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K&, ©7 U —VBRELT-V A v & AT [+ 2+ 2 INBRALBORIE K 2 28R I5E LS
W& RIE D BISE & RIS D FEIC OV TR b D TH S,

Bfi ZRTERILEY

B EHI A BHZ R T, 2l Th D, IBIEICEND, BETH D, FRERH
D, RN KV BERESCUEORIENE S Th D, R EOBMMERD 5, THF, £DO X
O IREN T A B O RME 218 2 L Ten B A B A I BT 2 WP 7803 AT T it T
%o nBABLEWITE OB X0 Hix 2B TROREE, LR R BT D 2
ED, ALY hu=r 2 @HFE NvT U — KT 4 AT VA HISEM B
Ekkx e 3B TR SN TWDY, O X RN, n(bEWEEO— > Th 5 L5
HEFICED OGN Z O THEE LWBEZZIT T DY, & HIZ19854C
7T =L NOVEIZH—R T ) Fa—"T 20045127 T 7 = OERIENRFE R S,
SR EFAEYNET ETHERE SND L oTtz, EREEFERNORDED I, 7
T7x DX RVEMEERT LD, 77— RI—R T ) Fa—T DRI
FHiEEEZ AT Db ORI SND, —F, FHEEEE AT 2 ZREE BRSO REH
LT, RNUPUVEBAEMRIRICHR LIz 22 9% bh, ZEMICGREERDH S LD
OFEERE L COMENREALTND, T2, TA ARG FTHL R 7= 29T
AR S L CRIH S, BFHERRPBRRIC6OMER LI an 2 02 ek L 35~ F
Y an X ADERIELRBEINTWD, FHEEEL 6T 2 LR EEHRES L&
T, ¥ZunRI 7=y, NRyFXF—RUL NV REOELHEMEEEZRTH%
BRI E AR TAE S OB IERFE bR AR SN TEB Y . 2RO DbEMNR b 2OEA
TEREE I Bk 2 BUBRIR L2, ERUL PR AR A M7 2 MREEIZE W B L AE £
S>TW5,

SERL BBV R AL L TERICIIZES LD L DI s 7B K D—> & LT,
B LOWBISR T G OB JE 2 & TR E AR A IR TEOIRIC L D | HETRE R BRI TR
BENTEEIN L7 Z 38T b s, Ll BUET HEUAR Al RER B RO B pl 708 IR e
AEBWBFEL, TREMRIRT 5 2 L ZBROARERILF DRI~ BEARKZET
b5,

B R T7 ==L

SN AT T % AT 5 SRS BIELAMO DT D b Y 7 ==L iE, Fq A

1



aFy TR ERT DA AR LAEmTH Y | M ERE U CORBEEET N1 2, K
ML, AHE LED 72 SICHW LTV D Y, @ERELHWRW Y 7 ==L UFERO
AREE LT, BRIEIE 9% Diels-Alder i V72 ERZET b, —FH, @EaldEz v
HEMEE LT OAKY F 7 L33 Grignard i3 & WS G 8, 1 v 7Y o J i 919
[2+2+2]FHINBRAL G W78 B3 ST b,

SeERE 2R A R & U T, 1T 1971 RIS, SEBRABBRUSIC L D MY 7 = = L U aREIE
DEMAEHRE L (K1) 8, Zoffich, FEROSZED MY 7 == L U FHERO AR
DEFERE STV D 0 = 5 OWAERITIE, 72 b Y 7 = = L U 28 ik B4 72X
FBTHEOLNDE DD, FEMFE N 7 2= Lo %155 72 DI 1T B RIEORIEEN 4 U,
IEAMET Uiz, E£72. BIRISZINHIT 2 72 DI AN LE ThH - 7,

(1)

Diels-Alder sz W= R 7= L rOAMKbL W oS Tnsd 7, flzix
Gribble HlX, FHTRESEZT FIT b Rutr 77X L2758 d Diels-Alder 5t ?
%, KEEBIOFERILTDHZETRINERRZL N 7= aA Lz R2) ™),

Br (0]
OO OTs PhLi @ 1) Pd/C, Mg
OTs 2) TFA )
Br

—J. BEEHWARIGEE LT Brandsma i, £/ 704XV NIEBEOTF LY
FUOLESFT M) AT MRV REEHSESD L, M) 7 2= LU RBRBHRIERTELND
ZEEWmAE L GK3) 8, Lo, ZOFEMUESRTELEL T 57O REAMRICHE X
oz,



©/F BuLi, NaOt-Bu ©:F
_—
THF, hexane Na
~100 °C

©)

F-. HALBEERZ W 0-P T L ax s R U ORBREHI Y v ) U RIS b ST
(X 4) ), ZORINTRH N 7 2= L DOERICHIH SN TWE R, H&EL EOLEN
VETH T,

©:OR FeCly
OR  H2804 (70%), rt

R = Me, CSH'H! C10H21, 37-96%

4)

& HIZ Bushby 513, Hifbgkz Vo7 U — LB UKD v 7V v 7
otz Lz (X 5) ™, ZoOHEEMOD EHHHR P 7 2= L U FEERE AT
SO0, FETHLET U =L E2 BT DEICAERIERSER TS 2 & FEU LD
BRLETHL L, REOHMBERND Tz, o, WLEKIZT TRIANT VUL Y
7T v F RO T [RAR TR BOS b s ST % %h,

1) FeCl; (excess)
CH2C~|2, rt
2) MeOH, 0 °C

= OC4Hg, OCsH1q, OCgH13 .
2 o 6-73%
R2-R5 = H, Me, C5H43, OMe, Hal, OCH(CHj),

()

Flo, NIV LEERN AR g l22-0 T nEE T = =L E OER-EIH T v
TV RIS bEIE Sz (G6) 1), ZOFETITEREEOHE L EIMBSKFRBLETH D
bOO, PREXIIRFLRIGRTHNERM G ON S,



2 2
Br Br 5 mol % Pd(PPhs),

o Y
THF, 60°C
pln pln

4 RS RS 4

R% R°=H,F
R3, R*=H, F, OMe

—J7, R+ MBS W B Y 7 = = L UBEEOAK bHEShTWS, &
J Guitian, Castedo S |Z, 199842/ ¥ Al a N 2o ‘/@jﬁfhﬁﬁi\%’:i&i
L7c (7) 1, 2L TPérezbIZZ DL EFIH L, NUB VBN 7 v — =R > 7o
R EEE AT DL RGEBCEM DB Z MR L T 5H120-d),

R1 R1
2 2
Rﬁ”"s CsF R]@ Pd(PPhg),
—_— | _——
R2 OTf R2 rt (7)
— R2
,_H.OMe up to 82%
RZ=H,F

X 5|2 Deiters B, = v 7V FEZF I L Ml E AW E T 2 = VB 17-U A V&
TNAXELE= N U EDORL2V2MBRICSORT LD, FERIHE Y 72 =L U BROT
PRV 7= L UFEROGRERE L (K89 B, Ll ~(7/uy=—7
DORFBVETH Y . FIREEMRMMICHIRS S > 7o, BARRNIZIEL, BEH TR Y A o~
ET N F URIEEDKFBETH LRI A ANZRHND Z &, WHRERE /A DORE D
KT LF L ThBI L, $EINRAETEHEBRSW-EFRET LF Y, =R
VTEATE RN &, REDBENKEI N TV,

R']
| | 10 mol % Ni(CO),(PPhj),
+
MW (300 W), toluene
R? 100 °C

)

R' = Bu, CH,NBoc, CH,0OH, (CH,);CN
CH,OCHs up to 94%
R2 = H, CH,0OCHj,



R 10 mol % CpCo(CO), / R
|
MW (300 W), toluene N

120 °C

R = CH3, CH,CH3, CH=CH, up to 100%
Ph, (CH,)30H, CH,CO,Et

— . FEOHBTAMIEETIIINETIZ, IFA MR T AIEARRAT ¢ 88
A2 7 L % o D2+ 2+ 2 INBRAL SISt LBV R BT 2 2 &2 LI LTV 5 Hehs),
BROIDOHAE & LT 2003 42, B F A MEr 0 AHg-BINAP SE{AfliE 2 2% & — /D7
I v N 5y - TRIAS ZE[ 2+ 2+ 2 S INBRAL BOG A IR FN 22 S E T L m O & A7 3 S8R C
WAT LB P U FEkE 525 2 L2t Lz (3010) 9,

R o R
P E 0.5-3 mol % [Rh(cod),]BF 4/
z I Hg-BINAP @:E
+
CH20|2, rt E

X

S E ! (10)
(2.0 equiv)
R = alkyl, alkenyl, aryl, Me3Si 57-94% yield
E = CO,Me, CO,Et, CO5t-Bu 86-99% regioselectivity

Fio, WF AT U ABINAP REERMBEEZ WD & 1,7-UA ViR E T L F
& D2+2+2) MBSO BIRFN 72 60 T, BHRIGRCH#ITT 52 L 2wmE Lz L1

o

R1
o R? 5 mol % [Rh(cod),]BF 4/ )
— R I Hg-BINAP or BINAP C@:R
[ .
— 1 CH,CI),, rt-80 °C 3
——R R3 (CHxCI), r R (11)
(1.1-5 equiv) R1=H up to 94%

R'=Me, Et upto95%
R1 - COzMe up to 98%

EHIZEZOFIBT DR TIL, A F A oMo P ABINAP RS AL Z V5 &
1,7-VA = MU NVEIEA YU T 32— b & DOR+2+2MMBRA LSS IR 72 50 . B
IRURTHERT 5 2 L2 wmiE Lz (RR12,13) 1847,



3 mol % [Rh(cod),]BF 4/

CEt CO,Et BINAP — CO,Et
+ ‘ |
— Ft H CH,Cly, rt XN 12)

(1.1 equiv) Et
84%
Bn o, R1
— Rt N’ 5 mol % [Rh(cod),]BF,4/ Bn
+ !
( S g CH,Cl, rt NS0 (13)
(1.1 equiv) R'
up to 99%

VbW ENSEL T, hF Ao ha oy A2 A UEE 7 = = VG 1,7-V 4 v b
TAFxr, = b VAERIFA YT FR— b & DOR2+2INEAC UGS AR 22 SR, BATF
BRIETETL, M) 7=2=VbrER@3 7V MY 72 = LU RFREERN L @{EICER TE
HOTF RV NEZ R (N14), HF-EHIITZOFMEL <D,

N TN B

EZAHT, LTI EBIE 2 AT 2 ZEITEBELEMDO 2> ThH L~ BT,
NUBURBAN MLTHER LI EAMEEZ AT 2EEMTHY . £OXFaTT 4 UL
Fetre SICHIR N FF - T D19, E 7o, £ DORFRIMEED O GRS L FIT B 1T 26 plidE
e LTHENNRDFTHY, BALREEZHEL RN L O EANRELMETHF
TEOBIZEIX, HRed THEAIZR2ERETH 5,

A~V OAEREE LTIE, Friedel-Craftsi i, JEERILSSG2), Diels-Alder 5O hiz?), =
PHNAIED, C-HT U —ALRER, N-BLOO-7 U —/EEG2, A Z & 2 ZRES),
b ReT U —/ALEUR0, [2+2+2(INBR LI SY2970 ED3 Z v E TITiE ST b, 1955

6



FIZNewman & (%, Friedel-Craftsi i HHWTIZ U O TO I AAR~NY Y (6]~ EY) &
picZ Rk L7z (3U15) 190, KR|ETIE, -7 7 FT7 ATk REHFEMEE L, LB AR
35720 BRIO[]~ Y & 2 ORI T - 72,

sYi¥<e
0

2.7 % from 1-naphthaldehyde
(10 steps)

ZOWEDH, AF IR DWBACIENT L D VR~ & A RIEDBI% Sz, 1967
ElZMartinS 1E, 1,2-07 U — A= F L v 2 AW RBRLEISIC L A7)~V & v OB R #
AN (FH16)2%9), KB LI L 2~ B DAL, REARITEIA S Th 5035
AIRFAE BT RO KEABICARE TH - 72,

O, .., L0
ng__égr " benzene @%'lgi (16)

13%

F72 1971 FF 21T Kagan 51280, A7 OMME (Circularly Polarized Light: CPL)
Z W TEARFEBRACBOG D ety S vtz GR1T7) 20, L LZR2DY 6 (2 O AR 3K < (<2.0%
ee) . FMIREMFIELITRERN ST,



Ieft CPL

(17)

right- CPL ‘ ‘

F D%, BRG] R IR Em A RS 2 T 5 72012, GG E AR~y &
VARG S T, ED X DA E LTI9904 ICKatz 5 1%, Y E= R B Ul
RV /v DDiels-Alder iz X B AR E e Lz (18) 21,

cat. CC|3002H
toluene reflux

& 512, Diels-Alder JUSIZ L D ~Y B ERAF ) VORFER B RAA BTV 5, Carrefio,
Urbano & 13 2001 4 & 2005 412, JEH 2B T ) o F BB~ U B B ) o 219
LN~V EervAX ANz Ehak Lz (119, 20),

(18)




Y
o*°
OTBDMS
(2 equiv)
e 0
‘ CH,Cl,, -40 °C
OTBDMS 75% vyield, >98% ee
A
(19)
DDQ
—_—
benzene
reflux
R = TBDMS CsF, Mel, DMF 71% yield, >98% ee
R =Me rt
70% yield, >98% ee
Et p- ToI
(4 equiv)
CH,Cl,, —20 °C
B OEt ]
OEt 47% yield, 96% ee
e‘ 20
O Q
O
N (0] One-pot six-steps (20)
domino process
L OEt ]
OEt
o
DDQ Os @
- 5 o}
toluene, A OO o)
OEt 83% yield, 96% ee
Flo, ATV IRISICKDRBELZRLE T8 bHE SN TS, 20064F(C

Harrowven o [, BEA 9 — RAF)ILRUFFEERD 3T NE T NVT VNV K- T[B]H &

9



O v ORBARSE L (K21) 20, KRN Z L2, ZOFETHEINY £ &
D [T~ 2 v DI R EIECER B NS,

BU3SnH

VAZO MeO

toluene, 90 °C MeO

(21)

[5]helicene: 60%
VAZO = O<NeN [7]helicene: 75%

cN CN

20074RIZH)I DIE, /3T U0 Al AE IV TZC-HT U —/HERISZ AW Te~ D B Of
A RS L7, REJSTIERBINY B LR RINETHE LN DD, [6]~Y E L DIX
FITE o7 (HK22),

10 mol % Pd(OAc),
20 mol % PCy-HBF,
KQCO3, AgC03

DMA, 130 °C (22)

[5]helicene: 75%
[6]helicene: 30%

2005 FIZEAIR, TEFSI1X, N-T7 U —/HELEORICB W THREEEICH 2 BT U —/bEW
DIEFYENZAT, HFIE 2B DT T F T~V Lo 2 AR L G 23) 9, L,
O-7 V= /MEBIRIZ L DA F V[T~V B OBRLTIE T & BT LGB T T L
7= (X 23) ),

10



s

10 mol % [Pdy(dba);]-CHCI; \
20 mol % xantphos

OO X K3POy, xylene
100 °C 94% vyield, >99% ee
J
OO 10 mol % [Pd,(dba)s]-CHCI;
40 mol % biphenylphosphine

(>99% ee)

NPh

(23)

o)

X =Y = ONf K3POy, xylene \
X = ONf, Y = OH 100 °C CO
49% vyield, 94% ee

2008 41 Collins 1%, F F VLT =0 ASEARARE A V7o, SEERRAIG 5 218 5 B
BALT 4 ARV AT L BTNV B ORFERERE Lz (24) 29, KRS
T, BB L OWINT 5 7 V7 2 X0 =) o F A @R MR X Osb RN Riglc 2k L
77

t-Bu, t-Bu
t-Bu /—(
MeOQN N-Me
i—PrR \Cl
Ua
OO = . CI” | “Ph OO
P
f 4 mol % Cys | (24)
N hexafluorobenzene
9% " 90
X )
(10 equiv) 80% ee
conv. 38%

Storch & (320094F(C, ML A@MBLIC X 50 FHNE Fa 7 U —afbsis %2 v Tlel~ Y
traam Lz ((25) %9,

Me Me

O 10 mol % PtCI ‘O
S o
R Me toluene, 90 °C R

2l ke

R =H, 80%
R = OMe, 76%

(25)



FTEE OPTET DWEE TIF201455(2, U F A NMEGSERRE 2 V7o ke i 70 7
b a7 U— BSOS & 27 6l U o RFamkadE Lz (X26) 29, Zhidr
PNV B DORFEME LTHD TORITH D,

R7

7 30 mol % AuCI(SMe,)

o 15 mol % (R)-BINAP
R1 — 45 mol % AgOTf
N-RS (CH,Cl),, rt 26
2 3 222 (26)
R\\___//RR4

(/

\

~ _R5 R6

up to 96% yield
up to 74% ee

IHNETHRRTEEAY B ARETIHLIOERII2 0D AT A RS E2 VT
2, 3L EDBRE —RITHET DG E AVIIE L D @R~ B DERMBATREE 725,
D& D IB i L LTStary H 1199841, =13 L MR A Ve [2+2+ 2] B BUS IS
B[~V B UFEROE R Z D TG Lz (X27) 73, ZO/MTIE, 3o0RA ¥ T
FRIZTRRMITHEZE L T D,

Me
OO o FZ CpCo(CO),

PPh;
| | hv

decane, 140 °C (27)

I I Stary B, BEBESREAL L & HITEHEERNL T2 O TAY B ORF AR E
R L7z, # LC 1999 4 Ni/MOP S&ARfE 2 2 [6]~ U & o O RF G & W6 THE
L7223, IWEB LT U FARIREIPRERE CTH Y WEORMEZT LOTH o7z (K
28) M), Fio, = T VSR A W ROSIE, [T B UL EO &R~ Y £ DA
WA TE RN E WO HIRAH - 7=,

12



O % 20 mol % Ni(cod), O‘ OO
40 mol % (S)-MOP O OMe
>z TR %‘ 99 -

53% yield, 48% ee | (SHOMOP

(28)

—J7. EFHEOFTRT HHIERIL 2007 FEi2, BT A MEr U AR A VD &L b
U A 2 OR+2+2IFMERACSUGT & 0 [TI~ Y ' VAR D RAF 72 IUE Do o F A%
FETHONL Z L aRE L (U29) 299, Z ORGTITBRENZ &1, [RFE—IKFE =

i B OPRZ M 9 B2+ 1+ 2+ 1 INBA LRSS LT L S FRULEM LRI LT,

OO 20 mol %
o/\ [Rh(cod),]BF 4/
| | g (RR)-Me-Duphos up to 80% yield, up to 85% ee (29)
P E  CH,CI,, rt-40 °C +
sondd

E = CO,Me, CO,n-Bu, n-Bu

Flo, AFFAAMa DT AERMEEZR VD e TR IA R T VR =V N
Z W2 o PR 242+ 2] DMBRM LSBT L, 7 AL s E AT H[9]~Y B
HEAENEOND 2 EalE Lic (U 30) 20, ZOARTIE, 5 DOBRA B TRIZ TR
AICHEEE L TV D,

20-40 mol %
\\ [Rh(cod),]BF 4/
Chiral modified BINAP
+ ¢}
// CH,Cly, rt (30)
R

X= CH2, cO

up to 61% yield
R = Me, n-Bu, Ph, CH,OMe

up to 60% ee

13



SOICEFONET HMEETIL 2012 Fi2, BT A e oy Mblz AWz 7 = =
NBKGET NI A EPTAX=AT N ERE Y TAXF=ARTAT 4 U FF T RED
R+2+2MBBALSIC & D, BY 7 == LBk E AT L7 U ERORE A K%
Wi Lz (K3 290, AR LAY B OMEEREEEEEZRE L& 2 A, ZOREE
7 gum fEZY 0.030-0.032 ThH V| Ko FAMLEHE L Cidhied TENTMEREZRTZ L
B SN2 o T,

20 mol %
[Rh(cod),]BF,/
ligand

(CHLCl)y, 1t

(31)

up to 67% vyield |9,uml| = 0.030 or 0.032
up to 91% ee ¢ = 0.320 or 0.296

Flo. RKRISIERAT 7 ZVF L BOBEEE LTHOAMTH S, ARG TS
WAL ZII~T g 2035 144 EHNWDSZ LT AT R IV L BB EBET S
TENTED, HFE, FLBEEF-TWNEIAT I LA L O—D2E LTI T F L
WET B, KMEAWIITr A FZE LD ZHODBRMN 6 fid & HERLED o*r*LE%IC L DK
LUMO ZH LT\ 578, B FHEM BRI B e E~DIS AR STV S 0, =
DE IR ERT LT INAL AN REDXT VT 4 24T HEKIH AT
Z LT, RITINARBRENRMEA~DIGHBHIGF S D,

T TCERT BN Z A FEETD LAV N EZETY T IAA LR
WEAT LN B UVFERRAEARTELOTIERVWNEZS X, ATFF oy A
fIHAFEIE T €7 = = ASUET ST 4 v & oR+2+2 B b s atd s 2 & & L (R
32), B LEICBWTEDFEMA R ~S,

14



chiral Rh(l)* catalyst

(32)

iR U722 m 77 ¢ OVEREIZ PR 4% (Circular Dichroism: CD) A< kv & R
Jt%& 5% (Circulary Polarlized Luminescence: CPL) I &35 Z &2 &V il ATRECTH 5 30,
PR G e & 13 FIENE 22 8 23 PR 2 W3 2 BRI A2 P ' & A PR Y6k LTk
HEOEBECDBGEDOZ L Thd, —J, MR L ITOFHERWE R RIS DB
MR & AR EDFAMEDENE LD Z L Th D, o, HREREEFMEEZRT
FNORFGVERFTH D gun EIXFREFNTREC E 8 56 DHNTREDOEIS TH Y LA
ToXTHEZ LN, ZZTIL e RIZENENAARLE & APRICORIEEZ R L T
ol

g _2([L_IR)
lum —
(I +1g)

MREFE IR 2 R TR L EMIIZERE SN TV ER, FOHFTHEA~Y £ UiFE
RITEN T2 AT DAY CH DT OUEEAICHIZE SN TS, L LAeRns,
T OREE L R EOMBIEEE L <A ST pny,

TR BTG, TE ST, T2 Fr FLUBREATAIINY B ORI L.
Z DN - MR EHE  (gum: 0.00025-0.00030) % 542 L7z (3X33) 260,

15



ZnBr

PtCl,

1)
=——TMS
Br O; Pd(PPhs),, THF
0
Br 2) K,CO4
CHQC|2/MGOH

H,N-NH,, KOH

diethylene glycol
170 °C

R=HorPh
Ojum: 0.0025-0.0030

toluene, reflux

derivatization

(33)

DT =Fr L UEKEAT DT~V 'Y (gum 0.00025-0.00030) & Bk U T =
=L UEKEAET DI~ 2 (Qum: 0.030-0.032) & ZHEET 25 &, B AAEGEDIMINC
RO H LIe_ B UBRATHRER A LS T s B 6D, T2 TEHRIL.
E DI HEAMEDIMINT AR B U BRDEER Lo~ U B o BMEN - PR R SRt 2

DTIEW B 2 7= (Figure 1),

R=HorPh

phenanthrene-based [7]helicenes
Ojum: 0.0025-0.0030

triphenylene-based [7]helicenes
Jjum: 0.030-0.032

benzopicene-based [9]helicenes
higher CPL property ?

Figure 1. Structure-property relationship of helicenes.

16



EUET Xk y

ZZ T, FREDOPINY B OESEKR THLX Y B OERERFTT5Z 8 & LT,
INFETRUYEEVOERTIIABRIEIEDHE#SE LTHWLNTE DD, 20
BERBNT DR BTz, 1970 4RI Clar B, 7R F -7 X Lo Z2FEE LTI
WTONLY B Gz s Lz (N 34) 2,
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oligo(p-phenylenevinylene) oligofluorene

Figure 1.1. Structure of p-phenylene molecules.
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TRERVEBUVEDRIGIZR YRV BB EA N 7= LR AR L, BHEFEILY A
F— R&EERL L CED EL Brth 2l L= & 2 A, ﬁmt%%ﬁ%%%ﬂ%%fﬁ’kﬁ%
SNl oTe, L LR S, RUBVEBE A M) 7 2= L BART DI EIRSM:
N ETH-T, (15),

Pd(PPh3),Cl,
Zn, EtsN
toluene, 110 °C

FITEET. BT 2o VBB LT-DA T IVx v & OR+2+2INBRAL B 2RI L.
M) 7= BRIV VLV ERERGT D7 X — bW E RO 72 5 THRK
THZLZAME LRFZITHIZ L Lz, B 7 2= VBB 17-V A v & 14-VF =)L
YR EDORI2LAMMBLISIC LY, 72 =L VBB EA N T 2= LU RARKTE D
(X 1.6), FMEERIC, 14037 I RUCB U ERRISICHWS Z & T2 E TERMBI O 72
WARUBUVBBEE AT R 7= LU ERTE 5O TIEARW N EE 272 (X 1.7),

2 Rh()* catalyst
+ | P
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Rh(1)* catalyst

Tz LR TREIVAVUEKRE N 7oL U EREODE LS T7 X — (LAY
EEWRT DN 242 IBRALBUS & BALEOE 2 IV D LR O X5 IR b — b &Gt
Uiz, 75X T v a— e 7 2= VBE 17-0 A N T Ao MEe U A %
A&t BonlfbEMEBICLVRILIEDL I ETHH T ¥ —{LEWRE LN DL DO TIX
72N e 2 7= (Scheme 1.1)

Rh(1)* catalyst

9084
OAACUUREE..
| |
\I/’s\\r/ \T/

Il I
!

R N>

Scheme 1.1. Synthesis method of ladder-type molecules.
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B R =L BIOTH R 7= L UBEROARK

FPET 2= VGG 17-U A v la EEEA 72 TV 2 2 L D242+ 2 A INERAV S e DR E &
195 Z &2 Lz, TR % Table 1.1 1237,

Table 1.1. Rhodium-catalyzed [2+2+2] cycloaddition of biphenyl-linked 1,7-diyne 1a with alkynes
28

R’ 5 mol % [Rh(cod),]BF4/
| | Hg-BINAP
+
(CH,CI),, rt-40 °C
R? 16 h
2 3
(1.1 equiv)
entry 2 R! R2 temp 3 yield (%)?
1 2a Me CO,Et rt 3aa 89
2 2b n-Bu CO,Et rt 3ab 87
3 2c n-C10H21 COzEt rt 3ac 89
4 2d Ph CO,Et rt 3ad 94
5 2e Ph COMe rt 3ae 74
6od 2f CO,Et CO,Et 40 °C 3af 76
7 2g Ph CH,OH rt 3ag 94
8 2h SiMe; CH,OH rt 3ah 93
9 2i Ph P(O)(OEt), rt 3ai 61
109 2j n-C1oHz4 H rt 3aj 73

& [Rh(cod)2]BF4 (0.0050 mmol), Hg-BINAP (0.0050 mmol), 1a (0.100 mmol), 2 (0.110-0.200 mmol)
and (CHCl)2 (2.0 mL) were employed. ® Isolatrd yield. ¢ Ligand: BINAP. ¢ Alkyne: 2 equiv.

2, QL

PPh,
s neoo
Hg-BINAP BINAP

Figure 1.2. Structure of bisphosphine ligands.

