mL).
After cooling to 0 °C, triflic anhydride (38.0 pL, 0.23 mmol) was added. The mixture was stirred
at 0 °C for 1 h and allowed to warm to room temperature overnight. The solvent was removed in
vacuo and H,O was added to the residue. The reaction mixture was extracted with CH>Cl, and
the organic fractions were dried over Na;SO4. After removal of the volatiles under reduced
pressure, the residue was purified by column chromatography to give compound 4-9 (14.5 mg,
0.018 mmol) in 47% yield. '"H NMR (500 MHz, CDCls): 5= 8.27 (d, J= 9.0 Hz, 2H), 8.16 (d, J
=9.0 Hz, 2H), 8.08 (d, /=2.4 Hz, 2H), 7.98 (s, 2H), 7.95 (d, /= 2.3 Hz, 2H), 7.77 (d, /= 9.3 Hz,
2H), 7.42 (d, J = 9.3 Hz, 2H), 4.17-4.11 (m, 4H), 1.54-1.49 (m, 4H) and 0.63 (t, /= 7.4 Hz, 6H)
ppm; *C NMR (100 MHz, CDCl;): 5= 156.16, 146.35, 132.18, 131.69, 131.56, 131.53, 129.03,
127.29, 127.15, 127.01, 123.84, 122.48, 119.29, 116.76, 116.57, 109.39, 70.29, 22.35 and 10.34
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ppm; HR-MS (Spiral MALDI): m/z: caled for CaoHasOsFsSo, 814.1124 [M]"; found: 814.1125.

4,10-Linked cyclic pyrene tetramer (cCP4)'®: A mixture of 2,2’-bipyridine (73.1 mg, 0.47
mmol), 1,5-cyclooctadiene (57 uL, 0.47 mmol), Ni(cod), (129 mg, 0.039 mmol) in toluene (0.7
mL) and DMF (0.7 mL) was heated at 80 °C for 30 min under Ar. A solution of starting material
(31.9 mg, 0.039 mmol) in toluene (2.9 mL) was added to the solution, and the whole was refluxed
for 18 h under Ar. After cooling to room temperature, the reaction mixture was quenched with
10% HCI for 1 h. The solid was collected by filtration and rinsed with toluene. The filtrated was
treated with water, and the organic materials were extracted with toluene. The combined organic
solution was washed with aq. NaCl, dried over Na,SOs, and evaporated to give crude products.
The crude products were separated by silica gel column chromatography (CHCls) and gel
permeation chromatography (CHCI; eluent) to give ¢cCP4 (trace) as white solids. cCP4: '"H NMR
(500 MHz, CDCl3): 6= 8.46 (d, J = 1.7 Hz, 4H), 8.22 (d, J = 1.6 Hz, 4H), 8.05 (s, 8H), 7.85 (s,
4H), 6.92 (d, J = 9.5 Hz, 4H), 5.44 (d, J = 9.3 Hz, 4H), 4.54-4.50 (m, 4H), 4.44-4.39 (m, 4H),
1.97-1.89 (m, 8H) and 1.05 (t, J = 7.5 Hz, 12H) ppm; HR-MS (Spiral MALDI): m/z: calcd for
C76Hs604, 1032.4173 [M]"; found: 1032.4169.
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4-5-3. NMR
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Figure S4-2. *C NMR spectrum of 2-propoxypyrene (4-3) in CDCl; at room temperature.
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Figure S4-3. '"H NMR spectrum of 2,2’-dipropropoxy-1,1°-bipyrenyl (4-4) in CDCl; at room

temperature.
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Figure S4-4. °C NMR spectrum of 2,2’-dipropoxy-1,1°-bipyrenyl (4-4) in CDCl; at room

temperature.
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Figure S4-5. '"H NMR spectrum of 2,2’-dipropoxy-7,7’-bis(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1,1’-bipyrenyl (4-5) in CDClI3 at room temperature.
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Figure S4-6. “C NMR spectrum of 2,2’-dipropoxy-7,7’-bis(4,4,5,5-tetramethyl-1,3,2-
dioxaborolan-2-yl)-1,1’-bipyrenyl (4-5) in CDCI; at room temperature.
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Figure S4-7. '"H NMR spectrum of 2-propoxy-7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pyrene (4-6) in CDCl; at room temperature.
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Figure S4-8. '*C NMR spectrum of 2-propoxy-7-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-

yl)pyrene (4-6) in CDCls at room temperature.
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Figure S4-9. 'H NMR spectrum of 2-propoxy-7-bromopyrene (4-7) in CDCl; at room

temperature.
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Figure S4-10. 'H NMR spectrum of 2,2’-dipropoxy-7,7’-dihydroxy-1,1’-bipyrenyl (4-8) in

CDCls at room temperature.
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Figure S4-11. '"H NMR spectrum of 2,2’-dipropoxy-7,7’-bis(trifluoromethanesulfonyloxy)-1,1’-
bipyrenyl (4-9) in CDCl; at room temperature.
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Figure S4-12. "H NMR spectrum of ¢CP4 in CDCl; at room temperature.



