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FELEFOBRICHZOND L DIZ, ¥T VT 41 3HGOBMRIZH D0 FREVIZER Y ED72R0
HETHD. 5 LV TEPLAFSCHAE, 72 AERENRH S (Figure 0-1). 7uX7 %717
SAXPDENL E R D 7 L— REL NS 5 7 a XSS ET5%T7 VT 4 THY, 71— KD
XIZEY P)-EHHLWNE MARDOX T VT 4 BB T S, 7aXTXT7 VT IO THDLZ &, H

DARFRCHAF, TV ARFREITMATE T VT AT IH-RAMAEZRD D Z L2 0, Bk

Frns.
e e —
? IRNe SHs8e
|| [N o ® QO 0
Central chirality Axial chirality Helical chirality

Propeller chirality

Figure 0-1. Various chirality.

T aRZ R FIZE LT Co Rt R, FRIC CodPMEEm Iy LiF b TE 7z, Tk TITHE S 47z G
T AT DZ T, TLEAR Y RER, RBEREDHFFTHRSNTZbDOTH Y, FUb
FOSNEREERT L— ROEHENAE U DT OSNAEREENRLE TH D Z ENMbI TS (Figure 0-2).
ZZT, 7b— FHFEEOMERIEIC LY 7 — ROEERZ I S5, H25VIEF 7 VLA AT

%78 EDO TR X0 SEARBUAE &2 22 L S & DA M Th T 5.



a) Inversion of atom core b) Rotation of blade

Figure 0-2. Configurationally unstable propeller-shaped molecule.

Reetz (37 ¥~ FNAEEATH NI R (B F7F)) #iU U (SSS)-la & 7 =LV EExHGT5H RV
2 (EFTFN) #HY B (SSS)-1b ZEA L7z (Figure 0-3)." LAk X MG iEdT L v (SS.5)-1a 2345
g T (M)-IRDONLRECEE D F % & 5 DK LT, (S,5,9)-1b ([ZIEfEs T (P)-1k & (M)-{KD — S DNifk

BENFEL, 2D VIRFOREBRAE LD L ERZINT.

o, Oo

A O‘F."OR (S5,8)-1a R = 1-Ad

RO ® (S,S,9)-1b: R = Ph

OOO

Figure 0-3. C3-symmetric propeller-shaped molecule with bulky blades.

Harberhauer & Grimme X OAFEZHATDH MY AAFH Y — ERZHEELIZ NV T U — LR AT 4
20 L U T U—ERAT 4 o AFT R 2b 24 LT (Figure 0-4).2 &6 5 8 U UREFITHOWT (P)-IRAED
JEA (M)-ARLEE L ) & 2ETHD Z L& DFTEHEICL VR L. £72, '"HNMR T-60 °C 725 60 °C D[]

TN 2N D (P)-RBLESRIE CTH D &b _TW 5.

O
NH

0

O’J\{f&&\ 22:7=P

o :ﬁm\%? 2b: 7 = PO
07 N, A5

N
H ©

Figure 0-4. C3;-symmetric propeller-shaped molecule with chiral molecule.



=00 "JERALTDSBRLAL LTz Cot 7 T MG BRI, 4K L AR RIERBFES D 2
EDHBITWD. R A 2R TR & B~ & 72 EHERICERIY Db D& AR, HEY Db
D% AR LS (Figure 0-5). Matsunaga & Shibasaki (X7 > % / A RefiK (S,5,5)-3 & Ak L7z (Figure
0-6).° Hifldh X BHBEMRNT £ 0, AROBIFENTZ LD AR AR LB L TREThH D & B%
INTND. (SSS)3%T /T R4 LT JIERIT NS ZRICSHEDHZ &ET, HILEGT T T 4%

RN 625252 LaRLT

== \

(5,5,9)-3

()
O O Na H-0, (n-BujLi

|
oj’o C ko 2
ol 0 O Py
sd N8 . . g ovm

® 4 5 8

up to 99% yield
{S.8,8)-3 up to 98%ee

Figure 0-6. Cyano-ethoxycarbonylation reaction using Cs-symmetric propeller-shaped metal catalyst.

VLBl 200572 K912, SEARBUENZE R Cy IR 0 _RZ TS F O BB R STV D23, FHl
ITAS ClEZav. 2 CRAE, ULERICHIE CHEZ: B &2 AT 5 7 m 7 8oy 1372 0 7o SEAREL
e VELLEER e, n BFRICK DB, ZHITHE D AERMR EOME LR+ 2 & 2
FEL7z. 20X 9 i n B LE AT 57 aXIRG 1 OWEFIT D20,

Lee %, 7L —RIZHLAFEHFTLH I A NI UF7=Y2) RRRRRR)-7, (SS5S.S.S,5)-7
D7 aRVAFTENEI (P)-IK, (M)-ROSIKE#ELY &5 2 L%, CD AT MVOREIZE VR L

7= (Figure 0-7). 713-25 °C Ll L CARFEADUM SN T L— ROREEENAE U5 2 L1 X 0 SEREE



REFELIRDHN, BENC LV AKEFHEOFSENE Z 0 INEFTOSREEICRES Z L% 'H NMR 12k -

TR LT.

(RRRRRR)-T (S.8,8,5,8,5)-7

Figure 0-7. C3-symmetric propeller-shaped molecule with planar core.

Orti & Martin (37 T F T 7ANRNLURNEFE LT IKDO MLX Yy 8 288K L, g T
(P,PP)-8 & (MM,M)-8 DZTNZNDREF TN BIEEFKT 5 Z & 4R L7 (Figure 0-8).° %£7-, 8 78
Ceo—fullerene & 1:1 O THEZ m v AR/ A ZHILIRBIRATEKF CEAT 52 ¢ 2WE L. Mty

B concave i)Y Ceo-fullerene @ convex i & FHHAEHT 25 Z & 23, DFT 3HRIC X W R &7z,

Figure 0-8. C3-symmetric propeller-shaped molecule with benzene core.

DX, POLEIZHIEZ: © B EA LSRN ZE & S D7 a RT B 03iE ST
W5, LL, EBICIISNT L +0REEEITIREIN T RN 7 axXT7X7 U 7 £ ([ZOWNTHFIIC
S REE CHEE S NBlIE T N ETICRL, TrNTXT L 1 HOMWEICHOWTHALN 2 &5

Uy,



TaRI X T VT 0 OWEEFRDT-DIIX, 7 a7 BT 2 KRB DN TE DO e IR
RFOVEND D EBEZTHREMD D Z LI Lic, AR TIE, EFHEE 112-0 A F AV [e]7 =7
YRy BUFANU R EMES) 27 BF Lo TR LICBRIR =&&K (P,P,P)-9 B L OEDNFHEMEMAT
H5 (MMM)-9 ZHY FiF7e. 20552 HWTEEER E ARFRFRICOWTIHANL Z LIz Lz (Figure
0-9). T FIEHLEICHIE: @ B THLI~FV T Fa NIRRT XL UgigeEa L, ~ U
o aGl CoAMT BT HGSThHD. P)-KHDLNNE (M-EDO~NT B mbZENENO T BT
DFEART D2 LIZXY, T FERIERZ LRSI D Z e TE 5. £, HFHEE~Y B
12250 CAHEETMALTH I b LA EnmbnTns?  PPP)OBITL (MMM)-9D7 L

— REFENVBATL S TEEEINTWDLDT, SMKREEITZE CThHD & THETE S,
7

(F.P.F)-9 (M, M. M}-9

Figure 0-9. C3;-Symmetric propeller-shaped molecules (P,P,P)-9 and (M,M,M)-9.

22T, AR THW D ZEIEEAY B AW TIRRD, BHFFEE TIE, ~ VU & BT 5 R 0%
REBRIZONTHHARS N TE 2. Okubo X, 7B IEO~NY P AR EE (3)-10 D 100 g A7 —
T OREGRIE L W EEZ L L= (Figure 0-10)." ~ U & o Offe Bl B35 F B 0 U A #itif

R~ > THEID Db D% (P)-K, ZRIV DL D% (M)-EE 5.

A

000 000
HO,C CO,H HO,C CO.H

(P10 (M)-10

Figure 0-10. Optically active 1,12-dimethylbenzo[c]phenanthrene-5,8-dicarboxylic acid.
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Nakano |%, 2,4,9,11-(ZIZlU>D = h kA2 HTLE AR~V (P)-11 BILW (#)-11 2N Zi
ARk L7 (Figure 0-11).5 (P)-11 & B LI CTESAZTEAL L, (P)-11/E L NIAZHACEH R » 127 T LA
ZIAR LTz, B)-1UE LT (P)-UE LT AE (M-AUE LT T LZ2R 2 IER L, A2kl

TH T LIREEZ & D2 ERbhrol,

- D dD
S 2 E=r Oa . NO; O,  NO,
5 2 o oancnige:
D IS EIZ NC CN NC CN
> D (P)-11 ()11
(P)-11/pyrene (£)-11/pyrene

Figure 0-11. Chiral recognition of CT complex of electron deficient helicene and pyrene.

Nakano (X% 7z, 249,112 >D = kukiE2HTrE I ARAER~Y 2 (P)-11 BLTY (M)-11 & 58-
(o7 I ) A HTHEFEER~Y L (M)-12 @O CT $EEICHOWTIHH 7= (Figure 0-12).%> °
(M)-11/(M)-12,  (P)-11/(M)-12 | % CT #{K 2Tk L, #ia eI TthEhn 102£12 M, 122+ 12 M TH
ST Z END, R UHENEEE2ATS (M)-11/(M)-12 (21% (P)-11/(M)-12 & Eb~~Tau > CT A1 AVER 3

TS Z &bl

OoN : NGO OoN . NGO, <
i
O N*NO O5N NO
(SS BAIRE G BAv NS B
(A1 {(M)-11 (M)»12

(M-111(M)-12 > (P)-11(M)-12
122412 M7 102+1.2 M7

Figure 0-12. Chiral recognition of CT complex of electron deficient and electron rich helicene.

Honzawa /%, ¥~V &> U7 3> (MM)-13 & (PM)-13 2N &k L7~ (Figure 0-13).° 13 134
IR CIX T v XA LREETH D DR LT, K THEAY BB AERICE VT 0 27 -k
BLEDHIELERLE. ENENOHEEOHHZ XL —1X, (MM)-13, (P,M)-13 ZiLZ11-1.8 kcal/mol, —

1.5kcal/mol Th -7 &b, FCHKEEZ AT LS MM)-1I3RLVLETHDLZ LERborol,



)>-13

(P.M)-13 M,

z

Figure 0-13. Chiral recognition of dihelicenetriamine in water.

Nakamura |X, ~U B A X T 2=L %27 vF L TRAEICHLLZRIRS T (PPP)-14,
(P,M,P)-14, (M,P,M)-14, M,M,M)-14 % ZIZINEHK L, 14 BERT T oo+ 6 W2 BRI E 2 5 2 &
WA L7 (Figure 0-14)." MAad bRl omS TRy, (PPP)-14/(PPP)-14 >
(P,M,P)-14/(P,M,P)-14 > (P,P,P)-14/(M,M,M)-14 > (P,M,P)-14/(M,P,M)-14 DIEIZTEL 2 HT 5 Z &b, [

U Bl 2 R o Bk 07 23 i < FRALMEA L7z,

FY>—CF) F>—CF) FH>—CP) F>—CF)

a> S “om > S =
OB TS B c:ﬁE%:> > —IB

(P,P,P)14/(P,P,P)-14  (PMP)}14/(P,M,P)-14  (P,P,P)14(MMM)}-14 (P,M,P)-14/(MP,M)-14

Figure 0-14. Dimeric aggregation and chiral recognition of ethynylhelicene macrocycles.

UEDEHIZ, ~VEBNNIRC T AFEZAET LAY B2 CERML, ~V BV 27T LT
HRE LTI 7RI CRERT 5 2 Lt Sz, RIS CTHW S 7 e X751 (P,P,P)-9
DARFE RN & BUIR PR 241 5.

T, AWZECTHWS (PPP)-9 & (PPP)-14 OHEERIR A LL~S. (P,P,P)-14 | IZ % L CTHE
B —AROD Cy xtFrlliz, #if & AKEH I =ARD C, xiFihia A9 5 Dy {¥MLEW TH S (Figure
0-15). > T, (P,P,P)-14 D F i & EHLR <, ZHr2t KoK BV OHRTHL. —HT
(P,P,P)-9 1 Co ki A 5 7= 97, M1 & FEIEL ST 1A — AR D Ca kWil &A% DT, Dy i #R TlL7e < Cy o #i
ItEMTHD. 7705, (PPP)OITZSORBITEL eI X T vala AT 5 LIk 5. (PPP)-9

DB URMEVH LT X VAR E 7 L — FOfx L O EWE A2 L, 77 % VURPED H



L7 XV E 7 L— RO L O EWEZ H-mE T2 &, WTLbEEHEIY, T72b 6 (P)-*F
FZVT 4 &#(TLH0OT, T (PIL)-iE, (PH)-f& 44175, (MMM)-9IZoWTHRRIZE XD Z &
T, Zo07aXI7 X7 gk (MIL)-m, (MH)-ii & 4405, Loz &k, (PPP)-OBT BT X
F Vi Zigak L CRER 7V ZFfaa k2B, (PIL)I(PIL), (PH)/(PH) X T (PIL)I(P/H) @
Z“o0EAHEXE L VES (Figure 0-16). £7-, (P,P,P)-9 & (MMM)-9 OD~T 17 )L " 2AIKIE
(P/LY/(MIL), (PIH)/(M/H), (PILI(M/H) XY (PH)I(MIL) DlU->DEEFKEEVES. ZoiHtbons
BT 5 HEIMES K ORFR R OWTHRD Z &1, 7exXTF L 1 mHOEEITOWVTH
Tele MR ARG 2 2 LIS 0 BERZR .

AFSCTIE, HDEBICHINE R n F k& 2 A7 UNARBLEE N L E 72 Co i 7 1~ Z 85+ (P,P,P)-9 BL T}
(MMM)-9 Z SRR T, RAETRRCAFTRBMIZ OV TIHND Z LT, "I %7172 o Hic

DWTDFTZIMEE 2~ D AT > 712,

==

R R = COQ(”‘C10H21)

(P.P,Py9 (M.M,M)-9 (P,P,Py14
C5-Symmetry Ds-Symmetry

Figure 0-15. Cs-Symmetric propeller-shaped molecules (P,P,P)-9 and (M,M,M)-9, and Ds-symmetric macrocycle
(P,P,P)-14.