EH ORI HIIER CTURNCHRE Lz 1,7-U A4 ViBEk L 7% v & OR2+2+ 2] e
(BSOS N2H 0 2 Bl 7 Cd D He-BINAP Z W= 2 A, B 7 == VEEG 1,7-V 1
la & 2-7FUBRT=F L (2a) L ORIENRIRTHEITLURHRIRTHRY 7 2= L UaFEk
3aa WE O (entry 1), £ 2T, ARMHZHOCTHEA REBHIEEZHTIHT VX EDK
JSERET DL L LT, BMEORE, TAFURIBCATFAVIEEH TS 2-7F T
L (2a) 2T TRLE n-TF n-RTFEUIL, T 2o VAR ET D ERMRE R E T LR
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2b-d AW THHRETKISHETLENETRY 7 2= L U FHER 3ab-ad D67

(entries 2-4), E7z. TEFNEEZATLIFAHREF AR T L F 2 28 & DORUGS S =R Tl
ITULBHFRINRT RN 7 2= L U8R 3ae NGO (entry 5), — . @WKIGEEA
T HRMBE AR T VF 2 2f LORISTIET VF 0 AC =8Bk & ORIBS 23+ 2%
TZWITRULF- & LT BINAP Z Ve, ZOMER, 40 °C OIIEARMEAZLE L LTebDDOH
FID RS HEIT U BRI 7RI T N Y 7 = = L a8k 3af 3G 57z (entry 6), S HICFE
FTARRTNF L OHRLT, fhx BRI EZH T 2B EE 7 L 20— 2T
HHBE T DO =R TRAFICHEIT L7 (entries 7-9), MWKISEEZEH TS 1-R7 v v

(2) EDORIETIE, 7TAXF L ORC=BUICKANEDER T2 T2 T VX % 2 Y&
izl 2 A, BIFRIETRY 72 =L U8R 3a) BE 67z (entry10), F7-. WNEB
AL ETAX L E OIS HRIRTHEIT LERARINETNY 7 2 =L U FEK 3ba, 3bg
gL (K 18),

R'" 5 mol % [Rh(cod),]BF 4/

Hg-BINAP
+ |l
(CHLCI),, 1t
2
R (1.8)
2a (R; = Me, R, = CO,Et): 16 h 3ba / 99%
2g (R, = Ph, R, = CH,0OH): 72 h 3bg / 89%
(1.1 equiv)

W2, T Ak U0 ABINAP REE R A W B 7 = = VG 1,7-V 1 > la & =
FUJL 4 L DG RIR2+2+ 2 MBALSGIC XD T b U 7 = = L U iF RO AR A MG L
77o EOFER% Table 1.2 1T77,
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Table 1.2. Rhodium-catalyzed [2+2+2] cycloaddition of biphenyl-linked 1,7-diyne 1a with nitriles
42

5-10 mol % [Rh(cod)]BF 4/ O
R BINAP / | R
N (CH,Cl),, rt-80 °C O N

4 5
(1.1-5 equiv)
entry 4 R (equiv) catalyst (mol %) time (h) temp 5 yield (%)
1 4a CO,Et (1.1) 5 40 80 °C 5aa 65
2 4a CO,Et (5) 5 65 80 °C 5aa 86
3 4b Bz (1.1) 10 72 80 °C 5ab 40
4¢ 4b Bz (5) 10 42 80 °C 5ab 18
5 4c CH,CN (1.1) 10 72 80 °C 5ac 55
6 4c CH,CN (5) 10 16 80 °C 5ac 88
7 4d Me (5) 5 40 rt 5ad 61
8 4e n-Pr (5) 5 40 rt 5ae 73
9 4f i-Pr (5) 5 40 rt 5af 71
10 4g Ph (1.1) 5 40 rt 5ag 58
11 4h 4-F3CCgH, (1.1) 5 40 rt 5ah 76
12 4i 4-MeOCgH4 (1.1) 5 40 rt 5ai 66
13 4j 4-NCCgH4 (1.1) 5 40 rt 5aj 58
14 4k CH=CH, (5) 5 72 rt 5ak 86

& [Rh(cod),]BF4 (0.0050-0.010 mmol), BINAP (0.0050-0.010 mmol), 1la (0.100 mmol), 4
(0.110-0.500 mmol) and (CH:Cl)2 (2.0 mL) were employed. ° Isolatrd yield. ¢ [Rh(cod),]BF4
(0.0050 mmol), BINAP (0.0050 mmol), 1a (0.050 mmol), 4b (0.250 mmol) and (CH2Cl); (2.0 mL)

were employed.

FTAF A MR VT LIHe-BINAP SERAIBFIE T, B 7 ==V 3UE 17-0 1 > la L&
TARR=NINLNTHLLT /) FHBTF L (4a) LORISEHRF LR, |RTIIIEEA
ERUSHEAT L7220 T, % 2°C 80 °CACFHR L CRIS 21T o 72 & © 5, RUSH SR
Bchdva v lazblil Lz, 2 TREROFEMET, BALT- & LT BINAP I L U Segphos
EHWTRIGE T2 & 2 A, BINAP ZHW- & &R B IEPHEIT LZ, M5
P[] 2 40 BICHER L7z & & ABUGH5ERE L BAFRIERTT F b 7 = = L 5K baa
NESNT- (entry 1), RIS THDHYA v laDHE _BIbZMEIT 572037 ) FB=F
N(da) 5N EHND LTV M 7 ==L 5K baa 2 BAF 7R IUE TR b7z (entry 2),
FNTRUY AT =R (4b) EDRIGERF LIz & 25 40 KE TIEBUR A et 3
BTH D 1,7-VA v la 2L EREERIL LTz, & 2 T4 10 mol %l &4 % & 72 IEfE] ¢
L RS 85%FLE & 72 ) hREDIRTT MU 7 ==L U FHEK 5ab 235G 517 (entry
3o FIANUY AN T = (4b) % 5 HEMWD LML 30%FEEE TR T L, I
BIEF L7 (entryd), ~m/ =k UL (4e) & DORIETHMEEZ 10 mol %IZ R % 2 &
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THREOIET MY 7= L U FER bac 3554 (entry 5), = hULZ54EHAND
Z TR E L7 (entry 6),

Fo. BTRGIEZATL=FIVORRLT, EFEE= MO TR 21T
o7, FEMIE=R U v 4d—f L DORIETIE= MU AZ 5 YEHW-E Z A, BERIETT
P RY 7 =L U8R bad-af 235 HAv7c (entries7-9), & HIZHAKE= K Vv 4h-j & H
WTH HIO UG BAFICHEST L= (entries 10-13), —J7, 77 Vua=hrU /L (4k) & D
FOGTIE 5 MEO= MUV EONRFROIERZMNIEEL LI2b DD, BIFRINETTH MY
7 == L UFFER bak NS BT (entry 14),

WIZ YA > 1b &= F VU /bda & DORES 80 °C THEAT LHFRE £ 721X RAF 7RI T
TH )7 x= L 38R Sba 36N (K19, —FH, WHY A b =KD/ 4g
EDRUSTER TIEF & A SHEITE .80 °CIZHIR L THEMLIRN 50%IZE EE o772
fili 2> 10 mol %IZ 19 & U SOG4 72 R & THER L7z & 2 ARR{ )Y 85%FRE £ T =
L., 7% bV 7 ==L U#FEK Sbg AHHRREDINECE LN (K 1.10),

Me
CO.Et 5 mol % [Rh(cod),]BF 4/ ‘
I‘I 2 BINAP / | CO.Et
+
N (CH20I)2 80 °C N
16 h ‘ 1.9
Me

1b 4a 5ba/91%
(2 equiv)

Me
Ph 10 mol % [Rh(cod),]BF4/ ‘ bh
I BINAP / I
+
N (CH,CI),, 80 °C N
77h ‘ (1.10)
Me
1b 4g 5bg / 52%
(1.1 equiv)

HNTHR) 722 BIOTY R 7= L B IET TR E Y RUBHKEOBEEIC
ARIEEERT570121,7-P A v 1lal A VT Xx— M6 L DRIGEHFTHZ &L LT,
ZORER, IF AU Mr YU AHe-BINAP SERfMELFE T, 7 = =/L38G 1,7-2 1 >~ la
EAVUTHR—F 6 ZEASED L, BETREICKISHEITLE Y RUFER 7 28355
iz, LvL, @EEgru~ o7 4—h7L7u~v 777 =280 BT HERIC
AR D —EHREE L 72 72 D72 B ) R 3FE(K Taa—ac A HEfET 2 2 LI T& o

(KX L1, —F ., KA ORDV I A AW TRBEO RIS E{To72 & 2 A,
AERNTHREE T R RIGETE U RGBSR Tha ZHBEET 22 LR AETH- 72 (R
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1.12),

R 5 mol % [Rh(cod),]BF4/
N Hg-BINAP
+ . >
g (CHch)z, rt
16 h
(1.11)
1a 6a (R = n-Bu) 7aa/ca.91%
6b (R = Cy) 7ab / ca.89%
6¢c (R =Bn) 7ac / ca.90%
(2 equiv)
n-Bu 5 mol % [Rh(cod),]BF4/
N Hg-BINAP
o c
H5ClI),, rt
J (CHaCl2 (1.12)
1b 6a Tha / 92%
(2 equiv)

BT 17-A4  OBUEENL OB OIERZ B E L, 3,3-EE U UNV4EE 1,7-0A4
VETNAX DRI ERE LT, ZORR, BERTIERISNIZEEAEHET LIRS b D
D, 80°C CHISHEIT UTEINR AN LT R 7= L U REL7= (R 1.13),

20 mol % N
n-Bu [Rh(cod),]BF 4/ | n-Bu
(S)-Hg-BINAP
+
| | (CH,Cl),, 80 °C = CO,Et (1.13)
CO,Et 16h by
NS

>90% convn.

2a (1.1 equiv) 15%
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BR BUSHEREICRE 5 B 5

U7 2= LU BAERRT DHEERUCHEREZ UL NIRRT (Scheme 1.2), £F 1,7-1 0 1
NPy MIBERBRIET 5 2 & THIEER A BAERKRT 5, 7203, L7-A DR FOT v
X UL E TV 2 NEBLAIBR LT 5 2 & CTHRIA B £721% C 03 kT 5, FHRIE A R
AR LT, TAF Y 2 BZaY U ACEN L Le Py A —RBBAICHAL TN, BETH
BEDNHEITTHZE TR 7= IBERLTND EEZEZOND, £, FHEB M
AR LTZHAIETA > 1 OB IR TOT IR AN T YT MIEAL L 1 P b — [RFERE
BIFHALTOD, BTOBEENAETT 226 TR 7=y 3 BEK LTS LB X
BB, —F, TR CBRERLESAICIEI N 7= 3 NELNT, BIERDE L
THY A —NERT DHEBZLND, RRISIZBWTERBIERDITL,7T-4 1O &
KESAERR TH D12, EIZPathA TRIGHAHEITL TWVWDH EEZ LD,

+
O \ - o oligomers derived

from 1 and 2

Scheme 1.2. Possible mechanism for rhodium-catalyzed [2+2+2] cycloaddition of diynes 1 and

alkynes 2.

FENTT Y MU 7 == Lo PRS2 HEEROGHEME 4 LU FIZRT (Scheme 1.3), JEARY
W M) 7 2= LU NERT DR LR CRCEE CTH D L EZATVD, £T17- A4 1R
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0 Yy AMIBEERLT 5 2 & THIIR A BNEKRT D, £20E L7-UA DR TOT LR
VENLE = N UV ARERERIBRLT D Z & THRIKE 721X F AT 5, KA 23
L7H, = bV 4 BRaPyAICENMNLE YT A—REMEITHEALTHE, BT
BERNEITT D22 CTTH M) 7=y 5 BMERLTWD EEZLNRD, £72, FHK E
DERLEGEIEFZTC A 1L OLIRFOT AT AR YT MRS L e U A—RFE
FEAICHAL TS, BITABBESETT 22 7MY 72=1 2 5 BRERLTND
EEBEZOND, —FH. THEEF BAERLIZSGEIETF R 7= 5 BT, El
R E LTAHY I~—NERTHEBLND, 2B, = MU ADPEBERIBRILE I3
AT DHEETIE, = P AVOERFEFR R U LI T D72, v A-EREG AR
THEHEL TWND, Fo, AEINTEBW TS ERRIERMIL 1,7-04 1 O ZEERRIGA
) CTh LT, EIZPathA TRIGDEITL TWH EE X HD,

oligomers derived
from 1 and 4

Scheme 1.3. Possible mechanism for rhodium-catalyzed [2+2+2] cycloaddition of diynes 1 and

nitriles 4.



BUET ) 7=V BKERT LT X LB DGR

KEOE TR L I, RUBCEBEA N 7=2=L U OAMERG Lz, £
DFEFR, BFF o Mr U7 AIHe-BINAP S5 Z VD Z & T 7 = = VEEE 1,7-U A
la & 14-Y = F = )L_EB 8 & DOR+2+2) S INBRAL 23 il THEAT L, RAF 72U T 1,4-
V(M) T z=Lb 24 ) RUB(9) LB FERSBIFRINETHE LN (K 1.14),

10 mol % [Rh(cod),]BF 4/
SN Hg-BINAP
= (CH,Cl),, 1t (1.14)
16 h
8 9/70%

1a
(2.5 equiv)

FREIC, NP UVEBEATH R 72 LU bHICERTE 2D TIIRV N EE X
Mt 21T o 12, TOREE, I F 4 om0 AHe-BINAP $SAfiIE 2 A5 Z L T 7 ==
NRELT-FA & 14D T ) _RoP L (4)) & oR+2+25 MBS =RETHEIT L, H
BETERP U TERBENTZEATHF R 7 2= 12 10 & Ebh 4 EER BAFRINERT
Bonl (X115, LrL, DEOXSIZAERLIZEA N 7= 9B LA T H
U 7 ==L 2 10 1 3R MEME D D TR > 72728, NMRIZE S [REIXTE TUeuy,

N
Il
10 mol % [Rh(cod),]BF 4/
BINAP
H5ClI)y, rt
(c 722ng (1.15)
Il
N
1a 4 10/ 76%

(2.5 equiv)

WIZ, FVF VB EAT DT XMoo EkEma Lz, £3. 7FLEe2aT
AT LT L a— LB 13 & 143 — RRUPr (1) a7 o
—VEBER (12) L ORT U AN X AEED 7Y O X o TERKR L (K
1.15),
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OH

n-Bu
Pd(PPh3),Cl, ~ N
| | cul n-Bu XY
' (1.15)
n-Bu n-Bu i-Pr,NH, toluene 1.15
OH 60 °C to rt X__n-Bu
HO n-Bu
11 12 13/66%

GENT T SLELT L a— LVEEEEFNT, 58— (LMD akewat L, BT
F om0 LHg BINAP SEAMBEAAE T, B 7 = =/VIUE 1,7-0A > la L 7/ L)L
TV —)VERER 14 L OR+2+ 2B LG 21T o 1o Z D%, BRIC KV BRI T 52 LT
TNHAVBEREATD M) 7 2= UFFEIK 16 23 BAFRINE TR b/ (Scheme 1.4),

BU n-Bu 10 mol % [Rh(cod),]BF 4/
o Hg-BINAP
+ %
(CHLCl),, 1t
16 h
14
(2 equiv)
HBF4' OEt2
B —
CH,Cly, rt
overnight
15160% 16/91%

Scheme 1.4. Synthesis of fluorene derivative 16.
T, AR 7 2= VG 17- A v la LRV EB U TCRIBE N7 2L LT L a

—VFBEAR 17 & OR+2+2IMBAL G 2 T o728, BRIC K VEBRIL T A2 ThU 7 ==L
VERERT DT XA 19 355 7- (Scheme 1.5),
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20 mol % [Rh(cod),]BF4/

Hg-BINAP
THF, 60 °C
N_Me 16 h
Ho Me
HBF4' OEtz
B ———
CH2C|2, rt

19

Scheme 1.5. Synthesis of ladder molecule 19.

Ll 7% —baM 19 13 THEMMEMEK < HEPREIRS IHNMR 227 R L OJIE
NREETH -T2, T2 T, WMEEZ R ESED7201 -7 FAEEET L7 20X LT
VA —=)iEER 18 EDORISERRE LTz, £ORR, M) V==LV UK ERAT LT 4 —1k
B 21 BRAFRIGE TR b7z (Scheme 1.6), 207 ¥4 —{bA¥ 21 1I3bAEH 19 KW H R
WREtEEZ R L, o7 Lhrma~v N7 77 4 —IZXHHBENAIEETH - T2,

n-Bu
n-Bu \\ 20 mol % [Rh(cod),]BF 4/
Hg-BINAP
+
(CHLCl),, rt
% n-Bu 126 hz
HO n-Bu
1a 13
(5 equiv)
HBF4' OEt2
—_—
CH2C|2, rt
13 h

21/71% (2 steps)

Scheme 1.6. Synthesis of ladder molecule 21.
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. AT VL TEBINETa 2L ALT a—L 22 T, REOKIGEITH
Z LT, ELIHRREME LT X —{bEW 24 35547 (Scheme 1.7),

20 mol %
[Rh(cod),]BF 4/
Hg-BINAP

(CHLCl)y, rt
16 h

HBF4' OEtz

B
CH,Cly, rt
13 h

24 /66% (2 steps)

Scheme 1.7. Synthesis of ladder molecule 24.

RO T X —{bE 213 L ORAOREEIL, RS B XEREE AT IC K 0 78 L7, (Figure 1.3,
Table 1.3), #t\ T LR 7 ¥ —(b&5#21% L OR40FE 2~ L7z, (Figure 1.4, 1.5),
7 2 —{baliTbihic, T X —{ba2lidaiilino TRIE L, & bic~U iR — Uiz
Lo TWe, 707 ¥ —{bEW40 5y 1 FHERET3.28 ATT ¥ — (&2l (351A) 1Tk~
L lpoTn, ZHIET X —bEaW2Lickf L2400 578 K 0 ndt B3 E La-nbl A VEH 2398 <
oleled ThirLeEZLND, —F, 74— LEWAL ARERSOHEREHETHA
BEHES TR LAY I7 ALy (Figure 1.1) OfE ST Ccoyy EREZ3.46 ATH - 72,
FU TTNF VAR T X (B W2AD 5 FRIBERENEL 2o 7eDIZ R 7 ==L 0D
EWEBMEICHRT 5 LB bND,
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Vel LK
15 b

- H%(Q‘;
o K\4

ha? Do

Figure 1.5. Packing structures of ladder molecule 24.
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Table 1.3. Crystal data and data collection parameters of ladder molecule 21 and 24.

21 24
formula CooHss Cs2Hos
formula Weight 779.06 1078.64
crystal color, habit colorless block yellow block
crystal system orthorhombic monoclinic
space group Pbca Cl2kcl
a(A) 16.6507(3) 29.1077(5)
b(A) 8.32790(10) 14.1829(3)
c(A) 30.7761(5) 31.4298(6)
a (deg) - _
B (deg) - 92.4680(10)
Y (deg) - -
V(A3 4267.58(12) 12963.2(4)
VA 4 8
dealc (g/cm?) 1.213 1.105
1 (Cu Ko)) (mm™) 0.509 0.459
Fooo 1672 4680
Crystal size (mm?) 0.35%0.2x0.04 0.5%0.5%0.1
Temperature (K) 193(2) 193(2)
0 range (deg) 3.91-68.25 3.04-68.24
index ranges -19<h<18 -34<h<34
-10<k<10 -17<k<17
-36<1<37 -37<1<37
number of independent reflections 3883 11857
number of parameters 273 857
number of restraints 0 269

Ri, wR> [[>20(1)]
Ri1, wR, (all data)
S

largest difference peak and hole (eA )

0.0432, 0.1069
0.0561, 0.1181
1.106
0.176,—-0.185

0.0791, 0.2445
0.0968, 0.2726
1.174
0.553,-0.377
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BHE M) T7xz=Ly, TH M) 7= L U8R E T X —bAMDO TR

AEHE , WHTERLE M) 7=V B8R 3, TN 7= UiFEks, 74
—{bE¥ 16, 21, 24 DEEN WL AT L, HAART ML, HARERTINEEZ 7 1
BV BT CHIE L7z (Table 1.4, Figure 1.6-12), TN 2N OMKWIEEIX, MY 7=
SLURERI LT N 7 2= L UFREIR 5, 723 260-280 nm FEE T T X — (kAW 16,
21, 24 NENEIN 278,392,407 nm ThH Y | ERPPRT DI O TREEY 7 M LT
5T EBHBEMNTRo T, Tl BREDGERICOWTS M) 7 ==L URFEAR3, 7Y b
U7 x2= L UiBEIR 5 7 OBKEOEEIZZNE 360-385 nm FLE, T R 7 o=L
BB T OMKHEOGHERIE 498 nm, 7 ¥ —{LEW 16, 21, 24 DRRREOLERITZENEN
362, 396, 412 nm T v . LEZMEVBICHON THRAHNEEELERES 7 FL TS Z
ERHLNTR T, £, T X —LEW 24 DRRRIINI E & o ek BIZRIRE ICE
SOEREETDH, AFEHS TR A Y TT ALY WBRRIE R &R el &
X NZF4 386,390 nm F2EE, Figure 1.1) ([CHAREREY 7 LTV, Zhb b 7 ==
LV UBRIC L DR OMREICHRT 2 LB b D,

FNWTRY 7 2= L U8 RO BEFNEEZE L A7 ==V EB IO b
CHNR=NEEETH MY 72 =L UFFEK 3ad (9.9%), oD X IR =L
ZHETHR) 7= L UFER 3af (9.7%), V2= LY RR VAR AR VA AT
MU 7 ==L B Bal (12.4%) NEEHRO MU 7 ==L (6.6%) TR TEVE
HEFINRE R Lz, —F, 7=t a2 FVEEHT % 3ag (3.0%), ~V
AFNVIY AL RaX U AFARERTH M) 7 ==L U8k 3ah (2.9%) |3 MHE{E 2
DR 7 2= L AR TRWEEE FIEEZ R LT, —J, 7Y R 7= L B8RS
ERY 7 2= L UFRER 3 IZHANEWEEEFIEREEL R L, FRZ 42 MU 7 =V %
BTLH7H Y 7 ==L FFEK bai (23.0%) BLO 47 ) 7= Ve HT5H57H b
U7 x=LFF8K 5a) (30.6%) NmWa bR FICEEZ R L, —F, TR 7==1
VIR Tha [ TRV DR IR AR Lz, fit\ T, 74 —(bEW 16 (265%) (XY 7 =
SLUBHBEKR3 L mWEAETIEZ R L, 74— (AW 21, 24 13D TEWE LR T
IH (85%FLE) ZRd 2 ENHALMNIR -T2, £, 77X LAWY 24 OESEETICRIX
FREICRIOEREAT 5, K%%E’C“ifﬁf\“f:ﬁU 7 F L (81%. Figure1.1) 2
e E LT e, ZHUE RNY 7 2= L B OMIE S 12 X 2 B RIE ORI L 57
HThHDHEZZLND, —F, BEAKE i%ﬁu\/\%ﬁmm’ﬁﬂ%@t&w& —{bEaw 21,
24 DEEETURIE 10%FE £ TR T L7z,

UboXoiz, NI 7= rBIOTHF R 7= U FKICE R KB LOE
G IAEANT 52 LT, MRRIGEE, MREEEE, BIOREE TICEE AIEICE
{bEEDLZENTET,
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Table 1.4. Photophysical properties of representative triphenylenes 3, azatriphenylenes 5 and 7, and
ladder molecules 16, 21, and 24.2

compound i UV-absorption i fluorescence excitation E o excitation

3 (R',R?) E Amax (NM) E Amax (NM)  wavelength (nm) E wavelength (nm)

or 5 (R)] ! ! i
3ad (Ph, CO,Et) 270 384 270 0.099 270
3af (CO,Et,CO,Et) ' 269 ! 365,381 270 I 0.097 270
3ag (Ph, CH,OH) | 266 I 369 270 ! 0.030 270
3ah (SiMes, CH,OH) | 258,266 | 368 270 ! 0.029 270
3ai (Ph, P(O)(OEt);): 267 I 359,375 270 i 0.124 270
5aa (CO,Et) L 267 | 358,375 280 L0117 280
5ag (Ph) L 274 I 361,379 280 ! 0.176 280
5ah (4-F;CCgHy) | 274 ! 360,378 280 ! 0.193 280
5ai (4-MeOCgH,) | 259,279 | 377,387 280 | 0.230 280
5aj (4-NCCgH,) | 259,277 | 363, 381 280 | 0.306 280
7ba | 278,288 | 498 290 | 0.055 290
16 1278 ! 362,381 280 ! 0.265 330
21 L 392 396,419 390 ! 0.859 370
24 L 407 I 412,437 410 ! 0.881 400
21 (solid) 5 5 i 0.092 410
24 (solid) 5 5 | 0.125 300

@ Measured in CHCls at 25 °C. At 1.0 x 105 M.

Figure 1.6. Structures of triphenylenes and azatriphenylenes.
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Figure 1.7. UV-Vis spectra of triphenylenes 3 in CHCI; at 25 °C.
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Figure 1.8. UV-Vis spectra of azatriphenylenes 5 and 7 in CHCl3 at 25 °C.
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Figure 1.9. UV-Vis spectra of ladder molecules 16, 21, and 24 in CHCls at 25 °C.
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Figure 1.10. PL spectra of triphenylenes 3 in CHCl; at 25 °C.
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Figure 1.11. PL spectra of azatriphenylenes in 5 and 7 CHCl3 at 25 °C.
800
700 |
600 16
500 21
£ 400 | —21
300 |
200
100 +
0 . . . . . .
330 360 390 420 450 480 510 540 570 600

Wavelength, nm
Figure 1.12. PL spectra of ladder molecules 16, 21, and 24 in CHCls at 25 °C.
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Experimental Section

l. General

Anhydrous CH.Cl, (No. 27,099-7) and (CH2Cl), (No. 28,450-5) were obtained from Aldrich and
used as received. Solvents for the synthesis of substrates were dried over Molecular Sieves 4A
(Wako) prior to use. Hs-BINAP were obtained from Takasago International Corporation. Diynes
(1a,° 1b,1° 17,** and 22'?) and monoynes (2¢,*? 12, and 14'%) were already reported. All other
reagents were obtained from commercial sources and used as received. All reactions were carried out
under an atmosphere of argon or nitrogen in oven-dried glassware with magnetic stirring. Infrared
spectra (IR) analyses were carried out on a JASCO FT/IR-4100. *H and *C NMR data were
collected on a JEOL AL-300 (300 MHz) and JNM-ECA500 (500 MHz) at ambient temperature.
temperature. HRMS data were obtained on a Bruker micrOTOF Focus Il. UV-vis absorption and
fluorescence spectra were recorded on a JASCO V-630 and a JASCO FP-6200 spectrophotometers,
respectively. Fluorescence quantum yields were obtained on a Hamamatsu Photonics, Absolute PL
Quantum Yield Measurement System, C11347-01. Solution samples in CHCI; for the measurement
of fluorescence quantum yields were degassed by nitrogen gas bubbling for 1 minute. Solid samples
for the measurement of fluorescence quantum yields were prepared by concentration of their CH2Cl;

solutions.

