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3.2.3.
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DFT
DNMR
Dy
AG”
AG
GPC

AH?
HOMO

ex

LUMO
Mes
NMR
NOE

molar absorption coefficient

chemical shift in ppm

boronic acid pinacol ester

density functional theory

dynamic NMR

fluorescence quantum yield

free energy of activation

free energy of activation at coalescence temperature
gel permeation chromatography

Planck constant (6.62608x10* J s)
enthalpy of activation

highest occupied molecular orbital
coupling constant in Hz

rate constant

wavelength at maximum absorption
emission wavelength

excitation wavelength

lowest unoccupied molecular orbital
mesityl (2,4,6-trimethylphenyl) group
nuclear magnetic resonance

nuclear Overhauser effect

gas constant (8.314 J K™ mol™) or R-factor
entropy of activation

fluorescence life time

temperature in Celsius degree
coalescence temperature in Celsius degree
absolute temperature in Kelvin
coalescence temperature

spin—spin relaxation time
time-dependent density functional theory
tetrahydrofuran

trimethylsilyl

chemical shift difference in Hz

variable temperature

redundancy with weight
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1.1, &

1.1.1. n e

EERMEL = DB O —CHRE U o 13, R Ao e A 2 5
OLED ', KF#EM >, Ak~ T 2% 3 R Llix 3B CHFE STV 5 (Figure 1-1). * il 213,
RY(p-7 ==L E=1) (PPV) (1990 FFIZHE ST 2 A F AR B2 FFOR Y ~—
THY, LEDMEIE LTSN TOWD n N+ Th o, P £z, 770 rm—F L EEA LR
V(-7 2= >ZF =L >)PPE) 1T, DV TLALF L DIFEICLVEEL, #EE2 RSB RD D
EPDAEFE Y=L LTHET 5 Z L0 E STV, ° T I 7 ==L F L (TPE) I3A
TP TIE T = = VEORHAC XV =3 F— %K 9 72O B R WA ERIZ 22 5 & AR HI R S
oot aE T a BbEmeE LTabnTEBY, Zha L it 4 28 ALK TTPEPY T,
IR TIE D220 T 4 L BIRTIE 70 %OH B FINRE R 2 ARG SATn5, °

n
ppv R =HorOR

TTPEPy

Figure 1-1. n 4% LA D

ORI, n AL EMII I FIEL =y N ERERY U —OFBE DRI X xR AR T
Tx OMRETIIINETIE, FFRL=y b LTT U oV, Rfafi) o h—& LTTEF
Ly HEROWIALEMIZ OV THIFE L CE 72 RIZT > o' T 2T LU ORI L, Tox OBFFE=
THIRENTEET U F 7T EF LAY <=L OV TR 5.

112. 7o b -TRHF LAY ITv—DW5E

Tx OMRECTIIEEHRI=y heLTT U bRV ERAWT Afafi) v h—L LTTEF L
EROVIALE M E AR L, ZORELHEEICOVWTHIgEL TE . T

TV N TR NIRFEOBRGTER L= T, U U —OEFELE &I X kA RO =
v RELTHWS Z ENTE S (Figure 1-2). P EHLZ — DM AT S L&, 1, 2, £721F9M7D 3
M THLOICH L, BEfEEZ SBEATHEXTISHETHY, TORNIIFbREDIT U TE

3



(1,8-EH#y), EAE (9,10-FEHE /1% 14-EH), 777 (15-EH#), HEMRE (2,6-BE#), frivih
MO (L,7-BH), PRtz v g (2,9-BH#) 72L& Th 5. ?

U-turn shape Linear shape Linear shape Crank shape
L O CUO
Nearly linear shape Bent shape Unsymmetrical bent
shape

Figure 1-2. Bix 27> b I =v N OfEE.

TEFLY (F=L) U h— (-C=C-) ITEHEBOE SN 42A T, sbic7®F LU %
BAELEZYTEF LY Uh— (C=C-C=C-) (ZIE X 68A T/ 5, OB THEEDOEHZEN 34AD
B DY o —Tdh % (Figure1-3 (). ° 7F Lo U b —iT p WEEHEE 0 ITJEB > TWBT-
W, TEF LY U= EFE =y MNEOIRITEIC O RN o KRBIC 72 5 (Figure 1-3 (b)). L
L, MEOBEERL= > bEOREREEE IR TN S BHICEHETE 5720, BHEKEL=
v MNEOIBEEDIEN HRREIXEDORIEIZL > TEDD.

4.2 A 6.8 A
> <
TEFLIUSH— STEFLOUSH—

Figure1-3. (@) 7k F L U o h—LVT7vF LU v h—nfE () 7TEF Lo U o h—ofd. @

Ty hTkra=y hORT, UTHEO 18-EBT > T8y 18T )Ly, LIF 187
FTtEy) ZEBEEOTEF L) o —F I T F LY o — T L BRIRA Y I
—I%, FMREE S 725 (Figure1-4). ' o7 v ok -TRFLUBBKRAY Iv— LT, 7
YEokRrva=y bnfEoF ) Av—F n®&EKELERBT D) IF, 2=y FOBITEIY RES =2D 7
N—TZ3 T NG, —oBIXFE#EED &K, “oBIXEAR SRITIIAEE & 2D S ’ALLE
OFFA Y F~—, =S HITHAI R ZRoT LR E & 7 2 &KL Eo@A ) 2~—Th b, =
ND ORISR OENT, “BIK1, Z8&K2, WEKS3, AEE42ETHIOR TS, KR
FHA ) T — LESA ) S — T, TONEHEEOBEE LR LN TS,



Mes: XZF)L (2,4,6- NUXFILTTZIL)
Figure 1-4. 7> h 78 -T2 F LU ERIITPTEF L URIRA Y I~ —
T EF L EoTHEESNTZRIRZEBR 212D T U F TR A C D o 72 Co XD E A

TEHEIE L 720, CuEhDED T v b T BB AN D DEEABAIEF IR HETWD LS
TW% (Scheme1-1). 2

Scheme 1-1. BRIk = 8K 2 OFECEEZS .

BRIRVIEAR 31T Dy AN L ERMETH Y, Enb R D EOLIBMEEIZ/2 % (Scheme 1-2, Scheme
1-3). T RIET, R TIE, 20 DA BROMED D Doy RO BEBRIEL R TS L F A — L
W< BMAL L TUVAA, —100°C TIZ'HNMR TE— 27 BT 213 EBL 25 L MESN TV A.
Z OB OFEEE T NMR OFIEZELH 6, £ 38kimol™ & BfEE T 5.

Scheme 1-2. Bk VU & {4 0D Jic J2 25 #a



D2 D2d D2
(3) (TS-3) (3"

— anthracene unit

@ acetylene linker

Scheme 1-3. BRI &R DO BLEA MRS 2 175 R 71X

BN HEERAIIEATLEEEZ LD, BRIETIZHSOT Y NIt ra=y FAIERICHE < Bl 2 a3
%2 ETNMR A7 RLOSVERBE ST g, P

1.13. =12 U 1 — DR

ko= FEEET O AREfY =L LT, TEFLUD Uiz =1L U —
(EXA T 12-=7 =1 > ThHAD, U T4 ThiHre =L ZH\D)(-C=C-) L/ HnH T
l/\ZD. 12

=L —i, CEEEGONVMB LR R S trans- =L Y U — L cis-E =L ) U
—23% 5 (Figure 1-5). trans-E'=L U »h—3 P 7P /L 720, —oomEishii 1.1A $h
R B, PR Z 0w, U h—RNEEETS L TEROREE L D2 LR TES. M
—J7, cissE =L U U — I PN 0 A L 720, oSN 80 C 4 JiE A FF o T Ak iE
272 %. B Zoizw, MRS 3.2 A LIERICHAT LEIC e Y, SHREBEIC L W o0 ERE
2=y MIFEFEICRDZENTET, trans-E =1L ) U — L H_T o EBNIEN D IZL <72
5.

Flo, E= Lo a i RIFEGERDH Y, HFHFEFE L=y Febv=L U o h—oREnMIzI vt
BEDIENBRRENEIR D, ZD2d, =L ) o —0OREIC L Y o BALEHOMEE DN K E <&
HoTL 5.

trans-vinylene cis-vinylene (b) R R

R
T\L rotation
R R

(a)

Figure 1-5. () trans-E' =L > U U — & cis-E =L U U —OfiE (b)) E=1L 2> U U —D#iE.
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E=L 2 U I —DEIZ AT ARCFHERO X S B L DFTHELALREI L. Iy 3l
IZ DFT 28 (M06-2X/6-31G(A)IZ LV T == AT EF Ly, (E)-AT AR, (2)-AF Nk
Wl U TR 7T, FHEE B 258125 L.

114, 7o hok®-F=L oAU dv—

Ty hTR-E=L oA Y I —IZBLTE, WL OO EZITRRA Y I —0WiEsh
TW5 (Figure 1-6). 7> b7 D 9 {if % trans-t = L > CTHifi L72b&W 5 & cis-B = L o THifk
L7-Ab&% 6 1%, H.-D. Becker IZ 5 > T < OFERNER S IFR SN TN D. ®RERISIZD
WTHES TR D, A2 Y TS E trans (K05 cis (K~DRMAL L3 FNDOT > TR T [4+4]
BULIOEM R X . F1, TORKGIEEZ L AT A FFVEEZEA LA MORE, T hoE
YEE=ZLV O THAPHERKT LI LI o TEFIEFEMERTLZ @GSN TS, £, 7
v T D 1L % trans- B = L Tl L7 LA 713 S. Akiyama 512 Ko THiE S, Gk &
UV-vis 237 RLDSIRISWGIRZ RS 2 E R ST s, Yirans-E =L VBRIK T BK8 % S.
Akiyama HIZ Ko THE SNTALEM TH Y, BREPIFFEMETH D Z ERBIHATND R, &
fEVEDMER N - ORISR IT ST, Bk, 7o TRy 14 E = L2 T LS
RKY =937 ==L oD 1AfE E= L Tl LR Y ~—IC T 036V /SISy R¥p
TEFEOZENRESA TS, P

HELRY

6
R = H or OMe

Figure 1-6. BEEnO 7 > F 7k - =1 &K

1.2. WMHEOHP

18-7T o b ~TEFLUERAY I~—IZK LT, 18T ok -E=L kAl d<
—, E=L 2V b —DOIEEREE, BRI XD EBEORE 228 E, trans & cis DEWT LV L
ZRRIECIEE A R L BRI 2 5 Z LIS LD. LvL, Zh o OLEWEIZ &K 8
MERSNTHWDLDHTHY, ZOWEPHEDOMEL A+ THDH. £ZT, ZD18T Tk
B LV UBRIRA ) A — Il OWTERE LML L, HEHEEZA NI T2 2 e 2 AR E L.