Homochiral dimeric aggregation
(P,P,P)-9/(P,P,P)-9

: XKKEM :

(PILY(P/L) | (PHY(P/H)  (PAL)(P/H)

(P/H)-Face (M/H)-Face
(P.P.P)}9 (M. M,M)-9 /

Heterochiral dimeric aggregation
(P,P,P)-91(M,M,M)-9

) @10 BI) Wi¢ (

PIHY(M/H)  (PALY(MZH)  (P/H)I(MIL)
(P/L)-Face (PALMIL) — (P VIMH) (M/L)-Face

Figure 0-16. Three aggregation modes of homochiral dimeric aggregation of (P,P,P)-9/(P,P,P)-9 and four
aggregation modes of heterochiral dimeric aggregation of (P,P,P)-9/(M,M,M)-9.

< REREBRRF ANV VEZBEOAKLEE >

(P,PP)-9 & ZDNFHMARTHLS (MMM)-9 %, ZILZEIIEFHIE 99.9%ee LA LD (P)-10 & (M)-10
BRI R R TE R L7z, BLRES X BAEiET &0, (P,P,P)-9 2% Coxifh7 m ~ TR+ Th
L8, KTEL 5070 _TF )0 g liaefAT5I LR, 26220 @ lixthTi
High-rim face (H-face), Lower-rim face (L-face) & 4. fFi77= (Figure 0-17). CD % AT (P,P,P)-9 m#E\Z EME:
([ZOWTHRA, 95 °C T 12 BFRIINEA L T 7 & MU Z 57270~ 72, LIS HIE 7 n B4 2 A L ALK

BLE IS ZETE T2 7" T Uy - %, 160 CORSERTHMEE /R IE TH AL L7z (3 —Hi).



() () (d)
High-rim face (H-fece)

Low-rim face (L-fece)

. High-rim face (H-fece)
Low-rim face (L-fece)

() (@)

Figure 0-17. Crystal structure of (P,P,P)-9 obtained by single-crystal X-ray analysis with the (P/H)-face (a, b, e
and f) and the (P/L)-face (c, d, g and h) facing upward. The molecules are shown in ORTEP diagram (a-d) and CPK
model (e-h). Hydrogen atoms are omitted for clarity. The oxygen atoms in the ester groups and the carbon atoms in
the hexadehydrotribenzo[12]annulene moieties are in red and purple, respectively. The methyl groups of the

helicenes in the (P/L)-face and (P/H)-face are in green and light blue, respectively.

< BEPTBIBI_H0To2EBER >

7 auaRVAHT (PPP)-9 D HNMR ZHIET 5 &, HEEEROFEY 7 MEDSEREICR 51T
ONEYSY 7 N LTERAEEEERE LTZ. 7 ea kL AR CRAEA AE A MU — (VPO) EEHW
TANTORFEZRELTZL 25, REOHEIIZHEWEEED Z&AEOFR T L. £72, Zhb
DX =D FEAEREIRE LT EOXEEHNGROIFIREE BB L% L. LoT, (PPP)9
TR T TEARETRRT 5 Lii#m L7z, 7 oak/L AT UVvis ZHIET S &, miREIcR S
(DB R AR TR ST, MERPRONTZZ Lovh, (PPP)-9 BEHT TT e _T7F T L
HxBRAADELEGERMTHEE2 6N, ZHTEKRTT~F YT Rr F IRV V12]7 X L

VIRV TR LTI TOFITH S (55 ).
10




< ZHTFREBITBI S n BRRNKEBE L AFRR >

(P,P,P)-9 O " F2AWIERICIH T 5 1 MHEIRVEIC SV TRz, Bk X SEfT L v, (PIL)-H
FEtzELGdbt —&FREENS O (Figure 0-18). [E (& TiX, (PIL)/(PIL) #H A /EH »
(PH)/(P/H), (PIL)I(PMH) AHEAE LV N2 L1272 5, WICHEIR T CTO o iR IR 50+ 2 & IR
DWTHHRZ, BZ mak/V AHTH NMR 2 IET 5 &, (PIL)-f & (PH)-EDZNEND A F LD
7u R HL HylE, SIEREICRDIZONH O HNMR DY 7 F AR KRE < &S 7 b5 DIk LT,
Hy O 7 F b T L@y 7 b Lot ZORE G, (PIL)-mE A L CTEEMIZS AT
W ZDERm LI, Lo, BERPET ThEERTICEW TS (PL/(PIL) A {EF A
(P/H)/(P/H), (PIL)/(PIH) AREAEM LV &R <, n HEHR) 0 F2 BN EZ T 5 Z & bi- 7= (Figure
0-16).

BT 9 DT BT F T )L g D RFRIIC OV TRz, 7 ma /L L UV-vis VWD Z &2 &
AT 1 XTI TEREE (PP,P)-9/(MMM)-9 DEEER Kngtero = 1.2 X 10° M 2457~ REF T /L
SFEBR (PPP)-OIPPP)O DEATER Kiomo = 1.7 X 10° M 1T Kigtero DFI 14 fERE N & 205,
(PIL)/(PIL) AHEAEFAS (PIL)I(MIL), (P/H)/(M/H), (P/IL)I(M/H) 3 LY (PH)/M/L) FHEMEMR XY i, 7
27X 7L g EA DR E R L TR AT 5 Z L &Z/R L7z (Figure 0-16). 9 ® 7+ A IRIC
FEOORERANEBEALNDN, £D 5L (PIL)-wHEFESMHEEN L 20 FaamnEl L TF
LD D, ZUXT eI X IV niEd o mEIRICE G L, 2 ORFR#EEZ R LD T

ThHD (F ).
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Figure 0-18. Side (a and b) and top (c) views of part of the crystal structure of (P,P,P)-9 obtained by single-crystal
X-ray analysis. Hydrogen atoms are omitted clarity. The molecules are shown in an ORTEP diagram (a) a CPK
model (b), and a capped stick model (c). Two discrete molecules are in deep and pale gray. Methyl groups of the

helicenes in the (P/L) and (P/H) faces are in green and light blue, respectively.

< RBEECF NNV ZRBEDVRVBHEBEROEKL2XE >

F T VB K DR EEE, AT 2T O AMRFIED DL SN TV LD, BEMEITEICRY
T —ZAVTHRF SN TOD D, @B REE RS ED Z LRES TRV, FAT, 7 0/NyF 2k
BB S TEMEZIT O R b AT v T HIERPEE RIEREICAN TH 5 L& 2. BRI,
(PPP)-9% U vl —CHif L CHMEEE L, 2% nEl&ERN 0128 kicky Zabsds. —
Wot, It & BRI BT AT 2 2 & T, R L7 v 7 HRIT L X T SBEIR A LT 5
FHEC®H 5 (Figure 0-19).

T T OIC B R CREHIEZ BT 2720, —RTMRZEFFRBTRERF L. Z2D7 v n
FTHXRVANRENIEE —=DODINRX LV NVEEHETo~FY T R PN Y12]7 X L~
(P,P,P)-15 Z &M L7=. —oD (PPP)15 LB D 1AM HDOT IV ) rkFT5Y v h—16
KRBREAIT LV ERE LB BAEE L 35 L, BAED —8bd 5 WIIL &S 2 TRetEn &
% (Figure 0-19, possibility 1 and 2). ZZ TV 7 —16 O A V7' v EVEMOSARKIEIC LY —Efbzi

Hil L CERAEDPFLND LW LT
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(P,P,P)-15 & 16 DIRAIRIK & (P,PP)-15 B LU 16 ZNEND 'H NMR % il 5 &, IR O
(P,P,P)-15 O FENES 7 F N EESEs 7 F L, 16 DA Y 7 DA F T 1 b oDy 7 F NV ITAERE
7 h LT, ZORREMNS, (PPP)-15 MOESEITMAT, AEHEAIZLD (PPP)-15 L 16 HOEE
R Z 5> TV D E B x 70, £, WIRTP O R ORI %K 2 8L TH 2 BIFEEEL (DLS)
X, (P,PP)-15 & 16 DIRAIEIRF ORI +£0% (P,P,P)-15 & 16 DRI £ & Hls L TR ZfERE W, -

T, BEEBRLTODD, ZOERE T CEZEERTII R ZEBEMFONZ L EZTND (FIUE)

Unit structure
1st step: Polymerization (1D)
T X
ey Face_.» 7~ Ko HIII:.NP,'r_@:rg;HIIIIO 4
(PPPye  (PILY(PIL)-Dimer (P.P.P)-15 16

MIII@IIIM or mm@mM

Possibility 1: Dimerization

MIIIIQ,\IIIIM

Possibility 2: Polymerization (linear or cyclic polymer)

Hydrogen bonding

p rseetgl:ilc':sion MI"IQIHIM MIIIIOIIﬁM n-m interaction
m""o\)mm TP HIIIIQIIIIH =

2nd step: Chiral sheet formation (2D)

% &
.llllQ (P/H)-Face bllll.lllld
| % ] [
il #
R N PiL)}-Face QOun@uuQ @l |
R Y — (PIL) i Q,‘ $
N !
H  NR R‘ Chiral sheet § % !
3 connection sites ®unQ) Qnu.unQ

Figure 0-19. Porosity aggregate formation utilized precise aggregation of unit structures
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K B OCFEERR T T =Y & U ZBIROE R L S

|

Fim Cili~72 K 9108, HOLERICHNE e n B2 A9 5 7 a XTI RS FIXLE RS Z &5 2 &,

rm

BIERRARF Rk e EOMWEZ T Z ERHIRE SN, PR KRB CHBE SN BIE 2 E
TR, T aXT RS FORE TR A ik O % S IR 5 720120, FOERICHE 72 o 54 &
AL, RERSIKELEE & 57 1T B0 SRR/ RIE TR 2 WE R B H. £ 2T, A%
I~V E2EL v XTH5F (PPP)OEBLUNZEDNHFEEMEARTHD MMM)-9ZEY Eif-. Zh
BITEFEN P)-BLY M)~V B2 HWD Z & TREMICHRE TR Z &R Tx 5. 2
AU BT 250 CCAEEETMAL TH 7 EILLRNWZ ERMHNTNDDT, 7 m T ONIREEI
LETHDEHEFTED, AHITE, ~Vtrazdh~®H 7T Fu h YU Y12]7 X > (P,PP)-9
L (MMM)-9 DERE L O OfEEIC OV TiR R 5,

BRI SRR O Nakano (2L W AR ENT72 8-t R -5- 4 hF T LR =)L-112-F A F L0
[c]7 =F > Ly (P)-17*" 23 ibAa L LTiT>7- (Scheme 1-1). (P)-17 IZ kK FEF F U v a & 3
UREZFEASE T Fex v EoA L Miza vEk Lz, ZoEWTEDLE LO7 v 3 RS
TTHHMPETL, TLC ETEHDAKR Y 252 5. £22 T, B X ONEM% S U 75 vr < b
777 4=l DRERETOTIC, KN TAABRAZ U ANVKR U BERWCE Fax ks MY
77— MbTHZ LT (P)-18 & EREINE 69% CTHE7-. KtV T, (P)-18 L NUAFAT I AT BT LU %

Sonogashira 77~ 7'V v 7 &HICATZ 1T LV, (P)-19 Z UK 58% CTHRL LT,

Scheme 1-1.

z 1) NaHCO3, b E Pd({PPha),, Cul
L w0 L) =SMe, >8¢
HO Se COMe  2)THO 50 0 CO,Me : - 0 COMe

DMF/N(i-Pr),Et
CHLCLINEL; 33

69% (2 steps) (P18 58% (P) 19

|

(P17

NI — RIER N Y 7 A4 v A X AR = VA% U5 L 0 4 Sonogashira 7~ 7Y > ZIZ kS
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HIOGEMENZ ERFSN TS, FlziE Lee 1L, 5t-7F-2-F U 7bA v A X A)VKR= VA F
G— KRB 20 &7 LF LT L a—)LE @ Sonoghasihra 77 7Y 7 EATV, 30— REIZEBWT
BIRET OGN ST L7- 21 275372 (Scheme 1-2).2 LsL, AEAET (P)-18 725 (P)-19 2152 Kt Tl
MU TZNANFAB AR AR NA X EDOIENPET L, il LTy /v A R) 72 =)Lk
AT 4 RT VT AERERWEGE, WS LTT F e Re 7 7 o0 b VA B L O
FNUASTFNRRAT 4 ERMUIESGEICS (P)-19 2564, F— RERKIG LI LEWIESE Sz
ST, ~NU B UVOFEFROQCIAPLARRS LOEFERICEE L, Bbauftmsa—RFELY & b

UINABRAZ ANV NV VETERZ DT otz EZ TWA.

Scheme 1-2.
PACL(PPh,),, Cul PACh(donf). Cul t-Bu
£Bu f=_OH tBu y ff ;;9?,?;.1
— ——2l{-FT
- L R
| THF/NH(-Pr),, .. = DMF/NH(-Pr),, 80 °C |
OTf oTf Si(i-Pr)s
95% OH 87%
20 21 22

TALT N T TFNAT =T L EHANT (P)-19 D h U AF L U VEEAFRE L, IR 99% TERALAT
BRIACTH D (P)-23 12U /= (Scheme 1-3). (P)-23 % 0.5 mM O & & RS T Sonogashira &~ 7° U o 7' 544
W92 & T, B =8Bk xiTo70. Z O, 4FZE= D Nakamura 73B8% L 72 =& Sonogashira 77~ 7"V
v B WS Z T (PP P)9 ZULHK 21% T2, MALDI TOF-MS % 7= HLAE S OB B/ &
v, BUE L, Ll LIbawiIBlEsnT, 5 FE300 REE TOZHO—r RNEllshi. £

FEHORY ~—BNRIERI E LTRONTEZ ERDn5.

Scheme 1-3.
: Pd,(dba)s CHCls, Cul
% e‘ (n-Bu),NF % 00 (n-Bu)sNi, PPhs, P(Mes)s
_— o
e el THF Y cogme DMF/NEt,
3
(P)-19 99% (P23 21%

(P.P,F)-9

(M)-1,12- A F IRV [e]7 =F > h L -58-U VAR B (M)-10 725, (P,P,P)-9 D&KL & [RIEED )5
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B 0D 2 & TIEFREAR (MMM)-9 21572

vruu A7 Mo WERSILRE, TRObREBE TH LY 7 nr XA 2 02 (PPP)9 &
IR S, BIRBECH D7 b UKL S B CAME 2 th2 12 P 5 kI L - C, (P,P,P)-9 DEEHR
ST 7 (R B 5 2 1572 XS S ARAT 21T\, (PP,P)-9 28 Ca it 7 TR Th v, KRBT
D o0 TuRTIXT)N g HEATDHI L MR Lz (Figure 1-1). 3, HLEO~FYTE K b
UNRU V27 X L ICERT S, E A 01° (C1-C2-C3-C4), 4.8° (C5-C6-C7-C8), 5.0°
(C9-C10-C11-C12) TH Y, FHICITWIEEZ AT D, ZOT XL EHEICH LT~ B DF 7 X L B
ERVEBUVERENENENS AR T Z LT, KATED =207 axX7%7 )L ¢ mafB L T
L, TR VUBEBPEVH L, TX LU E T L— ROk & ORREEN K & Wi % High-rim face (H-face),
NUPBUBEPRV L, TX VR E T L— RO & OFREEA/N S U & Low-rim face (L-face) & 441+
\F 7= (Figure 1-1b and c).