I1. Synthesis of diyne 13

5-[4-(3-Butyl-3-hydroxy-hept-1-ynyl)-phenylethynyl]-nonan-5-ol (13)

n-Bu n-Bu
HO %
X__oH
n-Bu
n-Bu

To a stirred solution of PdCIy(PPhs), (8.6 mg, 0.012 mmol) and Cul (9.3 mg, 0.049 mmol) in
di-isopropylamine (30 mL) and toluene (10 mL) were added 1,4-diiodobenzene (0.402 g, 1.22
mmol) and 5-ethynyl-5-nonanol (0.430 g, 2.56 mmol). The resulting mixture was stirred at 60 °C for
4 h. The reaction mixture was filtered and concentrated. The crude product was purified by a silica
gel column chromatography (hexane/EtOAc = 10:1) to give 13 (0.329 g, 0.800 mmol, 66% yield).
Pale orange solid, mp 52.6—54.4 °C; IR (KBr) 3347, 3077, 2963, 2861, 1507, 1380 cm™*; 'H NMR
(CDCls, 300 MHz) §7.35 (s, 4H), 1.95 (s, 2H), 1.80-1.66 (m, 8H), 1.62—1.47 (m, 8H), 1.38 (sext, J
= 7.2 Hz, 8H), 0.95 (t, J = 7.2 Hz, 12H); 3C NMR (CDCls, 125 MHz) 6 131.5, 122.7, 94.0, 83.9,
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71.7,41.8, 26.5, 22.9, 14.1; HRMS (ESI-TOF) calcd for C2sH4202Na [M + Na]* 433.3077,
found 433.3071.

111. Rhodium-Catalyzed [2+2+2] Cycloaddition of Biphenyl-Linked 1,7-diyne with Monoynes
or Nitriles.

General Procedure: Under an Argon atmosphere, Hg-BINAP (3.2 mg, 0.0050 mmol) and
[Rh(cod)2]BF4 (2.0 mg, 0.0050 mmol) were dissoleved in CH2Cl, (2.0 mL), and the mixture was
stirred at room temperature for 10 min. Hz was introduced to the resulting solution in a schlenk tube.
After stirring at room temperature for 1 h, the resulting solution was concentrated to dryness and the
residue was redissoled in (CH2Cl), and a (CHCl) solution of 2b (17.0 mg, 0.11 mmol) was added.
A (CHxCI), (2.0 mL) solution of 1a (20.2 mg, 0.1 mmol) was added dropwise at room temperature
for 16 h. The resulting solution was concentrated and purified by a preparative TLC
(hexane/chloroform = 2:1), which furnished 3ab (30.9 mg, 0.0867 mmol, 87% yield).

3-Methyltriphenylene-2-carboxylic acid ethyl ester (3aa)

Colorless solid, mp 118.3—119.1 °C, Hg-BINAP: 28.1 mg (89%), BINAP: 24.0 mg (76%); IR (KBr)
3074, 2973, 1710, 1271, 1095, 753 cm’'; 'H NMR (CDCls, 300 MHz) §9.13 (s, 1H), 8.66-8.47 (m,
4H), 8.32 (s, 1H), 7.72-7.54 (m, 4H), 4.49 (q, J= 7.2 Hz, 2H), 2.80 (s, 3H), 1.51 (t, /= 7.2 Hz, 3H);
BC NMR (CDCls, 75 MHz) 6 167.6, 137.7, 132.1, 130.6, 129.4, 129.3, 128.6, 128.5, 127.9, 127.30,
127.25,127.2,126.3, 125.9,123.7,123.3, 123.2, 123.1, 60.9, 22.3, 14.5; HRMS (ESI-TOF) calcd for
C»Hi1s02Na [M+Na]* 337.1199, found 337.1194.

3-Butyltriphenylene-2-carboxylic acid ethyl ester (3ab)

Colorless solid, mp 85.0-85.9 °C, 30.9 mg (87%); IR (KBr) 3078, 2952, 1719, 1269, 1086, 752 cm’;
'"H NMR (CDCls, 300 MHz) & 9.15 (s, 1H), 8.69-8.55 (m, 4H), 8.42 (s, 1H), 7.72-7.59 (m, 4H),
4.50 (q, J= 7.2 Hz, 2H), 3.20 (t, J = 7.8 Hz, 2H), 1.81-1.67 (m, 2H), 1.58-1.42 (m, 5H), 1.01 (t, /=
7.2 Hz, 3H); 3C NMR (CDCl;, 75 MHz) 6 167.9, 142.3, 132.1, 130.6, 129.5, 129.4, 128.8, 128.7,
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127.9, 127.4, 127.3, 127.22, 127.20, 126.5, 125.3, 123.7, 123.3, 123.2, 61.0, 34.8, 34.2, 22.9, 14.4,
14.1; HRMS (ESI-TOF) caled for CosHa40>Na [M+Na]* 379.1669, found 379.1674.

3-Decyltriphenylene-2-carboxylic acid ethyl ester (3ac)

Colorless solid, mp 80.5-81.4 °C, 39.4 mg (89%); IR (KBr) 3078, 2923, 1721, 1271, 1091, 754 cm;
'"H NMR (CDCl3, 300 MHz) &6 9.16 (s, 1H), 8.69-8.56 (m, 4H), 8.43 (s, 1H), 7.72-7.60 (m, 4H),
4.50 (g, J= 7.2 Hz, 2H), 3.19 (t, J= 7.8 Hz, 2H), 1.80-1.67 (m, 2H), 1.56-1.18 (m, 17H), 0.89 (t, J
= 6.9 Hz, 3H); '3C NMR (CDCl;, 75 MHz) 6 167.9, 142.3, 132.1, 130.7, 129.5, 129.4, 128.8, 128.7,
128.0, 127.4, 127.3, 127.23, 127.21, 126.5, 125.3, 123.7, 123.3, 123.2, 61.0, 35.1, 32.1, 31.9, 29.9,
29.7, 29.63, 29.62, 29.3, 22.7, 14.4, 14.1; HRMS (ESI-TOF) calcd for C3;H3sO2Na [M+Na]*
463.2608, found 463.2611.

3-Phenyltriphenylene-2-carboxylic acid ethyl ester (3ad)

Colorless solid, mp 156.0-157.9 °C, 35.3 mg (94%); IR (KBr) 3088, 2980, 2935, 1953, 1709, 1249
cmr'; "H NMR (CDCls, 300 MHz) §9.14 (s, 1H), 8.79-8.47 (m, SH), 7.81-7.56 (m, 4H), 7.56-7.34
(m, 5H), 4.22 (q, J = 6.9 Hz, 2H), 1.09 (t, J = 6.9 Hz, 3H); '*C NMR (CDCLs, 75 MHz) & 168.7,
141.8, 140.5, 131.7, 130.6, 129.8, 129.7, 129.1, 128.8, 128.7, 128.4, 128.1, 128.0, 127.6, 127.5,
127.3, 1272, 125.8, 125.6, 123.8, 123.5, 123.4, 123.3, 61.1, 13.7; HRMS (ESI-TOF) calcd for
Ca7H200;Na [M+Na]* 399.1356, found 399.1356.

1-(3-Phenyltriphenylen-2-yl)-ethanone (3ae)

Colorless solid, mp 200.2-201.9 °C, 25.5 mg (74%); IR (KBr) 3070, 3031, 2925, 1959, 1678, 761
em'; 'H NMR (CDCls, 500 MHz) & 8.85 (s, 1H), 8.74-8.56 (m, 4H), 8.59 (s, 1H), 7.75-7.60 (m,
4H), 7.59-7.43 (m, 5H), 2.15 (s, 3H); °C NMR (CDCls, 125 MHz) 5204.5, 141.0, 139.4, 138.9,
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131.4, 130.6, 129.9, 129.2, 129.1, 128.9, 128.8, 128.6, 128.1, 128.0, 127.7, 127.5, 127.4, 125.3,
123.8, 123.7, 123.5, 123.4, 123.3, 30.6; HRMS (ESI-TOF) calcd for C26Hi;sONa [M+Na]* 369.1250,
found 369.1256.

Triphenylene-2,3-dicarboxylic acid diethyl ester (3af)

A (CH2Cl), solution of 1a and 2i was added dropwise to a (CH,Cl), solution of the Rh catalyst.
Colorless solid, mp 106.9-108.4 °C, 28.3 mg (76%); IR (KBr) 3081, 2980, 2937, 2904, 1721, 1251
cm'; "H NMR (CDCl3, 300 MHz) 6 8.97 (s, 2H), 8.75-8.57 (m, 4H), 7.79-7.63 (m, 4H), 4.49 (q, J
= 7.2 Hz, 4H), 1.47 (t, J = 7.2 Hz, 6H); *C NMR (CDCls, 75 MHz) 6 167.9, 131.3, 130.5, 130.0,
128.6, 128.5, 127.6, 124.8, 123.9, 123.4, 61.8, 14.2; HRMS (ESI-TOF) calcd for Cz4H204Na
[M+Na]* 395.1254, found 395.1255.

(3-Phenyltriphenylen-2-yl)-methanol (3ag)

Colorless solid, mp 195.9-197.2 °C, 31.6 mg (94%); IR (KBr) 3339, 3052, 2927, 2242, 1601, 1438
cmr'; "TH NMR (CDCls, 500 MHz) 58.82 (s, 1H), 8.77-8.71 (m, 1H), 8.70-8.64 (m, 2H), 8.62 (d, J
= 8.0 Hz, 1H), 8.52 (s, 1H), 7.76-7.59 (m, 4H), 7.57-7.43 (m, 5H), 4.87 (s, 2H), 1.79 (br, 1H); 13C
NMR (CDCL, 75 MHz) & 140.7, 140.2, 137.2, 130.0, 129.8, 129.47, 129.46, 129.3, 129.1, 129.0,
128.4, 127.5, 127.3, 127.2, 124.9, 123.44, 123.36, 123.3, 122.9, 63.6; HRMS (ESI-TOF) calcd for
C,5H,50Na [M+Na]* 357.1250, found 357.1255.

(3-Trimethylsilanylmethyltriphenylen-2-yl)-methanol (3ah)

Colorless solid, mp 151.7-152.3 °C, 30.6 mg (93%); IR (KBr) 3276, 3085, 2941, 1606, 1245, 839
em'; "H NMR (CDCls, 300 MHz) & 8.81 (s, 1H), 8.76-8.54 (m, 5H), 7.73-7.58 (m, 4H), 5.02 (s,
2H), 1.93 (br, 1H), 0.50 (s, 9H); *C NMR (CDCLs, 125 MHz) & 144.5, 136.6, 130.3, 130.2, 130.0,
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129.7, 129.6, 129.4, 127.8, 127.4, 127.2, 127.1, 127.0, 123.35, 123.27, 123.2, 123.0, 121.6, 65.6,
0.4; HRMS (ESI-TOF) calcd for C22H220SiNa [M+Na]* 353.1332, found 353.1342.

2-(Diphenylphosphinoyl)-3-methoxymethyltriphenylene (3ai)

P(O)(OEY),

Ph

Colorless solid, mp 206.8-209.0 °C, 28.3 mg (64%); IR (KBr) 3073, 2980, 2864, 1599, 1242, 1032
em'; '"H NMR (CDCls, 500 MHz) & 9.40 (d, J = 16.0 Hz, 1H), 8.84-8.75 (m, 1H), 8.70-8.63 (m,
2H), 8.62 (d, J = 8.5 Hz, 1H), 8.56 (d, J = 5.0 Hz, 1H), 7.76-7.67 (m, 3H), 7.66-7.56 (m, 3H),
7.52-7.42 (m, 3H), 4.09-3.89 (m, 4H), 1.20 (t, J = 7.0 Hz, 6H); 3C NMR (CDCL, 125 MHz) &
143.44, 143.37, 141.61, 141.58, 132.21, 132.18, 130.9, 130.5, 130.4, 129.8, 129.6, 129.0, 128.7,
128.3, 128.1, 127.9, 127.7, 127.6, 127.5, 127.4, 126.2, 126.1, 124.7, 123.8, 123.6, 123.4, 123.3,
61.95, 61.90, 16.14, 16.08; 3P NMR (CDCls, 202 MHz) & 19.2; HRMS (ESI-TOF) caled for
CasHasOsPNa [M+Nal* 463.1434, found 463.1435.

2-Decyltriphenylene (3aj)

Colorless solid, mp 57.7-59.5 °C, 26.8 mg (73%); IR (KBr) 3071, 2919, 2849, 1620, 1469, 745 cm™';
"H NMR (CDCls, 300 MHz) 6 8.78-8.59 (m, 4H), 8.57 (d, J= 8.4 Hz, 1H), 8.45 (d, J = 1.5 Hz, 1H),
7.77-7.58 (m, 4H), 7.50 (dd, J = 8.4, 1.5 Hz, 1H), 2.87 (t, J = 7.5 Hz, 2H), 1.79 (quin, J = 7.5 Hz,
2H), 1.51-1.20 (m, 14H), 0.89 (t, /= 6.9 Hz, 3H); '*C NMR (CDCls, 75 MHz) & 141.9, 129.9, 129.8,
129.7,129.4, 128.0, 127.7, 127.4, 127.1, 127.03, 127.02, 126.7, 123.27, 123.25, 123.2, 123.1, 122.7,
36.3, 31.9, 31.6, 29.62, 29.57, 29.4, 29.3, 22.7, 14.1; HRMS (APCI-TOF) calcd for C,sHs; [M+H]*
369.2577, found 369.2592.

2-Azatriphenylene-3-carboxylic acid ethyl ester (5aa)

O A CO,Et
l\ N

Colorless solid, mp 170.1-171.6 °C, 4i: 1.1 equiv, 19.6 mg (65%), 4i: 5 equiv, 25.9 mg (86%); IR
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(KBr) 3076, 2976, 2869, 1712, 1262, 1129 cm’'; 'H NMR (CDCls, 300 MHz) 59.93 (s, 1H), 9.15 (s,
1H), 8.72-8.51 (m, 4H), 7.81-7.61 (m, 4H), 4.60 (q, J = 7.2 Hz, 2H), 1.55 (t, J = 7.2 Hz, 3H); 1°C
NMR (CDCls, 75 MHz) §165.7, 146.9, 144.6, 135.3, 131.2, 130.7, 129.7, 128.9, 128.0, 127.8, 127.3,
127.2, 126.6, 124.0, 123.45, 123.36, 1232, 118.7, 62.0, 14.5; HRMS (ESI-TOF) calcd for
C20H1sNO;Na [M+Na]* 324.0995, found 324.1006.

(2-Azatriphenylen-3-yl)-phenylmethanone (5ab)

Pale yellow solid, mp 194.2-194.8 °C, 13.4 mg (40%); IR (KBr) 3060, 2925, 2854, 1652, 1390, 1266
em'; 'H NMR (CDCls, 300 MHz) & 10.02 (s, 1H), 9.20 (s, 1H), 8.85-8.59 (m, 4H), 8.24-8.14 (m,
2H), 7.87-7.70 (m, 4H), 7.69-7.50 (m, 3H); 3C NMR (CDCls, 75 MHz) & 151.6, 145.8, 136.9,
135.7, 132.8, 131.3, 131.1, 130.8, 129.8, 129.0, 128.2, 128.1, 127.9, 127.54, 127.50, 126.3, 124.2,
123.6, 123.5, 123.3, 118.4; HRMS (ESI-TOF) caled for Co4H;sNONa [M+Na]* 356.1046, found
356.1047.

2-(Azatriphenylen-3-yl)-acetonitrile (5ac)

Pale yellow solid, mp 176.8-177.7 °C, 23.5 mg (88%); IR (KBr) 3082, 2916, 2851, 2252, 1609, 1399
emr'; 'TH NMR (CDCLs, 300 MHz) §9.78 (s, 1H), 8.70-8.47 (m, 4H), 8.38 (s, 1H), 7.83-7.62 (m,
4H), 4.13 (s, 2H); 3C NMR (CDCls, 125 MHz) & 147.1, 147.0, 136.1, 131.5, 130.0, 129.8, 128.4,
128.0, 127.7, 127.6, 126.9, 123.9, 123.8, 123.5, 122.6, 117.3, 114.6, 26.7; HRMS (ESI-TOF) calcd
for C19H1,N2Na [M+Na]* 291.0893, found 291.0904.

3-Methyl-2-azatriphenylene (5ad)

/lMe
g\N

Colorless solid, 14.8 mg (61%); '"H NMR (CDCls, 300 MHz) 69.81 (s, 1H), 8.77-8.51 (m, 4H), 8.17
(s, 1H), 7.81-7.59 (m, 4H), 2.79 (s, 3H); '3*C NMR (CDCls, 75 MHz) § 155.0, 146.2, 135.5, 131.3,
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129.4, 129.1, 128.2, 127.7, 127.54, 127.46, 127.3, 123.6, 123.35, 123.31, 122.3, 122.1, 115.1, 24.6;
HRMS (ESI-TOF) caled for CisH; 4N [M+H]" 244.1121, found 244.1121.

3-Propyl-2-azatriphenylene (5ae)

‘ A n-Pr
! N

Pale yellow solid, mp 121.0-122.6 °C, 19.8 mg (73%); IR (KBr) 3076, 2959, 2871, 1725, 1606, 1437
cm'; 'TH NMR (CDCls, 300 MHz) & 9.85 (s, 1H), 8.77-8.51 (m, 4H), 8.17 (s, 1H), 7.78-7.58 (m,
4H), 3.01 (t, J= 7.2 Hz, 2H), 1.93 (sext, J = 7.2 Hz, 2H), 1.07 (t, J = 7.2 Hz, 3H); 1*C NMR (CDCls,
75 MHz) 6159.0, 146.4, 135.5, 131.3, 129.4, 129.1, 128.3, 127.7, 127.6, 127.5, 127.3, 123.6, 123.35,
123.30, 122.3, 114.6, 40.5, 23.4, 14.0, HRMS (ESI-TOF) calcd for CHisN [M+H]" 272.1434,
found 272.1445.

3-1sopropyl-2-azatriphenylene (5af)

‘ /| i-Pr
! N

Pale yellow solid, mp 116.5-117.7 °C, 19.3 mg (71%); IR (KBr) 3079, 2954, 2869, 1730, 1604, 1437
emr'; 'TH NMR (CDCLs, 300 MHz) & 9.88 (s, 1H), 8.74-8.51 (m, 4H), 8.21 (s, 1H), 7.78-7.58 (m,
4H), 3.32 (sept, J = 7.2 Hz, 1H), 1.49 (d, J = 7.2 Hz, 6H); 3C NMR (CDCl;, 75 MHz) & 164.1,
146.3, 135.6, 131.3, 129.4, 129.0, 128.3, 127.73, 127.71, 127.5, 127.3, 123.6, 123.4, 123.3, 122.4,
122.3, 112.5, 36.4, 22.8; HRMS (ESI-TOF) caled for CooHisN [M+H]* 272.1434, found 272.1440.

3-Phenyl-2-azatriphenylene (5ag)

osWe
!\N

Colorless solid, 17.6 mg (58%); "H NMR (CDCls, 500 MHz) §9.90 (d, J = 4.5 Hz, 1H), 8.72-8.45
(m, SH), 8.19 (d, J = 8.0 Hz, 2H), 7.76-7.61 (m, 4H), 7.61-7.54 (m, 2H), 7.51-7.46 (m, 1H); 13C
NMR (CDCL, 125 MHz) & 154.1, 146.7, 139.6, 135.6, 131.3, 129.7, 129.1, 128.81, 128.78, 128.0,
127.7, 127.6, 127.4, 127.0, 123.5, 123.35, 123.29, 123.1, 122.4, 112.6; HRMS (ESI-TOF) calcd for
Ca3Hi6N [M+H]* 306.1277, found 306.1278.
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3-(4-Trifluoromethylphenyl)-2-azatriphenylene (5ah)

Q.

~ ]
‘ N
Colorless solid, mp 231.8-233.3 °C, 28.4 mg (76%); IR (KBr) 3075, 2933, 2364, 1615, 1328, 1111
cm™; TH NMR (CDCls, 300 MHz) 510.04 (s, 1H), 8.82 (s, 1H), 8.85-8.57 (m, 4H), 8.33 (d, J = 8.1
Hz, 2H), 7.87-7.65 (m, 6H); 13C NMR (CDCls, 125 MHz) 6 152.6, 147.0, 142.9, 135.8, 131.5, 130.0,
129.5, 128.2, 128.0, 127.9, 127.6, 127.5, 127.3, 125.79, 125.76, 123.9, 123.63, 123.58, 123.5, 122.7,
113.2; HRMS (ESI-TOF) calcd for C24H sFsN [M+H]" 374.1151, found 374.1153.

4-(2-Azatriphenylen-3-yl)-benzonitrile (5ai)

>Uves
7
‘ x~ _N

Colorless solid, mp 291.2-292.0 °C, 19.3 mg (58%); IR (KBr) 3055, 2923, 2364, 2221, 1604, 1435
cmr'; 'H NMR (CDCls, 500 MHz) & 10.03 (s, 1H), 8.82 (s, 1H), 8.80-8.64 (m, 4H), 8.33 (d, J = 8.0
Hz, 2H), 7.89-7.78 (m, 3H), 7.78-7.69 (m, 3H); '*C NMR (CDCls, 125 MHz) & 152.0, 147.2, 143.8,
135.9, 132.7, 131.6, 130.2, 129.7, 128.4, 128.1, 127.8, 127.7, 127.53, 127.51, 124.2, 123.7, 123.6,
122.8, 1189, 113.5, 112.2; HRMS (ESI-TOF) caled for CouHi;sNy [M+H]* 331.1230, found
331.1244.

3-(4-Methoxyphenyl)-2-azatriphenylene (5aj)

OMe
O 0
O x~_N
Pale yellow solid, mp 234.1-235.8 °C, 22.3 mg (66%); IR (KBr) 3069, 3012, 2940, 2842, 1602, 1250
cm™!; 'H NMR (CDCls, 500 MHz) 69.96 (s, 1H), 8.75-8.66 (m, 3H), 8.66-8.56 (m, 2H), 8.17 (d, J
— 8.5 Hz, 2H), 7.76 (t, J= 7.5 Hz, 1H), 7.73-7.63 (m, 3H), 7.09 (d, J = 8.5 Hz, 2H), 3.91 (s, 3H); 1°C
NMR (CDCls, 125 MHz) 6 160.4, 154.1, 146.7, 135.8, 132.2, 131.4, 129.7, 129.2, 128.3, 127.9,
127.8, 127.7, 127.5, 123.7, 123.5, 123.4, 122.8, 122.5, 114.2, 111.8, 55.4; HRMS (ESI-TOF) calcd
for Co4H1sNO [M+H]" 336.1383, found 336.1395.

3-Vinyl-2-azatriphenylene (5ak)
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Pale yellow solid, 21.9 mg (86%); 'H NMR (CDCls, 500 MHz) & 9.85 (s, 1H), 8.69-8.63 (m, 1H),
8.62-8.52 (m, 3H), 8.25 (s, 1H), 7.78-7.62 (m, 4H), 7.04 (dd, J = 17.0, 10.5 Hz, 1H), 6.45 (dd, J =
17.0, 1.0 Hz, 1H), 5.59 (dd, J = 10.5, 1.0 Hz, 1H); 3C NMR (CDCl;, 125 MHz) & 152.4, 146.7,
136.8, 135.5, 131.3, 129.7, 129.2, 128.2, 127.8, 127.6, 127.4, 123.63, 123.57, 123.40, 123.39, 122.5,
117.9, 114.1; HRMS (ESI-TOF) caled for C1oH 4N [M+H]* 256.1121, found 256.1126.

2-Butyl-1,4-dimethyldibenzo[f,h]isoquinolin-3(2H)-one (7ba)

Yellow solid, mp 79.7-82.3 °C, 30.3 mg (92%); IR (KBr) 3062, 2958, 2871, 1622, 1599, 760 cm™*;
'H NMR (CDCls, 300 MHz) 6 8.31-8.08 (m, 3H), 7.77-7.67 (m, 1H), 7.62-7.52 (m, 1H), 7.52-7.34
(m, 3H), 4.31 (t, J = 7.8 Hz, 2H), 2.92 (s, 3H), 2.68 (s, 3H), 1.76 (quint, J = 7.2 Hz, 2H), 1.51 (sext,
J=7.2Hz, 2H), 1.02 (t, J = 7.2 Hz, 3H); 3C NMR (CDCls, 75 MHz) ¢ 162.2, 140.6, 137.6, 133.3,
130.55, 130.53, 129.9, 129.7, 129.2, 127.8, 126.9, 126.7, 126.2, 123.8, 123.5, 119.6, 113.8, 45.5,
30.7, 20.7, 20.5, 18.0, 13.8; HRMS (ESI-TOF) calcd for C23sH23sNONa [M + Na]* 352.1672, found
352.1673.

5-(3-Phenyltriphenylen-2-yl)-nonan-5-ol (15)

Colorless solid; 'H NMR (CDCls, 500 MHz) §8.97 (s, 1H), 8.81-8.75 (m, 1H), 8.66 (t, J = 8.9 Hz,
1H), 8.53 (d, J = 8.0 Hz, 1H), 8.30 (s, 1H), 7.73-7.66 (m, 2H), 7.66-7.61 (m, 2H), 7.61-7.56 (m,
1H), 7.47-7.41 (m, 3H), 7.42-7.36 (m, 3H), 1.87-1.77 (m, 3H), 1.69-1.60 (m, 2H), 1.39-1.15 (m,
6H), 1.12-1.01 (m, 2H), 0.82 (t, J = 7.2 Hz, 6H): 13C NMR (CDCls, 125 MHz) §143.8, 142.3, 139.2,
130.0, 129.92, 129.87, 129.38, 129.36, 128.5, 127.6, 127.5, 127.29, 127.25, 127.2, 127.1, 126.9,
123.6, 123.4, 123.3, 122.0, 78.8, 42.8, 26.0, 23.0, 14.1.
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Triphenylene 16

Tetrafluoroboric acid diethyl ether complex (8.6 uL, 0.063 mmol) was added to a stirred solution of
this adulterated 15 in CH.Cl (5 mL), and the mixture was stirred at room temperature for overnight.
The resulting solution was concentrated and purified by a preparative TLC (hexane/chloroform =
2:1), which furnished 16 (8.2 mg, 0.019 mmol, 91% yield) as a colorless solid.

Colorless solid, mp 170.0-172.3 °C; IR (KBr) 3063, 2958, 2928, 2858, 1458, 1436 cm™'; 'H NMR
(CDCl3, 500 MHz) 68.98 (s, 1H), 8.82 (d, /=8.0 Hz, 1H), 8.77 (d, /= 8.0 Hz, 1H), 8.72-8.65 (m, 2H),
8.60 (s, 1H), 8.01-7.95 (m, 1H), 7.77-7.63 (m, 4H), 7.46-7.37 (m, 3H), 2.22-2.07 (m, 4H), 1.10 (sext,
J=17.5Hz, 4H), 0.71-0.62 (m, 10H); '3C NMR (CDCls, 125 MHz) §151.3, 150.0, 140.9, 140.7, 130.3,
129.6, 129.2, 127.7, 127.2, 127.1, 127.0, 126.92, 126.90, 123.4, 123.35, 123.32, 123.1, 120.1, 117.0,
113.8, 55.2, 40.8, 26.1, 23.1, 13.8; HRMS (APCI-TOF) calcd for Cs3Hsz [M+H]" 429.2577, found
429.2573.