1.3. FmoCHEE
Kiplx, 7o o= Bt 2~ —{CETAMERELHREL-H DT, £N=ET
Rl END. B HIIMEEKOBEANT, B EmNOENENKZG THD. F_ ETIEIT oy

7



—trans-t' = L U BNR TRIR 10, B TIET VU P TEr—cis-E = L UBRK TR 1, HNETIEY
YhIRr-E =L UBRIREER 12 LTV b T o—rans- B = L UBRIRIMELS 13 ICoWTENRER
il & MEEIZ DWW TR 5% (Figure 1-7). LA FIZEHEOMROMEL <7,

Mes Mes
10 11
a:R=H
b: R = Me .
c:R=Ph Mes:
Figure1-7. 7> F 7k - =L UBRIRA U I~ — s
(%6 %)

7 b Tk rans-E = L U BRIR T BARO AR L S

EHULEM TH D Mes Ha — Db LAW101%, 7 uxh o7 ) U RIS ERARDEDS Z LI
KOG LT, Heck FUNZ KXV G LI E =R e UEEHERE, 18-03— R7 o M T UFER
% Suzuki-Miyaura 77 v 7"V 7 CRLT 5 &, HELEMDHE LT,

ﬂﬁ/\% 10a @ X #f#1E [Figure 1-8 (2)] TlE, 7 h 7B UICH L T2 2O =L 1T HE THNTH

* U syn DELEE &V, I3FRFR OB E L & 5. Z OMEIX DFT #HREIC K - T

I<HIBLEN, 2290 =L ARG anti (KX 0 b ZETH D Z EnbiroTz. RE
A5 THNMR JI7EIZ L Y Mes 25D > 7 F V& fif#fr4 2% &, Figure 1-8 (b) 1283 2 FEHD syn (KE D
ARDIEF RN Z E DAL 7. DFT #HRICE Y, Z ORHUT anti (RO FRIARZFRE LT 2
DO = U HENNERFILE T 8 CHEITT 5 Z LR ST,

{EE®10b & 10c AL T, E= L U HOEBERZ 7. EHILA H, Ph,Me & K& 72

HIZONT, E=Lb U —0RUANEMNL, HEORIZE 720 UV-vis IO E 03

WRIZY7 ML, FRCOBLEESLBTR DRREEN & < Ir o7z,

(@) Ne¢ (b) IS P S
>—-('_'J es O p b { O O /
AT " BIg -8 g == - 88
e J\k é\, > y K -
7 “\»‘ N syn-10 anti-10 syn-10
a:R=H,b:R=Me, c:R=Ph

Figure 1-8. 1A% 10 OHEYE. (a) 10a O X BKEE. (b) 10 DR FEZS b .

(oe]



(F=%)

7/F7t/;mtuvyﬁﬁ4E%®Aﬁbﬁﬁ

cis-B =LV =2 b oA 1L, YT 57 B F LU ERE S KFET D LITED
B LTz, fix DKM TKREILEIToT2E 2 A, £/ U THFEE L7 Lindlar it 2 5 &, B
L&Y 11 BEERINRTE LN, LAY 11 O X HiEEFigure 1-9 ()] TIE, 22507 FT&
Y =2 LT RADBEIZH Y, o FIFRIE Rt o TeiEd Lo Tngd. Vo —&7
YTV DOa ZBMIFFER LTINS O THES 218 Lo &% I3/ S W3, DFT 3HHICE D, LUMO
72 E—ED MO THRIPWE ST v M7 VTR AZE LIZHUEDER Y 135D Z & B 6T
72> 7= [Figure 3(b)]. T &ML T, (LAY 11 13599 EHME R UV-vis IR AL h V&R LTZ.
LB M ITMA T, Mes % 2 >=F =1L, trans-E =12, i%vny%Lk%%*ﬂ
RHEL, o, BIRERE X OE AT MUCRIET Y v — DR E2EkE R & n it
OBLEI G g L7,

(a) ‘@\ (b)
A %
- . / \\,E . 2 2 ) ]
3 é by by >
',c/\ _///ﬁ/ \Qkk b/i‘ J‘< 99 J‘<‘ “\‘
o b d D - *T ’a e o
\_/ A / \q_ /”_ e S J J" ‘\‘, ;“‘ ‘J ’ 9 J"“\"
{0 T ** 11HOMO ° “* 11umo0 ¢

Figure 1-9. {bEW 11 D43 7S, (a) X #fGamfEE, (b)DFT 3HRICE2EE 7 v 7 ¢ THA.

(55 U )

T F TR =LA ) Av— AT 570, SHITREVWRRAY Iv—Th 5
B = ER 12 BRI ER 13 28K LT 1-3— R-8-E =17 > b T UFEREZ IR S LT,
A & AE KO Suzuki-Miyaura 7 > 7'V U ZIC LW EHEEZME L, RIS EITo 2.

BRIR=BER 12 134 V7 4 o A Z B AT L 55 FNER{EE 721E Suzuki-Miyaura 77 v 7° U 712 &

L rHBRIIZ LY ARk LTz, %%%%Lf:ﬁbtﬂ:’a\% ST TH Y, 'HNMR > 27 L Ot
ME, U =8OR ETFHT trans DS — Dk cis IS—DOTHDH Z ENRTHEIN. DFTHEAER, =
DSLEFBIEN L ETH Y, 77 11% Cs RFRTENY VBRI R & 5 2 & %R L7z [Figure 1-10(a)].

BRIR DU R 13 13 2 FE O SR — BIROFIER{A %2 Suzuki-Miyaura 7 >~ 7Y > 7T BRI T S =
CEICE VAR L. Ao 'THNMR 2227 b vix, EFEITEHROENY 7 iR Uiz, X R
WERRNTIC K 2 &, BRI BRI I A OSSR iEZ L 0, [M0nE D 207 F T2 VRO
HREEIE 7.34 A ThH H[Figure 1-10(b)]. 7> b T EiH & trans-E = L EHER O HAIZWT LD
138°TH Y, HFIEEWFHE (131 Dyw) % H-2. DFT #HRIC L A ERMEICIZ X - TH A2
AT O AL, BLFEO B I XHAIHIR S AUME R REEZ SO Z LB LN o7, S FEED
fENT D, o XY A — AR RRE L TOFRIRIZAR > TN D.



12 13

Figure 1-10. (a) BRIk = EAK 5 ® DFT #tHAEE [M06-2X/6-31G(d)] & (b) BRIRVIEAL 6 O X Hifh Shit

.

Ea:5)

IaAN ) TS ERAOT Mes 52 18- 7 Tk =y M trans-E = L X cis-
B U —TCHfET 5210k D, 2 n MERBRILEWEZEGRT 2 Z LR TE 2. BRIk
TERRIZY U —OFEIC L BEEIECT 2N 0 R ORI St iE A b B, EOIEN 0 IET > b
Tl U U h—OEEICRIET . trans-E =L VBRIR TRBIKTIE, U rh—olREgcE b H
JEZSHRIN FIRE T, Z OEEE L A R E LT, BRIR =B E BRI ER b G L, LR 72200 7
DOFFEEH LN Uiz, AFROREE, T "o =b U o D=2 X0 Tkt oML
HHDOT, IHICRE A I~ — BRI E OARICANT TORBAHFIND.
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21 fEeE

T RTEUD 180 % trans B = L > THERE L72BRIR B 11X S, Akiyama 52k ~> T, 7X L
COMEDBBETTY » I U EMEE LT X LUk L LTA ST (Figure 2-1). Zfkd
P UV-vis A7 RADIRIAN T &0 B E R IEFRIE CTh 2 & W SALeny, BRIEDMERW 72
DEE LUVMEECHEEICOW TR BTV, —F, 72 h T ? 10 Ll Mes 2B AT 5
&, BRVEDSE B LS SCEIR R B O IR TE A Z LB TWS. 2 22T, (kAWML D
BHEAZ Mes F5%& 1 EAZBA L7280 8K 2a 26 L, ME-CRE, BIREEIC OV TIiND Z &
L7, e, BE=b U — I Me A E AL bEW 2b & Ph EKEZEALTALEY 2c b &
oL, BEHENE 2 DRECHEE OB AT

Mes

o

X R
1 2

Figure 2-1. 7> b 7 ~trans-t'= L U EBIk &R

aTyo

oo
I
(¢}

v
>

2.2, fER&HEL
221. 7 hTEtrans-E =L VBRI T EKD AR

{EEY 113 Wittig BOSIC L D AR ERTWA A, ltami HAME Lz =1 AR o Ui E ) a—1 >
AT )V 4a |2 Heck SOt & Suzuki-Miyaura 7~ 7'V > 72 WD Z & CTIHEMNME FEL =~ b 2
THHEERAL, LV EORE AW 2 AT 5 2 &L 2Bt Lz, *Heck 5t & Suzuki-Miyaura
B T T OHEREDNEE 2T L7 kE 8, Sl Suzuki-Miyaura 5 7° U v 7 %47 9 BRI E = LR
HUBEE T A= VT AT VD OSHEIMEST E TR BT E eh o772, Heck BUR & JEl2AT
D R THR LTz,