(@) (b) © (d)

High-rim face (H-fece) Low-rim face (L-fece)

High-rim face (H-fece)

(e) ® (@) (h)

Figure 1-1. Crystal structure of (P,P,P)-9 obtained by single-crystal X-ray analysis with the (P/H)-face (a, b, e and
f) and the (P/L)-face (c, d, g and h) facing upward. The molecules are shown in ORTEP diagram (a-d) and CPK
model (e-h). Hydrogen atoms are omitted for clarity. The oxygen atoms in the ester groups and the carbon atoms in
the hexadehydrotribenzo[12]annulene moieties are in red and purple, respectively. The methyl groups of the

helicenes in the (P/L)-face and (P/H)-face are in green and light blue, respectively.
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wIZ, (PPP)-9 NRIEHT CHRIETT L LAAWLIER T a R_XTRNAEEE A & 5 Z L 2R+ 5
728, CD A7 kL% FAWT (P,P,P)-9 DN ENE%Z i ~7- (Figure 1-2). (P,P,P)-9 ® 2.0x10°M ~Z 1 1
NRUBURIRERELL, T UOHIZ25°C TCD A7 MLARIE L2, v 95 °C T 12 RefinEv L, =
D% 25 CIZHHAN L THENE AT o7z, ZOREE, BRI D 25 °C O CD A7 hMLOTFIRE L O
FEICZEAGIZ 2 v > 72, 723, 95 °C Tl 400-450 nm (2331 5 CD SR AL ZE L L7273, 25 °C TIiEc D
FEIZEE LTS Z LD, ZHUE O FRAEN L OHBIE~DMREHIE I (L THE L EZOND.

INHORERNS, (PPP)-9ITV7< EH 95°C FTMAL THL I I LW ERbholz.

15

w= 25 °C 10 min
95 °C 30 min
== 95°C12h
mm 25 °C after heating

121

9.0

6.0

£/10* cm™'M!

3.0

300
200
= 100

4 -100
-200
-300}

-400 : : :
300 400 500 600 700

Wavelength / nm

Figure 1-2. UV-vis (top) and CD (bottom) spectra of (P,P,P)-9 (chlorobenzene, 2.0 x 10 ° M) at 25 °C and 95 °C.

After heating the solution at 95 °C for 12 h, the spectra remained the same.

DLk, FubificlliE R n B ThH~F T Ra hU RV V12]7 X L UiiEx A L, SRt 1,12-
CAFNARUV[C]7 = F v b L EEGT CoRR T a5 AT (P P,P)-9 &AL L7z, (P,P,P)-9 737 1~

FRREEA AT L2, KHITEL 2507 uXIX 7L nfixA T 52 & & Bl X SIS L0

17



R L, b >0k % High-rim face (H-face) & Low-rim face (L-face) &4 fHiF7-. £7=, (P,P,P)-9 ITIA
P C95°C TH 78 IMbE T, AREENZETHD. ZIUIHLERIC n B# 2 A USLIREL N2 E 72
7 XGRS REE TR D TORITH Y, 7rXTF T VT IOV THRDH

A CHEETHD. KHEiTHE, (PPP)-9 &MV BTEME L ORFRBHHII OV TIERD
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A WETICRT D TR A IRIERK

RUBUVROA SN EZT T L2 CHlRE LIZBRIR S TR AREIEE R CEAERT 2 2 L6 T
%. Moore 1%, BRIRYF 24 N7 oo AL APIRE T AFRAL, SMIRETESFEATHI L2 H
NMR B L OEKIEA AE A F U — (VPO) (X W R L7 (Figure 1-3, left).”® % 7-, Tobe |3 B LB D A

SNLa T B VA TG LTCBRIRSY T 25 28 24 LRBRICIRIRE T 0726, SmRETE S FRa L. 24

Bl

L0 bEAMNMMNT L &R LT (Figure 1-3, right).*®

K=173M"

AG = =13 kJ mol'!
AH = ~52 kJ mol™
AS= —128 J molt K

R K=60M"
AG = =10 kJ mol™
AH= —21 kd mol™

R AS= =38 Jmolt K
(CDCl,, 30 °C)
(CDCl, 20 °C)

24 R =C0,{n-C4Hg)
25 R= COz(n-CaH-W)

Figure 1-3. Phenylacethylene and phenylbutadiyne macrocycles.

RUBVEBROAIN MiLETEF L THEME LR T THLA~FY T Fr Y RUV12] 7 X
YOME LR ENTEY, BERSCEM SO RE ETRETH 2 ENMLILTW 5. Hisaki & Miyata i,
~FFT e Re R UANY12]7 R L 26a 28 Hiflidh o C CH-n AHAAE I K 0 4528 2 79 7RIS LS
LI~V U TR—UiEE E DRI LT, IVARFUNVEERET LAY T R b X V1217
X L2 26b 1%, DMSO % H 515 S L= ik i T F LkksE 4 & 5 2 L &k L7 (Figure 1-4). —f%
N LB S BEIRRACK LA TIIANY U TR — G2 & D Z R BNTN D08, 26b 13U /LR F
JLHE L DMSO 537 & D/KFEREGIT LV 43 7O CH-nAHEAERA M S D 2 & T, B 7 DRIEERSE S

nicbBLINI.
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1

Ty
i
H H
Herringbone Columnar
2a R=H 26b R = CO,H

Figrue 1-4. Hexadehydrotribenzo[12]annulene with carboxylic acid side chains.

Tobe & Feyter i, RFEE 10 L EOREWT L ax i AilgHEzHT 5 ~FV 7T Fa bRV V[12]7 X b
v2Ta-e3124- Y s mu Xy LG mEGEES T 7 74 N (HOPG) DSt FTHCOHES L, 273,

b A3 B 27d e ASEAVE, 27¢ 283 S ORHI A & D = &L s LT (Figrue 1-5)."

4
AL

27b R = n-CypHys Honeycomb Linear _

27¢ R = n-CygHpg R = o .
= n-CygHpy _ R =n-CygH Longer side chain

27d R = n-CygHas R = n-CroHas R=n-Cy4Hzg R = n-C::Hi: g

27e R= n-C1gH37

Figure 1-5. Hexadehydrotribenzo[12]annulene with long alkoxy side chains.

Tew X, NV =F Lo 7Y a—nfligixHTo~FH7T e Fe NUXRUY12]7 XL 28 nyr/manm
AL KIBATRIETICRB N TR 7 VA TER T 5 2 & &k LT- (Figure 1-6)."° 7 X L o 3hifa L3 & 7R
DAV, PV =F L7 ) a— ABENREONMAEMAZH < ZETRUZAVER L TS EERX

ni-.
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R= O(CHQCH20)3CH3
28

Vesicle in CH,Cl,/H,0

Figure 1-6. Hexadehydrotribenzo[12]annulene with triethylene glycol side chains.

TewiZ FV=F Lo 7Y a— U llix =ARKET 2529 L M) =F L7 ) a— g e K, fonn
DTN x ML —AFT S 290 2 FZNENARL, Ebbbikihe 2% 2 L &R LT (Figure 1-7).%
29a, 29b [ZZAVENARFHERM, HelR R~ F v ZHTH Y, CoxtFtEa A7 2 29a (XX 7 29b &tk
L CEYRRFTE - Tkt &2 Rk L7z,

29a R;, Ry, Ry= 0™~O~~0~-0CH;

Hexagonal columnar

29b R;, Ry, = of\,O\/\O/\,OCHg

R3= Ol\r\

Columnar nematic

Figure 1-7. Symmetric and asymmetric hexadehydrotribenzo[12]annulene with triethylene glycol side chain.

DX, AN T 2= LU EEAETHAFTYTE R bR VT12]7 X Lok, [ERE
WHORE L, BLPao A R EICBIT268ERBICBWTEET 522N TND. LL, '
THRIZBNTOFLNVOEREETRT 2 2 LB END DT BIL IV E TR, REiTIE, ~V &
DR LTc~F T e Fa MU XU Y2]7 X L oogsa i35 (PPP)-9 NERP Conra2ad52

WO T=DT, TDOFRERICTHONTIHBRR B,
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< (P.PP)-9 DWHWHIZBI 228K >

(P,P,P)-9 ®» 'H NMR (FE 7 1 rak/L L, 25 °C) Z ¥ 1.0 x 10 M 25 2.0 x 10° M O THIET 5 &,

mBEICR Lo~ BT hrofbEFy T MENERYE Y 7 R L= (Figure 1-8, 9). Z Ui

(P,P,P)-9 AT CrniflRl L2 EREDLET-EAER L TND I EERBRL TN,

1.0x10*M

25x10*M

50x 10 M

1.0x10°M

20x10°M

He  He He Hp Hr  Ha Hg Solvent
|

| - )
T \
il |

| }‘ \ | { “
J \\W : 'wwm«mwwqumwwmw«w¥ LWL “‘».MJ

er | | | \ I

a.,«irww"' \‘M'A-M

|
o ‘
il | | W'\ h }'\

|
M | |

f Il | I i‘\‘\ M
f I I il 4
[FPRT \W‘J / {WWM»WWWWMMMJ f

JJJ I ’UW U

ptaMgh s AR AN AR SN Mgy

N -

N

| | \ |
UMM* St \w) \M.m"/ \\"“‘V»MWW

A

| ‘ v |, ‘
‘\ | 3 b
}’ i Il If | ‘“\ 1
LA W L
I Ao L5 B v ) J‘l Jv \J - )W -
|| | il
r Il | \} il
‘.‘\Jl I\l I W U
(SO Sty Y o e ‘\-.M_ VI A | [
I | T T T T I T T T T I
9.0 8.0 7.0
o/ ppm

Figure 1-8. "H NMR spectra of (P,P,P)-9 (CDCls 25 °C) at various concentration between 1.0 x 10™* M and 2.0 x

10° M.
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(a) (b)

9.0
H
Hy
=
2 80
RN —v—¥ -V Y Mo
Hy
75 —t’:!._._HZ! H,
Hg
70 I | |
0 0.5 1.0 1.5 2.0

Concentration / 10 M

Figure 1-9. (a) Concentration dependence of ‘H NMR chemical shifts of (P,P,P)-9 (CDCI; 25 °C). (b) ‘H

assignment of (P,P,P)-9.

ZZT, (PPP)XI BWEEFTCFEATDHEMREL, A RXTVANR=VEEOA NV MIT'a b Hy
(Figure 1-9a) IZH81) (b5 7 MEOREKRGTENS (P,PP)-9 DEETEE Kiome KD, IFEF TD
(P,P.P)-9 DAEIRIEA[Co], HEMDIREZ[C], —EAEDREZ[C]L L, HDHREIZEIT HLF 7 MA
% Oobsy R DILTF T N OMRIRIEE & —EAEDILTV 7 FOBBEELZSG & T5 L, (1) 226K

(3) MRRILT D,

Kiomo = L2 /ICT e e (1)
[CAl S ICT+ 2LCa] e, @)
Bobs = O = (= ) TCHICOL- e, ?)

X D), Q2 £V,

[C] = {(1+8Knamo [CoD) 2 = THAK ... (4)
Ly, X @3),@) Lok (B) 2EVE

Sobs = 84— (85— ) * {(1+8Ksomo" [Cal) ™ = 1HAK omo [Col. -+ vvveeeeeeeeeee e, (5)
X (B) LV, Hg> 7 FNDACTFT 7 M Sops DIRFERATIEIN D, 1—T 7 4 T 4 > 7 EE T Kiomo

=8.0x10°M ™, 8,=9.16 ppm, & = 8.13 ppm % 15F7= (Figure 1-10).
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9.1

89

s/ppm

8.5 ! ! !
0 05 1.0 1.5 2.0
Concentration / 10° M

Figure 1-10. The curve fitting for determination of Kygme, Jm, and & of (P,P,P)-9 (CDCls, 25 °C).

FIRED 7% VY, 30 °C, 35 °C, 40 °C, 45 °C I BT 2 28T & HEAB L O &by 7 kO
FRAE % sk eh7- (Table 1-1, Figure 1-11). R2MEAS 112V 2 &, B LG, & HITIFE—EDEE G2 7- 2 L

5, ZOREFITMEEIEN m &l L7z

Temperature Khomo m Jd R?
25°C 80 x10°M"' 916ppm 813ppm 099
30°C 6.3 x102M' 918ppm 814ppm 099
35°C 51 x102M"' 919ppm 816ppm  0.99
40 °C 40 x10°M'  920ppm 818ppm  0.99
45°C 3.4 x10°M'  922ppm 821ppm  0.99

Table 1-1. Kpomo, m, and &y of (P,P,P)-9 (CDClIy) at various temperature between 25 and 45 °C.
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(a) (b)

9.1 92
90 - 91 ~
90 |
89
% £ 89
2 g8l o
DY DY
8.8 |-
8.7
8.7 |-
86 | | | 86 1 | 1
0 0.5 1.0 1.5 2.0 0 0.5 1.0 1.5 2.0
Concentration / 10 M Concentration / 10°° M
(©) (d)
9.2 9.2
9.1 91
9.0 - 90
£ g Y
& g
© 89t ©gol
8.8 88 -
87 1 1 1 87 1 | 1
0 0.5 1.0 1.5 2.0 0 0.5 1.0 1.5 2.0
Concentration / 10° M Concentration / 10° M

Figure 1-11. The curve fitting for determination of Kygme, om, and & of (P,P,P)-9 (CDCls) at (a) 30 °C, (b) 35 °C,
(c) 40 °C, and (d) 45 °C.

BB D28 ER A F 7= van't Hoff plots & ¥, AG = —17 ki mol * (25 °C), AH = —32 kJ mol %, AS
=-53Jmol ' K ' B 7 (Figure 1-12). ~F %75k R hUNRU Y27 XL LV b RERafiz A
FTHAL T == L U ERERIRA T 24 DERAITHE WV TAH =21 kImol ™ Th 5 DIkt L (Figure 1-3, left),”
(P.P.P)-9 DAH = -32 kI Mol * A/ NS N Z L pds, ~U VB VENY L EAFHFE R YRy

Y1217 X L MO ELERD (PPP)9 OERAERKICHE L TWAHLEEXHND.
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6.8

In Kpomo = 3869/T —58.26
6.6 -
o 6.4
s
X R2=0.99
< 62k
6.0
5.8 ! !
3.1 3.2 33 3.4

CT10% KT

Figure 1-12. The van’t Hoff plots for the aggregation of (P,P,P)-9 (CDCly).

e T, (P,P,P)-9 DEEHTICIHIT 2 2B FHZEM~HHIT, 7 rrk/L L 35 °C TAHREAS AE
A R U— (VPO) IEZAWTHEMNT O TREZME L. BIEL0x10°M A5 4.0 x10° M ORI THEERIC
BONTZANTOFEIZ, REOHMCEWEERE “EBEROB THMMLZ, £z, Zib O
35°CIZB T B EATER Knomo = 5.1 x 10° Mt bR EFHMBE BB LZ K LT L-T, (P,P,P)9 1T

IR C etk 5 L L7z (Figure 1-13).