5-(3-{4-[3-(1-Butyl-1-hydroxypentyl)-triphenylen-2-yl]-phenyl}-triphenylen-2-yl)-nonan-5-ol
(20)

Colorless solid; *H NMR (CDCls, 300 MHz) §9.19-8.94 (m, 2H) 8.89-8.75 (m, 2H) 8.72-8.55 (m,
5H) 8.51-8.34 (m, 2H) 7.76-7.54 (m, 2H) 7.468 (s, 4H) 2.01-1.55 (m, 10H) 1.48-1.01 (m, 8), 0.848
(t, J = 7.2 Hz 12H); 3C NMR (CDCls, 125 MHz) §143.0, 142.4, 130.0, 129.9, 129.3, 128.7, 128.64,
128.63, 127.6, 127.3, 127.25, 127.22, 127.18, 123.6, 123.4, 123.3, 122, 42.8, 26.0, 23.0.

11,11,23,23-Tetrabutyl-11,23-dihydro-s-indaceno[1,2-b:5,6-b']ditriphenylene (21)
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Tetrafluoroboric acid diethyl ether complex (21.2 uL, 0.078 mmol) was added to a stirred solution of
this adulterated 20 in CH2Cl, (5 mL), and the mixture was stirred at room temperature for overnight.
The resulting solution was quenched by the addition of water and extracted with CH2Cl,. The
organic layer The organic layer was washed with brine, dried over Na;SO4, and concentrated. The
residue was purified by a silica gel column chromatography (pentane/CH.Cl, = 20:1) to give 21
(21.4 mg, 27.5 mmol, 56% yield from 13).

Colorless solid, mp >300 °C; IR (KBr) 3080, 2953, 2927, 2858, 1723, 1421 cm’!; '"H NMR (CDCl3,
300 MHz) 69.09 (s, 2H), 8.93 (d, J=7.5 Hz, 2H), 8.81 (d, J=7.5 Hz, 2H), 8.71 (d, J= 7.5 Hz, 4H),
8.65 (s, 2H), 7.99 (s, 2H), 7.83-7.58 (m, 8H), 2.44-2.09 (m, 8H), 1.30-1.01 (m, 8H), 0.90-0.64 (m,
8H), 0.66 (t, J = 7.2 Hz, 12H); 1*C NMR (CDCls, 125 MHz) 6 151.0, 150.5, 141.2, 140.9, 130.34,
130.32, 129.8, 129.6, 129.3, 129.2, 127.2, 127.1, 126.93, 126.89, 123.5, 123.4, 123.3, 117.1, 114.5,
113.7, 55.0, 41.3, 26.2, 23.2, 13.9; HRMS (APCI-TOF) calcd for CeoHso [M+H]" 779.4611, found
779.4608.

Ladder molecule 24

Hgs-BINAP (6.3 mg, 0.010 mmol) and [Rh(cod)2]BFs4 (4.1 mg, 0.010 mmol) were dissolved in
CHCly, and the mixture was stirred at room temperature for 10 min. H, was introduced to the
resulting solution in a Schlenk tube. After being stirred at room temperature for 1 h, the resulting
solution was concentrated to dryness. The residue was redissolved in (CH.Cl), (0.4 mL), and a
(CHCI), (0.6 mL) solution of 22 (33.4 mg, 0.0500 mmol) was added. A (CH2Cl), (1.0 mL) solution
of 1la (50.6 mg, 0.250 mmol) was added dropwise to this solution, and the mixture was stirred at
room temperature for 16 h. The resulting solution was concentrated and purified by a preparative
TLC (hexane/CH.CI, = 1:2), which furnished 23. Tetrafluoroboric acid diethyl ether complex (30.0
uL, 0.220 mmol) was added to a stirred solution of this adulterated 23 in CH2Cl, (5 mL), and the
mixture was stirred at room temperature for 13 h. The reaction was quenched by the addition of
water and extracted with CH.Cl,. The organic layer was washed with H,O and brine, dried over
Na;SO4, and concentrated. The residue was purified by a preparative TLC (hexane/CH,Cl, = 10:1)
to give 24 (34.0 mg, 0.0329 mmol, 66% yield from 22): Yellow solid, mp 122.4—124.5 °C; IR (KBr)
3077, 2925, 2852, 1609, 1421, 1289 cm*; *H NMR (CDCls, 500 MHz) § 9.10 (s, 2H), 8.94 (d, J =
8.0 Hz, 2H), 8.81 (d, J = 7.0 Hz, 2H), 8.75 (s, 2H), 8.71 (d, J = 8.0 Hz, 4H), 7.99 (s, 2H), 7.97 (s,
2H), 7.80-7.65 (m, 8H), 2.38-2.19 (m, 4H), 1.81 (s, 12H), 1.29-1.04 (m, 36H), 0.94—0.83 (m, 4H),
0.79 (t, J = 6.5 Hz, 6H); 3*C NMR (CDCls, 75 MHz) ¢ 153.7, 153.4, 151.0, 141.5, 139.4, 138.1,
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130.2, 129.6, 129.4, 129.1, 127.1, 126.9, 126.8, 123.5, 123.4, 123.3, 117.0, 114.7, 113.8, 54.7, 46.7,
41.2, 31.8, 30.2, 29.7, 29.60, 29.55, 29.3, 29.2, 28.1, 23.9, 22.6, 14.0; HRMS (ESI-TOF) calcd for
C79Hs7 [M + H]+ 1035.6802, found 1035.6766.
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Figure 2.1. application of silafluorene.
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Scheme 2.1. Synthesis of disila[7]helicene via [2+2+2] cycloaddition.
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Scheme 2.2. Synthesis and derivatization of triphenylene-based [7]helicenes.
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Scheme 2.3. Synthesis of silicon-linked 1,4-diyne 28.
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Table 2.1. Screening of ligands for rhodium-catalyzed [2+2+2] cycloaddition of tetrayne 29 with
silicon-linked 1,4-diynes 28.2

OR?
20 mol%
\\ [Rh(cod),]BF 4/
Me ligand
+ Sij —_—
rt

30 31 32
entry R1 R2 ligand solvent time (h) % yield® (% ee)
30 31 32
1 H H (S)-Hg-BINAP (CH,CI), 19 0 (-) 16 30
2 H H (S)-BINAP (CH,CI), 87 0 (-) 3 15
3 H H (S)-Segphos (CH,CI), 21 8 (89) 10 21
4 H H (S)-Difluorphos (CH,CI), 111 0 (-) - -
5¢ H H (R)-Solphos (CH,CI), 16 6 (40) 10 50
6°¢ H H (R)-MeO-BIPHEP  (CH,CI), 16 9 (84) 25 30
7 H H (S)-tol-segphos (CHLCI), 16 12 (75) 15 49
B H___H__ (SpxyiSegphos  CHCl 17 0() 15 52
9 Me M (S)-Segphos (CHCl) 16 015 40
10 H Me (S)-Segphos CH,Cl, 24 3 (ND) - -
L. H ____Ac____(S)Segphos CHCl, .20 0 o ~
129 H H (S)-Segphos (CH,CI), 16 4 (ND) ND ND
13¢¢ H H (R)-Segphos (CH,CI), 16 10 (91) ND ND

2 [Rh(cod).]BFs (0.010 mmol), ligand (0.010 mmol), 29 (0.050 mmol), 28 (0.060 mmol), and
(CH2CI)2 or CH2Cl, (2.0 mL) were used. ® Isolated yield. ¢ Silane: 1 equiv. ¢ Silane: 2 equiv.

¢ [Rh(cod);]BF4 (0.020 mmol), ligand (0.020 mmol), 29 (0.100 mmol), 28 (0.100 mmol), and
(CHCI)2 (2.0 mL) were used.
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(. oL X [ )
PPh, PPh, R 0 PAr, PPh, MeO PPh,
PPh, PPh, & 0 PAr, PPh, MeO PPh,

Iy RXO ®

(S)-Hg-BINAP (S)-BINAP (S)-Segphos ( )-Solphos (R)-MeO-BIPHEP

(R=H, Ar = Ph)

(S)-tol-Segphos
(R=H, Ar = 4-MeCgHy)

(S)-xyl-Segphos
(R=H, Ar = 3,5-Me,CgH3)

(S)-Difluorphos
(R=F, Ar=Ph)

Figure 2.2. Structure of chiral bisphosphine ligands.

ELRBWEDM EEHNELTT T4 29 Lt Rax ka2 hT 57 A F2EHE 1,4-
A UHER 28 EANT, AT UH =T A OREEIT o 2 A BBRGEO R A
b7z (Table 2.2), [Rh(cod)2]SbFe S Al 2 Flu 2 & | [Rh(cod)2]BF4 S Al 2 Fu 7= &
X LFRRBEOIETAY Y 30135 6NR, = FABRMETKR T L, & HICHRE
EAHT LKV AT —T L B3 RO TNICELRT (entry 2), —J7, [Rh(cod):]OTF 514
il 2 5 E~U 2 30 B OMhA AV U L —TF L 33 13560 o T2 (entry 3),
[Rh(cod)2]BARF Sz AV D &~V B U TEBE LVE SR o208, AR &
L CTHiRA > U bm—T L 33 A3 25%IUR, ORI o FARRETE LN (entry

4), EARF VLT —T )L 33 1T~k 30 OlKG, TARbbLE Fu U iosREE S
WCLDRFE— T A BREADOUIWNZ L VAR L EBX N0, b @V T B
BED[2+2+ 2] INERALSOS 3HEAT L=, & 2 C. [Rh(cod)]BARF % H N THEIUL 7 DRt & 1T
o7z, BINAP, Hg-BINAP Z 2% & WiARFH T U /be—7 /L 33 [LREME L) D av7en
-7 (entries 5, 6), % Z T, JeOfkET & [AIERIC Segphos @ L 9 I diheadral angle 23/]s Wl
N % W TR 21T > 72 (entries 7-10), %7 tol-Segphos, DTBM-Segphos % 5 & |
AR UL —T L 331G LR o T, —J7, xyl-Segphos 5 L ' MeO-BIPHEP % H
WHE HIRE ) NN —T B IFELNTZHOD, W, = U FABERE L IR
L7, £, FalES&ETh o7z entry 4 DS TRIGK R Z L RFRICERME L= 2 AT T~
Ut 30 B35 641, [Rh(cod)]BFs &AM Z UV & & & R ) o F AR T L
b OO M E L7 (entry 11),
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Table 2.2. Screening of counter anions and ligands for rhodium-catalyzed [2+2+2] cycloaddition of
tetrayne 29 with silicon-linked 1,4-diyne 28.2
OH

\ 20 mol%
[Rh(cod),]X/
A Me ligand

+ Si
// Me (CHLCl),, rt, 16 h

OH
28 (1 equiv)

entry X ligand % yield ® (% ee)
30 31 32 33
1°¢ BF4 (R)-Segphos 10 (91) - - 0 (-)
2 SbFg (S)-Segphos 10 (84) 25 13 <5 (-)
3 OoTf (S)-Segphos 0 (-) 35 20 0 (-)
4 BARF (S)-Segphos trace (-) 10 5 25 (84)
5 BARF rac-BINAP 5 (=) 40 5 trace (-)
6 BARF (S)-Hg-BINAP 5 (-) 35 14 trace (-)
7 BARF (S)-tol-Segphos 0 (-) 55 25 trace (-)
8 BARF (S)-xyl-Segphos 10 (-) 30 10 9 (76)
9d BARF (S)-DTBM-Segphos 0 () trace 0 0 (-)
10 BARF (R)-MeO-BIPHEP <10 (-) 30 <5 23 (80)
11¢ BARF (S)-Segphos 18 (85) - - 9 (-)

2 [Rh(cod).]BFs (0.010 mmol), ligand (0.010 mmol), 29 (0.050 mmol), 28 (0.050 mmol), and
(CHCI)2 or CH,Cl, (2.0 mL) were used. ® Isolated yield. ¢ [Rh(cod),]BFs (0.020 mmol), ligand
(0.020 mmol), 29 (0.100 mmol), 28 (0.100 mmol), and (CHCl)2 (2.0 mL) were used. 940 h. €1 h.

0
I
0 PAr,
(o) PAr2
G
o)

(S)-DTBM-Segphos
(Ar = 4-MeO-3,5-t—Bu206H2)

Figure 2.3. Structure of DTBM-Segphos.
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AR L=k 912, iR EFE T U —F )L 33 TR LT T~ 30 DRFE— A
BADBIBIZE > TARLTVSEEX bR 5, EBICYT~U LY 30 I
[Rh(cod).]BARF/Segphos S {AMRME 2 (I S 72 & 2 A AUE L7l v i s U v=—7 1
33 MEAARILE TR LT (X25),

[Rh(cod),]BARF/
(S)-Segphos
(1 equiv)

(CH,Cl)p, 1t, 12 h (2.5)

30 (90% ee) 33/70% yield, 90% ee

ZTIT, BT == VBEE LT-UA Vv la & A FERE T A > 28 IZ[Rh(cod)2]BARF/Segphos
PERMIEZER S E D L. RE—T A FMAEHRLEZRBAL TR 7= X ) —)1
B EVINT—TFTN36 BAEKTHOTIERVNEEXTZ, LPLERL, N 7z=L v
AR =L BV ELMEHIESNT, v Uz —T 36 [TF o7 MHETE o
Too MPVIT, ZEBREOR2F2SIMBCSIEDEIT LT A FRBEE N 72 =L A NE
BRI CAER LT (K26), LEDORERE D, v F[7]~Y & 30 ONLARH 2R E LD KR
— T AFEG O L DBRRKISEZMREL T LB b D,

10 mol%

\ [Rh(cod),]BARF
\ we (S)-Segphos

Me CH,Cl),, rt
4 on

OH
(2.6)

35/5% 36/ nd 34 /73%

70



RBIZT T~V B30 DLEARFOZENEZFE L, ¥7rnuxsH180°C T24
ReAE L7 2A, 2T E o <#IT L oTe, —F . EEOFRT D %=
TLUHNZHME L M) 72 =L B Z2 AT 571~V &> 379 (Figure 2.4) IX[FIZFKMHTT
T IEDHEIT L, ee 23 93%702 5 B1%E TIRF L7z, £72, ~VU 38 HEFMHETFTTER
{EAHEST L ee 23 1% 5 65% FE TIKF L7z, ZNHDOFERMNE, I~V &2 30 (I~
3T BLU3B LVENT IR —2H T ERHLMNIR ST, LLEDORE
RiT, RFE-RFMEBIHAKFE T ARBREEOTPRENWZ LIGERTEEZ2HND,

Figure 2.4. Structure of [7]helicene 37 and 38.
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Ff RUSHEREICRE 5 B 5

AEEE T HioORE TR LV . [Rh(cod),]BF4/Segphos $EARMBETFEE T, RIBICB T 5T T4
29 - b R el 57 A FBEE14-2A v 28 & ORISOHETERERE % Scheme 2.4 271k
j«o

Me._ .M
eSie

HO\/ \/OH

28

—Rh(l)*

Scheme 2.4. Possible mechanism for rhodium-catalyzed enantioselective doule [2+2+2]
cycloaddition and dealkynylation.

FT. T RTA 29 D2 0D T IVFENN T DT AR L TR ERIERE L, o ¥
vraReZ P UoHRE A BEKT S, Ik RaxUIiEE AT 5 7 A BEEE 14-Y
AV 28DRITOT AR NN DT DIENL LB YT A —REFESITHA L2148
FIBBET 52 & CTHRIA B M85, ZOHRIKB & oYy AMlENIGT 5 2 & THF
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Py r7aXrF O HERNELND D, OO T VX UENLO 8D S AR LAY
LT 22 LV FREIA C. D ODWTNNDIEENAEZ DD, ek, 2 bDOHPRIKIZIBN
TBECARUEBUVERBOBEZVDBAELTEY, ZROIEEEET L ZEPARNETH L0, FHE
KB 2L HMHIRC £721X D 2B T BT, =F o FABRIMENREBELL TV o LTI
Do TORITELTZY 7 aXu P iR C, DIZFRY O 7 N ENLHELANL - A
L. BITHIMBEZ L > TV BV FERIONDEOLND EEZ LD, 20 EREE ORRML
BB L E IR AICRB N T, 7 A BB 14-UA 0 EIRFBIE 14-A 2D L RFHE
— T A FBREADIRFE —IRFBREE LV RN, 7 A FBUE 14-2 A TIEIRIGHEIT LS5
WwWeEILND,

— 5, R B AR LI RRICHL T VS = UL T T2 L BRIk U v —T 0 31 3V
L HEI SN G, £, nZv 72V Uik Ak Le Rad v ke ad
DA TG 14- A 2 28 DA B & IEACkHA S IZEAL - A L. foe < SRICHIBIEE, B
TR = LN EITT A5 2 L TR VL o—T L R BAER LIZEEZ TN D,

R — 7 A GG OO & U Cld, 5B A FEPEEL KRBT 58BN E 2605
(Scheme 2.5) N, I~V 30U LAMEA LTI vafsiuyy AFRIKE N4
R L ToRICBRHR D v — T N A B h SRR L, 5 BN A BRI F AT 5, £
OH%Ta N ALREIT L, #AREF U L —T L 3B RELND,

Scheme 2.5. Possible mechanism for the formation of silylether 33.
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SEUNET RGO X RS SRR KOV SIS e 5 B4
AREE HICTER LI N 722V o BRaGT 5V T[T~ B fiEk30 27 n

B AR EANX Y UNEMRSEIET D 2 & TR LN AR R S DV T X
Bt SRS EAT 21T > 7= (Figure 2.5, Table 2.3),

(b)

(d)

Figure 2.5. ORTEP diagrams of sila[7]helicene 30 with ellipsoids at 30% probability [(a) side view,
(b) top view] and (c) pitch of inner or outer helix and (d) dihedral angle.
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Table 2.3. Crystal data and data collection parameters of sila[7]helicene 30.

30
formula C40H30058S1;
formula Weight 570.73
crystal color, habit yellow platelet
crystal system orthorhombic
space group P21212]
a(A) 11.7575(3)
b(A) 14.9164(4)
c(A) 16.0507(4)

o (deg) -

P (deg) -

Y (deg) -

V(A3 2814.96(13)
VA 4

dealc (g/cm?) 1.347

1 (Cu Ko)) (mm™) 1.023

Fooo 1200

Crystal size (mm?)
Temperature (K)
6 range (deg)

index ranges

number of independent reflections
number of parameters

number of restraints

Ri, wR> [[>20(1)]

R1, wR; (all data)

S

largest difference peak and hole (eA~)

0.60x0.50%0.05
193(2)
4.05-68.19
-14<h<14
-17<k<17
-19<1<19

5141

388

0
0.0737,0.2015
0.1019, 0.2383
1.098

0.366, -0.298
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M) 7 2=V BRERT DU T[T~ 30 & LIRNCES OFTE T D058 Tt L
TR 7 2= B EAT LTV 2389 (Figure 2.6) . 35 X OWFIR, B 50O AR L
772t ML UERKREAT DY T[T~V B399 (Figure 2.7) Ok S 2 beig L 7=,

I~V &30, [T~V 238, VT[T~V 39 D 5LE AMERRON Y B
[F-LORREIZFFh 3546 A, 3.834 A ("o DEERMERDELE) . 3.819 A Tho7-,
VI[N~V 30 DRV BRI EORENE DR, IRE - IRBREA IR TRE -7
A FREEEDEWED, DEAMBEORBEOER Y NRKEL Kol dThHDLEEZLN
Do BNT, ~NU O bLEAMRED RGBT L OSMUD -y F O S E % 5K
W=, ZOFER, T[]~V B30 DLEAOHMDE y F B L OSMUD E v F O
IZENTFN3104A BLUB946 A THH-7=DIZK L, N 7=V Bk aEaHmT 571~V
U BLRT 2 F U ML UEKREAET LT[V B 39 ORMIB L OSMIO E v F
DIEWEIFZ N1 3.035 A, 4648 A (& 612 —HODOEJERMRDFEIE) B8 L3105 A,
4509 A TH o7z, WHIOE y FIZFRRE TH-7=DIZx L, AMUDOE » F 1T T[]~V &
Y30 IZBNWTEELS, AloE Yy FITEWVEEZ R LIEZ b, b AMBERREDNR
BURELORTAD/NEINT LRI N, FEEICS T[]~ &' 30, [7]1~Y & 38,
VI~V Y 39 OLEABERBORCEUVRO T HAERDIZEZA, ENEN
19.18°, 36.54°F3 LN 34.52°TH Y . T[T~V &> 30 D HHEAMEERH DX E U ERO
HANLV/INIWVMEE 72572,

5 AAEENIO dihedral angle D& &2 HH L7- (Figure 2.8), »Z[71~V &2 39 O&
FHEIX 99.5°TH H DIk L~V 30 DEIL 119.1°TH Y, TV KRESEATNDHZ &N
O o7, TR, BEADOERY N2 TN U 72K 2 ST 572072 &
Bz bhb,
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(b)

(0

Figure 2.6. (a) ORTEP diagrams of [7]helicene 38 with ellipsoids at 30% probability (two

conformers were observed). (b), (c) pitch of inner or outer helix (two conformers were observed).
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(b)

3.0

4.443 574

Figure 2.7. (a) ORTEP diagrams of [7]helicene 39 with ellipsoids at 30% probability. (b) pitch of

inner or outer helix.

C-C bonds

dihedral angle (degree)

C(15)-C(16)-C(17)-C(18)
C(16)-C(17)-C(18)-C(19)
C(17)-C(18)-C(19)-C(36)
C(18)-C(19)-C(36)-C(35)
C(19)-C(36)-C(35)-C(34)

26.6
22.9
241
20.5
251

Figure 2.8. ORTEP diagrams of sila[7]helicene 30 with ellipsoids at 30% probability.

T, I ~U k30 OfEEMEEA T (Figure 2.9), > 7~V &2 3013257 Txt
ZED . —EDMRTRAICW ATV, £72, OH KD HFIIKFEEICEGE LTS Z

L INFDOFESIERE (2590 A) B LT 5T,
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2.590 A

side view

Figure 2.9. Packing structures of enantiopure (+)-30.
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BIE M) 7=V UERERT DTN ORI KO RO R

ARER HITTERLIZY T[T~V o 30 DIFRHEDREZIT 72, £3. I T
WL AR )L LAY MV LU FIZRT (Figure 2.10), RIS X OVE G Kl
ZTHIEIL 268, 480 nm T o7z, 8P, Bl 5 AR L7z~ Y & 39 (ca. 260 nm, 450 nm)
LHRD L BARNEB L OENEERE BICEBEEY 7 PLTWER, Zhid7 =) b
VUBRRIZHANR N Y 7 2 = L B O N L0 SR MR L, HOMO-LUMO d /3 R
¥ VTP o TWNDETZDTHDHEEZEZX LD, RIZT T~V B UFE 30 O tE T
WEREZHELIZEZA, 7RV ARRT T 18%THY T, HIFODOEKR LI~V &
V39 DEMEAINE (Yrua A X h 23%) IZHARDTNITE T Lz,

10 30

1

[

[¥)]
Fluorescence Intensity, a.u.

1 1 1 0
250 300 350 400 450 500 550 600 650

Wavelength, nm

Figure 2.10. UV/Vis (blue line) and fluorescence (red line) spectra of sila[7]helicene 30.

FNTT I~V B30 DX 7T ¢ AAFEZRIE LT, £9 91% ee DV F[7]~U &
v 31 DIENEEIT 1254 TH Y, B BPIRF S 23HE Lo~V &2 39 (2980) (ZHE~_KE <
BKFLE, £72. v I~U 12 30 OFEE M (Circular Dichroism: CD) A7 kL&
MR t3& % (Circulary Polarlized Luminescence: CPL) A2 kL% L7= (Figure 2.11),
Figure 2.11 (2B T(H)-(P)-30 & (-)-(M)-30 D AT h UL TF—A A=V Lo TRV ED
FIE—E LT,

AR DR LV EGR L2V T~V & (+)-30 D|gum/fi% 0.016 &£ 720 . EFHOFTET HHF%E
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FETURRE L N 7= LU B2/ T 571~V & 37 Off (0.030) LV /h&E<ieo
7o, BRI, FELOWMIE LT = P L UEKERT DY T~ 2 39 OfE (0.0035)
FVELIREVELZ R LTz, LIRS T, BEAMBEDIMI~DOEEFREANIT, 71A
LVUBREATHNI B DR LGTATaILE L U BREET LN B ACEBW T,
MREF RO FICE R TH D Z &3 binoTz,

[41/10°
degscmZedmol’

h-1r

| | | | |
250 300 350 400 450 500 550

—= A/nm

Figure 2.11. CD and CPL spectra of (+)-30 (blue) and (-)-30 (red).
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BANET kL

BT xS VBET N T A U A v DRy22INBRLKSIC LA N T = L B
EHT DT[N B ORFEERK L FHRIECFENFHEICONW TR Tz, AFA
2 /Segphos SEAAMEAELE T RS TE 7 == VBIET F I/ v b Rux s i f
T DA FRE 14-2A L OR+2+ 2B BUS B HETT U, ARIGR2 3 6 BifF 7=
FAEPPETO I[N B UFHEERGEONL Z 2 AN L G5 M), /-, &Rkl
AU OESEE X BEEIT 21T, TNV BRI 2 L) B AEED
KGO B UBRIEEEN L 720 . BATEEEZHT 52 Ln3bootc GEMNED), AL
T~V ORI ANT M ZE LR LY, DEAEOIMI~DT FHERE
ARANT O I NI LU BRERET L) B ACBNTS, AR FIcER T
HHZEERALMNI LT GEHHD,

20 mol %
\ [Rh(cod),]BARF/
Me (S)-Segphos

/ Me (CH,Cly), rt

OH

18%, 85% ee
[91uml = 0.016
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Experimental Section

l. General

Anhydrous CH>Cl, (No. 27,099-7) and (CH2Cl), (No. 28,450-5) were obtained from Aldrich and
used as received. Solvents for the synthesis of substrates were dried over Molecular Sieves 4A
(Wako) prior to use. Hg-BINAP and Segphos, and tol-, xyl-, DTBM-Segphos were obtained from
Takasago International Corporation. Diyne 28° Tetrayne 377 and was already reported. All other
reagents were obtained from commercial sources and used as received. All reactions were carried out
under an atmosphere of argon or nitrogen in oven-dried glassware with magnetic stirring. UV-Vis
absorption and fluorescence spectra were recorded on JASCO V-630 and JASCO FP-6200
spectrophotometers, respectively. Circular dichroism (CD) spectra were obtained on a JASCO J-725
spectrometer. Fluorescence quantum yields were obtained on a Hamamatsu Photonics, Absolute PL
Quantum Yield Measurement System, C11347-01. Circularly polarized photoluminescent (CPL)
properties of the solutions were evaluated by excitation with linearly polarized 375 nm light from a
diode laser beam (LDH-P-C-375 and PDL800-B, PicoQuant). The luminescence emitted from the
solution cell was collected by a pair of achromatic doublet lenses, and the circular polarization was
separated by the A/4 plate and the linear polarizer. Finally, the circularly polarized
photoluminescence spectra were taken on a highly sensitive charge-coupled device (CCD)
spectrometer (SR-303i and iDus420A, Andor technology).