BRIk TR 2a DGR & Scheme 2-1 127, (bAW3 =R o e S a— LT XT )L
4a % Mizoroki-Heck )i ° T+ 5 &, 5a/s 86 % TALILL. 18-YI—FTr hrr /)=
¥ VB TER LIZLEY 6% & 5 ORINRIETOWEE 1.0 x 10° M OEFHREMHFIC LT
Suzuki-Miyaura 771 v 7 U > 73 I R0 ERET D L, 2a % (33%) TS Z LN TE 2. Z D, 1.0x 100
M OBETIEEITI &, 2a(25%) L7720, BEICLDINE~OEEBIENTH T2,
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Bpin Bpin Bpin

| I S 4 X X
Pd(t-BusP 0o
GO S Ay s
i-Pr,NH °
3 toluene 5a
80 °C 86 %

Mes
Bpin Bpin I I Cs,CO4 OOO
§ X Pd(PPh;),
X

+ I
OOO Toluene, H,0
Mes 90 °C
33 % (25 %) OOO
2a

Scheme 2-1. Bk — &K 2a DA IR,

[FAE DR T Bb, 5¢c DAL E A= (Scheme 2-2). 3 & 4b % & &HC 5b DAk & RT3,
FOSPEDME L, BN SNT-DHTSh 2455 Z LIXTERh-T-. 77, 3L &K
SR, X MRS SEMENT X 0 ERD SCODBRERT D Z EN ot 2T, BT =L
T RIEyTO® LTt ice RrAUHELETH) 2L TSh &5 2AMTHI LIl Lol
EFa—ART o EAWESEETE Nah R bERAZN, SREZAVARVEIS 2 L Skl %
WSS ® T Bb & e 21D T LIXTE A o7, CuCl V-t Rrkv#Ek " 2470 5b &
5¢c 372, S lINERMEER G AR T Do DIRIGEEE o7, bEW 2b & 2c DA 2a & RIERIZAT
9 &, USRI T OB 1.0 x 10 M O AR &M TIE, 2b (51 %), 2c (63%) &720, 1.0x10°M
DIRFETIL, 2b (40 %), 2c (54 %) L7po7z. IREEIC L DUE~DOEEIT 2a & RIS/ NI D o 7273,
IERIE 2a & 0 @V MEENC B - 7.
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Bpin R R

| | RN 4 Bpin” X Bpin” X _ o
Bpin: [
o

[Pd(t-BusP),]
00— OO

i-Pr,NH
3 toluene 5c’
80 °C R = Ph
" (Bpin), Bpin Bpin b: R = Me
I I Cucl, PPh, IO N c:R=Ph
MeOH, NaOt-Bu
900 e 900
7 20 °C 5 b:93%
C:28%
Mes

Bpin Bpin

o csco ()
UL OO
+
CO0 R
Mes 90 °C
5 6

bston ooy (LI

c: 63 % (54 %)
Scheme 2-2. Bk " EAK 2b, 2c DB,

LAY 2 1IZINMR & MS 45FA 4> v —7 (mlz: 522.2 (2a), 550.3 (2b), 674.3 (2¢)) (2 X v [AlE L7-.
T hTE o trans-E = L U BRIR TR 2 @ 'HNMR TlE, Mes i o-Me D B — 7 WER TlE—AK
DE—7 L LTENTW., 2OV T F AR — 3 s L 882 KB L=/ Th Y, Bins
AT HIH (22.4.58) CTHEAHICHEER T D.

2.2.2. X BRAE b S AT

Bk AR 2a, 2b, 2c OHRESE A VT X SRS ERIT 21T o 72, 5 b7z X #ifEiE D ORTEP
X% Figure 2-2 (2R, T _RCOREREEL, 72 F Ty IMLOAFZL E=1L 2 DOKE L Ok
LD, BEHEEEZ RS TV, Zoobe =L IR FRERWTEY, Ty Ty =L
DRI, 2a73%)40.0°, 2b 23K180°, 2c K T3°Th o7, kAW 22l T2b & 2c D
HANRKENZ LD, BERIEZEATHZ L CUEEENRE SR ZHANKEL LoTNDH D
Lo, ALEW2 D Mes DT v b T AT D AL 75-88 ° TH VD, IFUFEA LT
7z
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S & 1+
\'—'\\\__.'.\\.

w®
f!
~g ¥ O

¥
-

~ T

[73.8 °] (72.8 °)

Figure 2-2. 7> k7 ~trans-B = L U BDIR 8K 2 O X #faatEiE. B Fi3bRuniz. Bk
BiR2a & 2 1IN T ONDO—2% R LTS, *: T Ikt =L o0 mAaHELT.
7y aNEI D TROT v b T e=L O RAOFEEME. Sy aNITMSL 2 570 9 —J
DGFDOT v v T EE= L O HMADEBE.

223, rriEEEE

7 v b Tk trans-E = L U BRIR T EAK 2 O FREIE R D 7291 DFT FHE (M05/6-31G(d)) %
1To e, Bl iz Ko T b A7 Bl B IR O f%iE % Figure 2-3 12, FEXF =R /L ¥ —% Table 2-1 |27
T, E= VU UNFEFMEZRWCEE (LLT syn) MRV HE (LT anti) 226, €
syn-2 & anti-2 OREE 2. b ZE RS X R S I8 e T 5 syn-2 TH Y, anti K1E syn
KXV 90-11.1 kI molt REZETH - 7.

Bk —HIK 2 O HOMO, LUMO 75 nt L&D IR Y Z5F4fi L 7= (Figure 2-4). &%) 2a ® HOMO
ELUMOIE, 7Y b7V EE= LU BRICHTENIAN > TWe, LnL2biE7 v o=
LD THANPRKRENZDT U E T E =L U OEEN Y 2R - TE S, HOMO (E—20
T R7EY, LUMO =207 & b 7B AZRMEIL L T, £z, 2¢ b FREERIZ HOMO & LUMO
MZODT v NIRRT LTEY, ES L UAZFHERH F D LR > TV R o T,
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(a) H ’
08 w5 %
Mes g S = Q

R
syn-2 anti-2
(b)
Ssyn-2a anti-2a 2a (TS1)
2a (TS2) 2a (planar)
syn-2b anti-2b’ 2b (TS1)
Ssyn-2c¢ anti-2c 2c (TS1)

Figure 2-3. BRIk — (K 2a-c OFEJERMER. (s, (b) FHFEMHEE. (M05/6-31G(d))

Table 2-1. Bk —&fk 2a-c DOFECJEIIEAR ORI X = /L 3 — (DFT FH5H: M05/6-31G(d)) & Fir J3E 25 #a e

BE o> FEIiE
Observed barrier/
E/kJ mol™ iy
kJ mol
syn anti TS1 TS2 planar
2a 0 94 37.6 36.6 61.7 34 (168 K)
2b 0 9.0 72.0 — 70 (305 K)
2¢ 0 11.1 57.1 — 55.8 (273 K)
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HOMO LUMO

Figure 2-4. {b&#) 2a-c D7 17 4 THLED MO [X]. (M05/6-31G(d))

2.2.4. trans-B =L BRIk T B RO B EE)

it b AE & DFT BHE D HEEASE D syn-2 WL ERMIE TH H B2 HIVD. Z D syn-2 DR§IE T,
Mes JENK & 7eRIEEFEREED 7207 v b 7 & %t L CHEA LI-EE CEE SN TR Y, Bk Oz
Ji LT Mes 3 o-Me D B — 27 N RO —EHRE LTHNAS EEZLNE. 2 LrL, 'THNMR ®
Mes £ o-Me DO E— 27 [T—AKDO—Ff & LTENTND I ENnD, BHROBELALIZLY ©—27 R
EHLENTWD EEZLND. £ 2T, Bk BIK 2 OEhR %82 125 72 DI A[Z8 NMR %
E L, Mes ik o-\Z Me D v — 7 #8122 L7- (Figure 2-5).

REFZEH NMR 2HIET DL, £2TD21E, —AE-7-E—2 MERTIE - AD E— 27 12Hh%
THMIELEL 2R LTz, (LAY 2a13-105 °C, 2b (% 32 °C, 2ci%-2 °C BEAEE TH 72, Z O
TEZALIE, syn-2 75 syn-2’ ~AEHAT DRI RS L TRV, @R CIIALEER N = B — 27 23
L EN D, AR CIIACEEZHNE =0 Mes & o-Me D B — 7 REPIENTWDE Z & 2Bk
95 (Scheme 2-3). Z OMJEZALIND 2a & 2b A a7 LAY, 2¢ &5EEBIBMITIEIC L v iEME LB
HTRL¥F—%RKHD L, 2aiL34kimol?, 2bix 70 kI mol™, 2c (% 55.8kImolt &72-7-.
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2a

N
o
*

2c

0-Me 0-Me o-Me temp/°C

-83 39 26
-//\N__. -101 _JL
T N -105 _J\/L 22 -2

J\/L -109

1.8 1.6 14 5 1.5 145 1.7 1.5 13 5

Figure 2-5. Bk " R:{K 2 OIRFE A2 'H NMR HIEIZ & 5 Mes 4 o-Me ORUEZAL (FAHE 2a: CD,Cly,
2b, 2c: toluene-dg)

H

R
Meg
Me e ¢ >
) OO ve— ) O
oy < Me, &
MeB R H
syn-2 syn-2'

Scheme 2-3. BN &K 2 OEIRGZEE). Me D A £721X B O FIZR ULFy 7 b THH Z L %R
7.

BIK T HIK 2a @ syn-2a 705 syn-2a’ ~DELFEEHHEAE IOV TR D 2, DFT &
(M05/6-31G(d)) TEBIREZHER L. BEAHRIIE =L OREZICL>TRIY, E=L o n—
DT OEBENICHET 2L, BE= LU B ORFICEERT 2ENEZ X 5NDHDT, 2O 20
HERE DERIRIEZ FH5 L 7= (Scheme 2-4, Scheme 2-5).