2.5

Dimer (MW 2018)

1.0~

Monomer (MW 1009)

0.5

Apparent Molecular Weight / 103

| ]
0 2.0 4.0 6.0

Concentration / 10° M

Figure 1-13. Apparent molecular weight of (P,P,P)-9 (CHCI;, 35 °C) obtained by vapor pressure osmometry. The

curve represents the calculated results using Kpomo = 5.1 x 10 M in dimeric aggregate formation.

T, (P,P,P)-9 ® UV-vis (7 T ik /L 1, 25°C) Z i 5.0 x 10° M 225 5.0 x 10 M O THllldE L 7=
26



(Figure 1-14a, top). MlREIZ72 512241 330, 388 35 L TN 409 nm 123 1T DRI DFREEAME T L7z, ¥
BNRBR N &b, (PPP)9 DNEKT T & A EREDELSGEREIKRT 5 LE 2 LN,
77, ZORTHROZE(EAE L1409 nm (231 5 IARE DRGNS (P,P,P)-9 DEEEE
Knomo % 3K 8 7= (Figure 1-14b). '"H NMR Db 7 MEN S AR ES R DI L & LFEEOXEZ W T,
B OIS DT NWIAREE ops, FHREIRDT NV INARE OWRIRE % &, R AR DT LWL AREL 0 12
RIiEZ e &35 L, X (6) BEOLND.

Eons = &1~ (€1~ &) {(1+8Komo* [Col)™® = 14K omo [Co]- -+ vveeeeee e (6)

X (6) 1Z2DOWT, 409 nm (81T DENVRHARE DR ERFEN S I —T 7 4 v T 4 o TIEEHNT
Khomo = 1.7 x 10° MY, g,= 1.2 x 10°em 'M ™Y, £=5.3x 10*cm 'M ' 27157-. Z OfEFIE, 'HNMR X bRk
T BB TEE Kiomo = 8.0 x 10° M Sl —E L 7-.

UV-vis T 430 725 600 nm {2 23T THRIAWIRIAE DMFETET 2 A3, Z OG5 O W BREE OJ B (R A7
biginole. 2T, TREFVUEKEAT 20 FITEFZEMER G, 5 RimlCE it G E e
DEIET D &y T INERBEIE E/EFIC X 0% 400-700 nm o> IR SEIRIC I8 LRI A7 3- 2 & 3 F S
T2 Z 2 THTWNEMBEIHEIER &1L, BT 2AMEHEEOZEH0E & & T 5T REIL O Sl
EOWREMHEAEMOZ ETHY, FIRWENTR I D Z EIT XD UV-vis (T30 TR 72 R A3
B S %. 430 725 600 nm (27T TOBRIEWIIAT T, WILREEISIREEARFIER 2N 2 b~
MOLBIARRRA~FTTE e M RUV12]7 X Lo ~Oa TNEMBEIHAIERAIC L2 b0 L& 2
bhd. ZOEE, N~V EATEFRIMEETHL A X ANR=ARKEET DI LD LT, Bt
BRELTEWTWD Z L1k b,

JEEE50x10°M 725 50%x 10* M DRITCD 22 kb (Zmudkbh, 25°C) ZHIELI-E 25, 1
BE BRI T 330 38 L1430 nm 1Z351F % Cotton 23000820 L 7= (Figure 1-14a, bottom). 450 nm 7>
5 650 nm DORENZHRIOINHT 2R L, Z OFREEITREIKA Lo 7o, 2 OWRIIES BRI

HAEFADO UVVis IIIC X Db D EEZ B b.
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a) (b)
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Figure 1-14. (a) UV-vis (top) and CD (bottom) spectra of (P,P,P)-9 (CHCls, 25 °C) at various concentrations
between 5.0 x 10 ® and 5.0 x 10 * M. (b) Concentration dependence of UV-vis specta of (P,P,P)-9 (CHCIs, 25 °C)

at 409 nm and the curve fitting for the determination of Kpnomo, &m, and &.

< (PPP)IDZyFREWBRIZBIT ZWEHER >

SENTEUT DIRBEN R A TR, Bk R AR T UV-vis 12 X o TRATEEL Knomo &R 72 (Figure
1-15, Table 1-2). Knomo IF R & ZRVEMHIN T AR L, I KIEE G5 ZT-DMFH L f/MEZ G- 2727 aa X8
PCIL MR 572, THF X° DMF 72 E OIS T T =& Lz, Lo T, YARARE v 7 HAEMEH
WXV SRR MEESND EEZTWD. bbb, R ICS W CHEmES - TH D (P,P,P)-9
TEBFRI SIVTV DD, B+ CET 2 10 bR ETBA L TRl & I 2 MR8y 1 2 HEkR

LB FNCLESND L EZDBND.
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(€) (f)

11 12
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Figure 1-15. Concentration dependence of UV-vis spectra of (P,P,P)-9 (25 °C) and the curve fitting for the
determination of Kyome, &m, and & in various solvents of (a) CsHsCl, (b) CeHsBr, () CeHsl, (d) C¢HsOCHa, (€)
CGHSCNv (f) C6H65 (g) C6H5F5 (h) CGHSCF35 (I) THF, (J) DMF.

Solvents Kromo ! M &n/cmM? g/ em M7

Aromatic solvents

CgHsCl 3.9 x 102 1.0 x 10° 4.1 x10*
CgHsBr 7.3 x 102 1.1 % 10° 7.3 x 10
CgHsl 1.1 x 10° 1.1 x 10° 7.9 x 10*
CgH50CH, 1.1 x 10° 1.1 x 10° 51 x 10%
CgHsCN 4.0 x 10° 1.0 x 105 6.0 x 10*
CeHe 6.0 x 10° 1.2 x 10° 7.4 x10*
CgHsF 1.8 x 10* 1.2 x 10° 8.8 x 10*
CgHsCF5 42 x 104 1.2 x 105 46 x 10*

Non aromatic solvents

CHCl, 1.7 x 10° 1.2 x 10° 53 x 10*
THF 2.5 x 104 1.2 x 10° 7.1 x 10*
DMF 2.4 x 105 1.1 x 108 57 x 104

Table 1-2. Knomo, &m, and & of (P,P,P)-9 (25 °C) in various solvents.
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Pk, Wi+ (PPP)O N TR ERKRT 5 EEW LN Lz, 2T T~F YT &
Re RURUCYL2IT X LB af LSV TERETHIEE2RLENOTORTHD. IREITIE, 01

KEITBT D o HBRINS BT & AFRESRIC OV TR~ 5.
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Kb WEE CHTRECHY D n RRRATER & R

HIEIT (P,P,P)-9 NI T FRAWEINRT 5 Z L a7z, AKEITIE, “HFR8IC8 % n
NERPRE & A FBRIZ DOV TIRA D,

PRI TE 2 250 n a2 A T 2GR HERICRET 6L LTaZ XL rnmbinT
V5. Hanson I, HASHPTa 7 XL 30 BN nlxERAEDED Z LR IV IRICAL v X7 T

% Z L A&R LT (Figure 1-16, left).?? Rabideau (2= 5 X L > Z BB & #iBs S H7- 31 2A Ak L7 (Figure

i

1-16, right).? Bifk &k X ks &R X 0 |, 31 o concave i & convex i 2MHANEMA L CTHEAR - Tz, 20

e

WX, B EET 5 bowl-to-bowl Kixad 30 BN=EIER FTHRSICEZTDICX LT, 31 IZ=RIEFT

bowl-to-bowl KEEZ L Z SR W2 LIk A b D7E L ZBEINT-.

>
0
es
e

@y &
30 \Q’ 31 \Q’

Figure 1-16. Concave-convex interaction between corannulenes.

Dawe & Georghiou [XEARFCa T XL RaHHWNIHLOD -7 FIIEHEFETH2T7 XL 320 D
concave [fii & Cgo-7 7 — L > 33 ™ convex [fi78 1:1 THAEMEMAT S Z & %2 X ks st miric kv m L

(Figure 1-17).%

32a R=H 33
32b R = {-Bu

Figure 1-17. Concave-convex interaction between corannulene and Cgo-fullerene.
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SygulalZ >0 a T XL &T F T V[8]7 X L v CilifE L7= 34 @ concave [fj & Cg-7 7 — 12 33
O convex HEANEMARAET 11 L THEMEM TS 2 & & X Sk mTic X v sk L= (Figure 1-18). ©

Flo M UWEIKET T34 L BREEL, OB TERN86x10°M Th 5 = &% 'HNMR T~/

Figure 1-18. Concave-convex interaction between bis(corannulene) derivative and Cgo-fullerene.

PLED X 51z, 27 XL ® concave i & convex [ AAMHANEMA T2 Z &R LTS,

ZHICH LT, HmTh L 51, (PPP)9 XXKBITE S 2O F T %F )L n i, (PL)-fiL
(PIH)-Ei %A 5 DT, (P,P,P)-9 DAREF T LS4y 1241K (P,P,P)-P,PP)IIZIL, (PIL)-HiF L, (PH)-
R LB L (PIL)- & (PH)-E# ERd bz =208 ERNE 2 55 (Figure 1-19). 7=,
(PPP)-9 & MMM)-9 D~F 1 xF L " F248 (PP,P)-9(MMM)-9 (i, (PL)-if & (M/L)-H,
(PIH)-ifi & (MIH)-ifi, (P/L)-ifi & (M/H)-ifids KOV (PIH)-1fi & (M/L)-ifi & EE QG o 72 U2 DR A RN
Ez2bhb. 2FD, (PPP)I & (MMM):-9 ODZNZEN_>DT - T7XT )L g lDOMHAEDEIZLD,
LoD AANEZ LN D, KEITIL, (PP,P)-9D " HFERAICBNT, nMBRHAEATRK & RHR
I EVEoDH L (PL)-HFELAZERGOE o F2A R A BRI T 2 Z LIZON TS,
ZOXEI)BRERBRBZEHEROT NS TE—DZBIRANITBR LEIE I E TR, £, TrxXT%

T nEIZOWT, DEICRIT D ERMEL L OARFREZ R LMD TORITH 5.
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Homochiral dimeric aggregation
(P.P,P)-9/(P,P,P)-9

: XKK]M :

(PILV(PIL) | (PH)M(PIH)  (PALYI(P/H)
(P/H)-Face ]

. (P.P.P)0 (MM, 1)-9 )/”a

. . . . Q

Heterochiral dimeric aggregation
(P,P,P)-9/(M,M,M)-9

) @10 DI) §i¢ (

(P/LIMALY  (PIEYI(MH)  (P/LY(MH) - (P/H) (ML)

(P/L)-Face (M/L)-Face

Figure 1-19. Three aggregation modes of homochiral dimeric aggregation of (P,P,P)-9/(P,P,P)-9 and four
aggregation modes of heterochiral dimeric aggregation of (P,P,P)-9/(M,M,M)-9.

<7uRS3% )b n BRI -2 FREBH>

XU DI, ERRBICBITS (PPP)-9 DAREF T/ FEEEIC OV T2, Bk X S g

[Y

Hrd&v, (P,PP)-9 2 (PIL)-HlF LA EAGHLE “&kiEEE & 52 & bh- 7 (Figure 1-20). [EAH
T, (PIL/(PIL) MHEAEMA (PMH)/(PH) & (PIL)/(PMH) FHE/EM LY bR\ Z &i2725. CPK EF /LT
B5 L T FINBRECER > TEY (Figure 1-20b), ZD L&A~V DC,DEBEAEL I —HFD7 L —F
&7 L— REOWEIZ—EILE VAL L 91T L THZe > Tz (Figure 1-20c, red square). %7z, (P,P,P)-9 ®
P TOROBTNTER>TEY, ~J B O BEBEAFTFTE Fa b~ V12]7 X L
MER - T-EEDF 5 v (Figure 1-20c).

VL EOFERING, (PILI(PIL) FHE/EHANEWEE E LTUTO =28 ons. —oHIE, &1 R
Y Te R YRV XL EEBFEERANVEUNERD Z LI LY FEMRAEH R
{IpolzZ &t THD. —oHIE, PPP)-9 OTL—FRR, ZAX X7 LTWDEL I —4+D (PPP)-9
D) EITEVIAALTWSZ L ThH D (Figure 1-27c¢, red square). —->H I, (P/IL)-fi% (P/H)-HiZ

RTT R LUTFENBEY LTS T L— FO@ S B ENTZD, 7 L— FER 10K 58 720
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ZETHD. (PILIPIL) FHEERICEWTLZIN L DRI SN D720, MOHEER LD bEEM

MNEEBERZOND.

(a)
,

) ()

(P/L)-face " [(PiH)face

Figure 1-20. Side (a and b) and top (c) views of part of the crystal structure of (P,P,P)-9 obtained by single-crystal

X-ray analysis. Hydrogen atoms are omitted clarity. The molecules are shown in an ORTEP diagram (a) a CPK
model (b), and a capped stick model (c). Two discrete molecules are in deep and pale gray. Methyl groups of the

helicenes in the (P/L) and (P/H) faces are in green and light blue, respectively.

BENT, WP TOREF TV HFREEWICONTH~Z. B/ oofk/L A 25°C THEE1.0x 107
MIZBIF% (PPP)-9DHNMR LV, ~UtyAFLEEOT 0 kDY 7 FLHR5176 £51.88 D
FEEEIFAE L7 (Figure 1-21). 2D o0 7 v b, £ (PIL)-iE L (PMH)-HEIZIFET D A T LHE
7'm k> (Figure 1-20, green and light blue carbons) T& % Z & 2 NOESY (2 L V JfJ& L 7= (Figure 1-22). &
7, singlet > 7LV Hy MBI A R L72 2 & 725, doublet & 27 F /L H,, He, He, Hg DTU-2D 5 5 H, Z [RlE L
7= (Figure 1-22). ZNZ&HhAE L CTHBEZ -85 Z & T, BREGMO X F I 7R (PIL)-EIZAAE
T 5 Hy, IKBRMIO A F IS 7 F AR (PIH)-TEIZAEET 5 Hy &8 L72. "H-"H COSY Z# W ¢, &
WREDTm NoIFRLICE 24, FEROFERI S D172 (Figure 1-23).