11. Synthesis of Diyne

3,3'-Silanediylbis(prop-2-yn-1-ol) (28)

OH

2\ \
= 0 Cl. Me  n-Buli U N Me PPTS A M
\OO + i ¢ . Si AR Si °
cl’ M M M
e Q/ e // e

SR
OH
25 26 27 28

n-BuLi (6.6 mL, 10.5 mmol, 1.60 mol/L in hexane) was added dropwise to a stirred solution of
tetrahydro-2-(2-propynyloxy)-2H-pyran (1.47 g, 10.5 mmol) in THF (10 mL) at —78 °C and the
resulting mixture was stirred for 1 h. To the solution was slowly added a solution of
dichlorodimethylsilane (4.3 mL, 5 mmol) in THF (10 mL) at —78 °C and the resulting mixture was

stirred at room temperature for 6 h. The reaction was quenched by the addition of saturated aqueous
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NH4Cl and extracted with Et,O. The organic layer was washed with brine, dried over Na,SOy4, and
concentrated. Thus, obtained crude 27 was used in the next step without purification.

Pyridinium p-toluenesulfonate (0.126 g, 0.500 mmol) was added to a solution of the crude 27 in
EtOH (50 mL). The mixture was stirred at 55 °C for 8 h. After concentration of the reaction mixture,
Et,0 and H,O were added and the aqueous layer was extracted with Et,O. The organic layer was
washed with brine, dried over Na,SOj4, and concentrated. The residue was purified by a silica gel
column chromatography (hexane/EtOAc = 5:2) to give 28 (0.525 g, 3.12 mmol, 62% yield).
Colorless oil; IR (neat) 3327, 2964, 2914, 2864, 2179, 1254 cm™'; '"H NMR (CDCls, 300 MHz) &
4.29 (d, J= 6.0 Hz, 4H), 1.78 (b, 2H), 0.35 (s, 6H); '*C NMR (CDCls, 75 MHz) §105.2, 86.8, 51.2,
—0.1; HRMS (ESI-TOF) calcd for CsHi20,SiNa [M+Na]* 191.0499, found 191.0499.

I11. Synthesis and Characterization of Triphenylenes

Representative procedure for Rh-catalyzed enantioselective intermolecular [2+2+2]
Cycloaddition: (S)-Segphos (12.2 mg, 0. 0200 mmol) and [Rh(cod)2]BFs (8.1 mg, 0.020 mmol)
were dissolved in CHCl, and the mixture was stirred at room temperature for 10 min. Hy was
introduced to the resulting solution in a Schlenk tube. After stirring at room temperature for 1 h, the
resulting mixture was concentrated to dryness. To a (CH2Cl)2 (1.0 mL) solution of the residue and 28
(16.8 mg, 0.10 mmol) was added a (CH2Cl), (1.0 mL) solution of 29 (40.2 mg, 0.10 mmol). The
mixture was stirred at room temperature for 16 h. The resulting solution was concentrated and
purified by a preparative TLC (hexane/ethyl acetate/CH.Cl,/MeOH = 30:15:25:2) to give (-)-30 (5.7
mg, 0.010 mmol, 10% yield, 91% ee).

(P)-(+)-(7,7-Dimethyl-7H-ditriphenyleno[2,1-b:1",2'-d]silole-6,8-diyl)dimethanol [(P)-(+)-30]

Yellow solid; mp 250.8-251.9 °C; [a]?% +1254° (¢ 0.00088, CHCls, 91% ee); 'H NMR (CDCl,,
300 MHz) & 8.61-8.54 (m, 2H), 8.43 (s, 2H), 8.33-8.26 (m, 2H), 7.92 (d, J = 8.1 Hz, 2H), 7.61
(quintd, J = 7.2, 1.5 Hz, 4H), 7.30 (dd, J = 8.1, 7.2, 0.9 Hz, 2H), 6.91 (td, J = 6.9, 1.2 Hz, 2H),
6.11-6.01 (m, 2H), 5.12 (d, J = 4.8 Hz, 4H), 2.00-1.82 (m, 3H), 0.7 (s, 6H); 3C NMR (CDCls, 75
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MHz) 6148.0, 142.6, 137.7, 132,6 130.5, 130, 129.5, 129.4, 128.8, 127.1, 126.9, 126.3, 125.7, 123.5,
123.4, 122.9, 122.1, 119.5, 66.3, —1.4; HRMS (ESI-TOF) caled for CsH300,SiNa [M+Na]*
593.1907, found 593.1913; CHIRALPAK AD-H, hexane/IPA = 90:10, 1.0 mL/min, retention times:
15.1 min (major isomer) and 9.3 min (minor isomer). Enantiopure crystals of (+)-30, obtained by
recrystallization from CH.Cl,—hexane at room temperature, were subjected to the X-ray
crystallographic analysis. The absolute configuration of (+)-30 was determined to be P by the

anomalous dispersion method.

9-((2’-Ethynyl-[1,1'-biphenyl]-2-yl)ethynyl)-10,10-dimethyl-10,12-dihydrotriphenyleno[2,3-c]
[1,2]oxasilole (31)

Pale yellow solid; mp 163.0-166.0 °C; IR (KBr) 3286, 3063, 2924, 2853, 2106, 1736, 1468 cm’;
IH NMR (CDCls, 500 MHz) & 9.66 (dd, J = 13.6, 1.2 Hz, 1H), 8.63-8.50 (m, 3H), 8.43 (s, 1H),
7.73-7.36 (m, 10H), 7.27-7.21 (m, 1H),7.16 (td, J = 7.5, 1.2 Hz, 1H), 5.29 (s, 2H), 3.02 (s, 1H),
0.45 (s, 6H); *°C NMR (CDCls, 75 MHz) & 147.0, 142.7, 141.7, 133.5, 132.8, 132.6, 130.8, 130.6,
130.2, 129.8, 129.5, 128.7, 128.3, 128.0, 128.0, 127.9, 127.5, 127.4, 127.2, 126.7, 123.8, 123.4,
122.8, 121.7, 116.2, 95.8, 95.0, 83.0, 80.8, 71.5, 29.9, 14.4, 0.21; HRMS (ESI-TOF) caled for
C37H260SiNa [M+Na]* 537.1645, found 537.1668.

13-((2'-Ethynyl-[1,1'-biphenyl]-2-yl)ethynyl)-10,10-dimethyl-10,12-dihydrotriphenyleno[2,3-c
1[1,2]oxasilole (32)

Pale yellow solid; mp 54.8-58.4 °C; IR (KBr) 3276, 3062, 2951, 2860, 2106, 1723, 1253 cm™'; *H
NMR (CDCls, 500 MHz) & 9.94 (dd, J = 8.6, 1.2 Hz, 1H), 8.82 (s, 1H), 8.68-8.57 (m, 3H),
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7.78-7.72 (m, 1H), 7.71-7.59 (m, 4H), 7.56-7.33 (m, 7H), 4.89 (s, 2H), 0.48 (s, 6H); *°C NMR
(CDCls, 75 MHz) & 153.1, 143.7, 142.5, 133.7, 133.3, 132.2, 131.2, 130.8, 130.2, 130.1, 129.88,
129.82, 129.7, 128.7, 128.1, 127.80, 127.76, 127.7, 127.5, 127.4, 127.3, 126.1, 125.8, 123.3, 123.2,
123.1, 122.8, 121.7, 113.3, 99.6, 91.4, 82.6, 80.5, 72.2, 0.9; HRMS (ESI-TOF) calcd for
C37H260SiNa [M+Na]* 537.1645, found 537.1678.

(+)-(4-(10,10-Dimethyl-10,12-dihydrotriphenyleno[2,3-c][1,2]oxasilol-9-y D) triphenylen-2-yl)m
ethanol [(+)-33]

Pale yellow solid; mp 165.7-168.5 °C; [a]®p +68° (c 0.00275, CHCls, 84% ee); IR (KBr) 3424,
3070, 2954, 2926, 2856, 1722 cm™; *H NMR (CDCls, 300 MHz) &8.88-8.52 (m, 8H), 8.44 (d, J =
8.4 Hz, 1H), 8.37 (d, J = 8.4 Hz, 1H), 7.82-7.65 (m, 4H), 7.53-7.39 (m, 2H), 7.08-6.91 (m, 3H),
1.74 (br, 1H), —0.68 (s, 3H), —0.99 (s, 3H); 1*C NMR (CDCls, 75 MHz) §148.1, 147.9, 144.9, 139.4,
132.3, 131.0, 130.7, 130.3, 130.1, 129.94, 129.88, 129.0, 128.8,g 128.2, 127.9, 127.8, 127.50,
127.46, 127.1, 127.0, 126.6, 126.4, 126.2, 123.9, 123.8, 123.4, 123.3, 123.2, 123.1, 120.3, 115.2,
71.1, 64.9, —0.6, —1.1; HRMS (ESI) calcd for CsoH300.SiNa [M+Na]* 593.1907, found 593.1918;
CHIRALPAK AD-H, hexane/IPA = 85:15, 1.0 mL/min, retention times: 19.7 min (major isomer) and

10.1 min (minor isomer).

((Dimethylsilanediyl)bis(triphenylene-3,2-diyl))dimethanol (34)

Colrless solid; mp 207.3-208.2 °C; IR (KBr) 3551, 3308, 3080, 2953, 2887, 1493 cm'; *H NMR
(CDCls, 300 MHz) 59.05 (s, 2H), 8.76-8.55 (m, 8H), 7.82—7.51 (m, 8H), 4.71 (s, 4H), 2.13 (s, 2H),
0.95 (s, 6H); 3C NMR (CDCls, 75 MHz) 5144.4, 135.9, 131.0, 130.3, 130.1, 129.9, 129.5 129.3,
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128.4, 127.6, 127.4, 127.3, 127.3, 1235, 123.4, 123.3, 123.1, 65.3, 0.4; HRMS (ESI) calcd for
CaoH320,SiNa [M+Na]* 595.2064, found 595.2057.

Triphenylen-2-ylmethanol (35)1%

Colorless solid; *H NMR (CDCls, 300 MHz) 6 8.75-8.59 (m, 6H), 7.79-7.58 (m, 5H), 4.97 (s, 2H);
13C NMR (CDCI3, 125 MHz) ¢ 139.6, 129.89, 129.85, 129.7, 129.60, 129.59, 129.2, 127.3, 127.24,
127.21, 126.0, 123.7, 123.3, 121.5, 65.6.
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B BT TFLUE 17-UA T AT EE= b UL E ORy2+2 BRI K
HRUV R UBIOT R Y B UEEERO AR &G

Parawd S
H

=
=
]

EFITFE—ETRREL I, AF A M D M AAVD & VT = = LG 1,7-
TAET AR B L= b UV EOR22MBCSIE BRI 72 & T BAFRINERT
HITTH2Z 2R LTz, LT, AFEICED M) 7= LU BB~OBHLEAIC X
D, BEBEECHNAETFINRZHAEICELSEDLZ ENAfeL 2o, T TEHIT, ©
7z = VERELT-UA OOV IZE T T TG LT-V A O CTRBRO S 21T 9 2
T, M 7 2= LU B0 n R E S SICHE LB [s] B LB E R O fi
AN AREIZ e 5 D TiX e B 27 (N 3.1), £/, F—EHENUH & RO HFIEIC
FORYEREHERET ST X —ALEWRERKTE 5D TIER W EE 2 7= (Scheme
3.1),

(3.)

Z=CR3 N

Fia Tk _7- k512, ZNETORV Y R VA THOW LIS B S Tldma i
FHEPMETH Y REGHRIZE S 2V, 0 FARISTH D720 b0 UM Y %
AT DMENSH D E VI FRENH 120, T2 ONEEEC O VT HERILE L0
NV R O AHRRIN AT FAORERRE SN TNDDHTHY | L OHEFr
PEIZONWTIEE o 72<MEIN TV o72 B, ZZxt L, 237 U0 At a2 7245
T a2y 7V TR L D4 I REMLa AT 50 Y B O RE ST
WD, FEEORIERMPAERT D, BAFTREZR [EHILONLE I L OFEHICHIRN & 5 &
WIRRENE SN TWE D, F7o, ZOAMITEAFEEZ O ERMBNTWD R, A
I FELDFBENR R E SRV B B OEFREIC OV TIIRMHA Th o 72, EHIT
ERETEKICELT XY R OERBIT IR LN TEY 3, EONHFHREICHS
WTIEINE TE o7 <HESN TR T,

ZOLORYERNOARETIL, BN Y R UOARKITINZ TEN D OISR % 3
mdsz&& L,
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Rh()* catalyst

R1 = C4H9, C6H13
R2=H, F, OCHj

J U .

picene benzo[s]picene imides modified benzo[s]picene aza-benzo[s]picene

Figure 3.1. Structures of picene and imides modifined benzopicenes.
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B RSEEOARE R VB B LT PRV B USROS

FTEFTFNLUE LT-UA L A ZUTFOFECE VAR Lz, B F 7 FAEED TV
TE R4 EHEFERE La—U =T v I AT AFUERICE > TRMOEF 7T L 1,7-V
A MaZxBR LT, T n-7F L) F oL saaX@gn-7FILEEREE, o1
41b %457= (Scheme 3.2) .

O CHO 1) CBry, PPhy
_—
‘ CHO  2)LDA

40 41a/ 82% (2 ateps) 41b / 76%

Scheme 3.2. Synthesis of binaphthyl-linked 1,7-diynes 41.

WIS, AR LTZ DA 2 Ala EERA AR TV 2 L DR+ 22 B ESIR O 24T - 7

(Table 3.1), % —555 i & [FEEIZ[Rh(cod)2]BFa/Hs-BINAP S5 A FAVNVZ & = A v F
TFNBRELT-DA v 4la & 2- 7 F T (2a) L ORISHEIRTHEIT L, BAF QIR
TRV B UK 42aa MG B (entry 1), & 2T, K2RV TR~ 2B E
BT HTNAVX L EDORINERFTT A EE LT, ZORE, TIXF U RKRICATLVEEZE
T2 27 FUBTTIL (22) TR 0TI, T = S ABEEET DB AR T
L 2b, 2d &AW THER CHRUSHHEIT LEIE TRy Y B ViFEk 42ab, 42ad 73
oz (entries2,3), —7, mWIGHZ AT D MFREF AR T VF 2 2f L ORISTIE
TF o OHC =8 EORIISZ T D7D lEM%&LTBWAP%%mTﬁm%
1Totz, ZORE, 40 °C OIFPRIEE BE L L= b 00 HIOSSHHELT L BEFRINET
RV RV HER 428 B LT (entry 4), B RETAFLOLR LT, BEER
TS E LT L a—L2g 2k BLEONT B LFE LT —F L 2l VTS B E T 5 K6
ANER T AT L 7= (entries 5-7) o 8V N CREAIE 2 7= 70\ T L% > 2m & ORI
ZOARNSUSHED T2 2m Z 2 BV, MUSKf 4 72 i & 972 2 & THREDIRT
NV e SR 42am B E B (entry 8), . BWEISEEZ AT S 1-FF VL (2))
EDRISTIETNAF DA C = 'ILICK DICEOIR T2 Teo 7 vF & 2 YTz
L2 A BHRIERTRY Y B VB ER 42a) NS LT (entry9), F7-, Traxih
WARENVIEEGT DN A > 1b E 7% 21 & OIS S ER THIT L, fEkiET j;AEjZ
TERDSTLETINAXRT AR EETHR Y U UFER 420l DNEEMICED
7= (3.2),
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Table 3.1. Rhodium-catalyzed [2+2+2] cycloaddition of binaphthyl-linked 1,7-diyne 4la with

alkynes 2.2

R’ 10 mol % [Rh(cod),]BF,/
|‘| Hg-BINAP
(CH,Cl),, rt-40 °C
R? 16 h
2
(1.1 equiv)
entry 2 R? R? temp 42 yield (%)?

1 2a Me CO,Et rt 42aa 96
2 2b n-Bu CO,Et rt 42ab 94
3 2d Ph CO,Et rt 42ad 92
4¢d 2f CO,Et CO,Et 40 °C 42af 68
5 2g Ph CH,OH rt 42ag 92
6 2k Me CH,OH rt 42ak 90
7 2 CH,OMe CH,OMe rt 42al 75
gde 2m n-CsH1q n-CsHqq rt 42am 60
9d 2j n-CygHz H rt 42aj 89

& [Rh(cod)2]BF4 (0.0050 mmol), Hs-BINAP (0.0050 mmol), 41a (0.050 mmol), 2 (0.055-0.10
mmol) and (CH2Cl), (2.0 mL) were employed. ® Isolated yield. ¢ Ligand: BINAP. ¢ Alkyne: 2 equiv.

¢72h.

., QL
T gt

Hg-BINAP

BINAP

Figure 3.2. Structure of bisphosphine ligand.

OMe

10 mol % [Rh(cod),]BF/
Hg-BINAP

OMe

2]

(1.1 equiv)

(CH,Cl),, 1t

16 h
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EBIT, TIAFURICAFIUIEEZEAN LT 7 FIVERE 1,7-UA4 v Eni-E 25,
2-7F 2 1,4-U AV & DORIETIHEAMLER KIS T UHBOIIE G- 72 (K3.3),
Elo. TEFLUDAONRVBEY 7 FNLEH0D & ISHEME L L (K34), —FH.,
—EE HTRLELOICT AR UEREICATNIEREZEAN LYY = = VUG 1,7-04
ETNF L EDRISHEITLBRINEOND, LEER>T, E7 2= /VEKICHES, ©
T T FNBREDTNATF NI OSERFERRE L 720 BROUGHREIT LR oo &
Ezbhbd,

20 mol % [Rh(cod),]BF 4/

Hg-BINAP
THF, 60 °C (3.3)
18 h
convn. <10%
(1.1 equiv) 0%
. CO,t-Bu 20 mol % [Rh(cod),]BF 4/
| | Hg-BINAP
+ >
(CH,CI),, 80 °C (3.4)
Me CO,t-Bu 18 h
convn. >80%
(1.1 equiv) 0%

WIZ BT 7 FVBELT-V A v 4laz AV T= U L4 & ORISR OV TRRET L 7= (Table
32), £79. NV =FUL (4g) EDOISITBWTENLF & LT BINAP, Hg-BINAP D
B 21T > 7o He-BINAP &l 7 BUG TIEHA LER DY 20%FRE 72 > 72 DIkt L, BINAP &
% & SOGE 16 FEE CLRIZSeRE L, AR 7 X0 vl a8 43ag 235 H 7= (entry 1),
LR s, E72= VBB Y A L TE T 7 FAEET A 4la 1FHC &1k
DOEITHNHEL . TRV R B8 43ag OIRITIED - 72, DIEENL T & LT BINAP
ERHOCHR A REREAZET 5= NIV EORIGERFTIT L2 L L Lic, HHKE=NI v
ELTEMRSEEAETD 4N 7L F B AF AR Y = UL (4h) F720F 42T /X
Y=Y (4)) ERHWD L ALEERMEO R ER R ST AR Y UEEEK 43ah,
43aj P BAF7RIER TR Hive (entries 2, 3), — . EFHEGREREAAETDH 4 A FFY
= kU (4i) EDORIGETIET R Y Bk UFEAR 43a0 DMK T L7z (entry 4), i
WTEFAER=FIALTHLYT ) FB=F)L (4a) £/old~vr /=F UL (4e) DK
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B WT, RIRTIEI T A v DI LR S0WREIZE EE 7272 80°CICHIE L& 2 A,
HRREE DR TT RV Bk o 43aa, 43ac FHERNE ST,

Table 3.2. Rhodium-catalyzed [2+2+2] cycloaddition of biphenyl-linked 1,7-diyne 41a with nitriles
42

10 mol % [Rh(cod),]BF 4/

R BINAP
|
N (CH,CI),, rt-80 °C
41a 4 43
(1.1 equiv)
entry 4 R time (h) temp 43 yield (%)b
1 4qg Ph 16 rt 43ag 36
2 4h 4-F4CCgH, 16 rt 43ah 64
3 4j 4-NCCgH4 16 rt 43aj 57
4 4i 4-MeOCgH, 40 rt 43ai 24
5 4a CO,Et 16 80 °C 43aa 54
6 4c CH,CN 84 80 °C 43ac 53

& [Rh(cod)2]BF4 (0.0050 mmol), BINAP (0.0050 mmol), 41a (0.050 mmol), 4 (0.055 mmol) and
(CH2CI) (2.0 mL) were employed. ° Isolated yield.

—J), BETEEREVE= NI L THDLn-TTFa= Kl lde LORIETIEYA > 4lad
H O A bREMES L CEIT L. B OIRIZ 10%AH Th -7 (035), ZiUxE
T IOR L LI E T 2 VG 17- U v lat n-TF = k) L de E DET
HI9WN 13% IR TR LN & LRI TH D, LB >T, E7 2= AEBUE LT-U 1
lalZlb N F 7 FNUEELT-V A Na DROSHERE S HC &L LT neEB 2 65,
Elo. BT TTFAREEYA L OT VF VRGN OWT, TAaFx ANV VEEE R
TONH A 4lb =RV )L (da) & DORINIFR TETL, FREOIGETT
Y ek 43ba 3fgbife (3N3.6),

10 mol % [Rh(cod),]BF 4/
Hg-BINAP

(CHLClI)y, rt
18 h

(3.5)

convn. >90%
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4a
(1.1 equiv)

10 mol % [Rh(cod),]BF 4/
BINAP

(CHzcl)z, rt
72 h
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Ff RUSHREICRE 5 B 5

N UPERT A HEERK IS Z DL T IZR T (Scheme 3.3), FEEAMIZIE, F—F
FoHICRLE N 7= LU PNERT D RCHE LR TH L EBEZTWD, £7 17-
VA BTy NI EBR LT 5 2 & THIIE ABERT D, EiE, L7-U 1 41
DRFOTIF AL E T3 2 B ERIERLT 5 2 & THEIAB £721L CHAERKT 2.
PR A BAER L%, 7% 208800 AEN L e YT A—REMEITHA LT
5. BITHMBENHEITTH 2 & TRUYE R 23K L TS EEZ NS, £/-, T
R B DR LT BIX L7- A 41 Db 5 DT N F AL e ¥y MMIENL L v
UL —RFEBAIHRA L T D, BICHIBBENETT 5 2 & TR Y B 42 AR LT
WhHEEZLND, —J7, FRECHER LAY 2 3550, B4R
WMeLTHY Av—NERTLLEZDOND, BB, F—EDO M) 7= O LR
FRICARRSIZB DT S EREVERMIZY A v 41 O _BIKRSERY T 5=, I Path
A TRIGHREITL TS LB XL,
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oligomers derived
> from 41 and 2

Scheme 3.3. Possible mechanism for rhodium-catalyzed [2+2+2] cycloaddition of diynes 41 and

alkynes 2.

FEWNT, TR R PNAERT HHEESHE 2 DL T2k (Scheme 3.4), FARH)
WZiE, FEE HCTRLET YR 7= LU NERT ARG L RETH D L E X
TWo, £TL17-VA4 4030y Y AR T 5 2 & CHREE ABNERT 5, 72
X, L7-U A AL OFTFOT X AL = R UV 4 BERLER{ET 5 2 & CTHRIKE £
ToIXFVERRT D, TRIEADPERLZE, = MU 4R P 0 LIRLLE VT b —fR
FREAITHAL TS, BIBBERET T2 2 T PRy B BRER LTV D
LEZOND, o, FHEEPNERLIESGRIZLT-OA 4100 5 HFOT LF AL
MYy NIENL L e YT LA —REHEITHAL T D, ELHBBENETT 52 LT
PRV BB BPERLTWDEEZXOND, —F, FHEF BAERLIZGEITT
YR ABBRELNT, BIERYE L THY Iv—NERTHEEZLND, BB, =
N U BEBIEHIBRILE T ITFAT HBRC1E, = N LVOZERF AP0 NMIFNLT 57
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O, BV A —EBEREEENERTEEHETEL TS, £, XUV RO E RIFEIC
KIIRICEBNTH ERBIERMITI Y A v 41 O SR SER Y Ch A 7=, 12 PathA ©
FISHEITL TWH EEZ HND,

. oligomers derived
> from 41 and 4
path C

Scheme 3.4. Possible mechanism for rhodium-catalyzed [2+2+2] cycloaddition of diynes 41 and

nitriles 4.
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BUET NV EREKREAT DT X —AEAEMDOAK

WRIZ, REOSEZRNTR Y ERCBREAT L 74 —{baWmo G~ R L
(Scheme 35), I FA v LU AMMESATE T, ©F 7 FALEE 1,7-0A > 4la &L 7V
VYTCRBE SN T a X T )b a— L 22 & OR-2+2FMBALISIZ LV 44 5K L
720 $EVVT HBFOE Z FAWNV= 7 U —F )b « 7 T 7Y IS L D BRIEEITV, R Bk
BHERT 272 —bEW 45 DERITHT) LTz,

30 mol %
Me n-C4,H n-CqoH [Rh(cod),]BF 4/
Me 1225 1225 Mi/l Hg-BINAP
+ — g e
HOW ™= . =  OH
(CH,Cl)o, rt
15h
41a 23
(2.2 equiv)
HBF4' OEtz
_—
CH,Cly, rt
14 h

45/98%

Scheme 3.5. Synthesis of ladder molecule 45.
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EHE RV bRy, THERVERVEER L T X — LAY DN

AREF Z WEICER LIZAN Y B VFEEK 42, TR Y B BFEERBLDT
X —bEW 45 O 7 v kv AEERE VT, AR AR v EIEART b
HOtEFICEAZWIE L. (Table 3.3, Figure 3.3-7).,

RV R UEER 42 BEOT R Y R UFER 43 1388 LF 280 nm BL O
310-330 nm FREIC R X RMKBINZ R L, $HET 5 b 7= LUFEEER I B LT b
U7 x=L U8R 5 (260-280 nm FREE) [ZHARRRET 7 L TWAS Z &, Fi-MEi
DR Bl L RRE ORI E (283 3L 0316 nm) Z/RTZ ERHL NI -
o, XV ERERT DT X — LAY 45 ORRWIE R X 284, 398, 425 nm T
b M) T72= VB ERT ST X — (LAY 24 ORI R (260, 385, 407 nm) (T
R, BEEYZ FL T D ZEBH LN, O Z Ei3xtsT5 ) 7=
VEEERS, TN 7= L UFBER S BRI X — (LAWY 24 [ZHARTRUY R U
K42, TRV EEVFER A3 BEINT X —b&W 45 OEZRBHE L2 Z LIl
WTBEEZLND Y, £l-, XY VR UFER 2 BT EHBREOSTEE LT, &
HEETHLE R AF LR E2HT 5V 1 42ag (313nm) ., 42ak (310 nm) |
KLU TEFRSETHIT N DV R=NVEE —DFT 5V B 42aa (316 nm) .,
42ad (316 nm) TIFMARWIKENRRES 7 FL, = X ADNVR=VEEZ " S>HT5
42af (320nm) XLV RERRERE Y7 M ER Sz, £, EFRIIEEZHT L7
> B 43ah (321nm). 43aj (327 nm). 43aa (322nm) HE R5IEEZE S 72700 43ag
(308,318 nm)., 43ai (309 nm) IZHANTRER Y7 FAR G, ZOEMBN Y Bk
IZHARPHEE CTh o Tz, ZIUXE T RFIFEOZAIZ LV ZEHE O = 3L ¥ — WM ME T L7z
72, MIETHEBEOZRLX—Fy v TN LIed EExonb, £, 7Ry
Y ER B THBRARRINEEDOEREY 7 FRBEE CThH o HBIC OV TE, BFARL
U VU EICZEENRELE L TEBY ., BERSIEEOMAEEANRLIY KEWEDHT
borrE2OLND, —FH, BIEETHIA NV T2V ERTHT IR ER
VR 43ag 128 T HOMO-LUMO D= /LF— v v FTxtiid 2 fe R R I 23
TR ERVOPTHROREEY 7 ML, ZOZRLF—F v v IR H/HINT &
DRBENT, ZHULT R e UiFEik 43ag i K F— /T 7 8 7% —Hds &> C
WhHTEEEZLND, UEDO LX) ICHEYIICEREEZEAT S Z L THER
HOMO-LUMO = /¥ —F v v 2B S L Z &N TE T,