7, 2a OD—oOOE =L U EHET D OERBIREZ T <72 (Scheme 2-4). —o>DE =1
YEZODT v NI U EREEEICEE LS E Rl Lok, EE A5 L GEBIR R~ Rl
L7=. =05, 2a(TS1), 2a(TS2) 23MF 5417z, 2a (TS1), 2a (TS2) X =L > DEEET HH XD
EWZ XD BMAZ2DT, ULV LER 2a (TS2) I2OWTHERS. LAY 2a D syn IKIZHA,
2a (TS2) 1% 36.6 kimol* REERMETH 7=, ZOMEIIEDREZ —oR L THY, - OREEX
PEIZEE L7z =L o MEER LT osyn KE721T anti RICEHT DIEENICHIG L TV e, 20720,
Zh B ORI syn-2a & anti-2a O OBEBIREETH D LE LT,
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syn- 2a 2a (TSl) 2a (TSZ) H

H

/ anti-2a

syn-2a’ 2a’ (TSl) 2a’ (TS2)

Scheme 2-4. Bk 84 2a 0 B P A BC JFAZS Hak k.

WIZ Z oD =L U EIEFC AR 2 B IOV Tl 7= (Scheme 2-5). BIREEA TER T 5720
COoDE=LrEZOO7 v Ty EREREICEE L CREMIEIC KT 5 &, 2a (planar) 73
oo, Zo 2a (planar) 72 HEBIRE~KELT 272D =L 0 OEE A L CEBIRBIZRE
fbL7=. LovL, Z0OEELNHEIL 2a(TS) THY, =1 2 ORI EEsd 2 i 0E
BRI DR o 7o, Btk A 2a (planar) (3 syn-2a 2k~ 61.7 kI mol R EREETH Y,
T TRy OLDKFE L B =L DKFEDNREFIC LD REREITIRESEATWEZ. £LT
2a (planar) |3EDIEEIZ —HORLTHBY, o0 =L U NRFEICEEE LT syn (K172 2 #EE) &
FERIIC[BlEE LT anti RICZ2 DIRENCKHSE LTV, 26D Z D E= L U T O[RERZ AR
HEMITERIRETII R, E= L RS —DO T DBEBERICER T 2B ERIREETH D L E LT,

H H
< Pl ¢ >\
< > . < > SN < 2
Mes—< 8 < M g < M 8 >
& e €< <~
H H
syn-2a 2a (planar) syn-2a’

Scheme 2-5. Bk —f:{A 2a oD []IF A fiE A 28 kiR .

{bE¥ 2a ERIERIC, E= L U CEBEOEA S L 2b & 2¢ 1220V T b Bl kA 12 DV TR
~7z (Scheme 2-6). DFT FHA CEMBIKEAZ IR T 5 &L, 2a L FAEKIC—DD B =L U M[EEAT 2%
DEBIRAEL 720, 2b (TS1), 2¢(TS1) 2345 5, syn-2 AITH~S, 2b (TS1) 1% 72.0 kI mol™, 2c (TS1)
13 57.1 ki molt Rz E /o BBikiel LTHELNT. oD =L UnFERCEEEST 2T, Bk
DUTERONUZBEBLLERHD DT, BIOLRWVEETHS. ZO/MENS, 2b L 2c b 2a L
RloeE =L o —oF ol d D8 T syn-2 705 anti-2 28T syn-21272 > T D EIRE L T-.
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7 anti-2
-Z08 7

syn- 2' 2’ (TS1)
Scheme 2-6. Bk —&{A 2b & 2c D EPEAYEC S HARERE. R = Me £721% Ph.

2.25. UV-vis, FL A7 L

T TR trans- B = L U BRIR TEIK 2 O UV-vis & FL A7 RV EHNE Lz, Bk Bk 2 o
237 N V% Figure 2-6, BRIk Bk 2 LBIELAW 8, 9%, 10° D XY R LF— & % Table 2-2 1T
Y. BRI AR 2a O UV-vis A7 RV TIE, 417 nm SHRIA VIR B S 7. 2a ORI
I B IBSE A O 8 LW 6 nm, 9LV 18 nm, 10 LV 1l nm EFREY 7 FLTEY, BE{LA
W& IERIRR>TND Z L am LTS, Bk 8K 2a ORI MRV Z L1, 2a OEED
BEHDHZER—DODFERENEEEZLND.

1.5
~— ,_T
e 11 L
(@] .
o} =
o
:
7 05 s
= £
w 2
0 4 . '
240 340 440 400 500 600
A/nm A/nm

Figure 2-6. trans- £'= L BRAK 81K 2 8 L OBTEA LA D UV-vis (££), FL A7~V (£7). 2a (),
2b (%), 2c (7R), 8 (#%).

FL A7 FUIZEWT, B &K 2a DMK EGR R IE 491 nm (& 0.71) T& Y, Stokes shift |
74nm & K& 7fliz & > TN -. Z DK X 72 Stokes shift 1%, JLECRTE & Bhi ke THREE 2 K= < &1k
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LTWAHZEZRLTNS.

ZHUCKI LT, BRI B 2D & 2¢ D UV-vis A7 LTI, MRARWLINEE R IXF 4 398 nm,
400nm TH Y, A7 FVIIHMAIEE Z 8 LTz, 2b & 2¢ ORI 23 2a & H_"CH 20 nm
FIERETHLZ LD, R TIE2b & 2c DA 2a IZHATIRR > TWRNWI ERbooT.
ZAUE X B EAAEIEREAT & DFT SR DAL, T b TRy =L O I 2a (il
T2b & 20T REL Ao TVBFERE —FT 5. iz, BREEOWNIHMEEEZ R~ M5, 2a
(ZHEARTEIEDE DD I L AR LTV D.

FL A7 MUIZEBWT, 2b IR E G K23 438 nm T& 0, Stokes shift 1 40 nm & /NS WMET
HoTz. 2a ® Stokes shift ® 74 nm (2T 2b A 40nm E/NSVMETH 722 &1, 2allkb~T2b
ITIEECIREED B IR BE~DREE DAL/ NS N D L AR LTV A, Bk 8K 2¢ 3R ek R
73 478 nm T& Y, Stokes shift 23 78 nm &L K& VMETH ¥, 2a & [AIARICILERIREE & AL IR AR THEE 23
RELBLLTWDEZ ERbh oz,

77, HOEETFINRIE, 2a & 2b BENFN 071, 0.82 LEVMEATRT OISR L, 2c1%0.39 &%
VMEZ/R LT, 2T 2c OB =L UCEA I TV Ph EOIRE T b ¥ — %2 E L TRIFL T
WHTEDTEEEZ LD,

Table 2-2. trans-t'= L Bk —BA 2 L BhE(LEW 8, 9, 10 D UV-vis, FL A7 hLF5—& 2

UV-vis FL

Compound Amax/Tm (&) b Aedge/NM ¢ Amax/TIM D d Stokes shift /
nm [eV]

2a 417 (19000) 466 491 0.71 74 [0.45]

2b 398 (16500) 421 438 0.82 40 [0.284]

2¢ 400 (17000) 435 478 0.39 78 [0.506]

8 411 (11100) 436 433 0.48 22 [0.15]

9° 399 (15000) - - - -

10f 406 (20000) - - - -

a. CHClL I&#&. b. E/VGARE. ¢ FREEDS dnax P 5 % & 72 DRI, d. #Est & IR, e. CH,CLIE

v 8y OO CUO

O NS N

POC NG OS
9 10

8

W%, f. THF I8&.
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23. K

7 v kT trans-E = L U BRIR &R 2 &, Heck 2 E 7213 hydroboration (2 & 0 &Rk L72LE
5 LALEW 7 O Suzuki-Miyaura 77~ 7 U 712 L0 AR L7z, X RS SRS AT IC L 0 2 1R PR
BrEoTVEIRY, BV UNIEBRZEATLIZETCT U TRy EE=L O THANEKT
HZENRDbhoTo. IRERZENMR Z2HIET 5 L, (LAY 2 D Mes & o-Me 2D B — 7 2MEIR CTlid—
AD DRI ET DB EE R L, ZhEMITT 5L, 2aid34kimol?, 2b X 70kimol™, 2c
13 55.8 k) mol™ (OFEEET 2 fRAED syn MR 2 BB L TV 5D 2 ENSo7-. DFT %Ik Y, ©
=L RO T OBRMEANICIAT DB CRUB A L TV D Z &3 biro 7z, Btk &K 2 D UV-vis
ART MVERET D LIEY, 2a TN TEEBEILZT AL 2b & 20 13 DEA DI <7
STWLZ Enbhole. FLAXY MAEHET 2 Z L1280, 2a & 2c (TAJERRRE & phiEik T
DOREEDEAERRKE VD, 2b IIEDELP/ NS N Lo Tz,

2.4, FEEROH

General. Melting points are uncorrected. Elemental analyses were performed with a Perkin-Elmer
2400 series analyzer. *H and *C NMR spectra were measured on a JEOL JNM-ECS400 spectrometer at 400
MHz and 100 MHz, respectively. Variable temperature 'H NMR spectra were measured on a JEOL
JNM-GSX400 spectrometer at 400 MHz or the JEOL JNM-ECS400 spectrometer. High-resolution mass
spectra were measured on a JEOL MStation-700 spectrometer by FAB method or on a Bruker autoflex speed
by MALDI-TOF/TOF method. UV-vis spectra were measured on a Hitachi U-3000 spectrometer with a 10
mm cell.  Fluorescence spectra were measured on a JASCO FP-6500 spectrofluorometer with a 10 mm cell
with the sample degassed by Ar gas immediately before measurements. Absolute fluorescence quantum
yields were recorded on a Hamamatsu photonics C9920-02. Column chromatography was carried out with
Merck Silica Gel 60 (70-230 mesh). Boronic acid pinacol esters were purchased from Aldrich.