PEEEA 1.0 x 107 M 225 2.0 x 10° M TSN BISHEV, B 5 T2 ARICIHY, ZHICfEo T H,
DHNMR D> 7 FBRSLI6 0 HSLALICKE L Bl 7 b LTz, —H Hi D> 7 F 36188 1056
173 [T LrERSE Y 7 F Lish- 7= (Figure 1-28). ZOFER LV, “HFEAFRIZE > T HL
DN Hy L0 HF LMoo X0 ilEfk S, Al (PL)-fME L CEEMICSGEMRIEZ 5
CRERm L7, Lo ¢, Wil B W Ty (PHI(PH) & (PIL/(PMH) FHEER LY & (PLL)/(P/IL) #H
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HAERMNIWN T Lo b,

(@) (b)

1.0x10*M

) JU
W_J\_MUJ S

50x10*M \/
1.0 T T T
0 0.5 1.0 1.5 2.0
ﬂ Concentration / 102 M

-
[00]
I

\,\‘L‘

H,

Figure 1-21. (a) *H NMR spectra of (P,P,P)-9 (CDCl3, 25 °C) at various concentrations between 1.0 x 10 * M and
2.0 x 102 M. (b) Concentration dependence of *H NMR chemical shifts of methyl protons in helicenes, H, in the
(P/L)-face and Hy in the (P/H)-face.
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He He Hd Hb Hf Ha Hg /Solvent

~ 7 . .
F2 |
Solvent | (Ppm)-
~ 7.2
Ho ©
7.4
Ha g -4 :"I
Hf = 7.6 | =
18
| Py )
Hb = 8.0 >
8.2
| (P.P,P)-9 R=CO,Me
8.4
Hd ! A s,
8.6 o~
He : z
J N
e 2 LU E
He - o
8.8 g.6 8.4 8.2 8.0 7.8 7.6 7.4 7.2 7.0
F1 (ppm)
Figure 1-22. NOESY spectra of (P,P,P)-9 (CDCls, 2.0 x 10 * M, ambient temperature around 25 °C).
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He  Hec Hd Hb Hf Ha Hg /SO'Ve"t

N,
F2
Solvent (ppm)
\ 7.2 ﬂ‘
Hg = &
| 7.4
Ha = . T . \‘?\ =
Hf a6 i G e
7.8
Hb - m 52
' eo s =
8.2
8.4
Hd &
| 8.6
He \ os N o
- aEn s e
2 * L g P
He /

Fl (ppm)

Figure 1-23. 'H-'H COSY spectra of (P,P,P)-9 (CDCls, 2.0 x 10" M, ambient temperature around 25 °C).

Pk, EE LR oI WY (PIL/PIL) MHEERZ (PH)PMH) & (PIL)I(PMH) A1 HAE
X bz &3 bho7- (Figure 1-19). 0 FHNICKBITE L o507 _XI X I v nliz AT 5501

(ZOWT o IMERINCEZET D2 L2 TORLE.

<7uR5F )b n GORFEDB>

BT, (PPP)-9 7 a_XTXT ) 1 HORFBIIZOWVTITARD =D, REF TV F2/1IK
(P,P,P)-9/(P,P,P):9 L ~T 11X T A (PP,P)-(MMM)-9 DA EH A g L7=. (P,P,P)-9 &
(MMM)-9 D7 v a RV AREREZNENHE L CERIEAT 52T, 7K ()9 OREES-.
ZZC,(PPP)-9D50x10° M KL (MMM)-9 D50x10°M IRIEZIRA LT-& 20D (+)-9 K DI
FE450x10°M £39.50%x10°M 725 5.0 x 10 * M DRIDADODIEEEIZISUNT, (£)-9 KD UV-vis
% 25 °C CHIE L7z (Figure 1-24a). A bR EKFAIZELA K E V409 nm (Z381T 5 /VOEERE D IR K
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THEINS, B—T T 4 v T 4 v TiE&E AN T (2)-9 DERATER K = 8.8 x 10° MY, HLEKD T /LRELR
BRI en= 1.3 x 10° cm 'M ™, FEB L ONT 8 F TV 05 T2 AR O T VW EARBARERE 0 P-4 &

=45x10"cm 'M™ 24572 (Figure 1-24b).

15 14
| 6

409 nm 5.0 10_5 M _
121 mmm 10107 M =
- ﬁ e 5.0 X105 M =
= A 1.0x10*M S
g 201 255104 M o
5 = 50x10%M E
= 6.0 @
& (=]
S
3.0 ©

0 : 9.0 ! ! L '

300 400 500 600 700 0 1.0 20 3.0 4.0 5.0
Wavelength / nm Concentration / 10* M

Figure 1-24. (a) UV-vis spectra (CHCIs, 25 °C) of (+)-9 at various concentrations between 5.0 x 10 and 5.0 x
10* M. (b) Concentration dependence of UV-vis absorbance of (+)-9 (CHCls, 25 °C) at 409 nm and the curve

fitting for the determination of K., &y, and &;.

ZIZT )9 OWEEPT TOREICONTEZD L, FEX TV TR EM (PPP)-9PPP)-I HBLIV
(M,M,M)-9/(M,M,M)-9, ~7 a2 %7 )L _ 535K (P,P,P)-9/(MMM)-9 O =FEMENFE LGS, 7K
DR E AN THE SN DDA E K1, REX TN D TFRAEOERETEI Komo & ~T BF T /L 45
TEBERDEETEL Knetero D FHMETH 5. Kol D515 2 1ZHE, Kpetero &2 LA T DEUT Lo TR 72, £,
Khomo & Khetero IZIRD X D 1TRS 5.

Khomo = [(P,P,P)-9/(P,P,P)-9J/[(P,P,P)-9]* = [(M,M,M)-9/(M,M,M)-9]/[(M,M,M)-9]?
Khetero = [(P,P,P)-9/(M,M,M)-9]/ [(P,P,P)-9] [(M,M,M)-9]
BARD ZBAROWEE D], HERORELZM]ET 5D L, KX (7), (8) DHAILT 2.
[D] = [(P.P,P)-9/(P,P,P)-9] + [(M,M,M)-9/(M,M,M)-9] + [(P,P,P)-9/(M,M,M)-9]
= Khomo[ (P,P,P)-9T" + Khomo[(M,M,M)-91* + Kpetero[ (P,P,P)-9] [(M,M,M)-0].........ooviriiririnns 7

[(P,P.P)-0] = [(M,M,M)-0] = 0.5[MJ.......oeeeee e 8)
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A (7),8) &b, X (9 »ELNRD.
[D] = Knomo(0.5[M1)* + Kiomo(0.5[MI)? + Kretero(0.5[M])?
= IMIK tero + 2 KRomoN B e 9)

PLEXy, & (10) &,

Krac = [DVIMI? = (Knetero + 2 Knomol ..o (10)

TR T Khomo = 1.7 X 10° M & Kiae = 8.8 x 10° M™ & JHN T, Kpegero 2 715 L 72

Khetero = 4Krac — 2Knomo = 1.2 X 10° M ™
LoT, REXRT N _HFEEE (PPP)-IP,P,P)-9 I (MMM)-9(MMM)-9 iT~T 1 %7 /L "4+
ZA (P,P,P)-O(MMM)-9 &1 & BN LETH Y, Kiomo = 1.7 X 10° M™ 13 Kpetero = 1.2 x 10° M &
VLK 14 fERE V. ZhE, (PIL/IPIL) #HALEMDZ (PILYIMIL), (PH)/(M/MH), (PIL)/(MH) ¥ X O
(PIH)Y(MIL) FREAMER LY £38<, 7eXTF T g @l n O RAEZRHE L CRAEBRTHZ L2 R0
TW%.

BEXF TN HDFREERP~T XTIV PRk E 0 bGP MWEHE LT, 7ex7%7 Y
TAD—F, OFV T VL — ROHEO—ENEZHND (Figure 1-25). Eiksh X S EMT L0, AEF
TN TRERIITL— RORENECROCTEBEICERD ZENTEDLN, ~TaXT V18

BRI L — FOMEPRHFMERDOTT L— FHDOMAENERRE S BHEICERD Z LN TERWED

CHERIL T\ B,

Homochiral dimeric aggregation  Heterochiral dimeric aggregation

Figure 1-25. Preference homochiral dimeric aggregation compared to heterochiral dimeric aggregation.
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X 7L [l O RFE BRI T 2R HIHE S CnD. Lildha bz (2)-1,6,7,12-7 b7 7 ma X
ULV ERARAL I REVANLT 4 KU h—CilfE Lz AE% 7 VBRI &K (P,P)-35 L (MM)-35 ©T &
IR (#)-35 AR L7- (Figure 1-26).77 1,6,7,12-7 h T 7 mu~Y L > B AL I ROSREEEIIRLE T
HY, FTEIMNRELD. 201D, REXF TR &K ()35 ZEZ/ ook AP TATax I
Btk ZEAK (PM)-35 ~ & A2 B Eh L, 24 BHRIEFIREL 72D (2)-35: PM)-35=1:1 &5 2 &%
RLTE. ZORBEL VAT BT UBIR &R (PM)-35 23 T VERIR CBIE (£)-35 L 0 BRI

BETHHZ L ERLI.

0 O (g ) o
{ M 0 o 0 O,
£ |
ES © cicl © ?
$ i I ®)
( N, N 9 o0 O
?\,O O/;) 00 XOWO-/‘ "0 O™-N 0'0 N"/_O O)
CIC| (P) ( g () \ N <
+ — Z cE . éj
cl (M 24h ‘ o
S S o 7
0 O’\-N 00' N.—/_O OJ o O E:EC! (P)
C © acioe © i
Ci%eicl Sj (P.M)-35
S o]
4§ N (0 N Q
Ogowo/;) @' S o 9~
cic (M)
(+)-35

Figure 1-26. Chiral recognition of cyclobis(perylene bisimide).

Wirthner [Z XU L B AL X KD 170 &2 ) U —THSZ LT, SIERBENZERY 7 a7 7
v (P)-36a-c & (M)-36a-Cc & FiLENIGT- (Figure 1-27).22 ~7 % L CoNFEAEEREEK L, RESS
K (P)-36/(P)-36 DA EHK 2.8 x 10° M HiZA~T u 241K (P)-36/(M)-36 DAL ER 40 10°M T LV #7

BRENZ DD, RERXEVELET D Z &2k~
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o Rr CaaHos
o O R= CioHos
Q o CiaHzs
0= 043y
N 0 1 1
(0] ‘R Vs Khomo | M Khstero | M
- 36 28x10°  40x10?
(P36 n=1 (M)-36 n=1

Figure 1-27. Chiral recognition of 1,7-bridged perylene bisimide.

FIZRLTFIDOEIZF TN 1 HORFRFHICEH L T—HREDOH L2ERMHG LN TE LT, Bl
EMERNTE IV @A T M EZRDLZMNEN DS, AF], o7 m X7 X% 7L a @l oV TR

RN DD Z L EBR LI, Fa T2 L 918, BFRETIE T BV DT THLHNY EURFE—D T
Y UARF AR BT AEmMAE R L TWS, FaXSAEmTHS PPP)9 IZBWNTE (P)(P),

(M)(M) DFEAEARTRNZ LD, Tr_XT7%T7 VT 4 I L THRRORFRE DN HDH Z L1 D.

< nHBREBLCARFR#BOT LD >
Pk, “fEO7aXIxIvaEmafmd 5 PPP)OE MMM)-9ZHNT, mREBIU~NTEFXT
W TR EWIZOWVWTHA., B LELH L OO S b, (PIL)-mAHAEEHA LEREXT
VO TR AR E BB Lz (Figure 1-19). 2D X 2 IZEHREAHKD 5 b — 22 BT 54
IZZNETIZRY. £, n FLEAT O VEREENLER T a_TRST 2 N5 Z LT T, 7'

NI X TN HOREITOWTHEHERRME, AFRE#ENHL BRI
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>

Kiy EUHET EFIEMBRRF oA~ B S BB NVR CBHEROLRK & 2D

HTEICIL, KBITE 2 Z 207 exXI*% I v nitizH7T 25 (P,P,P)-9 2% n HEIRANI D DOARFH A iRl L
TRAETHIEaEB~ R, 2O FRE%2FA LT, FI 000 LE L USHTE 2 Rk
SO RORMEEE 2 1.

X TV B K D BEE, R EIRT O AMRFIEO—2 L ENTEY, F 7 0BERIZITR
& < TR &R IR D “FEGFET D, BRI S SR SEEIRENICEE SN TV A ED Z &
Thd. —FH THRERITT X T NVREOZEANE X T AGFOER T/ LIEETH Y, ¥ 7V 0F1%
Fr Ur—& LTEH. 209 BRICEEEICET 20783 T o T & 7z, BARBEIZIEF 7 LR Y
~— % AW TIEE RS 2 H1E, ZAMFEHR RIS ARFRME 2B S 2 4L, 782K T 5
RN ~—Z WD HERENDD. UTIZZNbDE 22175,

Yoshikawa [X N-o-7 B F/L-L- 7% 2 U388 L 13- 72 =L U7 I 039%27 2 Med+hZ LickD,
FFARYT IR 40 #45% L= (Figure 1-28).%° N-a-7 B F /-~ U 7 7 7 o T & JIREWAKIER % 40
DT NBERI @S Z & T, OB 2R3 R Th D BRI o = 2.03, 72 HEHG AR R R

34%ee T D-IRAVESE L THLNIZ,

§ n HN’LO

NS
m

Figure 1-28. Chiral separation membrane composed of chiral polyamide.

Higuchi 1ZH4&H %2/ LT DNA ZfEsg-vrn—REE S5 L, 72=AT7T 7= 78 JRA
WD I EN % AT~ 7= (Figure 1-29).% /Lo — ZEDZEILDO KX ST X 0 BFVENZ(L L, Z2FLOEE
232 nm L F OB TIE D-7 = =T 7 = U MR o = 1.6 (23%ee) TIHHI L, ZZfLOEALEDS 2 nm
PLEDSEERE T L-7 ==/ 7 7 =278 a = 0.87 (7.0%ee) TIAH L7-. ZEHLOEEN/ NI WETIZ DNA
DIEDORMENITHFEF SN TV D S DODZEILOWNERE THE STV ARW o O IR B L LTz & 552

=z,
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§om@;§#,§ §Q? OH

FNN NN#

’ziovﬁ;%r%% A ?ﬁoﬁof“

DNA

Figure 1-29. Chiral separation membrane immobilized DNA.

Aoki 1T 4-(EF =i xiNT 2= THF LU AL BRY ~—42 25 L%, BORRZ1T -
7= (Figure 1-30)3 Z OO EF =L VAL EORELZITH 2 & T, AEERELZH-L2NT LAY <
—A3DFEERELE LT, ZOBEEZHWCT7 == T7 7 =078 JREVKBRO N TFHE %175 &, D-7 =
=T T =20 85%ee THELNT-. £z, T ORET MV SRR LI T &S AR T b
TE, @)trans- AT AR AX 2 RO T ' IRAW MV U ERON T EZ1T 5 & (S,5)-1K7035.3%ee T

HEohr.