WAL SO T (Figure 3.4-5), XUV B UBEK 42 BT PRV ER
VAR 43 1353 X 410-420 nm $5 LU 430-435 nm FREEIC K & el KAt AR L, S
THR) 7=V VB BRI BLIOTH R 7= U8R 5 (360-380 nm F2E) 2Lk
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NREREY 7 RLTWAZEBHLNI T, o, XUV ERVBKREAETD T F—
L&) 45 ORBRE IR RE1X 432, 460nm THY ") 7 ==L B EHET L7 X4 —bEW
24 DB RFJCHER (412, 437 nm) ([ZHA RIER Y7 FLTWD Z LR LMo T,
P boZ &b mRBINEEORERE Y 7 FOJFK & [FEk, BEREICH TS @ $UEOfE
WZE2bDEERXBND, Fio, BHILOME L LT, MR E & FERICE iG55
HAHTHN Y B 42ag (408 nm) | 42ak (406 nm) (IZHRERAIEEAFET LYY
> 42aa (415 nm), 42ad (417 nm), 42af (415 nm) | IHBRENFENERES 7 &R
Lz, —H. THERUY R ACBOTIEBRRINEE & 138720 | Ty et g
FAIZE R FETH D FF N R=NVENEERSS L7 PRy B 43aa (408
nm) ([ZHRT ==V 4NV T Fda AT T =i 03 40T ) T =V
HTHT7THR Y B 43ag (413 nm). 43aj (411 nm). 43ah (413 nm) O KHE G E
NERES 7 2R L, SOICETHEERTHD 4-A MV T 2= VIREFT LT PR
V¥t 43ag (420 nm) BEREY Y MERLE, Ziui ko Xyl TERry ek s
43ag W RF— /T o7 2 —tEEE2HLTEBY, tho7 oy ekl oo x
NX—=FX v v TEHTHIHELEZI LD,

O EFPERIZE LT, XY e UEFEK 42ad (19.6%) . 42af (16.6%) . 42ag (9.2%) .
FXIET 5 U 7 ==L aFE R 3ad (9.9%) ., 3af (9.7%). 3ag (3.0%) (ZH~@EVMEE R
L7ebon, HEEHEOE 9 (40%, Figure3.1) BLOA 2 REMLAF LV etk
(Y7 mnm A K H5566%, Figure 3.1) AZHEAMEWMEZ R L2, FU 7 ==L U iFEk
BTN Y B VIR 42 Od R T ICER R E LB O—2 L LT, RIS
BUJS n UEOHENEZOND, EBIZT7 =T B UV HOBE SR TIRIT 7 = F v L v
(31%) O, 7 Ut (36%) O, vk (40%) DIRIC R MET Dico0Th BT 5,
—Ji. TR UFFER 43aa (13.6%) (X T 57 MU 7 =2 =L UFFER baa
(11.7%) ([ZHARDT DR WVELE FINEE R LI OO, 7R Y Bk UFER 43ag
(15.6%) . 43ah (16.6%). 43aj (20.8%). 43ai (15.0%) IXETHT7 YV MY 72 =L
H{K bag (17.6%). 5ah (19.3%). 5aj (30.6%). 5ai (23.0%) T MEWVE &R IR Z R
Lz, 7RV B UFHEK 43aa N7 R U 7 = = L U iFE K baa @V EZ R LT
DiF, B L7exy Yy vk URFEAR L FRRICRERIEICR T S o HuEOMERFK TH 5
EZOID, FRITK LT PR B UFFEIK 43ag. 43ah, 43aj. 43ai OaOEFIGE
DPMETF U728l & Ui, G O IRIEA FhADIR BB 81T 5 n il 2 2 R i R 3,
W NIRRT AR E A RE L2 2 R B2 b D, W TR Y B B E AT D
T —LE 45 (855%) (X M) V==L EMERT LT X —bEM 24 (88.1%) (T~
OEDURNE ' IR E R Uiz, JAUTRERBIBE Lo b O ORIIREEIZE TS «
BE SRR, £72— 07 ChbEE — EEEM MK T LIfE o Rhi = BIHEIER & O RV
—X v v INIIL o Z LI X VHEMRZREMEESI N0 EEX NS, £T2T7 X
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—ftE&W 45 BLOT ¥ —{baW 24 OFRPRRETOHELEFICRIITZENEN 58 LD
125%TH V. wiikiE (855 F8 L1 88.1%) (ZHAT HZ—(LEW 45 DAL VIRT Lz,
ZORRE LT, EEROIIRIZ L > THFRIFEEARR Ro7c 2 EBEZXBNLD,

UEDL2c, ZRETHRESN T ook REREZ AT IRV BB L
QT PRy B VaFER O AR 72/ T o DRI . BREEE Rl L O
HHEFINRENPA LN RoTe, o, F—ETHENL N 7=2=LrBIOTH R 7

== L UFRER L FERRICAN Y R B RO PR B O EKICE R B L OE
FHEEELEANT D LT, ERONFREE AEICAESEDL LR TE,

Table 3.3. Photophysical properties of representative benzopicenes 42, azabenzopicenes 43 and

ladder molecule 45.2

Compound UV-absorption | fluorescence o

42 (R, R2) or43 (R) = Amax/Nm Amax/ nm (excitation wavelength
(excitation wavelength / nm) =/ nm)

42aa (Me, COzEt) 282,306, 316 415, 435 (320) 0.158 (320)

42ad (Ph, COzEY) 281, 316 417, 436 (320) 0.196 (320)

42af (COzEt, CO2Et) 277, 320 415, 436 (320) 0.166 (320)

42ag (Ph, CH,0OH) 281, 313 408, 426 (320) 0.092 (310)

42ak (Me, CH,OH) 280, 310 406, 424 (320) 0.101 (310)

43ag (Ph) 282,308, 318 413, 433 (320) 0.156 (320)

43ah (4-F3sCCeHa) 281, 321 411, 433 (320) 0.166 (320)

43aj (4-NCCeHa) 280, 327 413, 435 (320) 0.208 (330)

43ai (4-MeOC¢H.) 284, 309 420 (320) 0.150 (310)

43aa (COzEL) 275, 322 408, 430 (320) 0.136 (320)

45 284,398, 425 | 432, 460 (410) 0.855 (400), 0.058 (370)°

aMeasured in CHCIs at 25 °C. ° In the solid state.
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Figure 3.3. UV-Vis spectra of benzopicenes 42 in CHCIs at 25 °C.
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Figure 3.4. UV-Vis spectra of azabenzopicenes 43 in CHCl; at 25 °C.
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Figure 3.5. Normalized PL spectra of benzopicenes 42 in CHClz at 25 °C.
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Figure 3.6. Normalized PL spectra of azabenzopicenes 43 in CHClIs at 25 °C.
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Figure 3.7. UV-Vis (blue) and PL (red) spectra of ladder molecule 45 at 1x10® M in CHCI; at

25 °C.

Figure 3.8. Structures of benzopicenes and azabenzopicenes.
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BANHET kL

v 7 FNEENE LT-A TR FEid= YV E R+ 214 INERIL N £ D
RV ERVBIOT PR Y R VBEROAGK EISHIC oW TR R, AT AR
¥ 7 5 [Hg-BINAP % 7213 BINAP SEAMMEAFLE T | FLEAYIRAN 22 5 T 8 7 F L4846 1,7-
A ETNAFFEREE N YLV EOR2+2IMERAV S LT L. HHRREE D & B AT 72U
RTRUYERVBIOT PR Y B FEERMGONL 2 2R L B, £
o AROSZIGHT 5 2 L TRy R B EAT 57 ¥ —{baWaark Lz (),
EBHIT, AR LRV Y ERUBEER, TR ERUBERB LT X —(LEHDN
LEEMEZZIE L- & 2 A, EHIEOE A X o TR E., MARHOEE R X OOk
BINEZELSHELZENTEHZ 2R L GEHED,

) 10 mol % [Rh(cod),]BF4/
R Hg-BINAP or BINAP

|X| (CH,Cl),, 1t-80 °C

up to 98% yield
(X = CR?, 11 examples)
up to 64% yield
(X =N, 7 examples)
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Experimental Section
I. General

Anhydrous CH,Cl, was obtained from Aldrich (No. 27,099-7) or Wako (No. 041-32345) and used
as received. Anhydrous (CH2Cl), (No. 28,450-5) was obtained from Aldrich and used as received.
Solvents for the synthesis of substrates were dried over Molecular Sieves 4A (Wako) prior to use.
Dialdehyde 407 were prepared according to the literatures. Hs-BINAP was obtained from Takasago
International Corporation. '"H and '*C NMR data were collected on a Bruker AVANCE III HD 400
(400 MHz) at ambient temperature. HRMS data were obtained on a Bruker micrOTOF Focus II.
UV-Vis absorption and fluorescence spectra were recorded on JASCO V-630 and JASCO FP-6200
spectrophotometers, respectively. Fluorescence quantum yields were obtained on a Hamamatsu
Photonics, Absolute PL Quantum Yield Measurement System, C11347-01. All reactions were carried

out under nitrogen or argon with magnetic stirring.
I1. Synthesis of Diynes

1,1'-Diethynyl-2,2'-binaphthalene (41a)

O CHO 1) CBr,, PPhs
—_—_—
O CHO  2)LDA

40 41a

To a solution of CBrs (879 mg, 2.65 mmol) in CH>Cl, (25 ml) was added dropwise PPh; (1.39 g,
5.30 mmol) in CH2Cl, (15 ml) at 0 °C, and the mixture was stirred for 15 min. To the resulting
solution was added a solution of aldehyde 40' (206 mg, 0.663 mmol) in CH>Cl, (10 ml) and the
mixture was stirred at room temperature for 3 h. The mixture was concentrated and n-hexane/Et,0O
(4:1) was added to the mixture. The mixture was filtered and concentrated. The residue was purified
by a silica gel column chromatography (eluent: n-hexane/CHCl; = 5:1) to give tetrabromide. To a
solution of the tetrabromide in THF (10 mL) was added a solution of LDA at —78 °C, which was
prepared from diisopropylamine (0.697 mL, 4.93 mmol) in THF (10 mL) and #-BuLi (3.18 mL, 4.93
mmol, 1.55 M in n-hexane) at 0 °C. The mixture was gradually warmed up to —40 °C over 2 h. The
reaction was quenched by water and extracted with Et;O. The organic layer was washed with brine,

dried over Na;SOs, and concentrated. The residue was purified by a silica gel column
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chromatography (eluent: n-hexane/EtOAc = 30:1) to give diyne 41a (164 mg, 0.541 mmol, 82%
yield).

Colorless solid; mp 144.2-146.1 °C; 'H NMR (CDCls, 400 MHz) ¢ 8.50 (d, J = 4.2 Hz, 2H), 7.92
(d, J = 4.1 Hz, 4H), 7.68-7.53 (m, 6H), 3.33 (s, 2H); '*C NMR (CDCl;, 100 MHz) § 143.1, 133.8,
132.4, 128.22, 128.20, 128.0, 127.2, 126.6, 118.7, 85.9, 80.5; HRMS (APCI) calcd for CxsHis
[M+H]* 303.1168, found 303.1180.

Dibutyl 3,3'-([2,2'-binaphthalene]-1,1'-diyl)dipropiolate (41b)

To a stirred solution of 41a (121 mg, 0.400 mmol) in THF (5 mL) was added dropwise n-BuLi
(0.57 mL, 0.88 mmol, 1.55 M in n-hexane) at —78 °C for 30 min. To the resulting solution was
slowly added a solution of n-butyl chloroformate (0.20 mL, 1.6 mmol) in THF (1 mL) at —78 °C, and
the resulting mixture was stirred at room temperature for 16 h. The reaction was quenched by the
addition of saturated aqueous NH4Cl and extracted with Et,O. The organic layer was washed with
brine, dried over Na,SO., and concentrated. The residue was purified by a silica gel column
chromatography (eluent: n-hexane/EtOAc = 20:1) to give 41b (152 mg, 0.302 mmol, 76% yield).

Pale yellow syrupy oil; *H NMR (CDCls, 400 MHz) 6 8.46 (d, J = 4.2 Hz, 2H), 8.04 (d, J = 4.2 Hz,
2H), 7.94 (d, J = 4.0 Hz, 2H), 7.73-7.65 (m, 4H), 7.61 (ddd, J = 8.2, 7.0, 1.2 Hz, 2H), 4.07 (1, J = 6.6
Hz, 4H), 1.58-1.45 (m, 4H), 1.32-1.20 (m, 4H), 4.07 (t, J = 7.4 Hz, 6H); *C NMR (CDCls;, 100
MHz) 6 154.0, 144.0, 134.0, 132.5, 130.3, 128.4, 127.99, 127.96, 127.1, 126.3, 116.5, 89.0, 83.4,
65.8, 30.3, 19.0, 13.6; HRMS (ESI) calcd for C3sH3004Na [M+Na]* 525.2042, found 525.2038.

I11. Synthesis and Characterization of Benzopicenes and Azabenzopicenes

Representative procedure for Rh-catalyzed [2+2+2] Cycloaddition: Hg-BINAP (3.2 mg, 0.0050
mmol) and [Rh(cod);]BF4 (2.0 mg, 0.0050 mmol) were dissolved in CH.Cl, and the mixture was
stirred at room temperature for 10 min. H, was introduced to the resulting solution in a Schlenk tube.
After stirring at room temperature for 1 h, the resulting mixture was concentrated. To a solution of
the residue and 2a (0.055 mmol, 6.2 mg) in (CH2Cl), (1.1 mL) was added a solution of 41a (15.1 mg,
0.0500 mmol) in (CH2CI)2 (0.9 mL). The mixture was stirred at room temperature for 16 h. The

resulting solution was concentrated and purified by a preparative thin layer chromatography (TLC,
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eluent: n-hexane/CHClIs/toluene = 3:3:1) to give 42aa (20.0 mg, 0.0482 mmol, 96% yield).

Ethyl 15-methylbenzo[s]picene-14-carboxylate (42aa)

Colorless solid, mp 184.0-186.4 °C; 'H NMR (CDCls, 400 MHz) 6 9.52 (s, 1H), 8.90 (d, J = 8.1 Hz,
2H), 8.73 (s, 1H), 8.53 (dd J = 8.9, 2.0, 2H), 8.05-7.93 (m, 4H), 7.73-7.53 (m, 4H), 4.43 (9, J=7.1
Hz, 2H), 2.80 (s, 3H), 1.44 (t, J = 7.1 Hz, 3H); 3C NMR (CDCls, 100 MHz) 6 167.7, 136.6, 133.6,
133.4, 132.4, 132.3, 131.2, 129.8, 129.6, 129.0, 128.6, 128.20, 128.19, 128.1, 127.9, 127.8, 127.7,
127.6, 127.3, 126.41, 126.38, 126.2, 126.1, 120.6, 120.5, 60.9, 22.2, 14.4; HRMS (ESI) calcd for
CaoH2202Na [M+Na]* 437.1512, found 437.1513.

Ethyl 15-butylbenzo[s]picene-14-carboxylate (42ab)

Colorless solid, mp 184.6-185.5 °C, 21.6 mg (94%); *H NMR (CDCls, 400 MHz) ¢ 9.50 (s, 1H),
8.94 (d, J = 8.4 Hz, 2H), 8.76 (s, 1H), 8.55 (dd, J = 8.8, 4.9 Hz, 2H), 8.05-7.95 (m, 4H), 7.72-7.55
(m, 4H), 4.44 (g, J = 7.1 Hz, 2H), 3.18 (t, J = 7.7 Hz, 2H), 1.80-1.65 (m, 2H), 1.57-1.45 (m, 2H),
1.44 (q,J =7.1 Hz, 3H), 0.99 (t, J = 7.4 Hz, 3H); 1*C NMR (CDCls, 100 MHz) ¢ 167.9, 141.1, 133.6,
133.5, 132.5, 132.2, 130.7, 129.9, 129.6, 129.0, 128.6, 128.24, 128.23, 128.19, 128.1, 127.9, 127.8,
127.7, 127.3, 126.5, 126.41, 126.39, 126.2, 126.1, 120.7, 20.6, 60.9, 34.5, 34.1, 22.8, 14.4, 14.1,
HRMS (ESI) calcd for CasH2s02Na [M+Na]* 479.1982, found 479.1980.
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Ethyl 15-phenylbenzo[s]picene-14-carboxylate (42ad)

Colorless solid, mp 164.0-166.4 °C, 22.0 mg (92%); *H NMR (CDCls, 400 MHz) § 9.47 (s, 1H),
8.99 (d, J = 8.4 Hz, 1H), 8.94 (d, J = 8.4 Hz, 1H), 8.92 (s, 1H), 8.56 (d, J = 9.0 Hz, 2H), 8.05-7.98
(m, 3H), 7.98 (d, J = 7.8, 1H), 7.72 (ddd, J = 8.3, 6.9, 1.3 Hz, 1H), 7.67-7.53 (m, 3H), 7.51-7.33 (m,
5H), 4.18 (q, J = 7.1 Hz, 2H), 1.05 (t, J = 7.1 Hz, 3H); **C NMR (CDClIs, 100 MHz) 5 168.8, 141.7,
139.4, 133.6, 133.4, 131.7, 131.6, 131.0, 129.8, 129.6, 129.0, 128.9, 128.77, 128.75, 128.7, 128.3,
128.23, 128.15, 128.1, 128.0, 127.14, 127.11, 126.72, 126.67, 126.3, 126.2, 120.6, 120.5, 61.1, 13.7;
HRMS (ESI) calcd for CasH2402Na [M+Na]* 499.1669, found 499.1676.

Diethyl benzo[s]picene-14,15-dicarboxylate (42af)

A (CHCI); solution of 41a and 2f was added dropwise to a (CH2Cl); solution of the Rh catalyst.
Colorless solid, mp 176.2-177.5 °C, 16.2 mg (68%); 'H NMR (CDCls, 400 MHz) ¢ 9.32 (s, 2H),
8.91 (d, J = 8.4 Hz, 2H), 8,59 (d, J = 8.9 Hz, 2H), 8.08 (d, J = 8.9 Hz, 2H), 8.04 (d, J = 7.9 Hz,
2H),7.73 (d, J = 8.3, 6.9, 1.4 Hz, 2H), 7.69-7.62 (m, 2H), 4.45 (q, J = 7.2 Hz, 4H), 1.42 (t, J = 7.2
Hz, 6H); *C NMR (CDCls, 100 MHz) § 167.9, 133.5, 131.0, 130.5, 129.6, 129.2, 129.0, 128.9,
128.3, 128.0, 127.0, 126.7, 126.5, 120.5, 61.7, 14.2; HRMS (ESI) calcd for Cs2H2404Na [M+Na]*
495.1567, found 495.1564.
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(15-Methylbenzo[s]picen-14-yl)methanol (42ak)

Colorless solid, mp 270 °C (dec.), 16.8 mg (90%); *H NMR (CDCls, 400 MHz) 6 9.00 (d, J = 8.4 Hz,
2H), 8.93 (s, 1H), 8.76 (s, 1H), 8.60 (dd, J = 9.0, 2.6 Hz, 2H), 8.07-7.96 (m, 4H), 7.72-7.57 (m, 4H),
4.31 (s, 2H), 2.60 (s, 3H), 1.68 (br, 1H); **C NMR (CDCls, 100 MHz) § 137.1, 134.4, 133.52, 133.48,
130.3, 129.9, 129.8, 129.7, 128.7, 128.3, 128.2, 128.0, 127.9, 127.7, 127.5, 127.4, 127.0, 126.2,
126.1, 126.00, 125.97, 120.74, 120.70, 64.1, 19.2; HRMS (ESI) calcd for CzsH200 [M] 372.1509,
found 372.1504.

(15-Phenylbenzo[s]picen-14-yl)methanol (42ag)

Colorless solid, mp 224.5-226.5 °C, 20.0 mg (92%); *H NMR (CDCls, 400 MHz) ¢ 9.12 (s, 1H),
9.06 (d, J = 8.2 Hz, 1H), 8.95 (d, J = 7.8 Hz, 1H), 8.87 (s, 1H), 8.61 (d, J = 8.8 Hz, 2H), 8.11-7.91
(m, 4H), 7.75-7.33 (m, 9H), 4.84 (s, 2H), 1.73 (br, 1H); 13C NMR (CDCls3, 100 MHz) & 140.7, 139.4,
136.3, 133.6, 133.5, 130.4, 129.82, 129.80, 129.7, 129.6, 129.4, 128.9, 128.5, 128.3, 128.21, 128.16,
128.15, 128.1, 128.0, 127.4, 127.22, 127.15, 126.43, 126.42, 126.1, 126.0, 120.69, 120.67, 63.7,
HRMS (ESI) calcd for CasHz,ONa [M+Na]* 457.1563, found 457.1546.

14,15-Bis(methoxymethyl)benzo[s]picene (42al)

Colorless solid, mp 133.5-136.0 °C, 15.7 mg (75%); 'H NMR (CDClIs, 400 MHz) 6 9.0 (d, J = 8.4
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Hz, 2H), 8.96 (s, 2H), 8.5 (d, J = 8.9 Hz, 2H), 8.04-7.98 (m, 4H), 7.68 (ddd, J = 8.3, 6.9, 1.4 Hz,
2H), 7.64-7.57 (m, 2H), 4.77 (s, 4H), 3.47 (s, 6H); 3C NMR (CDCls;, 100 MHz) 6 134.4, 133.5,
129.8, 129.7, 129.4, 128.3, 128.1, 127.9, 127.8, 127.2, 126.3, 126.0, 120.7, 72.7, 58.3; HRMS (ESI)
calcd for CsoH2402Na [M+Na]* 439.1669, found 439.1658.

14,15-Dipentylbenzo[s]picene (42am)

Colorless solid, mp 107.4-108.8 °C, 14.1 mg (60%); *H NMR (CDCls, 400 MHz) 6 9.03 (d, J = 8.4
Hz, 2H), 8.73 (s, 2H), 8.61 (d, J = 9.0 Hz, 2H), 8.05-7.97 (m, 4H), 7.67 (ddd, J = 8.3, 6.9, 1.4 Hz,
2H), 7.61 (ddd, J = 8.0, 6.8, 1.2 Hz, 2H), 2.86 (t, J = 7.8 Hz, 4H), 1.82-1.71 (m, 4H), 1.56-1.38 (m,
8H), 0.96 (t, J = 7.1 Hz, 6H); 3C NMR (CDCls, 100 MHz) 6 139.4, 133.5, 129.9, 129.1, 128.5,
128.4, 128.1, 127.5, 127.4, 127.2, 125.9, 125.8, 120.8, 33.0, 32.0, 31.0, 22.7, 14.1; HRMS (ESI)
calcd for CssHss [M] 468.2817, found 468.2803.

14-Decylbenzo[s]picene (42am)

Pale yellow syrupy oil, 20.9 mg (89%); 'H NMR (CDCls3, 400 MHz) ¢ 9.00 (d, J = 8.2 Hz, 1H), 8.99
(d, J =8.2 Hz, 1H), 8.85 (d, J = 8.4 Hz, 1H), 8.73 (d, J = 1.3 Hz, 1H), 8.58 (dd, J = 9.0, 3.3 Hz, 2H),
8.04-7.93 (m, 4H), 7.69-7.55 (m, 4H), 7.45 (dd, J = 8.4, 1.7 Hz, 1H), 2.84 (d, J = 7.6 Hz, 2H),
1.81-1.70 (m, 2H), 1.48-1.18 (m, 14H), 0.87 (t, J = 7.0 Hz, 3H); *C NMR (CDClIs, 100 MHz) ¢
140.9, 133.51, 133.49, 130.3, 129.9, 129.8, 129.1, 128.42, 128.37, 128.34, 128.13, 128.09, 127.8,
127.6, 127.5, 127.4, 127.34, 127.32, 127.0, 126.00, 125.97, 125.90, 125.86, 120.74, 120.70, 36.3,
31.9, 31.6, 29.7, 29.6, 29.4, 29.4, 22.7, 14.1; HRMS (ESI) calcd for CssHss [M] 468.2812, found
468.2804.
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Dibutyl 14,15-bis(methoxymethyl)benzo[s]picene-13,16-dicarboxylate (42bl)

A (CHCI); solution of 41b and 2l was added dropwise to a (CH2Cl); solution of the Rh catalyst.
Yellow amorphous, 30.4 mg (98%); 'H NMR (CDCls, 400 MHz) 6 8.43 (d, J = 8.8 Hz, 2H),
8.36-8.27 (m, 2H), 8.03 (d, J = 8.8 Hz, 2H), 7.94-7.87 (m, 2H), 7.57-7.47 (m, 4H), 5.06 (d, J = 10.6
Hz, 2H), 4.77 (d, J = 10.7 Hz, 2H), 3.55 (dt, J = 10.6, 6.3 Hz, 2H), 3.43 (s, 6H), 2.82 (br, 2H),
1.08-0.81 (m, 8H), 0.72 (d, J = 7.2 Hz, 6H); *C NMR (CDCl;, 100 MHz) ¢ 169.2, 135.9, 135.3,
132.0, 130.5, 129.3, 128.8, 128.74, 128.67, 126.8, 126.6, 126.1, 125.7, 119.7, 67.6, 65.1, 58.6, 29.8,
18.8, 13.6; HRMS (ESI) calcd for CsoH10OsNa [M+Na]* 639.2717, found 639.2701.

15-Phenyldinaphtho[1,2-f:2',1'-h]isoquinoline (43ag)

Colorless solid, mp 278.7-280.2 °C, 7.2 mg (36%); 'H NMR (CDCls, 400 MHz) ¢ 10.24 (s, 1H),
9.17 (s, 1H), 9.01 (t, J = 8.7 Hz, 2H), 8.62 (d, J = 8.8 Hz, 1H), 8.61 (d, J = 8.7 Hz, 1H), 8.20 (d, J =
7.3 Hz, 2H), 8.16-8.01 (m, 4H), 7.82-7.61 (m, 4H), 7.55 (t, J = 7.3 Hz, 2H), 7.46 (t, J = 7.3 Hz,
1H); 3C NMR (CDCls, 100 MHz) § 153.0, 151.8, 139.7, 135.1, 133.7, 133.5, 130.1, 129.8, 129.1,
128.9, 128.8, 128.6, 128.55, 128.52, 128.34, 128.28, 127.6, 127.1, 126.8, 126.7, 126.5, 126.1, 125.5,
124.0,120.7, 120.6, 117.4; HRMS (ESI) calcd for CaHzoN [M+H]* 406.1590, found 406.1577.

15-[4-(Trifluoromethyl)phenyl]dinaphtho[1,2-f:2",1'-h]isoquinoline (43ah)
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Colorless solid, mp 264.1-265.6 °C, 15.1 mg (64%); *H NMR (CDCls, 400 MHz) ¢ 10.2 (s, 1H),
9.17 (s, 1H), 8.96 (d, J = 8.0 Hz, 2H), 8.68-8.57 (m, 2H), 8.29 (d, J = 8.0 Hz, 2H), 8.18-8.03 (m,
4H), 7.83-7.65 (m, 6H); 3C NMR (CDCls, 100 MHz) ¢ 151.9, 151.2, 142.9, 134.9, 133.7, 133.5,
131.1, 130,4, 130.4, 130.2, 130.1, 130.0, 129.7, 129.0, 128.8, 128.7, 128.6, 128.5, 128.4, 127.4,
127.19, 127.16, 127.0, 126.8, 126.6, 125.9, 125.85, 125.81, 125.77, 125.7, 125.3, 124.4, 123.0,
120.6, 120.5, 117.9; HRMS (ESI) calcd for Cs2Hi9FsN [M+H]* 474.1464, found 474.1446.