Compound 5a. 1,8-Diiodoanthracene * (3, 3.00 g, 6.98 mmol) was dissolved in a mixture of
degassed toluene (70 mL) and diisopropylamine (3.92 mL, 27.9 mmol). To the solution were added 4a
(3.58 mL, 20.9 mmol) and Pd(P'Bus), (357 mg, 0.699 mmol). The reaction mixture was heated at 80 °C for
24 h under Ar. After the mixture was filtered through Celite, the filtrated was evaporated. The crude
product was purified by chromatography on silica gel with toluene/CH,Cl, 1:1 eluent to give the desired
compound as black oil. Yield 2.89 g (86%); ‘H NMR (400 MHz, CDCls) & 1.40 (24H, s), 6.36 (2H, d, J =
18.2 Hz), 7.47 (2H, dd, J = 6.8, 8.0 Hz), 7.75 (2H, d, J = 6.8 Hz), 7.97 (2H, d, J = 8.0 Hz), 8.40 (2H, d, J =
18.2 Hz), 8.44 (1H, s), 9.09 (1H, s); *C NMR (100 MHz, CDCl3) & 24.91, 83.35, 118.47, 124.12, 125.26,
127.54, 129.15, 129.53, 131.59, 136.03, 146.65 (one aliphatic signal missing); HRMS (FAB) found: 482.2777
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m/z [M]"; calcd for C3oHs6"B,0, m/z 482.2810. The large coupling constant supports E stereochemistry for
the ethenylene moieties.

1,8-Diiodo-9-mesitylanthracene (6) °>. To a solution of mesitylmagnesium bromide (1.0 mol L™
THF solution, 40.4 mL, 40.4 mmol) in THF (100 mL) was added 4,5-diiodo-9-anthrone * (3.00 g, 6.73 mmol)
under Ar.  After the solution was stirred for 24 h at room temperature, the reaction was quenched with NH,CI
aq (60 mL). The organic layer was separated, and the aqueous layer was extracted with ether (20 mL x 3).
The combined organic layer was dried over MgSO,4 and evaporated. The crude product was purified by
chromatography on silica gel with hexane eluent to give the desired compound as a yellow solid.  Yield 3.12
g (85%); mp 247-251 °C (dec); *H NMR (400 MHz, CDCl3) 51.65 (6H, s), 2.44 (3H, s), 7.05 (2H, dd, J = 6.8,
8.4 Hz), 7.07 (2H, s), 7.48 (2H, d, J = 6.8 Hz), 8.15 (2H, d, J = 8.4 Hz), 9.09 (1H, s); *C NMR (100 MHz,
CDCl3) 6 20.12, 21.38, 100.98, 127.07, 127.16, 128.58, 130.65, 133.24, 133.89, 136.97, 137.51, 137.81,
137.94, 138.13; HRMS (FAB) found: m/z 547.9545 [M]"; calcd for C,3H1gl, m/z 547.9498; Anal found: C,
50.23, H, 3.11%. calcd for Cy3Hygl,: C, 50.39, H, 3.31%.

Cyclic Dimer 2a. To a mixture of degassed toluene (200 mL) and water (20 mL) were added 5a
(10.1 mg, 20.9 umol, ca. 1.0 x 10 mol L™ in toluene), 6 (11.5 mg, 21.0 umol), Cs,CO; (67.4 mg, 0.21 mmol),
and Pd(PPh3), (2.4 mg, 2.1 umol). The reaction mixture was heated at 90 °C for 48 h under Ar. After the
mixture was filtered through Celite, the organic layer was separated and the aqueous layer was extracted with
ether (10 mL x 3). The combined organic layer was dried over MgSQO, and evaporated. The crude product
was purified by chromatography on silica gel with hexane/CH,CI, 10:1 eluent to give the desired product (3.6
mg, 33%) as yellow crystals. The yield was 25% when the concentration of 5a was 1.0 x 10> mol L. Mp
290-301 °C (dec); *H NMR (400 MHz, CDCl;) §1.78 (6H, s), 2.48 (3H, s), 7.13 (2H, s), 7.42 (2H, dd, J = 6.8,
8.8 Hz), 7.48 (2H, d, J = 8.8 Hz), 7.58 (2H, dd, J = 6.4, 8.4 Hz), 7.67 (2H, d, J = 6.8 Hz), 7.68 (2H, d, J = 6.4
Hz), 7.81 (4H, s), 8.04 (2H, d, J = 8.4 Hz), 8.56 (1H, s), 10.07 (1H, ), 10.08 (1H, s); *C NMR (100 MHz,
CDCly) 6 20.28, 21.42, 121.94, 122.64, 123.91, 125.65, 125.72, 125.75, 127.10, 127.71, 128.47, 130.20,
130.24, 130.34, 132.20, 133.54, 133.76, 136.80, 137.11, 137.23, 137.35, 137.76 (two aromatic signals
missing); UV-vis (CHCl3) Amax (¢) 252 (147000), 417 (19000) nm; FL (CHCI3) Amax 491 nm, Aex 421 nm, &
0.71; HRMS (FAB) found: m/z 522.2308 [M]"; calcd for C,;H3o m/z 522.2348.

Reaction of 3 and 4b. This coupling reaction was similarly performed by using 3 (100 mg, 0.233

mmol), 4b (0.131 mL, 0.697 mmol), and Pd(P'Bus), (11.9 mg, 0.0233 mmol) in toluene (5 ml) and
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diisopropylamine (0.131 mL, 0.932 mmol) as the synthesis of 5a. Even though the reaction mixture was
heated at 80 °C for 72 h, the most of the starting material was recovered. A small amount of the
mono-coupling product was obtained: *H NMR (400 MHz, CDCl3) §1.40 (12H, s), 1.87 (3H, d, J = 1.6 Hz),
7.15 (1H, dd, J=7.2, 8.4 Hz), 7.41 (1H, d, J = 6.8 Hz), 7.51 (1H, dd, J = 7.2, 8.4 Hz), 7.91 (1H, br), 7.95 (1H,
d, J = 8.4 Hz), 7.99 (1H, d, J = 8.0 Hz), 8.09 (1H, d, J = 7.6 Hz), 8.37 (1H, s), 8.77 (1H, s); HRMS (FAB)
found: m/z 470.0933 [M]"; calcd for CpsH,4"'BIO, m/z 470.0914.

1,8-Bis(1-propynyl)anthracene (7b). To a solution of 1,8-diethynylanthracene *° (1.00 g, 4.42
mmol) in anhydrous THF (100 mL) was slowly added BuLi (1.6 mol L™ hexane solution, 11.1 mL, 17.8
mmol) with a syringe at —78 °C under Ar.  After this solution was stirred at that temperature for 1 h, and Mel
(2.75 mL, 44.2 mmol) was added. The solution was stirred at that temperature at 1 h, and then at room
temperature for 1 h.  The reaction mixture was treated with aq. NH4CI (20 mL), and the organic solvents were
evaporated. The organic materials were extracted with CH,CI, (20 mL x 3). The combined organic layer
was dried over MgSO, and evaporated. The crude product was purified by chromatography on silica gel with
hexane/CH,CI, 3:1 eluent to give the desired compound as a yellow solid. Yield 1.04 g (93 %); mp 200—
203 °C; 'H NMR (400 MHz, CDCl5) 6 2.30 (6H, s), 7.40 (2H, dd, J = 6.8, 8.8 Hz), 7.63 (2H, d, J = 6.8 Hz),
7.95 (2H, d, J = 8.8 Hz), 8.40 (1H, s), 9.40 (1H, s); *C NMR (100 MHz, CDCl3) 6 4.81, 78.17, 91.50, 122.37,
124.37, 125.21, 127.20, 128.24, 129.69, 131.60, 131.93; HRMS (FAB) found 254.1081 m/z [M]"; calcd for
CyoH1a m/z 254.1096; Anal found: C, 94.05, H, 5.73 %. calcd for CyoHo: C, 94.45, H, 5.55 %.

Compound 5b. A mixture of CuCl (19.5 mg, 0.197 mmol), NaO'Bu (75.7 mg, 0.788 mmol), and
PPh3 (103 mg, 0.393 mmol) was suspended in THF (25 mL) under Ar.  After this mixture was stirred for 30
min, bis(pinacolato)diboron (1.50 g, 5.91 mmol) was added. After this mixture was further stirred for 10 min,
7b (500 mg, 1.97 mmol) and MeOH (0.64 mL, 16 mmol) were added. The reaction mixture was heated at
50 °C for 1h, and then filtered through Celite. The filtrate was evaporated, and the residue was dissolved in
CHCI; (20 mL). This organic layer was washed with 1 mol L™ ag. HCI (10 mL x 3) and ag. NaCl (10 mL),
dried over MgSQ,, and evaporated. The crude product was purified by chromatography on silica gel with
hexane/ethyl acetate 40:1 eluent to give 932 mg (93 %) of the desired product as brown oil.  Yield 932 mg
(93%); 'H NMR (400 MHz, CDCl3) & 1.37 (24H, s), 1.87 (6H, s), 7.34 (2H, d, J = 6.8 Hz), 7.44 (2H, dd, J =

6.8, 8.4 Hz), 7.82 (2H, s), 7.93 (2H, d, J = 8.4 Hz), 8.44 (1H, s), 8.54 (1H, s); **C NMR (100 MHz, CDCl;) ¢
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16.74, 25.09, 83.57, 121.45, 124.83, 126.65, 127.46, 127.87, 130.16, 131.77, 135.76, 141.33 (one aliphatic
signal missing); HRMS (FAB) found 510.3113 m/z [M]"; calcd for Ca,Hao™'B,04 m/z 510.3113.