0-Si
a1 42 43
Figure 1-30. Chiral separation membrane composed of helical poly (phenylacetylene) without chiral moieties.

PLED &9 2B REORERE T, ZHIERY ~—DOMRICE > TEREN TN D HZ DO RE ST
RE—THY, ERBFEEZHEET D Z LIRS Ty, ZBHARARE—TH 5 72 DO RHTREREAL &
FIEMER & OB N—E TR, DO T2l 2R 3B 26N 5. srfteem L &Rl
DO, K8 T —RELEH T 5 F 7 NVOBEEREE D T2 D O Iz 2 5 iEmB L ETH L. 22T
FAE, ZO XD RIEAREES L7 DI2IEF T VN F AR ICEBAI S E LR AT v 7 HiEwmBA#T
boHEBERI.

RELT v 7 HEwTF T VBB LTIV RL £ Cleho 7228, 2012 4RI R

LR EEA (MOF, metal organic framework) Z H£F X722 7 )L B O FI A3 9]0 T A S A7z, Jin 1
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THEE TSN /<K Fni 44, L-5LIE (L-lac) 45 B L OV 1,4-_ B o VLR g (bdc) 46 725 % 7L MOF T& %
[Zn(bdc)(L-lac)(dmf)] 47 7R b AT v THUTARK L, 47 2R b AEEn 22 ALV SRR S R S8 7- 5 7 L0
A FHEL L 7= (Figure 1-31)32 (#)-A F/L 7 = =L ALK F ¥ RO T8 JIREW~FH LRI & Y555 5

T 52 LIZX Y, (RS 33%ee THFH LT,

CO,H
ZN(NQ3)>-6H,0 + \(A)/::OH + — [Zn({bdc)(L-lac){dmi)]
CO,H
44 L-45 46 47

Figure 1-31. Chiral separation membrane deposited MOF

FEFEARE AR EER 2R U Tx 7 /Ny 2 K I BLY S & TR DL LIS SR 2 5T
DR DLT v T HEmENND Z LT, W oRERZEL e AT X T VDBFEARE T L L aE
Ao, ZOHETIE, BAEEDOSFRENIE D ZRRBELTER LGS 2L, SHICERHICL > TRE
EREBICHIET 2 2 L T T ANBEE L COMBELZHIE CX 22 L b HIFF LTV D

ABFFETIL, (P,P,P)-9 % BfIiEED—> & LTHWS. (P,P,P)-9 A (PIL)-HlFLOMEIEMAIZL>Tr
HERAC D FEETHZ L 2RI TR L. o0 (PPP)-9 ZIEHAHEZ T o —THiks
LTH I ABEEOHNIREE & L, (P,P,P)-9 D n HRINH _ 0 FRBTER AR T 5 2 & THEIE AR

(ZHECH ST T VB 2 #5553 5 5B CTdH 5 (Figure 1-32, top). - ODXBITE D nwiZ L 5 n i

HIRSEZFMT 52 & C, nmIBERRN2SE2FMT 58%46 (Figure 1-32, bottom) (ZH~_T, ¥5%5

WA TE D EHIFF LTV D
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Selective n-face aggregation Unit structure

Linker

(PQCE_’_M :> I ] I j [ ] I ] M
(FiFace P N AN AN

(P.P.P)9 (PIL)/(PIL)-Dimer

Non-selective n-face aggregation

\:I I:l_zl
I:'_:I

Figure 1-32. Chiral membrane formation utilized n-face selective dimeric aggregation of (P,P,P)-9.

YIFIEETIL, (PPP)-14 Zkkx 72 v 1 — Tl L2 F R ARSI, ZORETERIC OV TR
BT 5. Nakamura (%, (P,PP)-14 Z Z#k72 VY v — L MIEZRY > — CTHEHAE L
(P,P,P)/(P,P,P)-48 & (P,P,P)/(P,PP)-49 % ZEiL &Rk LTz, (P,P,P)/(P,P,P)-48 %Y o — Sk 7 7= 6D 71
ALy MDA NEEETDHDIK LT, (P,P,P)(P,P,P)-49 11XV > 1 —MIE TN 5 Z L3 T
VD N FRAERERKR Y D 2 & 2 L (Figure 1-33).1* %

Saiki |%, (P,P,P)-14 % Nakamura & (X#E 722 F#kAe U o —LWIEZR Y 0 — THA L2
(P,P,P)/(P,P,P)-50 & (P,P,P)/(P,PP)-51 % EiL&hk L. (P,P,P)(P,PP)-50 XY o A —SFetk7 =D
AL Fy MDA NEEETDHDIK LT, (P,P,P)(P,PP)-511XY > —MIE TIN5 Z L3 T

XN S FEERE TR LT (Figure 1-33).3 %
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Linker

(P,P,P)I(P,P,P}-49 Linker= }=—=-% C— D

(P,P,P)I(P,P,P)-50 Linker = §—48_(CH) _8"% %
216

0
(P,P,P)I(P,P,P)-51 Linker = % D—D
o) Co—

Figure 1-33. (P,P,P)-14 connected by soft and rigid linkers.

Sugiura 1% (M,M,M)-14 % trans-7 >/ & CHEfE L7 trans-(M,M,M)/(M,M,M)-52 28 3 S E IR E TR L,
cis-7 >/ F£ T L 7= cis-(M,M,M)/(M,M,M)-52 23 %5y F- 2 Ak &2 BT % 2 & 28 L7- (Figure 1-34).%
trans-(M,M,M)/(M,M,M)-52 (% U > J1 =3[l CToHr 2N FEtEa2 G 7 5720 0 F28 T 5Dk L,
cis-(M,M,M)/(M,M,M)-52 [T53F2EKN V FE L TCNWDZ 0D - H1F288 L0280k E2BR L
7-.
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Linker

R R = COQ(”'C10H21)

. - 5N QN
trans-(P,P,P)/(P,P,P)-52 Linker = é_ \ C DN No
N-C D

cis-(P,P,P)/(P,P,P)}-52  Linker = g/ ‘§ a ® &0 %

Figure 1-34. (P,P,P)-14 connected by trans- and cis-azo linker.

UEDE IS, B FRERE, " HFREBLUEHFREEHEHT 59 AT, U —OMENEER
TR ERI-FTZ EbroTnD. FUIE, (PPP)9 & Y > 1 —Cuifh L7 MIE AR L, 2% ok
RO - F2A2FMALT2ESE, Vo h—OMEIC L > TR ED S b2 dlil+ 5 L 25 %

—kJG, Rt & BRI R B TRE T 5 2 L TR IV SRR A EEST 52 LA L
(Figure 1-35).

TUOIC, HEBEMEMZRRTRAHE 2B T 5720, — R REHFRBRE BT L.
(PPP)-9 &V h—OERNZIIIFARE AR ENEA TH L KFRHEGEFMT 5L &L, AEITIv
Ryl T IV HERW £, YHFFE= O Nakamura, Saiki, Sugiura (222 U > 1 —OEEIZ L 5 &
BRI ORERNG TR ) =2 AN D L FRNREETBRT 2 L TRTE 5720, WIERY v —
AL WIERY =28 AT 57200 TIEHAAEES Bk o etk s, LT 5D
TRE¥ENE 2 S5 (Figure 1-35 possibility 1 and 2). = 2T, U A —RIOSARRFEIC X BAAE GO
BARIH SN ZBEENEOND EHFFLC, 7V ROBRIEISENICE R WA Y 7 a B iks
MATHZEIZLE, £, A MRV IAR=MAIHE R TS (PPP)-9 L0 bIEfRELM LXEHZ &
AHME LT, TINAAFIIAR=NAEEFAT DL LI L7z, UEDZ &2 E 2, ZLEREEAIC

X ODTINF X IINKR=NIEE = DD NVEX I NVEEET H~FH T K XU V12]7
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XLy (PPP):-15L, RUBLUDLANIZ —ODOT IV ) KEFGTDHI o a—16 %6/ L, IEIEREME
FAERZ L 2 — R 2 BRI RZ RG22 L1z Lz, 728, (P,PP)-9IXXAITE 5 =20 nifi %
HTH0T, BMEEFROHROMEIZEID Y b — Tl L7- 2 BIRIE M/ L (Figure 1-35,
possibility2), = OHIMENZ & BN =N 5. HWT, =5FD (PPP)-15 % =o>D7 IV ) EExHT5Y
YA—THRTHIETRERFTINVELZAT DL Rouy— MEEZHREL, S HICHEBEBLISED 2
& TH T NG RR A AT 5 FHECd 5.

DX REEOL &, (P,PP)-15 &£ 16 DEREITY, BIEZNLDOEREITONWTIHRTND. ZOfk

RaLLTITd~%

Unit structure

1st step: Polymerization (1D)

(P/H)-Face 2 connection sites
M _>M () OIHY. /= NIlIHO
Fq O i N-HING
(PIL)-Face iPr iPr
P.pp-9  (PILYV(PIL)-Dimer (P,P,P)-15 Linker 16
N\ N\
MmiounN=] o T=Jmiom=
\ 4 \J/
Possibility 1: Dimerization Possibility 2: Polymerization (linear or cyclic polymer)

M""o/\""tﬂ Hydrog;n bonding
:> Steric- M"“O""M MH"O""M n-r interaction

repulsion

H""S""H <] HIIIIOIIIIH =

or

v/

2nd step: Chiral sheet formation (2D) ‘""Cf (PIH)-Face ’6“".““@?
H a‘ 5 ,‘
R #

R N PiL)-Face QOun@mQ Onn@e
R bﬂNH i L f "‘ §
N

H NR R Chiral sheet § 2 s’

3 connection sites o Qnu.unQ_

Figure 1-35. Porosity aggregate formation utilized precise aggregation of unit structures.
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< RFBHBRTF AANY) 2V EZREBEINVEVEEREROSE >

(P,P,P)-15 |ZLL F D X 9 IA AL L7= (Scheme 1-4). (P,P,P)-9 Z Hfilitds L OV H / —/LA7{E F 100 °C T
24 WEIINEAT 5 2 LIC X 0 = AT AKHIR 24T, T3 A X v R = llgia a3 2% (P,P,P)-53
IR 59% THF/-. eV T 30%/KER{L A U & LOKESHEAFAE T THE 1 CINBGE 2 24 BefH TV, =20
IS 5 H—2MMAKE L7z (P,P,P)-15 ZILE 34% THIK L. Zo L &, FEtchHd (P,PP)-53 28

42% TR =Tz,

Scheme 1-4.

conc. H,SO,

CeHsCl
59%

30% aq KOH
THF

(P,P,P)-15
32%

< RFEHBRTFoANY 2V ZBEIVRCBHFESRO2E >

(PPP)-15 & 16 DEAREZMRDHICHINL, T NAAXF VIR = VI EHI 5 (PPP)-53 7
(P.P,P)-9 & [RIKKICISIE T CRATEMT 5 Z L 2B L7=. 25 °C, % 1.0x 10* M 725 5.0 x 10° M D[
DEREICBNCEZ n AL H NMR 2HIE L7z 25, BREICRDICo0A~Y & OFER
ro7a hrofbty T MERERSE Y 7 B LT (Figure 1-36, 37). (P,P,P)-53 28 /TR A IR E KT 5

EIREL, H Y7 TNV DALFE T 7 MEGws PIEEKRGHENS, =T 7 4 v T 4 TEEZHNT
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(P,P,P)-53 DEATEEL Knomo = 1.6 x 10° MY, HEKDIL:L 7 b OWBIRIES, = 9.19 ppm, —EikD(bF
7 b ORIRES = 8.13 ppm Z sk 7= (Figure 1-38). 'H NMR L W k7= (P,P,P)-9 DG EE Khomo = 8.0 X

10°M Y L HRTEAEENRLRNE NN, (PPP)-53 b E-DAT D2 Enbinol.

1.0x10*M i He Hc Hp, Hs H Hg Solvent

WJM Wwwwm b

50x10*M /
i
|

N
W@LUJ e ,__\,“J»”LJL s MW‘,J e
[
N | i |
25%10° M N q

M /M | _f M

9.0 8.0 7.0
Si/ppm
Figure 1-36. "H NMR spectra of (P,P,P)-53 (CDCls, 25 °C) at various concentration between 1.0 x 10™* M to 5.0 x

1.0x10°M

50x10°M

103 M.
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(@) ()

(n-C1oH21)02C

| | | I
0 1.0 2.0 3.0 40 50 (P,P,P)-50
Concentration / 10° M

Figure 1-37. (a) Concentration dependence of *H NMR chemical shifts of (P,P,P)-53 (CDCls, 25 °C). (b) *H

assignment of (P,P,P)-53.

9.2

&/ ppm

8.6 : : :
0 1.0 2.0 3.0 4.0 5.0

Concentration / 103 M

Figure 1-38. Concentration dependence of *H NMR chemical shifts of (P,P,P)-53 (CDCl,, 25 °C) and the curve

fitting for the determination of Kygme, m, and &.

feW T, (P,PP)-15 &V 1 —16 ZIRA L, ZEEEMICOVWTIH~. (PP,P)-15 & 16 [T 2:1 Lk THA
KA T % & EZ2B5N5HDT (Figure 1-35), (P,P,P)-15 (1.0x 10° M) & 16 (5.0x 10* M) DEZ n sk
U LYRHE R 11 B TIRA LT H NMR ZHIE L2, ZORA LR D 222 kL%, (P,PP)-15 (5.0 x
10 M) BENI6 (25x10* M) ZNENDEY 1 BV AEED A7 by L st 5 &, (P,P,P)-15 D

ANVRF LVEDF IV ML7 v b OfbFs 7 MED @SS 7 B L TR Y (Figure 1-39, left), 16 D1
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Ta VIO ATF AT v oy T MERRESS S 7 R L7c (Figure 1-39, right). 7235, Z D X F
NEET T RO Y T M 16 B CITREKR A2 RS 20, ZORERN G, (P,PP)-15 O ETE

T, KEMEICLD (PPP)-15 L 16 BIOREFEMRNEZ ~TWNDH EHEZT-.

16 " g
|‘
- |

(P,P,P)-15 ‘
[ 1 |,
| \
JHH,.‘J I"'LI WJ Fuldﬂa‘lﬁvw I\L J_‘,__’."E'J.J“L"I I!qJ.f'EI | H__;L
Mixture of (P,P,P)-15 and 16 \ \
| ﬂ | m | I Jli
B f | iV
“hlikuw | 'JMJNJ W \Mﬁ e :IvL." ‘-v.kJ |I,I1-_~ikh-
9.0 8.0 7.0 2.0 1.0
5/ ppm 5/ ppm

Figure 1-39. *H NMR spectra (CDCls, ambient temperature around 25 °C) of 16 (2.5 x 10°* M), (P,P,P)-15 (5.0 x
104 M), mixture of (P,P,P)-15 (1.0 x 10> M) and 16 (5.0 x 10 * M) at 1:1 ratio.