4-(Dinaphtho[1,2-f:2',1'-h]isoquinolin-15-yl)benzonitrile (43aj)

Colorless solid, mp >300 °C, 12.3 mg (57%); *H NMR (CDCls, 400 MHz) 6 10.17 (s, 1H), 9.11 (s,
1H), 8.95-8.85 (m, 2H), 8.594 (d, J = 8.9 Hz, 1H), 8.586 (d, J = 8.9 Hz, 1H), 8.25 (d, J = 8.2 Hz,
2H), 8.17-8.02 (m, 4H), 7.85-7.63 (m, 6H); 3C NMR (CDCls, 100 MHz) ¢ 152.0, 150.4, 143.7,
134.8, 133.6, 133.5, 132.7, 130.2, 130.1, 129.6, 129.00, 128.95, 128.7, 128.4, 127.4, 127.3, 127.2,
127.0, 126.8, 126.7, 125.7, 125.2, 124.6, 120.6, 120.5, 119.0, 118.1, 112.1; HRMS (ESI) calcd for
Cs2H19N2 [M+H]* 431.1543, found 431.1537.

15-(4-Methoxyphenyl)dinaphtho[1,2-f:2',1'-h]isoquinoline (43ai)

Pale yellow solid, mp 237.8-238.6 °C, 5.2 mg (24%); *H NMR (CDClIs, 400 MHz) ¢ 10.2 (s, 1H),
9.10 (s, 1H), 9.06-8.95 (m, 2H), 8.67-8.56 (m, 2H), 8.20-8.02 (m, 6H), 7.81-7.62 (m, 4H), 7.08 (d,
J = 8.8 Hz, 2H), 3.90 (s, 3H); 3C NMR (CDCls, 100 MHz) § 160.5, 152.8, 151.6, 135.1, 133.7,
133.5, 132.3, 130.1, 129.9, 129.7, 129.1, 128.6, 128.5, 128.33, 128.31, 128.26, 128.2, 127.6, 127.0,
126.8, 126.6, 126.4, 126.2, 125.5, 123.6, 120.7, 120.6, 116.4, 114.3, 55.4; HRMS (ESI) calcd for
Cs2H22NO [M+H]* 436.1701, found 436.1691.
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Ethyl dinaphtho[1,2-f:2',1'-h]isoquinoline-15-carboxylate (43aa)

Colorless solid, mp 226.3-228.6 °C, 10.8 mg (54%); 'H NMR (CDCls, 400 MHz) § 10.26 (s, 1H),
9.64 (s, 1H), 8.98-8.86 (m, 2H), 8.61 (d, J = 8.8 Hz, 2H), 8.17-8.09 (m, 2H), 8.06 (d, J = 7.9 Hz,
2H), 7.83-7.63 (m, 4H), 4.59 (q, J = 7.1 Hz, 2H), 1.53 (t, J = 7.1 Hz, 3H); *C NMR (CDCls, 100
MHz) ¢ 165.9; 151.9, 143.4, 134.2, 133.5, 133.4, 130.4, 130.2, 129.7, 129.51, 129.47, 129.0, 128.5,
128.4,127.7,127.5, 127.2, 127.0, 126.8, 126.7, 125.4, 125.3, 123.6, 120.5, 120.4, 62.0, 14.5; HRMS
(ESI) calcd for CosH19NNaO, [M+Na]* 424.1313, found 424.1298.

2-(Dinaphtho[1,2-f:2",1'-h]isoquinolin-15-yl)acetonitrile (43ac)

Pale brown solid, mp 241.4-242.6 °C, 9.8 mg (53%); *H NMR (CDClIs, 400 MHz) § 10.10 (s, 1H),
8.89 (d, J = 8.1 Hz, 2H), 8.85 (s, 1H), 8.61 (d, J = 8.9 Hz, 2H), 8.18-8.02 (m, 4H), 7.83-7.63 (m,
4H), 4.16 (s, 2H); *3C NMR (CDCls, 100 MHz) 6 152.2, 145.9, 135.1, 133.6, 133.4, 130.34, 130.28,
129.5, 129.0, 128.9, 128.6, 128.5, 128.4, 128.3, 127.4, 127.3, 127.1, 126.81, 126.76, 125.5, 124.7,
124.3, 120.5, 119.3, 117.3, 26.8; HRMS (ESI) calcd for Cy7Hi7N> [M+H]* 369.1392, found
369.1386.

13,16-Dibutyl 15-ethyl dinaphtho[1,2-f:2",1'-h]isoquinoline-13,15,16-tricarboxylate (43ba)

Yellow amorphous, 16.1 mg (53%); *H NMR (CDCls, 400 MHz) § 8.62-8.48 (m, 2H), 8.41 (d, J =
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8.0 Hz, 1H), 8.35-8.27 (m, 1H), 8.17 (t, J = 9.0 Hz, 2H), 8.04-7.95 (m, 2H), 7.69-7.54 (m, 4H),
4.59-4.40 (m, 2H), 3.75 (br, 2H), 3.25 (br, 2H), 1.45 (t, J = 7.2 Hz, 3H), 1.22-0.86 (m, 8H),
0.83-0.68 (M, 6H); 3C NMR (CDCls, 100 MHz) & 167.0, 166.7, 153.1, 147.2, 133.4, 132.2, 131.9,
131.4, 131.2, 130.99, 130.97, 130.2, 129.8, 127.8, 127.6, 127.4, 127.1, 127.0, 126.8, 126.7, 126.0,
124.3, 123.4, 119.8, 11.7, 66.1, 62.5, 29.81, 29.78, 18.9, 18.8, 14.1, 13.65, 13.6; HRMS (ESI) calcd
for CasHas0sNNa [M+Na]* 624.2362, found 624.2350.

2,2'-[(9,9-Didodecyl-9H-fluorene-2,7-diyl)bis(benzo[s]picene-15,14-diyl)]bis(propan-2-ol) (44)

Hs-BINAP (5.7 mg, 0.0090 mmol) and [Rh(cod)2]BF4 (3.7 mg, 0.0090 mmol) were dissolved in
CHxCI; and the mixture was stirred at room temperature for 10 min. H, was introduced to the
resulting solution in a Schlenk tube. After stirring at room temperature for 50 min, the resulting
mixture was concentrated. To a solution of the residue and 41a (20.0 mg, 0.0300 mmol) in (CH2ClI).
(0.8 mL) was added a solution of 22 (20.0 mg, 0.0660 mmol) in (CH2Cl)2 (1.2 mL). The mixture was
stirred at room temperature for 15 h. The resulting solution was concentrated and purified by a
preparative TLC (eluent: n-hexane/CH2Cl, = 1:3) to give 5 (17.8 mg, 0.0140 mmol, 47% vyield). Pale
yellow solid, mp 130 °C (dec.); *H NMR (CDCls, 400 MHz) 6 9.36 (s, 2H), 9.11 (d, J = 8.4 Hz, 2H),
9.04-8.96 (m, 2H), 8.80 (s, 2H), 8.66 (dd, J = 9.1, 2.8 Hz, 2H), 8.13-7.95 (m, 8H), 7.82 (d, J = 7.6
Hz, 2H), 7.78-7.70 (m, 2H), 7.69-7.62 (m, 2H), 7.58-7.44 (m, 8H), 2.14-1.92 (m, 6H), 1.65 (s,
12H), 1.31-1.00 (m, 36H), 0.90-0.72 (m, 10H); *3C NMR (CDCl3, 100 MHz) ¢ 150.6, 144.6, 142.7,
139.9, 138.9, 133.6, 133.5, 132.5, 129.9, 129.8, 129.2, 128.7, 128.3, 128.21, 128.18, 128.1, 128.0,
127.9, 127.5,126.8, 126.7, 126.4, 126.2, 126.1, 126.0, 124.7, 120.79, 120.76, 119.3, 74.4, 55.4, 40.6,
32.7, 31.9, 30.3, 29.7, 29.64, 29.62, 29.56, 29.3, 24.2, 22.7, 14.1, 1.0; HRMS (ESI) calcd for
CosHesO2Na [M+Na]* 1293.7459, found 1293.7457.
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Ladder Molecule 45

Tetrafluoroboric acid diethyl ether complex (5.3 pL, 6.3 mg, 0.039 mmol) was added to a stirred
solution of 44 (8.2 mg, 0.0064 mmol) in CH2Cl, (3 mL), and the mixture was stirred at room
temperature for 14 h. The resulting solution was concentrated and purified by a preparative TLC
(eluent: n-hexane/CH.Cl, = 10:1) to give 45 (7.8 mg, 0.0063 mmol, 98% yield). Yellow solid, mp
155 °C (dec.); *H NMR (CDCls, 400 MHz) 6 9.31 (s, 2H), 9.26 (d, J = 8.4 Hz, 2H), 9.08 (d, J = 8.4
Hz, 2H), 9.00 (s, 2H), 8.69-8.61 (m, 4H), 8.13-8.01 (m, 8H), 7.90 (s, 2H), 7.86-7.80 (m, 4H),
7.77-7.60 (m, 6H), 2.22-2.10 (m, 4H), 1.75 (s, 12H), 1.20-0.99 (m, 36H), 0.82-0.71 (m, 10H); 13C
NMR (CDClIs, 100 MHz) § 153.8, 152.5, 151.1, 141.5, 138.6, 138.2, 133.7, 130.15, 130.07, 130.05,
129.8, 128.6, 128.4, 128.3, 128.24, 128.21, 128.15, 127.60, 127.58, 127.5, 127.4, 126.2 126.1, 126.0,
125.9,122.9,120.8, 119.7, 114.7, 113.8, 54.8, 46.8, 41.0, 31.8, 30.1, 29.63, 29.58, 29.57, 29.52, 29.4,
29.2, 28.0, 23.9, 22.6, 14.0; HRMS (APCI) calcd for CosHos [M+H]* 1235.7428, found 1235.7411.
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Fim Tk o1, FE, ISR/ WELZT7=F > L UBERERT L7~ B
BLOEEOHETOIMEETHE LT N 7= L BREAT D7~V B olFEL
B AR T gum 1 Z 240 0.0030-0.0025, 0.030-0.032 TH Y, ~VU &L D 5HAME
EOIMAIZIE D H LT~ B U B IR 2 ESE TV D L ZEx bl 12, X
BICH T IETIRARZ L D 1T, YT RSB T SR ABRIMUICHRE S iz
Y UBENHRERE IO EICEE L TWA Z ENRBEn, £/, XRUEBUVBEOR
MBIRDHNV B DO AEKEZERT 2EBEENZ < 2hiE, EtER X OMFEL &
PED Qs AR E L ARDZ L BMBNTND I, 2 TEHIL, SEAMEDIMIICES HIC
EOHLENVEUVRBIOANY U0 L8 ATKOBREBEES R IEICE 2 58
BEFLNITBED., FREFROLEODORV P UBTIE LV R v Bk e AT
LI~V B EAKTHZ & & L (Figure4.1),

R =H orPh
phenanthrene-based [7]helicenes triphenylene-based [7]helicenes benzopicene-based [9]helicenes
Jium: 0.0025-0.0030 Oium: 0.030-0.032 higher CPL property ?

Figure 4.1. Structure-property relationship of helicenes.

BB TRARZX DI, hTF AU Ea Uy Ml s W e T TG 1TV T
I3 2 D[R42+ 2 IEACBUST & 0 ZEHA Y B VRN AR TE D 2 L2 /L
2o FTEEFOFRTHIMREECTIEI AT A D0 AEE AW E 7 = = VIRET K
TA Ul 144 2 EDRA2¥2AMMBICISIZE D EiRO M) 7 ==L B E AT 5[7]
NV BUDOARFEGMREREL TS (Schemedl) , £ZC, E7 ==V BIET T4 D
RoOVICEF TFALYNET T4 U EARRISICHNWS Z & T, Eio_v Y v giks
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BT DO~V B ORFEEKNATREE 725D & B 2 7= (Scheme 4.2) . [7]~V & 1ZH~[9]
ANV EELEADER Y BRRE S SLKREERENT 57209, T 5 2 L BREECR Y
REBRGI S L0 DEICRENTWD, LR T, AR THERA 2R E TH 5
L EZXD,

20 mol %
[Rh(cod),]BF 4/
ligand

(CHJLCI)y, rt

up to 67% yield |giuml = 0.030 or 0.032
up to 91% ee & = 0.320 or 0.296

Scheme 4.1. Synthesis and derivatization of triphenylene-based [7]helicenes.
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chiral
Rh(1)" catalyst

R3=Hor

¥

Scheme 4.2. Synthesis and derivatization of benzopicene-based [9]helicenes.
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B SUSIEEE DB R L RO O

FT. BT TTFARET F A EUTOFECLIVAK LT, ©F 7 F UG 1LT-U 4
Y Alall n-TTFNIFTLEBEAESE, OEODT XU ENEST ) Fa Ly AF )L
VUNETHREL, SIEHMBc L7V —H =Dy TV TICLoTT R T A4 47
BT, BEWTRIES U w7 A L0 2 U VOB RH#EEZ TV B ORT L% BN 2 AT
T5HT N7 A 48 4k L7z (Scheme 4.3)

EtMgBr
CPDMS-CI

(CPDMS = ;\Si/\/\CN )
/ \
Me Me

40a 46 / 47% 47 (R = CPDMS):l
48 (R = H)
/90% (2 steps)

Scheme 4.3. Synthesis of binaphthyl-linked tetrayne 48.

BNTHTFA MR 0 AR T, AR LIZE T 7 FAEET R4 48 LT L%
VR N-TFNIEGT D 1,4-T 4 > 49a E VTSSO 21T - 72 (Table 4.1)
FTRENLRET U=V ERARAT ¢ VBNLF T 5, Segphos, BINAP, Hg-BINAP %
W Z1T o 72 (entries 1-3) , ZOFEE, WTNHEIERN L B B ER
T 591~V & LR 50a 3% B AL, Segphos, BINAP Tifiisd TR =) F A Bt %
RULTZDIZHF L, He-BINAP & W% & Baf7p ) o FABRIRMEZ R~ T 2 E A LN E o
7= (entry 3) . WIZUWHEDOM EZHBLI VX —T =4 v ORFEITolcE 25,
[Rh(cod)2]BF4 (21X 2 T[Rh(cod)]JOTf &Mt 2 N5 &~V 50a OICHEIER L
DODTF o FAEPENE LK T L (entry 4) . F£7-. [Rh(cod),]SbFe A firh: 2 v
THIEB IO o FABRPYEDR FIZA LR -oT (entry5) o VT, 72w Al
BT X D [2+2+ 2 BRSO IT B W T BAF 225 R & -2 D~ v 7 o SR A D TROGE
Bz OWTHRANEB I o7 b00, INROME FiXR SN -7 (entries6.7) . & b
A VA NIRRT T Ch ARG KO A CZBLRISICE VEET 2 Z LR LN E
20 ZHBICEOIKR TORERERTHDL Z ENRBINT, £ZT, 14V A 49 %
SYEHWTKINEITo7225, 15 Y E L g L CICRITIK T L7 (entry8) . —77, 14-¥
A 2 49a % 1.1 Y EIER L THIERITM E Lo 72 (entry9) , ZICKIGD AT —/v
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T v T A, 0.05 mmol DT ~T A48 HFHWTIGNEIToT-E 2 A, INRB L=
VI ABRINEDNME T T 5 Z L2 [9] Y & U EEE K 50a 35 HAL7e (entry 10)

Table 4.1. Screening of ligands for rhodium-catalyzed [2+2+2] cycloaddition of tetrayne 48 with
diyne 49a.2

[Rh(cod),]X/
ligand
rt
48 49a

entry ligand 48 49a catalyst X solvent time yield? ee
(mmol) (equiv)  (mol %) (h) (%) (%)
1 (S)-Segphos 0.025 1 50 BF4 (CH,CI), 13 <1 <10
2 (S)-BINAP 0.024 1.55 52 BF,4 (CH,CI), 9 2 10
3 (S)-Hg-BINAP  0.025 1.5 50 BF,4 (CH,CI), 12 1 69
4°  (S)-Hg-BINAP  0.025 1.5 50 oTf (CH,CI), 136 4 <10
5 (S)-Hg-BINAP  0.025 1.5 50 SbFg  (CHJCI), 13 <1 ca. 70
6 (S)-Hg-BINAP  0.025 1.5 50 BF4 CH,Cl, 14 <1 73

7 (S)-Hg-BINAP  0.025 1.5 50 BF, chlorobenzene 12 -

8 (S)-Hg-BINAP  0.025 3 50 BF, (CH,CI), 15 <1
9 (S)-Hg-BINAP  0.025 1.1 50 BF,4 (CH,CI), 16 1 -
10 (S)-Hg-BINAP  0.050 1.5 50 BF, (CH,CI), 40 1 71

2 [Rh(cod)2]BF4 (0.013-0.025 mmol), ligand (0.013-0.025 mmol), 48 (0.024-0.050 mmol), 49a
(0.025-0.075 mmol), and solvent (3.0 mL) were used. ° Isolated yield. ¢ (CH,Cl)2: 6.0 mL.

0
¢ Qo

\

S PPh, PPh, PPh,
o PPh, PPh, PPh,
o O CO ‘O

(S)-Segphos (S)-BINAP (S)-Hg-BINAP

Figure 4.2. Structure of chiral bisphosphine ligands.
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Figure 4.3. Structure of byproduct of [2+2+2] cycloaddition of tetrayne 48 with diyne 49a.

LI EDORISICBITBEIERME LT, ERLET R T4 48 Oy FARISAERB E A
2 EAVBUSAERRI DIENNZ, T R T A4 48 & 1,4-T A > 49a & D 1 BtRE B o[2+2+2] IR
{EESIZBWTH & WO ERIEERSER L TnD Z LRS- (Figure4.3), 2
T, 7 F I A4 48 Do FARIE & B CZ BRSO F K O[2+2+2) B bSO DAL
BIRMEDOM LD, T R TI7A DT VX RICE#EILEZEAN LR 21T o772, AT
HEEANLEEEZHN TS ET T E 2 A, FUNIE T2 ETETIREIOT F T A
ERENT (K 41D, TRIA DT AR UERIZT hX U HIVR = VA B AL T
Bz T o1& 2A, 3 FHEBUSITHETT 5 6 0D B D[~V & 3G 6oz (G
42), D Z ENDB, T T A DT IVF RIEA~O BEHRFLE A X DR O ) bR
Th b LfEmOT 7,

n-Bu 50 mol%
[Rh(cod),]BF,4/
\ (S)-H-BINAP
+ (e}
// (CH12§22, rt 4.2
n-Bu
49a (1 equiv) 0%



n-Bu 50 mol%

[Rh(cod),]BF 4/
\\ (t)-BII\?AP )
+ o
// (CH12§:22» rt 4.2)
n-Bu
49a (1 equiv) 0%

W, FREDONEZ ML 1,4-24 ANZOWTEBEORFEZITI) L & Lz, £, 7
LXK T 2=V E AT D 14-UA v 4% RO TCRISKEDF 8 Z21T-7- (Table
42), RENRET V=V ERRRAT ¢ VBNLFTH 5 Segphos, BINAP, Hg-BINAP %
WA 21T - 72 & 2 A, Segphos, BINAP Tlid HID[9]~V & » #E K 500 (F{RILRIZ &
EEo7bDD (entries 1,2), Hg-BINAP Z 5 & n-T7 FALEEFTH 14-2 A > 49a %
FHNTZIRFIZ LA [9] Y & 3R R 50b DIXEERS L V= o F A3 U250 | L 7= (entry 3),
FENTT b T A 2 48 D FWNIGE L OH B BALRISIZ X D INEROIK T &2 Mfl+ 5720
14-24 2 49b % 3 Y @AW, NG & B R bL T X TUH O UG O(b %
PFPEICZBITA O NT, FRREOIRIZE EF o7z (entry 4), WIT, IGHEE O FIT L
% 48 O LR DRIFUS DMl 25T 7o, v D L L 1,4-2A 2 49 ITKF LT R T A 48
Z 1 FERINT TR Lz & 2 A0 TS B ORI RS 3, [9]~Y & U ipEk
50b DOUCRIFME T L= (entry 5), ZAUE., 1,4-VA > 49 NHCOZEICED T FTA4
48 EDORIGHNCIEBE SN T LE SO ThDH EEZX LN, £I2 T, vy Mzt
LTIVA 249 &7 T4 48 % LIEIZNT T R L7z & 2 A, entry 3 & [RIFEEE DY T
~Ut 500 3G 67 (entry 6), & Z Tl FRFH A 2 RFEICIER 3% & 5 L=RDS 80%FE
FELR VRGBT L (entry 7), ZAVUISISIEE O T OWFRIZ L 0 Al KE L= 70
DTHDEEZ, vy AilA 100 mol %AWV THiET L 72 23R X entry 3 35 L (V6 & [FIFE
FEIZE EFE o7 (entry 8), wIZICKIGAT —/L & KE L, 48 % 0.05 mmol FIV TS ZAT
ST 2 AT ITUERNE E LT (entry 9),

125



Table 4.2. Screening of ligands for rhodium-catalyzed [2+2+2] cycloaddition of tetrayne 48 with
diyne 49b.2

Ph
\\ [Rh(cod),]BF 4/
ligand
+ o
// (CHLCl)o, rt
Ph
48 49b 50b
entry ligand 48 49b catalyst time yield® ee
(mmol) (equiv) (mol %) (h) (%) (%)
1 (S)-Segphos 0.025 1.5 50 13 <1
2 (+)-BINAP 0.025 1.5 50 14 <1 -
3 (S)-Hg-BINAP 0.025 1.5 50 16 5 95
4 (S)-Hg-BINAP 0.025 3 50 16.5 5 93
5¢ (S)-Hg-BINAP 0.025 15 50 82 2 -
69 (S)-Hg-BINAP 0.025 1.5 50 17 6 96
7€ (S)-Hg-BINAP 0.025 1.5 50 12 3 94
8¢ (S)-Hg-BINAP 0.025 1.5 100 17 6 93
of (S)-Hg-BINAP 0.050 1.5 50 66 8 94

& [Rh(cod)2]BF4 (0.013-0.025 mmol), ligand (0.013-0.025 mmol), 48 (0.025 or 0.050 mmol), 49b
(0.025 or 0.075 mmol), and (CH.CI)2 (3.0 mL) were used. ° Isolated yield. ¢48 was added dropwise
to a solution of catalyst and 49b over 1 h. ¢ 48 and 49b were added dropwise to a solution of catalyst

over 1 h. ® 48 and 49b were added dropwise to a solution of catalyst over 2 h. f (CH.CI)2: 6.0 mL.

FEWTRISHRIZEMR L2 2 A, ~NU BUMRINERTHE LD & & HIT, ~U & Uh
BROR 1 HARICR T O (R4.3), WD TAY B URIBRE N2 2 YEo e VY A RE
EHSEE A, ~U ' 50b 2 17T%IERTHELN ((N44), 43, 44 Lo~V k
»DORBINERIT 7% & 720 | Table 4.2 @ entry 9 & Fb_TARFIEIC X DR B EIX R S /a0
ofz, Fiz, K44 ITBWTHEBERIHTE o2 b OO ERFEVERDITS RIS LS
HOZELOSERD Th 5 LR S, 0 PRS0 FRBOR & 0 L THEfT L T
WhHEEZOLND, Lo T, ZEMEOS THR+2+2)MBLEIS B HET LD W02 &R
~NUBVORENMETT2HRO—2Thd EEZNND, ZORIENETL 50O,
[T~V EUHEX V9N B AEEDARRICIEATEB Y | MEEENEM L2720 TH
HEEBEZHND,
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50 mol %
[Rh(COd )2]BF4/
(R)-Hg-BINAP

(CH,CI),, 1t
10 min

ca. 80% convn.

50b
5% vyield, 94% ee 28%
°Y ° ’ (4.3)
200 mol %
[Rh(cod),]BF 4/
(R)-Hg-BINAP
_ >

11

FBENT L4-V A OBRIEALOMES 21T > 7c, TAF VRIRIC T = =V RGN b
Rex A3 5 1,404 2 49 VTR T ORFH21To72 & 2 A, He-BINAP % H
WZBRIZHIID[OI~Y £ D 5%RRETH LD DD, 14-2 A > 49b Z H W T2ks & b
TF U FABRRENKIFBIE T L2 (X 45), 2O XL HIcmF o FA@RMENKIBITET
L7eDIE, 14-2A 2 49 Z W o & & L8720 | —BfE A OR+2+ 2/ NBR(LUSIZ BN T
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PUOARFRFEI L, BB OIS CHERADEESFINET L TND LEZ TN D,

Ph 50 mol%
\\ [Rh(cod),]BF 4/
(S)-Hg-BINAP
+ >
y (CHCI)y, 1t (4.5)
74 64 h
Ph >90% convn.
48 49c (1.5 equiv) 5%yield, 16% ee

SO A TG 14-04 2 8 ZHWVTRISEATS 2R, XY BB EAET DY
T~V i3S oT (K 46), ZiUE. P 7 ==L B ERT DA T]
AU BATEARTF TNV B OREPME T LIZJRE TH D 7 A REE T A o D[2+2+2)f+
IV S O ESERME DR . L7 A F = RS DOEITO O Th b L E 25N 5,
FRlZ, R LSRR EIC L - THIYO B B O 5 7 WN[2+2+ 2] fMBRL RS A HEFT L2
5720 BTV F = LRSI ICHETT LT < ol & PSS,

OH
50 mol %

[Rh(cod),]BF 4/

\\ Me (t)-BII\%AP4
+ Si, _— (4 6)
Me (CH,CI),, 1t '
/ e1h
OH
48 28 (1 equiv)

BEWTHGTORGT VX iz VLR TRE LT b T4 22 AWV CTEMN
[2+2+2 MBSO K D [9]~Y B v DOERD G AR (X4.7), LaL, —BHE
DR+2+ 21 MEALBISIZ L > TR BN DX Y B VFERDOIERIL 10% & K)o T2,
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50 mol%
[Rh(cod),]BF4/
o _OrHeBINAP 3 pSqvesqunt
(CH,Cl)y, 1t 2:1CRIG LIZE B
16 h
>95% convn. 25%

10%

HHEOFBTAMEECTHE AR 7L A L UEKRBLIONN) 7o =L B a2
FTHM~V B AL X7 T ¢ VR E RS 572D ARG TH LI~ 220
THRKICAE R 7 VA L B2 AT 590D & ~DifEZIT 72 (Scheme 4.4), o
TuEET 2= n 7T F LBl AEH S, 95% ee DY (9)-50b &GS
HHZ LT LY B2 #1372, TDth, HBF»+OEL #E&E 5 Z & CHHODAE R 7 )L
TV B ERT DAY U (H)53 LT,
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n-BuLi (50 equiv)

THF, 1t

(-)-50b (95% ee) 51 (100 equiv)

HBF,4-OEt, (50 equiv)

CH,Cly, rt

52 (-)-53 / 75% yield (2 steps)
94% ee

Scheme 4.4. Derivatization of helicene 50b.
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BR BUSHEREICRE 5 B 5

HEE K % LRI 9 (Scheme 45.46) . 9. 77448 D2 5DT L
EALAN T O AR U TR ERERIL L n X vy m X U R A TR S,
ZIWECA DR FTFTOTNAF AR U7 ML L, v A—REBEITHAL
T BT BE S AT 5 2 & TTRIE B MBS L5, TRIEB-1 5L B-2 7 Higc
HILEESEI T2 LRIVER TH DAYV VEFEIR C NVERKT D, —J7. TRIA B-3
BEO B4 MOIRTHIMBENEITT D &, ~U B VAR TH 50V B VFHEAR D
AT 5,

Scheme 4.5. Possible mechanism for rhodium-catalyzed [2+2+2] cycloaddition.
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ZOXRUYERVFERD LY u AN T A Tra s a X g
MEE BN DN, ZODT I UEAMO EH HARBRELIBRLT % 72 L 0 PRTE E-1,
E-2 WTFNDDIEEAEEEND, 2B, ZHOHDOHEIKIZE N TR B VROERD
DELTEY, ZNOIEEEET L2 ENRETH LD, XU e UFFER D 76 Hf
KE-1, E2 ZTEAT ABRIC, = F o FABRRMEREBE L WL EPHIND, ZDXIHIT
EUTEy a2 P R E-L, E-2 1250 O T L% EALNEL AL, HRA
FOSVER LT IR T L > TV B UBER 50 NG HbND EEZ HND, [T~
T DYE LT, HEIR B, B-2 £ RIE F 2T 2 BRI SERBEE S HIN L |
H ) D 531N [2+2+ 2] INBRAL SIS L 0 BB T db 5 471 [+ 2+ 2] (SN BRAL BOS 3 AT L
LI o TV BHEEZLND,

Scheme 4.6. Possible mechanism for rhodium-catalyzed [2+2+2] cycloaddition.
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FEUUET  BLREAE O X SRS RE IR IS KON SIS 2B 5 B

i S — A

REF HICTER LR BB EZAHT D0l £ iFER()-50a DY/ nr
AR ANFY ERIE D DS T ERE SO W T X B ST 21T o 72 & 2 A, [9]
~Utr B0a IZEENDLN Y B BRI S SN To > Y B B L R
WZY Rt & > Tz (Figure 4.4, 4.5, Table 4.3) 9, W CLIRNZEE OFTE T 5 HF
RETHMELIL N 7=V B EAT D7~V £ 3898 g L7z,

Figure 4.4. ORTEP diagrams of [9]helicene 50a [left, top view (top) and side view (middle)] and
[7]helicene 38 [right, top view (top) and side view (middle)] with ellipsoids at 30% probability.
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Table 4.3. Crystal data and data collection parameters of (+)-50a.