4-5-4. HR-MS

w0t 1 [1] SP-H19-00-001tas Description: 220558kurosaki—Py H-DCTB+TFANa+PEG
2.00 H
] &
1 g
1.60 ™
Z 1.20 4
w
= -
2
5
0.50
0.40
0.00 T T T A T T T T T T
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Elemental Composition Estimation
Parameters:
Mass Tolerance Electron Mode Charge DBE Range Max Results
260.11960 = 0.00130 5.0 ppm Odd/Ewven +1 -0.5 - 2000 100
Elements
C 0-100 H 0-200 N 0-3 o 0-10 Na 0-1
Results:
# Formula Mass DBE Abs. Error (u) Error (u) Error (ppm)
1 CI9HIEO 260.11957 120 0.00004 0.00004 014

Figure S4-13. HR-Spiral-MALDI-TOF mass spectrum of 2-propoxypyrene (4-3).
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1 [1] SP-M15C-00-001 tas

Description: 220553kurosaki-Py2mer H-DCTB+TFANa+PEG
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Elemental Composition Estimation
Paramaters:
Mass Tolerance Electron Mode Charge DBE Range Max Results
51822403 + 0.00259 50 ppm Odd/Ewven +1 -0.5 - 2000 100
Elements
c 0-100 H 0-200 N 0-3 o 0-10 Na 0-1
Results:
# Formula Mass DBE Abs. Error (u) Error (u) Error (ppm)
1 C3BHIDO2 51822403 240 0.00000 0.00000 =001
2 C24HISN20O9 Na 51822348 BoO 0.00055 0.00055 106
3 CIEHZENIO 51822269 245 0.00134 000134 258
4 C2EHI4N2ZOI 51822588 1.0 0.00185 -0.00185 -358
5 G27H3I3INI 06 Na 51822618 125 000213 -0.00213 411
6 ©36 H31 02 Na 51822163 210 0.00240 0.00240 463

Figure S4-14. HR-Spiral-MALDI-TOF mass spectrum of 2,2’-dipropoxy-1,1’-bipyrenyl (4-4).
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wig? 1 [1] 5P-015C-00-001 tas Description: 220554kurosaki-Py2mer Boin-DCTE+TFANa+PEG
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Figure S4-15. HR-Spiral-MALDI-TOF mass spectrum of 2,2’-dipropoxy-7,7’-bis(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)-1,1’-bipyrenyl (4-5).

152



xiot

1 [1] SP-E19C-00-001tas Description: 22055 Tkurosaki-Py_Bpin-DCTB+TFAN+PEG
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Elemental Gompaosition Estimation
Paramaters:
Mass Tolerance Electron Mode Charge DBE Range Max Results
3B6.20525 + 0.00193 50 ppm Odd/Even +1 0.5 - 2000 100
Elements
c 0-100 H 0-200 B 0-3 o 0-10 Ma 0-1
Results:
# Formula Mass DBE Abs. Error (u) Error (u) Error (ppm)
1 C25H2TB O3 386.20478 130 0.00047 0.00047 122
2 C13HI0OBI 08 Na 386.20612 00 0.00087 -0.00087 -2.28
3 CI1BH29 B2 06 Na 386.20425 50 0.00100 0.00100 260
4 21 H31 05 Na 386.20637 60 00012 -0.00112 -2.80
5 (20 H2B B2 0§ 38620665 BO 0.00140 -0.00140 -3.63

Figure S4-16. HR-Spiral-MALDI-TOF mass spectrum of 2-propoxy-7-(4,4,5,5-tetramethyl-

1,3,2-dioxaborolan-2-yl)pyrene (4-6).
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1 [1] SP-J19-00-002 tas Description: 220559kurosaki-Py Br-DCTB
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Elemental Compositien Estimation
Parameters:
Mass Tolerance Electron Mode Charge DBE Range Max Results
33803009 £ 0.00169 5.0 ppm Odd/Even +1 -0.5 - 2000 100
Elements
Cc 0-100 H 0-200 Br 0-3 o o0-10 MNa 0-1
Results:
# Formula Mass DBE Abs. Error (u) Error (u) Error (ppm)
1 CI9HISOBEr 33803008 120 0.00001 0.00001 0.04