Sl 7= K H1Z, (P,P,P)-15 & 16 D& EGIRICITHAEE D — &Ik & L 8K NE 2 bivd (Figure 1-35,
possibility 1 and 2). & Z C, IR O BT R % 3R 5 HIELE ThH 28R EEEL (DLS) %2 AW
T, (P,P,P)-15 D2 m AR/ AR (LOx 103 M) & 16 D7 1 R /L AR (5.0 x 10 M) @ L1 IRAY%
WHICFEET 2B RORE SEH|IE L (Figure 1-40). HoHE— 27 5D, IRAVER T Ok D
HIERIL 48 nm Th o7, —F5 T, (P,PP)-15 D~ @ R/L AV (5.0x10*M) H1CiX1.5nm, 16 D7 1
o ARV AR (25 %104 M) I CHE B LR FRIE 1.5 nm Th o 7. (P,P,P)-15 & 16 FNFN DRI &
W U CIRATRIE OB FRIZH R EVWZ 20D, E8FFEL TS EEZLRD. ZhiT 'H NMR
MBBLNTFERLE —H LTS, LL, BFEROEND ZOFMEFTELNEEAKRITHEMEED
LZEETIIRS ZBETHDHEEZ. A Y 7 EVEOSIKNREE SNREY RhoT-120, &Ik
b b E—ICHERR ERDER SN BTV D, EOBEMEEDO L EREZGD 2D,

ME D EmE T A~ FLEE Y o —ITEBATHZ L ZFH LTS,
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Intensity

0.1 1.0 10 100 1000
Size / d.nm

Figure 1-40. Dynamic light scattering analysis (CHCIs, 25 °C) of 16 (2.5 x 10 * M), (P,P,P)-15 (5.0 x 10 * M),
mixture of (P,P,P)-15 (1.0 x 10> M) and 16 (5.0 x 10 * M) at 1:1 ratio.

Lk, (PPP)15 L 16 %27 makR/LLAFRET D L, BAEEDO L EREZRETIC EEREZEM LT
L%, SR E S WVERILEZE AT D 2 L CEERERERTT 5. VT, =00 (PPP)-15 % =
DDT IV ) EEFTAE) N —TCTHEFETHZI L TCRERXFTINELETHT D KTy — MES IS

L, ThzlEbtSE5 L TR INDHREEREZ1T ) TETH D,
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o>

AWRETIITmRIX T VT AICERAL, 7axXIx TV o x AT o7 0705+ 250 L

TZDOHIEB KO BT OV TR,

1 RFEEEANV 2G50 AFTTT e R FURUY12]7 X L2 (PPP)-9 X ONE D EMA
(MMM)-9 Z &5 L=, Z O id DI CilE R n B2 A L, SCRBENZE R Coxf i v~ Al
53 2 TR RIE TR TORITH 5. Bk X SAEGHT LV X T&E 5 — >0 7 'n
RIFXFT N n@EATDHZENDHY, High-rim face & Low-rim face & 4 £} 7=.

2. (PPP)-9 IXFIKT C o FaalmEMR LTz, ZHITERT T~ T e Fe FURUY12]7 X L
Mo F LV TRAETEK LD TOFITH 5.

9 IF oD ERNTIXT ) o mEAL, OO TEEREEKT 52D T, FEX TV SFEEK
(PPP)-9/(PPP)-9 i% (PIL)(PIL), (PMH)(PIH) LT (PILIPIH) D =>DRAHR%E L VED. £z,
~NTE X TS FEAE (PPP)-OMMM-9 (T (PILYMIL), (PH)Y(MH), (PIL/MH) kO
(PIH)/(MIL) OP>DOEEKKZ EVELOT, stHE2ORAENEZOND. FEXF TV TR
BRI OWTIZER S X OYRRIREEO T 7T (PILIPIL) AHEAEM A2~ 7-. £ 72, WikIREEIZ B
T, REXF TNV TRAEWENT X T L0 TRE6RE 0 bRERM o7 LLEXY, 055
tonEEHEAD Y B, (PIL)-HEEREDLELREX TV NFEAERMELIZELND Z LTk
5. ZhE7aT X 70 o MATERIC, DOARFEZB L TERA LMD TofITHY, 2Dk

N 2 Sy WL NN St b S i 7 A By [= Y ES/N AebAN AN

4. (PPP)-9 O m EN 3 F BRI ARTMA L TH 7 /Wy FaREEBICY S5 2 & T LM
BREHEEST D, R LT v TRE TN GHBRERAZFIH L. ZoO~FH7 e Fr b X V[12]
TRV HIVR CEEEER (PPP)-15 & 1AL T 2V ) A T oOFTH Y U —16 AAKBREAICK

G Le 2GR e BAE L LT, ARG AEERIC K 228l Lz, ZTORR, BAL
MEDOZEKRTIIR ZE'ENRG LN, 5%, U U I —OWHMEIZ X2 BEDO LRI E X T 157

HERRRS S 2 R 5.
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Experimental Section

Melting points were determined with a Yanaco micro melting point apparatus without correction. Elemental
analyses were conducted with a Yanaco CHN CORDER MT-6. Optical rotations were measured on a JASCO
DIP-340 digital polarimeter. IR spectra were measured on a JASCO FT/IR-400 spectrophotometer. UV-Vis spectra
were measured on a BECKMAN DU 640 or a JASCO J-720 spectropolarimeter. '"H NMR (400 MHz) spectra were
recorded on a Varian Vnmr J2.2C with tetramethylsilane as an internal standard. *C NMR spectra were recorded
on a Varian Vnmr J2.2C (100 MHz) or a JEOL JNM-ECA 600 (150 MHz), and were referenced to the residual
solvents CDCl; (8 77.0). **F NMR spectra were also recorded on a Varian Vnmr J2.2C (400 MHz) or a JEOL
JNM-ECA 600 (565 MHz) with trifluoroacetic acid as an internal standard (6 —79.0). Chemical shifts are expressed
in parts per million (ppm, ). The abbreviations of signal patterns are as follows: s, singlet; d, doublet; t, triplet; g,
quartet; quin, quintet; m. multiplet. Low- and High- resolution mass spectra were recorded on a JEOL
JMS-DX-303, a JMS-AX-500, or a JEOL JMS-700. FAB mass spectra were recorded on a JEOL JMS-700
spectrometer by using m-nitrobenzyl alchohol matrix. CD spectra were measured on a JASCO J-720
spectropolarimeter. Vapor pressure osmometry (VPO) was conducted with KNAUER K-7000 molecular weight
apparatus using benzil as a standard. Gel permeation chromatography (GPC) was conducted with Recycling
Preparative HPLC LC-908 or LC-918 (Japan Analytical Industry, Co. Ltd.). X-ray diffraction data were recorded
on a Rigaku R-AXIS RAPID imaging plate diffractometer with graphite-monochromated Mo-Kaow radiation.
Dynamic light scattering (DLS) was conducted with Zetasizer NanoS ZEN-1600. CD and UV-Vis spectra were

recorded using distilled or spectrophotomeric grade commercial solvents.

Methyl  (P)-7-iodo-1,12-dimethyl-8-(trifluoromethanesulfonyloxy)benzo[c]phenanthrene-5-  carboxylate,
(P)-18. Under an argon  atmosphere, to a solution of methyl (P)-8-hydroxy-1,12-
dimethylbenzo[c]phenanthrene-5-carboxylate (P)-17 (943 mg, 2.85 mmol) in tetrahydrofuran (11 mL) and water

(11 mL) was added anhydrous sodium hydrogen carbonate (264 mg, 3.14 mmol) at 0 °C. Then, iodine (724 mg,
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3.14 mmol) was slowly added at the temperature. After being warmed to room temperature, the mixture was stirred
for 10 min. The reaction was quenched by adding 5% aqueous sodium thiosulfate. The organic materials were
extracted with ethyl acetate. The organic layer was washed with water and brine, and dried over magnesium sulfate.
The solvents were evaporated under reduced pressure, and the residue was used for the next step without further
purification.

Under an argon atmosphere, the above residue was dissolved in dichloromethane (24 mL) and triethylamine (24
mL), and the mixture was cooled to —100 °C. Trifluoromethanesulfonic acid anhydride (0.82 mL, 4.85 mmol) was
slowly added to the mixture at that temperature. The mixture was warmed to 0 °C, and stirred for 1 h. The reaction
was quenched by adding saturated aqueous ammonium chloride, and the organic materials were extracted with
ethyl acetate. The organic layer was washed with water and brine, and dried over magnesium sulfate. The solvents
were evaporated under reduced pressure, and separation by silica gel chromatography gave (P)-18 (1.16 g, 1.97
mmol, 69%) as yellow solid. Mp 77-78 °C (dichloromethane-hexane). [a]p®” —208 (c 0.10, CHCI3). LRMS (EI, 70
eV) m/z: 588 (M", 35%), 455 (M*—CF3S0,, 100%), 328 (M*—CF;ISO,, 46%). HRMS m/z Calcd for C,3H16F310sS:
587.9715. Found: 587.9703. IR (KBr) 1718, 1269, 1242, 1213 cm ™. Anal. (C23H16F3105S) Calcd for: C, 46.95; H,
2.74%. Found: C, 47.15; H, 2.80%. 'H NMR (400 MHz, CDCl;) 51.84 (3H, s), 1.86 (3H, s), 4.12 (3H, s), 7.45 (1H,
d,J=7.2Hz),751(1H,d, J=7.2 Hz), 7.70 (1H, dd, J = 8.4, 7.2 Hz), 7.71 (1H, dd, J = 8.4, 7.2 Hz), 8.15 (1H, d, J
= 8.4 Hz), 8.83 (1H, d, J = 8.4 Hz), 8.85 (1H, s). *C NMR (150 MHz, CDCl,) §23.1, 23.4, 52.6, 93.4, 118.7 (q, Jc
_F=321.3 Hz), 119.0, 123.3, 126.8, 128.3, 128.37, 128.40, 129.6, 129.7, 130.1, 130.7, 130.9, 131.3, 131.4, 133.6,
136.6, 137.4, 146.3, 167.3. °F NMR (376 MHz, CDCl3) 5-74.8 (3F, s).

Methyl (P)-7-iodo-8-trimethylsilylethylnyl-1,12-dimethylbenzo[c]phenanthrene-5-carboxylate, (P)-19. Under
an argon atmosphere, a mixture of (P)-18 (1.00 g, 1.70 mmol), tetrakis(triphenylphosphine)palladium (393 mg,
0.34 mmol), cuprous iodide (259 mg, 1.36 mmol), N,N-dimethylformamide (15 mL) and diisopropylethylamine
(5.0 mL) was freeze-evacuated three times in flask A. In flask B, trimethylsilylacetylene (0.29 mL, 2.04 mmol) was
freeze-evacuated three times, and was slowly added to flask A. The mixture was stirred at 0 °C for 6 h. The reaction
was quenched by adding saturated aqueous ammonium chloride. The organic materials were extracted with ethyl

acetate. The organic layer was washed with water and brine, and dried over magnesium sulfate. The solvents were
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evaporated under reduced pressure, and separation by silica gel chromatography gave (P)-19 (529 mg, 0.986 mmol,
58%) as yellow solid. Mp 94-95 °C (dichloromethane-methanol). [a]p®’ —484 (c 0.10, CHCls). LRMS (El, 70 eV)
m/z: 536 (M", 100%), 410 (M"—I, 30%), 335 (M"—C3H,lSi, 14%). HRMS m/z Calcd for C,;H,510,Si: 536.0669.
Found: 536.0673. IR (KBr) 2146, 1718, 1265, 1248 cm . Anal (C,7H2510,Si) Calced for: C, 60.45; H, 4.70%.
Found: C, 60.71; H, 4.71%. "H NMR (400 MHz, CDCl;) §0.42 (9H, s), 1.80 (3H, s), 1.83 (3H, s), 4.11 (3H, s),
7.41 (1H, d, J=7.2 Hz), 7.43 (1H, d, J = 8.4 Hz), 7.64 (1H, dd, J = 8.4, 7.2 Hz), 7.66 (1H, dd, J = 8.4, 8.0 Hz),
8.48 (1H, d, J = 8.0 Hz), 8.80 (1H, d, J = 8.0 Hz), 8.85 (1H, s). *C NMR (100 MHz, CDCl;) §-0.07, 23.0, 23.3,
52.5,105.3, 106.1, 106.3, 123.1, 124.6, 127.4, 127.9, 128.0, 128.4, 129.3, 129.7, 130.0, 130.2, 130.3, 131.1, 131.9,
133.0, 134.6, 136.6, 137.0, 167.6.