Cyclic dimer 2b. This compound was similarly synthesized from 5b (10.0 mg, 19.6 umol), 7 (10.7
mg, 19.5 umol), Cs,CO3 (63.6 mg, 0.195 mmol), and Pd(PPhs)4 (2.25 mg, 1.95 umol) as the synthesis of 2a.
The crude product was purified by chromatography on silica gel with hexane/CH,Cl, 10:1 eluent to give the
desired product as yellow solid. The yield was 5.5 mg (51%) at ca. 1.0 x 10 mol L™ and 4.3 mg (40%) at
ca. 1.0 x 10° mol L. Mp 167-169 °C; 'H NMR (400 MHz, CDCls) 6 1.81 (6H, s), 2.10 (6H, s), 2.49 (3H,
s), 7.31 (2H, s), 7.15 (2H, s), 7.40 (2H, dd, J = 6.4, 8.8 Hz), 7.48 (2H, d, J = 8.8 Hz), 7.51-7.53 (4H, m), 7.58
(2H, dd, J = 6.8, 8.8 Hz), 8.05 (2H, d, J = 8.0 Hz), 8.57 (1H, s), 9.62 (2H, s); *C NMR (100 MHz, CDCl;) 6
20.38, 21.02, 21.43, 122.94, 123.66, 123.82, 125.25, 125.33, 125.51, 126.97, 127.29, 128.43, 129.23, 130.14,
130.18, 130.76, 132.03, 135.17, 136.56, 136.76, 137.26, 137.84, 141.47, 143.89 (one aromatic signal missing);
UV-vis (CHCI3) Amax (£) 254 (141000), 359 (9240), 378 (15500), 398 (16500) nm; FL (CHCI3) Amax 438
nm, Aex 398 nm, @; 0.82; HRMS (FAB) found 550.2659 m/z [M]"; calcd for C43Hz4 m/z 550.2661.

Reaction of 3 and 4c.  This reaction was similarly performed with 3 (300 mg, 0.698 mmol), 4c
(483 mg, 2.10 mmol), and Pd(P'Bus), (35.7 mg, 0.0699 mmol) in toluene (15 ml) and diisopropylamine (0.39
mL, 2.77 mmol) as the synthesis of 5a. The crude product was purified by chromatography on silica gel with
hexane/ethyl acetate 5:1 to give compound 5¢’ (E/E product) as a brown solid. The stereochemistry was
confirmed by X-ray analysis (Figure 2-7). Yield 342 mg (77%); mp 172-174 °C; '*H NMR (400 MHz,
CDCly) 6 1.11 (24H, s), 7.28-7.33 (6H, m), 7.42 (2H, dd, J = 6.8, 8.8 Hz), 7.58-7.60 (6H, m), 7.95 (2H, d, J =
8.8 Hz), 8.03 (2H, s), 8.43 (1H, s), 8.96 (1H, s); *C NMR (100 MHz, CDCls) & 24.80, 83.93, 121.88, 125.04,
125.31, 127.01, 127.07, 127.25, 128.20, 128.62, 130.50, 131.76, 137.26, 138.64, 142.40 (one aliphatic signal

missing); HRMS (FAB) found 634.3436 m/z [M]"; calcd for CaoHusM'B,0, m/z 634.3426.
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Figure 2-7. X-ray structure of compound 5c¢’.Bpin groups are disordered. Recrystallized from
chloroform/hexane. Formula C;H44B,04, M = 634.39, triclinic, P1, a = 10.864(7), b = 13.188(8), ¢ =
13.469(8) A, o = 108.677(9), B = 93.807(9), = 99.535(10)°, V = 1788.1(19) A% Z =2, D, = 1.178 g cm®,
(Mo Ko) = 0.073 mm™. Number of data 14050, number of data used 7747 (1>2.0o(1)), R1 = 0.0724, wR2 =
0.2024, GOF =1.096. CCDC 1407433.

Compound 5c. This compound was similarly prepared from 7¢ * (900 mg, 2.38 mmol),
bis(pinacolato)diboron (1.81 g, 7.13 mmol), CuCl (23.6 mg, 0.238 mmol), NaO'Bu (91.5 mg, 0.952 mmol),
PPh; (125 mg, 0.477 mmol), and MeOH (769 uL, 19.0 mmol) in THF (45 mL) as the synthesis of 5b. The
crude product was purified by chromatography on silica gel with CHCI; eluent to give 421 mg (28 %) of the
desired product as yellow solid. Mp 208-211 °C; ‘H NMR (400 MHz, CDCly) 6 1.42 (24H, s),
7.00-7.11(12H, m), 7.18 (2H, dd, J = 7.2, 8.4 Hz), 7.79 (2H, d, J = 8.4 Hz), 7.97 (2H, s), 8.33 (1H, s), 8.55 (1H,
s); BC NMR (100 MHz, CDCIy) ¢ 25.13, 83.98, 121.39, 124.85, 126.23, 127.54, 127.89, 127.94, 127.99,
129.68, 131.61, 135.85, 140.30, 142.68 (one aliphatic signal and one aromatic signal missing); HRMS (FAB)
found 634.3464 m/z [M]"; calcd for C4,H44B,04 m/z 634.3426.  This reaction also gave several other isomers,
which were not separable by conventional chromatography.

Cyclic Dimer 2c.  This compound was similarly synthesized from 5¢ (10.0 mg, 15.8 umol), 6 (8.68
mg, 15.8 umol), Cs,CO;3 (51.3 mg, 0.157 mmol), and Pd(PPhs), (1.83 mg, 1.58 umol) as the synthesis of 2a.
The crude product was purified by chromatography on silica gel with hexane/CH,Cl, 10:1 eluent to give the
desired product as yellow solid. The yield was 6.7 mg (63%) at ca. 1.0 x 10 mol L™ and 5.7 mg (54%) at
ca. 1.0x 103 mol L. Mp 300-310 °C (dec); *H NMR (400 MHz, CDCl3) 6 1.81 (6H, s), 2.48 (3H, s), 6.76

(4H,t,J =8.0 Hz), 6.89 (2H, t, J = 7.2 Hz), 7.02 (4H, d, J = 8.0 Hz), 7.13 (2H, s), 7.37 (2H, 5), 7.42-7.50 (8H,
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m), 7.66 (2H, d, J = 6.4 Hz), 7.99 (2H, d, J = 8.4 Hz), 8.51 (1H, s), 9.77 (1H, s), 9.86 (1H, s); “*C NMR (100
MHz, CDCl3) 6 20.52, 21.44, 123.92, 124.47, 124.99, 125.40, 125.45, 125.58, 125.72, 126.98, 127.29, 127.82,
128.45, 130.17, 131.02, 131.19, 131.38, 131.90, 135.07, 136.49, 136.75, 137.29, 137.90, 138.74, 142.33,
143.72 (two aromatic signals missing); UV-vis (CHCI3) Amax (€) 255 (123000), 360 (10400), 379 (17000),
400 (17000) nm; FL (CHCl3) Amax 478 nm, Ay 377 nm, @& 0.39; HRMS (FAB) found 674.2988 m/z [M]"; calcd
for Cs3Hsg m/z 674.2974.

1,8-Diethenyl-9-mesitylanthracene (8). * To a solution of 6 (500 mg, 912 umol) in toluene (50 mL)
were added tributylethenyltin (0.800 mL, 2.75 mmol) and Pd(PPhz)4 (105 mg, 90.2 umol). The solution was
refluxed for 24 h under Ar atmosphere. The solvent was evaporated, and the residue was separated by
chromatography on 20wt% K,COs silica gel with hexane as eluent to give the desired product (206 mg, 65 %)
as yellow solid. Mp 204-205 °C; "H NMR (400 MHz, CDCls) & 1.69 (6H, s), 2.45 (3H, s), 5.59 (2H, dd, J =
1.4,10.8 Hz), 5.89 (2H, dd, J = 1.4, 17.0 Hz), 7.08 (2H, s), 7.31 (2H, dd, J = 6.8, 9.0 Hz), 7.42 (2H, d, J = 9.0
Hz), 7.60 (2H, d, J = 6.8 Hz), 7.70 (2H, J = 10.8, 17.0 Hz), 8.97 (1H, s); **C NMR (100 MHz, CDCl,) & 20.12,
21.39, 117.58, 118.61, 123.46, 125.63, 126.18, 128.39, 129.63, 129.78, 135.05, 135.14, 136.66, 136.79, 137.28,
137.64; UV (CHCI) Amax (£) 266 (108000), 391 (12500), 411 (11100) nm; FL (CHCI3) Amax 433, 456 nm, Aex
412 nm, @; 0.48; HRMS (FAB) found m/z 348.1922 [M]"; calcd for Cy;H., m/z 348.1878; Anal found: C 92.67,
H 6.95%. calcd for Cy;Ho,: C 93.06, H 6.94%.

VT NMR Measurements. *H NMR spectra were measured at variable temperatures in toluene-dg
(2b and 2c) or in CD,Cl, (2a) on a JEOL JNM-ECS400 spectrometer at 400 MHz (Figure S1). The sample
temperature was monitored by a thermocouple after calibration with the *H NMR chemical shifts of a
methanol sample or a 1,2-ethanediol sample. For 2a, the signal due to the o-Me groups decoalesced at —
105 °C (168 K). The chemical shift difference (Av/Hz) was estimated to be 42 Hz, even though the signals
were still broad at —109 °C, the lowest attainable temperature. The rate constant at the coalescence
temperature (T.) was calculated by the empirical equation for the coalescence method, k = (/42)-Av, to be k =
152 s . ' This value corresponded to the free energy of activation AG” at T to be 34 kJ mol™.  For 2b, the
0-Me signals coalesced at 32 °C (305 K) and the Av was approximately 3 Hz. These values afforded k = 6.7
st and AG” = 70 kJ mol ™ at T, in a similar manner. The total line shape analyses of the o-Me signals of 2c

were performed by the DNMR3K program (Figure 2-8). **  The line shape changes were analyzed as 2-site
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mutual exchanges (A 2 X). The chemical shift difference (Av) was assumed to be a linear function of the
temperature (t/°C) as Av = -0.247 t + 56.9 (Hz), and the spin-spin relaxation time (T./s) was fixed at 0.06.
Rate constants are as follows: k/s* (t/°C) = 15 (-21.7), 25 (-16.5), 40 (-11.4), 65 (-6.5), 100 (-1.5), 170 (3.3),
250 (8.1), 350 (12.7). The Eyring plot of these data afforded the following kinetic parameters: AH” = (53.3 +

1.8) ki mol™, AS” = (9.1 +6.7) Imol * K*, AG”,73= (55.8 + 3.8) ki mol ™.
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Figure 2-8. Observed and calculated *H NMR signals due to the o-Me protons at variable temperatures and
Eyring plot for 2c.