Figure S4-17. HR-Spiral-MALDI-TOF mass spectrum of 2-propoxy-7-bromopyrene (4-7).
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x1ot 1 [1] SP-D20-00-001.tas Description: 220556kurosaki-PyZmer OH-DCTB+TFAN+PEG
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Elemental Composition Estimation
Paramatars:
Mass Tolerance Electron Mode Charge DBE Range Max Results
55021377 = 000275 5.0 ppm Odd/Even +1 =0.5 - 200.0 100
Elements
c 0-100 H 0-200 W 0-3 o 0-10 Na 0-1
Results:
# Formula Mass DBE Abs. Error (u) Error (u) Error (ppm)
1 G3B H30 04 55021386 240 0.00009 -0.00009 016
2 CIHH2O9MNONa 55021414 255 0.00036 =0.00036 -066
3 CIGHZENI O3 55021252 245 0.00126 0.00128 228
4 27T H33IN3I OB Na 550.21599 125 0.00221 000221 -402
5 C36 H31 04 Na 55021146 210 000232 0.00232 421

Figure S4-18. HR-Spiral-MALDI-TOF mass spectrum of 2,2’-dipropoxy-7,7’-dihydroxy-1,1’-
bipyrenyl (4-8).
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Elemental Composition Estimation
Parameters:
Mazs Talerance Electron Mode Charge DEE Range Max Results
81411245 %= 0.00407 5.0 ppm Odd/Evan +1 =05 - H00.0 100
Elerments
G 0-100 H 0-200 5 0-3 o 0-10 F 0-10
Reszults:
# Farmula Mazs DBE Abs Error (u) Error (u) Errar (ppm)
1 G40 H28 08 F& 52 B14.11243 240 QuDOOnZ 000002 003
2 C46 H29 05 F3 53 g14mzy o QUD0O0E 000008 0o
3 C48H27 08 F 52 B14.11258 350 QL0001 4 =0.00014 017
4 G38 H30 05 F& 53 141123 ] 0D0024 000024 029
5 G35 H31 06 F9 53 B14.11336 16.0 QUDOAS0 =0.000%0 -1.1
6 C45H25 010F3 S B14.11150 320 LD00SS 000065 116
T GH1 H26 O7 52 B14.11145 30 oo 00010 124
& 43 H30 OF F4 53 B14.11351 210 QL0006 000106 -1
4 CITH2E ON10FB S Br4134 20 LR 000111 136
10 C37 H29 06 F7 52 B14.11357 a0 o2 000112 -1.38
11 43 H27 O7 F§ 52 Bl411120 280 LR 000116 143
12 G40 H28 04 F2 53 1411123 350 o022 0002 150
13 C45 H28 08 F2 52 B14.11373 o D0 28 -0.00128 -1.57
Figure S4-19. HR-Spira-MALDI-TOF mass spectrum of 2,2°-Dipropoxy-7,7’-

bis(trifluoromethanesulfonyloxy)-1,1’-bipyrenyl (4-9).
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Elemental Gormposition Estimation
Parameters:
Mazs Tolerance Electron Maods Charge DEBE Rangs Max Results
103241665 = 0.00516 50 ppm Odd/Even +1 -0.5 - 2000 100
Elements
G O0-100 H O0-200 W 0-3 o 0-10 Ma 0-1
Results:
# Formula Mazs DBE Abs. Errar (u) Error (u) Errar (ppm)
1 G768 HSE 04 103241731 49.0 000046 —0.00046 —0.44
2 CTTHSS MO HNa 103241750 50.5 000073 -0.00073 -0m
3 CT4HS54 N3 03 103241557 49.5 000088 000088 0.56
4 GT4 HST 04 Na 103241451 4.0 000195 0.00185 1.68
5 GBS HS9 N3 O8 Na 103241944 315 0.00258 —0.00258 -2.50
6 CTOHSANO 103241959 535 000314 -0.00314 -3.04
T G722 HE5 N3 O3 Na 103241356 455 0.D0a2E 000329 39
B G711 HSE6 N2 O6 103241320 45.0 000356 000356 345
8 C67 HE1 09 Na 103242078 1.0 000393 —0.00383 -3.60
10 CH7 HS3 N3 08 103242184 40.5 000495 —0.00450 -4.83

Figure S4-20. HR-Spiral-MALDI-TOF mass spectrum of cCP4.
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Octagon-containing
nanographene

Selective synthesis of
well-designed nanocarbon materials!

4,10-Cyclic Pyrene Oligomers
(vCPn)

Regular carbon nanobelt 1,8-Cyclic Benzopyrene Oligomers Mébius-type carbon nanobelt

Figure 5-1. Outlook of various cyclic pyrene oligomers.
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