Methyl (P)-8-ehtynyl-7-iode-1,12-dimethylbenzo[c]phenanthrene-5-carboxylate, (P)-23. To a solution of
(P)-19 (399 mg, 0.75 mmol) in tetrahydrofuran (20 mL), was slowly added tetrabutylammonium fluoride (1.0 M
tetrahydrofuran solution, 1.1 mL, 1.1 mmol) at —40 °C. After the mixture was stirred at the temperature for 5 min,
the reaction was quenched by adding saturated aqueous ammonium chloride. The organic materials were extracted
with ethyl acetate. The organic layer was washed with water, brine, and dried over magnesium sulfate. The solvents
were evaporated under reduced pressure, and separation by silica gel chromatography gave (P)-23 (340 mg, 0.74
mmol, 98%) as yellow solid. Mp 86-88 °C (dichloromethane-methanol). [a]p®® —418 (¢ 0.10, CHCI3). LRMS (El,
70 eV) m/z: 464 (M*, 100%), 338 (M"—I, 5%). HRMS m/z Calcd for Cp4H:710,: 464.0273. Found: 464.0280. IR
(KBr) 1716, 1265, 1248 cm™. Anal. (Cp4H1710,) Calcd for: C, 62.08; H, 3.69%. Found: C, 62.44; H, 3.93%. 'H
NMR (400 MHz, CDCl;) 61.81 (3H, s), 1.83 (3H, s), 3.96 (1H, s), 4.11 (3H, s), 7.42 (1H, d, J = 7.2 Hz), 7.44 (1H,
d, J=8.4Hz),7.64 (1H, dd, J = 8.4, 8.0 Hz), 7.67 (1H, dd, J = 8.0, 7.2 Hz), 8.50 (1H, d, J = 8.0 Hz), 8.81 (1H, d, J
= 8.0 Hz), 8.86 (1H, s). °C NMR (100 MHz, CDCl;) & 23.0, 23.4, 52.6, 85.1, 86.9, 106.0, 123.1, 124.4, 127.4,
1275, 128.0, 128.1, 129.4, 129.8, 130.1, 130.2, 130.6, 131.1, 131.7, 133.2, 134.6, 136.6, 137.1, 167.5.
Hexadehydrotribenzo[12]annulene containing (P)-helicenes with methoxycarbonyl side chains, (P,P,P)-9.
Under an argon atmosphere, a mixture of tris(dibenzylideneacetone)dipalladium(0)-chloroform adduct (26.8 mg,
0.0259 mmol), cuprous iodide (59.1 mg, 0.310 mmol), trimesitylphosphine (60.3 mg, 0.155 mmol),

triphenylphosphine (40.7 mg, 0.155 mmol), tetrabutylammonium iodide (764 mg, 2.07 mmol), triethylamine (8.2
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mL), and N,N-dimethylformamide (160 mL) was freeze-evacuated three times in flask A. In flask B, a mixture of
(P)-23 (40.0 mg, 0.0862 mmol) and N,N-dimethylformamide (4.0 mL) was freeze-evacuated three times, and was
slowly added to flask A at 45 °C for 6 h. After the mixture was stirred for 12 h at the temperature, the reaction was
quenched by adding saturated aqueous ammonium chloride. Then, the organic materials were extracted with
toluene. The organic layer was washed with water and brine, and dried over magnesium sulfate. The solvents were
evaporated under reduced pressure, and separation by silica gel chromatography and recycling GPC gave the title
compound (6.1 mg, 0.0060 mmol, 21%) as brown solid. Mp >250 °C (chloroform-methanol). [a]p?® —4715 (c 0.10,
CHCls). HRMS (FAB) m/z Calcd for C7,H4506: 1008.3451. Found: 1008.3413. UV-vis (CHCls, 2.0 x 107° M) A (¢)
331 nm (1.2 x 10°), 386 nm (6.2 x 10%), 409 nm (1.1 x 10° cm "M %). CD (CHClIs, 2.0 x 10> M) A (d¢) 293 nm (-
324), 330 nm (336), 408 nm (=75 cm *M%). IR (KBr) 1718, 1238 cm ™. Anal. (C7,H.30s) Calcd for: C, 85.69; H,
4.79%. Found: C, 85.38; H, 5.05%. *H NMR (400 MHz, CDCls, 1.0 x 10 * M, 25 °C) §1.50 (9H, s), 1.77 (9H, s),
4.29 (9H, s), 7.34 (3H, d, J = 7.2 Hz), 7.50 (3H, d, J = 6.8 Hz), 7.59 (3H, dd, J = 8.0, 6.8 Hz), 7.92 (3H, dd, J = 8.0,
7.2 Hz), 8.68 (3H, s), 8.77 (3H, d, J = 8.0 Hz), 8.84 (3H, d, J = 8.0 Hz). *C NMR (100 MHz, CDCls, 4.0 x 10 3 M,
25 °C) 622.2,23.6,52.6, 98.5, 99.6, 122.8, 124.5, 124.8, 126.08, 126.13, 126.8, 126.9, 127.4, 129.0, 129.2, 129.3,
130.0, 130.4, 130.5, 130.9, 132.2, 136.4, 137.2, 167.5.

Methyl  (M)-7-iodo-1,12-dimethyl-8-(trifluoromethanesulfonyloxy)benzo[c]phenanthrene-5-  carboxylate,
(M)-18. Mp 76-78 °C (dichloromethane-hexane). [’ +199 (¢ 0.10, CHCIs). Anal. (Ca3H16F5105S) Calcd for: C,
46.95; H, 2.74%. Found: C, 47.10; H, 2.86%.

Methyl (M)-7-iodo-8-trimethylsilylethylnyl-1,12-dimethylbenzo[c]phenanthrene-5-carboxylate, (M)-19. Mp
94-96 °C (dichloromethane-methanol). [a]p?’ +466 (c 0.10, CHCI3). Anal (C,7H,510,Si) Calcd for: C, 60.45; H,
4.70%. Found: C, 60.79; H, 4.72%.

Methyl (M)-8-ehtynyl-7-iodo-1,12-dimethylbenzo[c]phenanthrene-5-carboxylate, (M)-23. Mp 87-89 °C
(dichloromethane-methanol). [a]p?’ +407 (c, 0.10, CHCI). Anal (C,sHi710,) Caled for: C, 62.08; H, 3.69%.
Found: C, 62.33; H, 3.93%.

Hexadehydrotribenzo[12]annulene containing (M)-helicenes with methoxycarbonyl side chains, (M,M,M)-9.

Mp >250 °C (chloroform-methanol). [a]p?® +4699 (c 0.10, CHCI3). UV-vis (CHCls, 2.0 x 107> M) X (¢) 331 nm
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(1.2 x 10°), 386 nm (6.3 x 10%), 409 nm (1.1 x 10° cm *M ™). CD (CHCls, 2.0 x 10> M) A (d¢) 293 nm (326), 330
nm (-323), 408 nm (74 cm™M™). Anal. (C7,H450¢) Calcd for: C, 85.69; H, 4.79%. Found: C, 85.33; H, 5.14%.
Racemic (+)-9. Chloroform solutions of (P,P,P)-9 and (M,M,M)-9 (5.0 x 10 25 x 10 1.0 x 10 5.0 x 10°°,
1.0 x 10°°, and 5.0 x 10 ® M) were prepared, and a solution of (+)-9 was obtained by mixing them in equal amounts.
The concentration of a mixture of a 5.0 x 10™* M solution of (P,P,P)-9 and a 5.0 x 10 * M solution of (M,M,M)-9 is
noted, for example, 5.0 x 10™* M. UV-vis (CHCl, 1.0 x 10> M) A (¢) 331 nm (1.2 x 10°), 386 nm (6.8 x 10%), 409
nm (1.1 x 10° cm M™Y. CD (CHCls, 1.0 x 107° M) A (de) 293 nm (3.2), 335 nm (—4.4), 409 nm (0.3 cm ‘M ™). *H
NMR (400 MHz, CDCls, 1.0 x 10° M, 25 °C) §1.62 (9H, s), 1.81 (9H, s), 4.26 (9H, s), 7.37 (3H, d, J = 7.2 Hz),
7.50 (3H, d, J = 7.2 Hz), 7.62 (3H, dd, J = 8.4, 7.2 Hz), 7.86 (3H, dd, J = 8.0, 7.2 Hz), 8.71 (3H, d, J = 8.0 Hz),
8.82 (3H, s), 8.87 (3H, d, J = 8.4 Hz). *C NMR (100 MHz, CDCls, 2.0 x 10* M, 25 °C) §22.3, 23.6, 52.7, 98.5,
99.4,122.9, 124.4, 124.7, 126.1, 126.2, 127.0, 127.5, 129.1, 129.3, 129.4, 130.1, 130.4, 130.6, 130.9, 132.2, 136.4,
137.2, 167.6.

Hexadehydrotribenzo[12]annulene containing (P)-helicene with decyloxycarbonyl side chains, (P,P,P)-53.
Under an argon atmosphere, to a mixture of (P,P,P)-9 (12.0 mg, 0.0119 mmol), n-decanol (2.0 mL), and
chlorobenzene (3.0 mL) was slowly added conc. H,SO,4 (0.057 mL, 1.07 mmol) at 0 °C. After being warmed to
100 °C, the mixture was stirred for 24 h. The reaction was quenched by adding water. The organic materials were
extracted with toluene. The organic layer was washed with water and brine, and dried over magnesium sulfate. The
solvents were evaporated under reduced pressure, and separation by silica gel chromatography gave (P,P,P)-50 (9.7
mg, 0.0070 mmol, 59%) as brown solid. Mp 188-191 °C (dichloromethane-methanol). [a]p>® —3225 (c 0.10,
CHCIl3). MALDI TOF-MS m/z Calcd for CggH10206: 1387.9. Found: 1387.1. IR (KBr) 2924, 1713, 1236 cm™. Anal.
(CogH10,06) Calcd for: C, 85.68; H, 7.41%. Found: C, 85.71; H, 7.55%. ‘*H NMR (400 MHz, CDCls, 2.5 x 10 % M,
25 °C) 50.85 (9H, s), 1.21-1.38 (36H, m), 1.47 (6H, quint, J = 7.6 Hz) 1.64 (9H, s), 1.81 (9H, s), 1.89 (6H, quin, J
= 7.2 Hz), 457 (3H, dt, J = 6.8, 11 Hz), 4.75 (3H, dt, J = 7.2, 11 Hz), 7.37 (3H, d, J = 7.2 Hz), 7.49 (3H,d, J = 7.2
Hz), 7.61 (3H, dd, J = 7.2, 8.4 Hz), 7.87 (3H, dd, J = 7.2, 8.0 Hz), 8.73 (3H, d, J = 8.0 Hz), 8.77 (3H, d, J = 8.4 Hz),
8.83 (3H, s). *C NMR (100 MHz, CDCls, 4.0 x 107> M, 25 °C) §14.0, 22.5, 22.7, 23.5, 26.1, 29.0, 29.30, 29.33,

29.51, 29.53, 31.9, 65.8, 98.6, 99.4, 123.0, 124.4, 124.6, 126.2, 126.7, 127.3, 127.4, 129.0, 129.2, 129.6, 130.0,
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130.5, 130.7, 131.0, 132.2, 136.5, 137.0, 167.6.

Hexadehydrotribenzo[12]annulene containing (P)-helicene with decyloxycarbonyl side chains and carboxylic
acid side chain, (P,P,P)-15. Under an argon atmosphere, to a solution of (P,P,P)-53 (7.7 mg, 0.0055 mmol) in
tetrahydrofuran (0.6 mL) was slowly added 30% ag. KOH (0.3 mL) at 0 °C. After being warmed to 70 °C, the
mixture was stirred for 24 h. The reaction was quenched by adding ag. 4M HCI. The organic materials were
extracted with toluene. The organic layer was washed with water and brine, and dried over magnesium sulfate. The
solvents were evaporated under reduced pressure, and separation by silica gel chromatography gave (P,P,P)-15 (2.3
mg, 0.0018 mmol, 32%) as brown solid. Mp 185-187 °C (dichloromethane-methanol). [a]p?* —2237 (c 0.10,
CHCl3). MALDI TOF-MS m/z Calcd for CggHg,06: 1246.6. Found: 1246.9. IR (KBr) 3415, 2925, 1715, 1236 cm™.
'H NMR (400 MHz, CDCl3) 50.85 (6H, m), 1.18-1.38 (24H, m), 1.40-1.60 (4H, m), 1.52 (3H, s), 1.56 (3H, s),
1.62 (3H, s), 1.77 (3H, s), 1.80 (3H, s), 1.83 (3H, s), 1.89 (4H, quin, J = 7.6 Hz), 4.81 (2H, m), 4.59 (2H, m), 7.33
(2H, dd, J = 6.8, 7.6 Hz), 7.41 (1H, d, J = 7.6 Hz), 7.44-7.62 (5H, m), 7.71 (1H, t, J = 8.0 Hz), 7.91 (1H, t, J = 6.8
Hz), 7.94 (1H, t, J = 7.6 Hz), 8.07 (1H, t, J = 7.6 Hz), 8.66-8.80 (7H, m), 8.90 (1H, d, J = 8.4 Hz), 9.22 (1H, d, J =
8.4 Hz), 9.35 (1H, s). *C NMR (100 MHz, CDCls) §14.0, 22.5, 22.7, 23.5, 26.1, 29.0, 29.30, 29.33, 29.51, 29.53,
31.9, 65.8, 98.6, 99.4, 123.0, 124.4, 124.6, 126.2, 126.7, 127.3, 127.4, 129.0, 129.2, 129.6, 130.0, 130.5, 130.7,

131.0, 132.2, 136.5, 137.0, 167.6.
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Table E-1. Crystallographic data of single crystal of (P,P,P)-9

Formula
Formula weight
Color of crystal
Crystal system
Space group
a[A]

b [A]

c [A]

al’]

Bl

[

V [AY]

z

1 (Mok,) [mm™]
Ocatca [g €M™]

Num. of uni. Ref.

Num. of obs. Ref.

R1 (F?< 26 (F%)
Rw (all data)
GOF
Temperature [K]
CCDC

(C72H4806)2(CH,CIy)
2103.13
dark reddish-brown
triclinic

P1 (#1)
11.3553(7)
15.7722(7)
16.4892(9)
66.2514(13)
74.8585(17)
79.9538(16)
2601.2(2)

1

0.134

1.343
18675
24741
0.0826
0.2790
1.120
173(2)
959740
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CiaE

ARBFFEDZEITICH TV, WALRKZPRZEER PR B 1L D2 A TR AR 72 © THRE &
THIREZG D £ LT, £, BRI 2RI N L L TOR MR Ehka 2FIZB L TTHREL G
DELEZ. ZZWOLIVEHILHE L BT ET.

7o, WHEERBEZ»DERICEA L TITHREZIH Y £ Lol RFARZEGERAITER B W
Hooll s, AMFEOFHE, £, BEROMEICOIZY ARZ KD THREZBH Y £ L RdER P ERR S S
MR TR IR BV 2 LR

AWFFEDZAT OB, Bk 2 TB AWM A ZTHE £ LI AL R PR AP A TER B RFBESEA,
FAL R PRSP R EdZ ARt L, FUL R P3P R B mEl L, ol
REFLRFBEIRAVTER B (BLag e+ RSB 20 PaAt BB L, SuAHERSER 5 T AR RL
e e BN AR S AR AR AL A IR AR AR AL SRR 2 26BN 2, e AL RS E B v 3
WFEEE A B 2 CRAUR R B R E AR L2 P FE R Bh 0 AR)IIFR IS £, BRI dEy
MRS MER  ZEEF RN, TRIERFPRFAER AR FEMER B8, JTlRdER
FRABFAZERFHMER BB TR, STRIERERAGCR AR S R A%
WL, TERALR AR FGER AN TER FHEMIE R R 2ORIIR S E# W L E T

ML DBERIZ DY, A2 THEZEHY £ LERIERZEREGEE AR 2% SR+,
FALRFRFE AR R Lo S LA L BT s

7o, RWFELZZITTDICHIZY, Hex T IHITES £ LI BRAER I ER AR L ARy
FRRAHMEFD B ORI, FEEITEH T LET.

HLE G X OB IE M ICB L C, A s/ TBI S 2 THE £ LB R AR BB AR TR B Gy FAAT iF
Jet 7 —BhE REIRAE IR E#VZ LET

HEOHT, R ORER L OREEREIC R NTEE £ LIZHRAERZER ARG A IER th e =
Dt IR < EHTW 2 LR

RBIZ, TNNETRAZRIZ TR LTS ESWVWE LR #H, # EZRFICLhBE#EWZ LET.
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