DFT Calculations. Calculations were carried out with Gaussian 09 ** program on a Windows
computer. The structures were optimized by the hybrid DFT method at the MO05/6-31G(d) level. The
frequency analysis gave no imaginary frequency for each energy minimum structure, one imaginary frequency
for transition state structure, and two imaginary frequencies for nearly planar structure. The calculations of
excited states were carried out by the TDDFT method at the same level.

X-ray Analysis. Single crystal of 2a, 2b and 2c were obtained by crystallization from suitable
solvents. Diffraction data were collected on a Rigaku Varimax imaging plate diffractometer with Mo Ka
radiation (1 = 0.71075 A) to a maximum 26 value of 55.0° at —150 °C. The structure was solved by the direct
method (SHELXS97) ** and refined by the full-matrix least squares method (SHELXL97). ** Non-hydrogen
atoms were refined anisotropically. Hydrogen atoms were included in fixed positions. 2a (CCDC 953893):
Recrystallized from benzene/ethanol. Formula (CyHsg)-0.25(CsHe), M = 1084.35, triclinic, P1, a =
11.130(2), b = 15.080(3), ¢ = 18.842(4) A, a = 100.300(12), £ = 92.311(17), = 110.700(9)°, V = 2892.3(11)
A3 Z=4,D,=1245g cm? 1(Mo Ka) = 0.070 mm . Number of data 24518, number of data used 12959
[1>2.05(1)], R1 = 0.0890, wR2 = 0.1801, GOF = 1.075. CCDC 953893. 2b (CCDC 1407436):
Recrystallized from benzene/ethanol. Formula Ca3Hss 1.5(CsHg), M = 667.86, triclinic, P1, a = 10.318(3), b
= 12.288(3), ¢ = 15.711(4) A, & = 102.516(3), A= 90.952(3), 7= 109.733(3)°, V = 1821.7(8) A =2, D, =
1.218 g cm >, (Mo Ka) = 0.069 mm™. Number of data 16025, number of data used 8187 (1>2.05(1)), R1 =
0.0528, wR2 = 0.1268, GOF = 1.055. 2c (CCDC 1407435): Recrystallized from benzene/ethanol. Formula
(CssHag)-1.5(CsHg), M = 792.00, triclinic, P1, a = 10.0012(13), b = 14.897(2), ¢ = 29.721(4) A, « = 80.707(4),
B =84.409(5), y= 83.905(5)°, VV = 4330.5(10) A®, Z = 4, D, = 1.215 g cm °, (Mo Ko) = 0.069 mm . Number

of data 38314, number of data used 19509(1>2.0c(1)), R1 = 0.0756, wR2 = 0.1512, GOF = 1.071.
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B L AR DR L TR0 AT E A EHEDBIRB > TWRWNT ERDNoT. 2O L1220,
BOyTHEEDTE (3.2.43H) Tilkind 5.

LB D FL A7 ML ORRKEEKEIL, cis-B= L Bk &K 1 A3 453 nm, trans-E =L > B¢
R EAR 2 23496 nm Tho7=. T4 Stokes shift 1X 42 nm (1), 72nm (2) TH Y, JhEIREE THE
ERRESSELTWD Z Lotz dtFmalET L&, BRROEEL 213Thth 42,
3.6ns T, XtELEM8 D 5.4ns ERIFREDEZ 7. ZOZ b, BIR _8IK1, 2 oW iE—#K
CREHFMOTF o ~—ROUNETIIRVWEEZ LS. Y BFRAET H &, trans-E =L
B BN 212067 THY, REYLEW 8 D 048 LR THLEWETH-7-. LiL, cis—E=1
VERIRZEER 113034 THY, (EELE® 8 LR THIRWMEA TR LTV, BRI ZEEK L1 O&ET
ICEAMRNERHR T, FhEREEDO =R L F — %2 5T DIRB) TR L F—L L TR TWNDHTEHELHE
oD,
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Figure 3-2. Bk “BIK1 & 2 B X OSRILAY 8 D UV-vis (Z£) & FL A7 kv (£).1(R), 2 (),
8 (H).

Table 3-1. k&% 1, 2, 8 D UV-vis, FL A7 h L5 —& 2

UV-vi
V1S FL
Obsd
Stokes shift /
Compound Amaxdnm (€) ° ImadnM  BC ins D ones St
nm [eV]
1 411 (8110) 453 034 42 42[0.28]
2 424 (22300) 496 067 3.6 72[0.42]
8 411 (11100) 433 048 54  22[0.15]

a. CHCls 78k, b, E/VUOLAREL. c. fieh IR,

3.2.3. XA b IE AT

X BRAEAREMAITIC LY, 1 & 2 OFEEEEZ AT L7z (Figure 3-3). trans-E' =L Bfk —&fk 2
1356 B LRSI Pl O M BRIAE 1E A L HDIZRIL T, cis—E =L U Bk &R 1 i3t n3 oz &
STz, cis-BE =L U BRIR T RAR LIZZ O RN EDT=2, 7o N T2 I DOKTE & IRFE DT
LCHY, KERLOHEMIT 218 A, KEMLOIEHL3.22A THh o7, ZiLid van der Waals £
O (H120A, C(sp?) 1.70A) LI LTV, D=8, MIEAKFIZLY ZHo07 v FIEUN
BN L D & LR, cissE=L 2 7 IRy TRIAIL70-73°L oo TNz, F 72, Hravshn
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D BREOPRIZ B < Mes 5D o-Me Z[F DT 3.70 A TH Y, Me EOAZEE18AY kv g
BEINL TV D DT Mes T EMDOTIRITITEE L TN EEZ LD,

(a) ) ) ! (b)
L 0%
f>~<3§ Wy \;é!\‘r: i3
P/ W TN s ( )-y \' oy 9
S Y s iia ub» )_H Sy
<~ ) W )
s 7~ il _Q_
&.\7 /;a— _il'fl,“r‘.

Figure 3-3. 7> F 7t -t =L U BRIk ZEIKD X B dtEIE. (a) cis-E' =1L K 1. (b) trans-£' =L
k2.

324, Sy FHEEETE

Ty hTRU =LV UBRIKCER L 20 FHEEL DFT FHE (M05/6-31G(d)) ChRamfk L,
i L7= (Figure 3-4). Btrans-t'= L K213 " EORE R L FEEICE =L o DR I2 LV synfk L anti
ROBLENE S, syn KO 9.1k mol™ ZETh -7, ZIUTHK LT cis-B= LK 1 1% X #rkb
P & [RIER DT AL 23 0 BEE N T2 72 — O DR EREE & LTS, syn-2 (2H~2T 30.9 kI mol™
REETH-Tz. T b7y INOKERL, RERLOERIZAE216A, 334ATHY,
E=LIT RIS LT 82-87 ° LA TWe. iz, Jrivthi2s v B oNflz i< Mes
K 0-Me BB FF WAL 3.91 A ThH o 7.

syn-2 anti-2

(0.0 ki mol) (9.1 ki mol?)
TS-2 | 1
(37.2 kJ mol) (30.9 kJ mol-t)

Figure3-4. 7> b7k —-E= LU BRIR T BIED 1, 2 0L EMHE. (M05/6-31G(d)). B~ =2 NIL syn-2
e HHEL LTk =R —.
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T v b Ty = L VBRIR T EIRO HOMO, LUMO 76 itk D IR AN 0 % §F4fi L 7= (Figure 3-5).
trans-E =L K syn-2 (X7 F TR EE =L U U —D THANNES WD, BUENS R
IR LTV, 2SR LT, cissE =L AfR LIFE =L U BT > T8 UCR L TEAR LT
WHTes, 7 b Tk E cis-E= LU DELEIZ DR S TWieiroTle. LInL DT v F Ty
MESL L TV D T2 2 L CTHUERNAD > THE Y, LUMO & HOMO-1 Tidr—7 R 5D 7 v
~ 7 ATIRD 5 T,

1

rl ]
‘,“2‘ 9o ‘3

JJ"' ‘J }“

LUMO+1 (-1.25 eV}

2
9 &
9

9

J
LUMO (-1.46 eV) HOMO-1 (-5.41 eV HOMO (-5.15 eV)

Figure 3-5. 7> F Tk - =LV BIR BARO 7o 7 0 TEUED MO K. (M05/6-31G(d)). %
INIZABNTE O =KL —F R T,

UV-vis 27 MLV DB T EB &2~ % 7= TDDFT #HEIC L0 3B 41T 72, 2~<Z L% Figure
3-6 (2, 7 —# % Table 3-2 ([Z/~¥". trans {& 2 @ p-band FEI DYV 452 nm T, HOMO 7>5 LUMO
~DE B THH-oT-. ZHUTH LT, cis &1 ® p-band fEIKOWINIE, HOMO 7>5 LUMO (423 nm),
HOMO 75 LUMO+1 (389 nm), HOMO-1 7%>5 LUMO (386 nm), HOMO-1 7> LUMO+1 (368 nm) O
B OB BFIE LT, cis R 1 D UV-vis A7 hUZZ G OB EZR - 2455, BHE IR
RoTNDHEZEZBND.
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Figure 3-6. =L U BRIR “ &K 1, 2 LXBILEY 8 OFE TROZEINA T kL

(TD/MO05/6-31G(d)//M05/6-31G(d) L ~/V). HEilF 0.19 eV (1530 cm™)

Table 3-2. BRIR“RIK 1, 2 LXRLEY 8 OFHR TROTWINARY M ORFEREWOT — X
(M05/6-31G(d) L-3/1)?