(£)-50a
formula C61H44O
formula Weight 792.96

crystal color, habit
crystal system
space group

a(A)

b(A)

c(A)

o (deg)

P (deg)

y (deg)

v (A3)

VA

dealc (g/cm?)

# (CuKa) (mm™)
Fooo

Crystal size (mm?)
Temperature (K)
0 range (deg)

index ranges

number of independent reflections

number of parameters

number of restraints
Ri, wR> [[>20(1)]
R1, wR> (all data)

S

largest difference peak and hole (eA )

orange needle
Monoclinic
P2i/c
14.3865(3)
11.7129(2)
24.5179(5)

97.8354(7)
4092.87(13)

4

1.287

0.568

1672
0.230x0.108x0.061
93(2)
3.101-68.237
~17<=h<=17,
~l4<=k<=12,
~29<=]<=29
7473

561

0

0.0427, 0.1120
0.0516, 0.1221
1.105
0.385,-0.221
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(b)

Figure 4.5. (a) Pitch of inner or outer helix and (b) dihedral angle of [9]helicene 50a.

C-C bonds dihedral angle (degree)
C(27)-C(28)-C(29)-C(3) 31.4
C(28)-C(29)-C(3)-C(4) 8.5
C(29)-C(3)-C(4)-C(57) 26.4
C(3)-C(4)-C(57)-C(56) 1.4
C(4)-C(57)-C(56)-C(55) 27.4

The sum of the five dihedral angles is 105.1 °.

Figure 4.6. ORTEP diagrams of [9]helicene 50a with ellipsoids at 30% probability.
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[9]~V &> 50a @ & ¥ AAEE RIGIIALE T D ZFO~ B B O HfkT 3.302-3.556 A
(P45 3.449 A) . [T]~V &2 38 O LE AMEERO B VBRI L O#EY 3.834 A (&
D OFLERMERDFEIE) T[]~V &> 50a DHFNEL 7e->TEY, KD 7 =+ L
VERAI LS nn AHEEH L TWD Z DRI NT, il T o b AEEON
B LIOIMUDOE v FE2RkDT-, ZOREE, [9]~V L 50a DHHEAOHAIOE > FiI L
OSMAID & F OB Z 24 3.088 A 35 L 10 3.578 A (Figure 4.5) TH - 7=DIZxt L,
N 7 2=V U BEAT DT~ ' 38 ONE L USMIO By FOFEEIZTZENZN
3.035A, 4648 A (& HIZZSOEERMARDFHE) Thotz, Z 2O &2 & il
HE, WMoYy FIXFRIRRECH-7-DITxt L, MO B FI1E[9]~ VU &> 50a (28T
X, WO y FIZIEVEZ R L2 EnD, EvTFaflloo_UB U RO iEA
DINENT ENRBRENT, EBEIZO]~Y o 50a BLO[7]~V 38D v F &~ 7-
RUBVERO HAZRDIEE A, FNEN B4 L3654 TH Y, fBAELIZHED[9)
ANt 50a DR URELORTHANRLYD/NIVASE o T,

[9]1~V &> 50a @ &8 AMEENMI DT> dihedral angle D& &L 105.1°Tdh v | [7]~V
t 1 38 (99.5°) IZHARKRELSEATHDZ ENRHLMNE -T2 (Figure 4.6), ZiLE o
LD B Z T, WIS B AT 5722 s B2 b5,

UL EDOZEFII[TI~Y B L[99V B DR UVBORREOENIERNT S EEX 5N
L7128, LLARNCER ORI DHFIEE Tl LT[0~ Y &2 549 L Dl 217~ 7= (Figure
47), [9]1~V Y 54 O BLEAMEEREND SO T B X O e U ERIE O FEfET T
3.315-3560 A (°F-#)3.456 A) 720 [9]~V & 50a L IAFLE &7~ 7= (Figure 4.7 (a)),
T, BEANMESMIOE y FOFHEME (Figure 47 (b)) BEIUOE vy FEHf-7=_ B
VERO MM, TNEIL3.056 A, 3678ABLVNT7.24°THY, HELIED [~ B
50a DM & FIFREIC /2 572, S BHIZ[9)~Y B 54 O B4 AAEENMIO LoD dihedral angle
DEEF (105.2°) H[9]~Y B 50a DIE L IEIFE K LTz,
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(b)

Figure 4.7. (a) Centroid-centroid Distances of rings and (b) pitch of inner or outer helix of helicene
54
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B NV EREAT D01V ORI ORI R

KEE HICTAR LA 7L F LB B LR Y B B EAT 5[0~V
T 53 D7 1L AR TO NI OWT, EHE OFTE T D AFFEE D LIRS s
LIEAER A LU BRBEIO RN 7= L G a AT 5[71~V & 55 (Figure 4.10)
LB LTz, [9]~ Y 2 2 53 DURAN AT IS K OV I A~ L& LU IZ+d (Figure 4.8)
FRRURI G 1 268, 289, 312 nm, Eil B OWLIGHIE 470 nm f2EECTH 0 | MKHSLHE R
1% 488 nm ThH o7z, —J. [7]~V & 55 DMK R L ORI E ORISR EZ
2262, 370, 400 nm B L4200 nm FRETH Y | BRI EIT 449nm Tho7z, WiHE
RS L9~ B2 B3 DR EFREMOWIGE L O R R & bICRERE Y7 LT
WHR, ZHIE R 7 2= L BRI AR Y B RO TN L RN L,
HOMO-LUMO D=L F—F ¢ v TN o TNDHTDTh D EEZ LD, Kl T[9]
AU ' 53 O v ARV AR OEEEFIEIT 18%Th D~ U & 55 Ot &I
3 (30%) IZHAKT Lic, ZAUFHEERAIEIE Lc b O O RREIC I T 5 o #uE Ml
B9, E—F T - EREMME T LiEFoRK =EHBIA L D= Rr ¥ —F ¥ v 7
DL Ipofe Z LI IV HEBREMEES N2 EE 2N, F2[9]1~V & 53,
[71~V &> 55 OEERETORNEFIVRIIZNEN TB IV 12%TH Y, IWIRIRE (18
FBEO 30%) IZHARFERER T L, Lo T, BERRETOSTRIMAERGFEERETH
HEBEZBND,

20 150
15
é 4 100 5
:’ ©
w =
= 10 [z
: 5
5 £
A 4 B0
5
0 : : . 0

250 300 350 400 450 500 550 600 650
Wavelength, nm

Figure 4.8. UV/Vis (black line) and fluorescence (red line) spectra of [9]helicene 53 in CHCIz at 3 x
105 at 25 °C.
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FEWNTHR 7T ¢ IVRREDRIE 21T > 72, [9]1~ Y & 2 (-)-50a DEJEEIZ-1420 TH Y |
WIS T DY 7 2= LB AT A7)~V £ 38 (1397) ITEE_DP IR VME L 72
ofc, —H. NV B OBEBRILN R DT OMICHEET S Z LIXTE RV, [9~Y &
2(-)-53 DFENEIL 342 THY ., ~Ut 55 (684) (ZH~VINSWMEE -T2, £7-. [9]
~Ut(+)-53 (98%ee) &(-)-53 (96% ee) DYt (Circular Dichroism: CD) A<
7 bV EMRE3E Y (Circulary Polarlized Luminescence: CPL) A~X27 h L& Z L FAUHIE L
A BRI T—A A=V DAY Mg S - (Figure 4.9), aiiRo =L Y [9]
A~ 2 (+)-53 DlgumlfEiE 0.0007 & 720 | [7]~V £ 55 OfE (0.032) &g LT L <A
Tl ZORKRD—DE LT, ELADZOOE—IPRERVITHHELH->TWNLHZ L
MET B, ZOOFKAMNENZENHORF 5D CPLAHEEZ A L TND Z LR END,
Z I T ANF — ol RO (E=hc/eh) OH U AGAINED — DO —7 DfITH D &
WELTH—=T 74T 4T &2V, TNEFNOE—7EEEZHEN Lz, BAREIZIZL
T3 E A,

intensity = fi(A)+ f2(0)
fi(\) = Av/[sqrt(2m)*xc]xexp {~[(hc/eh)—(hc/ehc)]?/261%}
F(0) = Ao/[sqrt(2m)xc]xexp {—[(he/eh)—(helehe) /2622
ZZTAMIWEREERL, hele & 1240 R L7z, 720 Al Azl 010 020 da BE DN kel
N—=TT 4T 4 TIZBTIEHTHD,

V— 7 R AR LR #0B KO IEART Frov—27 FRITEALER
483 & 507 nm 5 L1V 480 & 526 nm & A R AT — AR L TEY, 2 5D — 27 BFEE
THZ eI (Figure 4.11) , 723 Figure 4.11 ([28\W\C, HIE L2868 L O MR
HHHART NIVTROFERR, I—TT7 4T 4 TICL o TROTEZOOE—T &R L
FOFEMR, FNbEbbEt—2 %2 7 DEMTR L, —J. [71~V &> 55 CPL
AR MUEE—7 TR —DDEE TH H 7= CPL Fith 2 A3 23BN —>DHAF
T 5, b LITEROROMMNE U400 CPL 2Rk 2 &I2X 0 DAV, gum HANK
XL RoTNDHEBZOND, £, DEAVEKO I THL 7 NA L UL O 1-A0IZ, [7]
AUy 55 I n-7 TR, [99NU B2 53 Tk 7 == udkl | BB EHILE L o0

OEEBLFNOOESELTEZLND, LMLAENRD \m«Uty*ﬁwTu7wﬁ
V/%M@LM@%@%_i%¢H&f®gmm%mLtt Z DRI/ E 0 b HEEE
b, RELLTC [N~V EVyS55DR) 7= V/ﬂ%%m//tﬁ/ FAZHEIRET %
& CPLAFHEDNME T T2 Z E LN o7z,
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10-5 8, degree cm2 dmol-!
o

_6 1 1 1 1 1 1
250 300 350 400 450 500 550

Wavelength, nm

Figure 4.9. CD and CPL spectra of (+)-53 (blue) and (-)-53 (red).

Figure 4.10. Structure of helicene 55.
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Figure 4.11. Experimental PL (a) and CPL (b) spectra of (+)-53 (black) in CHCIs. Fitted curves of
peak 1 (red), peak2 (blue), and their linear combination (dashed pink).

141



BANHET kL

EFTFNENET FTA VA L DRL2L2UTIMBRLBURIZ K DX Bk U Ek &
BT D1~V B DORFERE FIRAFIFEEICONWTERTZ, BFF e vy L)
He-BINAP SEMAARMAFIE T, ARG TE T 7 FALEET F o4& 14T A D
[2+2+2 (S INERAL S S AT U, ARINGR 723 b BAF e =) U F AR TR Y B U E
EATHEOIN) BUHEEREOND Z AR L B, £/, AR L0~V &
v DRSS X SRS 21T, [~V B R R 7= Lo B EAET AT~ B X
D HHAMEERGOR B UVRIBBENE S 720, BEATLEEZAET L ERbroTe (6B
PUED ., G L=~V B ORI ART MAEZRELEAERLY, EEAD - SOE
— I BERZVITLHEH LGS TWNDH I LRSI, [NV EBEO R 7= U FEEN
VYR CBRICIEET D & CPLAMENME T2 2 LW LMo GEEA)

Ph 50 mol %
\\ [Rh(cod),]BF 4/
(S)-Hg-BINAP
+ O ——
// (CH,Cl),, 1t

8% yield, 94% ee |91uml = 0.0007
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Experimental Section

l. General

Anhydrous CH,Cl, was obtained from Aldrich (No. 27,099-7) or Wako (No. 041-32345) and used as
received. Anhydrous (CH:Cl), (No. 28,450-5) was obtained from Aldrich and used as received.
Solvents for the synthesis of substrates were dried over Molecular Sieves 4A (Wako) prior to use.
Hs-BINAP and Segphos was obtained from Takasago International Corporation. Diyne 49a2, 49b9),
49¢” and 49d? were already reported.*H and *3C NMR data were collected on a Bruker AVANCE Il
HD 400 (400 MHz) and a Bruker Avance Il1 (600 MHz) at ambient temperature. HRMS data were
obtained on a Bruker micrOTOF Focus Il. UV-Vis absorption and fluorescence spectra were
recorded on JASCO V-630 and JASCO FP-6200 spectrophotometers, respectively. Fluorescence
guantum yields were obtained on a Hamamatsu Photonics, Absolute PL Quantum Yield
Measurement System, C11347-01. Optical rotation values were measured on a JASCO P-2200.
Circular dichroism (CD) spectra were obtained on a JASCO J-820 spectrometer. Circularly polarized
photoluminescent (CPL) spectra were obtained on a JASCO CPL-200 at the Natural Science Center
for Basic Research and Development (N-BARD), Hiroshima University. All reactions were carried

out under nitrogen or argon with magnetic stirring.

I1. Synthesis of Tetrayne

Tetrayne 48

EtMgBr

CPDMS-CI CPDMS

(CPDMS = ;\Si\/\/\CN )

Me/ Me

41a 46 47 (R = CPDMS)
48 (R = H) <

To a stirred solution of 41a (1.98 g, 6.56 mmol) in THF (114 mL) was added EtMgBr (2.51 mL,
7.54 mmol, 3.0 M in Et,0) at 0 °C, and the resulting mixture was stirred at room temperature for 1 h.
To the solution was added a solution of (3-cyanopropyl)dimethylchlorosilane (1.23 mL, 1.22 g, 7.54
mmol) in THF (21 mL), and the resulting mixture was stirred at room temperature for 17 h. The

reaction was quenched with saturated aqueous NH4Cl and extracted with Et,O. The organic layer
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was washed with brine, dried over NaxSOs, and concentrated. The residue was purified by a silica
gel column chromatography (eluent: n-hexane/EtOAc = 20:1-10:1) to give 46 (1.32 g, 3.09 mmol,
47% yield).

Pale yellow oil; "TH NMR (CDCls, 400 MHz) 6 8.49 (d, J = 8.4 Hz, 1H), 8.43 (d, J = 8.4 Hz, 1H),
7.98-7.86 (m, 4H), 7.70-7.50 (m, 6H), 3.32 (s, 1H), 1.81 (br, 2H), 1.24—1.11 (m, 2H), 0.53-0.41 (m,
2H), 0.06 (br, 6H).

To a stirred solution of 46 (1.66 g, 0.387 mmol) in pyridine (16 mL) was added CuCl (23 mg, 0.23
mmol), and the mixture was stirred under bubbling air at 40 °C for 2.5 h. The reaction mixture was
quenched with saturated aqueous NH4Cl and extracted with Et,O. The organic layer was washed
with brine, dried over Na;SOs, and concentrated. The crude 47 was used in the next step without
purification.

'"H NMR (CDCls, 400 MHz) ¢ 8.45 (d, J = 8.2 Hz, 2H), 8.34—8.26 (m, 2H), 7.97-7.82 (m, 6H),
7.77 (d, J = 8.4 Hz, 2H), 7.73—-7.50 (m, 12H), 1.76 (br, 4H), 1.21-1.10 (m, 4H), 0.49-0.40 (m, 4H),
0.03 (br, 12H).

A solution of KOH (268 mg, 1.94 mmol) in water (2.5 mL) was added to a solution of the crude 47
in MeOH (5 mL) and THF (5 mL). The mixture was stirred at room temperature for 5 h. The
reaction mixture was concentrated and extracted with CH,Cl,. The organic layer was washed with
brine, dried over Na;SO4, and concentrated. The residue was purified by a silica gel column
chromatography (eluent: n-hexane/CH>Cl, = 4:1) to give 48 (105 mg, 0.175 mmol, 90% yield from
46).

Yellow solid; mp 200 °C (dec.); "H NMR (CDCls, 400 MHz) 6 8.50 (d, J = 8.4 Hz, 2H), 8.36-8.27
(m, 2H), 7.94-7.83 (m, 6H), 7.76 (d, J = 8.5 Hz, 2H), 7.70-7.50 (m, 12H), 3.31 (s, 2H); '3C NMR
(CDCls, 100 MHz) ¢ 143.9, 142.6, 134.2, 133.9, 132.5, 132.4, 128.4, 128.23, 128.16, 127.4, 127.2,
126.73, 126.66, 126.6, 118.63, 118.55, 86.1, 82.6, 80.8, 80.6; HRMS (APCI) calcd for CisHy7
[M+H]* 603.2107, found 603.2105.
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I11. Synthesis and Characterization of Helicenes

(-)-8,10-Dibutyl-9H-fluoreno[3,4-s:5,6-s"]dipicen-9-one [(-)-50a]

(S)-Hs-BINAP (15.8 mg, 0.0250 mmol) and [Rh(cod)2]BF4 (10.2 mg, 0.0250 mmol) were dissolved
in CH2Cl, and the mixture was stirred at room temperature for 10 min. H, was introduced to the
resulting solution in a Schlenk tube. After stirring at room temperature for 1 h, the resulting mixture
was concentrated. To a solution of the residue in (CH2Cl); (0.4 mL) was added a solution of 48 (30.1
mg, 0.0500 mmol) and 49a (14.3 mg, 0.0750 mmol) in (CH2CI); (2.6 mL). The mixture was stirred
at room temperature for 40 h. The resulting solution was concentrated and purified by a preparative
TLC (eluent: n-hexane/CHCls/toluene = 4:4:1) to give (-)-50a (0.38 mg, 0.00048 mmol, 1% vyield,
71% ee). Orange solid, mp 95.0-98.1 °C; [a]*°o —923° (c 0.040, CHCls, 65% ee); 'H NMR (CDCls,
600 MHz) 6 8.76 (d, J = 5.5 Hz, 2H), 8.73 (s, 2H), 8.24 (d, J = 5.8 Hz, 2H), 8.01 (d, J = 5.1 Hz, 2H),
7.94-7.91 (m, 4H), 7.69-7.62 (m, 4H), 7.59 (t, J = 4.7 Hz, 2H), 7.50 (d, J = 5.3 Hz, 2H), 7.05 (d, J =
5.6 Hz, 2H), 6.64 (t, J = 4.7 Hz, 2H), 6.20-6.15 (m, 2H), 3.74-3.66 (m, 2H), 3.56-3.48 (m, 2H),
2.07-1.98 (m, 4H), 1.68 (sextet, J = 5.0 Hz, 4H), 1.12 (t, J = 5.0 Hz, 6H); 3C NMR (CDCls, 150
MHz) ¢ 150.6, 139.3, 133.9, 133.7, 131.7 130.8, 130.7, 130.13, 130.08, 128.9, 128.73, 128.67, 128.4,
128.1. 128.0, 127.9, 126.4, 126.2, 126.1, 125.6, 125.4, 125.2, 124.2, 123.5, 120.6 119.3, 33.2, 31.6,
22.9, 14.3; HRMS (APCI) calcd for CeiHasO [M+H]* 793.3465, found 793.3465; CHIRALPAK
IF-3, n-hexane/CH,Cl, = 82:18, 1.0 mL/min, retention times: 17.9 min (major isomer) and 24.4 min
(minor isomer). Racemic crystals of (£)-50a, obtained by recrystallization from CH,Clz/n-hexane at

room temperature, were subjected to the X-ray crystallographic analysis.

145



(-)-8,10-Diphenyl-9H-fluoreno[3,4-s:5,6-s"]dipicen-9-one [(-)-50b]

(S)-Hs-BINAP (15.8 mg, 0.0250 mmol) and [Rh(cod)2]BF4 (10.2 mg, 0.0250 mmol) were dissolved
in CH2Cl, and the mixture was stirred at room temperature for 10 min. H, was introduced to the
resulting solution in a Schlenk tube. After stirring at room temperature for 1 h, the resulting mixture
was concentrated. To a solution of the residue and 49b (17.3 mg, 0.0750 mmol) in (CH2Cl), (2 mL)
was added a solution of 48 (30.1 mg, 0.0500 mmol) in (CH2CI); (4 mL). The mixture was stirred at
room temperature for 66 h. The resulting solution was concentrated and purified by a preparative
TLC (eluent: n-hexane/CH,Cl, = 2:1) to give (—)-50b (3.2 mg, 0.038 mmol, 8% yield, 94% ee).
Orange solid, mp >300 °C; [a]®p —3954° (c 0.10, CHCls3, 95% ee); *H NMR (CDCls, 400 MHz) 6
8.87 (s, 2H), 8.84 (d, J = 8.4Hz, 2H), 8.27 (d, J = 8.9Hz, 2H), 8.04-7.94 (m, 6H), 7.93-7.86 (m, 4H),
7.71 (d, J = 8.8 Hz, 2H), 7.65 (ddd, J = 8.3, 6.9, 1.4 Hz, 2H), 7.60-7.40 (m, 10H), 7.22 (d, J=8.4
Hz, 2H), 6.67-6.61 (m, 2H), 6.29-6.23 (m, 2H); *C NMR (CDCls, 100 MHz) § 151.7, 138.7, 137.9,
134.0, 13.7, 131.8, 131.1, 130.8, 130.6, 130.09, 129.99, 129.5, 128.8, 128.50, 128.48, 128.4, 128.2,
128.12, 128.09, 127.9, 126.5, 126.4, 126.3, 125.8, 125.5, 124.9, 124.3, 124.0, 120.5, 119.4; HRMS
(APCI) calcd for CesH370 [M+H]* 833.2839, found 833.2823; CHIRALPAK IF-3, n-hexane/CHCl,

= 75:25, 1.0 mL/min, retention times: 15.8 min (major isomer) and 28.9 min (minor isomer).

(+)-8',10'-Diphenylspiro[fluorene-9,9'-fluoreno[3,4-s:5,6-s]dipicene] [(+)-53]

n-BuLi (0.19 mL, 0.31 mmol, 1.64 mol/L in n-hexane) was added dropwise to a stirred solution of

2-bromobiphenyl 51 (146 mg, 0.624 mmol) in THF (1 mL) at —78 °C, and the resulting mixture was
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stirred for 20 min. To the solution was added a solution of (-)-50b (5.2 mg, 0.0062 mmol, 95% ee)
in THF (2 mL) at =78 °C, and the resulting mixture was stirred at room temperature for 16 h. The
reaction was quenched by the addition of saturated aqueous NH4Cl and extracted with Et,O. The
organic layer was washed with brine, dried over Na>SOa, and concentrated. The residue was purified
by a preparative TLC (eluent: n-hexane/ CH:Cl/toluene = 1:1) to give fluorenyl alcohol 52
[9-([1,1'-biphenyl]-2-y1)-8,10-diphenyl-9H-fluoreno[3,4-s:5,6-s"]dipicen-9-ol]. To a stirred solution
of thus obtained fluorenyl alcohol in CH.Cl, (2 mL) was added tetrafluoroboric acid diethyl ether
complex (34 pL, 0.25 mmol), and the mixture was stirred at room temperature for 13 h. The
resulting solution was concentrated and purified by a preparative TLC (eluent: n-hexane/CHClI3z =
2:1) to give impure (+)-53. This impure (+)-53 was washed with a small amount of methanol and
n-hexane to give analytically pure (+)-53 (4.5 mg, 0.0047 mmol, 75% yield, 94% ee). Yellow solid,
mp 260 °C (dec.); [a]*®o +322° (c 0.045, CHCl3, 94% ee); *H NMR (CDCls, 400 MHz) 6 8.69 (d, J =
8.1 Hz, 2H), 8.64 (s, 2H), 8.36 (d, J = 9.0 Hz, 2H), 8.12 (d, J = 9.0 Hz, 2H), 8.00-7.89 (m, 4H), 7.73
(d, J = 8.8 Hz, 2H), 7.60-7.51 (m, 4H), 7.50-7.39 (m, 4H), 7.20-7.08 (m, 6H), 7.02-6.90 (m, 4H),
6.72 (t, J = 7.7 Hz, 4H), 6.61 (ddd, J = 7.8 Hz, 2H), 6.32 (d, J = 7.2 Hz, 4H), 6.26 (ddd, J = 8.3, 7.0,
1.3 Hz, 2H); 3C NMR (CDCls, 100 MHz) 6 148.1, 143.6, 143.4, 142.5, 139.0, 137.2, 133.5, 131.7,
129.8, 129.62, 129.61, 129.3, 129.1, 128.9, 128.8, 128.6, 127.9, 127.8, 127.4, 127.1, 127.0, 126.9,
126.7, 126.4, 126.3, 125.9, 125.5, 125.4, 125.3, 125.2, 124.1, 123.8, 123.5, 120.9, 120.2, 119.8,
66.1; HRMS (ESI) calcd for Cs7Has [M] 968.3443, found 968.3438; CHIRALPAK IF-3,
n-hexane/CH>Cl, = 80:20, 1.0 mL/min, retention times: 10.4 min (major isomer) and 20.5 min

(minor isomer).
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