Compound Energy/ eV (nm) Oscillator Assignment
strength [
1 2.931 (423.0) 0.1163 HOMO --> LUMO 0.69798
3.189 (388.8) 0.0813 HOMO --> LUMO+1 0.69690
3.214 (385.8) 0.0548 HOMO-1 -->LUMO 0.69784
3.373 (367.5) 0.0339 HOMO-1 --> LUMO+1 0.69689
2 2.745 (451.6) 0.4989 HOMO --> LUMO 0.69700
HOMO-1 --> LUMO+1 0.10366
3.391 (365.6) 0.0607 HOMO --> LUMO —0.10753
HOMO-1 --> LUMO+1 0.69439
8 3.011 (411.8) 0.1907 HOMO --> LUMO 0.70159

a) FHELER U Lr TRl Lo iiE 2 VT T o 7.
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325 =L BRIk T&AD VI-NMR

oL UBRIR T EIR 1 O T OBEREEI 25720, BEERAE NMR ZJIE L7z, cis-BE=1 v
Bk B 1 ofE B4 Figure 3-71 12”7, cis-E = L U BRNR T BK 1 & C,D.Cl, 1, RE % 133°C £
TR0, AR RN NoT. TD7®), cis-B =L UEIR T EBIK 1 OFKITEIR T
LEDLRNZ ERbhoTz.

p-Me o-Me
~N H,0 l/ \] temp/°C
i J MM J \A‘A J 133 °C
1
9.5 8.5 7.5 6.5 2.5 1.5 0.5 5

Figure 3-7. 7> F Tk —cis- = L BRIR &K 1 DR A28 NMR (400 MHz, C,D,Cly)

3.26. B =L BN B~ RE

E=LUBRIR TR L 2 b ERBE L, FORISHEETANZ. M Zh o CDClL I %
JEAKERT > 7 THEMRE L, 5282 'H NMR ZHI%E L7- (Figure 3-8). ZD#k5E, Bk &ik1, 2
DFEITRZIIET L, 25 0N LR TE—2 3t A LMk LE. P Ty rokr0 9k
E= L THERE L7 trans-A & cissA 1L, RERUNT A Z T =L 0B EZITSFAT R
T LD [4+4] BALRUSR ENRE L Z LnmohTn5. ™ Linl, 187 okr-E=1L
VERIRZEERL 2 TIEEO XD BREUSIHE TERD ST
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Figure 3-8. B =L Bk " BKICEEAE T o 7 THARE L= *H NMR 27 /L (400 MHz,
CDCly). (a)cis-B' =L Bk — &K 1, (b)trans-E =L VERJIK &K 2.

327. 7o NIk —=F LB &K

T TR DLI8MEC, U I —TCHERELIAbEMmE LT T®F LU o —, trans- U o —,

Cis-J U —HEBTE. = F LU BRI bAML, CU I —DFE WL AMEEDE WA
AT, 2T TF L UBRR CEERICOWTEEL S BB,

3.2.7.1. UV-vis,

Ty h TR F L UBRIREIR 3 EXBRIEA D 9 D UV-vis, FL A2 /L% Figure 3-9 (T,
ALY FVT—H % Table 3-3 128, {LEHD UV-vis A7 FUZENT, =F L UBIR T EIK3
DGR R 406 nm T, FHAEAH 9 D 396 nm L2 L& 10 nm EFEY 7 hL Tz, R
fafn ) o —TCTEFE L TN D7D, EDOEBVICHEL TWRNnEEZILND.

FL A7 kv
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LEHD FL 27 MVORKE IR RIT, =9 L Btk —&Ak 3 2% 409 nm, XFFR{L-A4 9 A3 399
nm T, Stokesshift ITEHHE 3nm Th otz ZDZ & LV FHIEIREETOMEDZBLIT/NE N &R
D, IR OFENETICEIL 323076 THY, 9D 013 LD ENRYEWVEE S TWND.
ZHUE, BRIZAR D ZE T, MIECHhE@mOVEEIZR 72 Z ERNRKD—2 L LTEX TS, s
[ZOWT OFEMIIE D5 FHEIEDIA 3273 H Cifgim 9~ 2. [AARICERIREEO EFINRE 313047 T
BV, 90019 IV EVEZRLTWNS.

3 T ~

N T

§ ~

o} <

(@]

£ b5

- N

<+ ©

= £

© 2
0 : : .
300 350 400 450 350 450 550

A/nm A/nm

Figure 3-9. =5 L Bk &K 3 &xtfbB4 9 D UV-vis, FL A7 kL. 3 (R), 9 ().

Table 3-3. (k& 3, 9 @D UV-vis, FL A7 hLF5—x . 2

UV-vis FL (solution) Stokes shift/ FL (solid)
Comp. AmasdnM () ° Jmax/NM @ © t/ns nm (eV) Zmax/nM &
3 406 (41500) 409 0.76 4.0 3(0.02) 495 0.47
9 396 (12800) 399 0.13 - 3(0.02) 472 0.19

a. CHCI #&ifk b. S /VWOLAREL ¢, A IR,

3.2.7.2. X Mpfk bt

T TR F LRI T EIR 3 ORiAEIE & Figure 3-10 (2", = F LU U —IET U F
RN T F—OREEZR>TEBY, Vo A—2NT v b T8 2% LTH 90 °ha U - B E 4 &
> TUz.
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Figure 3-10. 7 h &~ F L U EIR Z8BIK 3 O X #fk s g

3273, A

Ty h TR F L UBRIR CRBIK3 OfiE A DFT 5 (M05/6-31G(d)) Thciifb 95 &, =F 1L v
U h—0OREIZLY 4 FEOZEME, syn-3, anti-3, 3 (planar), cis-3 3% 5 7= (Figure 3-11).
TF LU H—DOF RO C-CHEAITHT DT v b U VEEOEEN, syn-3, anti-3, 3 (planar) Tix
ToFRNTTF—=THY, cis-3 TEI v 7 UFnERoTn5D. cis-3DF L v h—Drfk
D C-CHEADRLNAILI5.0 °L/NSVWMETH 7= (Figure 3-12). 7> F LU 7T F—DEEDH,
X B A E IS 35 syn-3 Wi b LZERBETH Y, =F L U R FmZmvie anti-3 (X7 > b
T ¥ 9NEDKERDOSNREEIC LV 8.8 kimolt REZEREETH-7-. £7-, 3(planar) 1L >0
TFLUBT NIRRT BIZHLERETH LD, TF LT N TR D 9D LE
DONARBEEDSIER IR E T2 122.9 kI mol™ REEEREE L 72> T 5. 27 U F LD cis -3 134T
AN 1T, 479K mol' AL EREETH DL, = F LNV L7 Y FATHD Z LITMAT,
PR D EED T2 T v h T2 9o kFER 23230 A, RFERLN328 A FTHLL WD
TeONRBEFRIC L D REEI/2 > TN 5.

syn-3 anti-3 \ cis-3
(0.0 kJ mol) (8.8 kJ mol1) (47.9 kJ molt)

3 (planar) 3 (TS)
(122.9 kJ mol-1) (87.9 kJ mol1)

Figure 3-11. 7> h 72— F L VBRI &K 3 O 4 DO &G & EBIREE 3 (TS).
(M05/6-31G(d)).
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Figure 3-12. 7> h 7o —F L UERIR 8BIK 3 OKiEbiEEZ = F L oo U AIicidl Lz K.
(M05/6-31G(d)).

3.2.7.4. BEHEE)

T hTRr—mF L ERERR B3 O TH NMR 2R THRIET S L, =F L 35332 &6
413 | " fEEOE—7 (AABB’) L L TEN TV, ZMaE NOEIZKVTT5 L6413 D E—7
MN69.68(ZHDHT v TR INMOYE—2 LFIRI L T /= (Figure 3-13). D72, ZOFEBEL TV
=7 Z RERHONMOT o N EREL, b —HDOE—2 ZREREHOIMIDOT 7 b &k
E L7z, £z, Mes D o-ff Me BIZTFHOE— 27 L LTENLTWZ, b ORERIL, Bl R
BRREED syn-3 ICEHESNTEY, =F L) o —0DFEEEIZE D syn3 7> 6 syn3  ~DEEEZE H#3
HIRTIEIEFITENZ £ 2R LTW5 (Scheme 3-4).

M M
T D
w553 S O TS
e S e
& <= S
Meg Meg
syn-3 syn-3’

Scheme 3-4. 7 h T —xF L UBRIR T EK 3 OREZLHL. Mes £ 0o-Me D Mep & Meg I3/L2#
V7 FREICAFNVEEEET.
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Figure 3-13. 7> b T —=F L VERIR 8K 3 O NOE A< L,

Z T, TF L UERBRIR TR 3 OBELEBIC OV TIND T2, CDCly 1, il CIREE Al
NMR Z#|&E L7= (Figure 3-14). ZDO#EE, =F L OB — 27 (3EETIELL 720, SR T2 A7
- 7= Mes 3 o-fit. Me 3£ £°— 7 78 116 °C TRLA L, 137 °C TIE/AW— R 22 > 72. Z D Mes % 0-Me
REOMPEIZ, SR TIE=F Lo OREAIC K VREES L, B — 7 B FHSnTWD 2 & ZmRL
TW 7z (Scheme 3-3). Z DM Z SERFBICHATIEIC LV T L, BlBEAEH O L F—Z2 5L
2. ZORER, BUBEEMOEIE LT #1 e —3 88 kI mol™, iHM b= b o —1% 19 J mol* K™
L0, IEMEALE BT RV —(3 81 kImol ™ (100 °C) & RAES BT,
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CH,CH, p- o-Me . , temp/°C

&
J 137

Me
A
i e J]LL 116
o SN e el [ 95
JJ\\ J“\ JL LLJLJL"_ 25
40 300 25 20 1’58

Figure. 3-14. 7> b7 —=F L VBRI K 3 OIRE AT NMR (400 MHz, C,D,Cly).

TF LB T EAR 3 OEBEEHHEREIZ OV T, DFT 3HE AW TIN. ZORE, syn-3 705
—ODZF L UNEMALTT » h 7' ER—FHEIZR ST EETH D 3 (TS) 23, syn-3 IZHART
87.9 ki mol' RZERERIRIEEL LTHLNT. ZOBEBREBIITT LR —oF omlE L THREL
Had HRERE 6T % (Scheme 3-5 (3)). — 77, =F L N O [RIFERC #5342 4% <% 3 (planar) 2%
HERIC 725 L& 2 Hd (Scheme 3-5 (b)). LarL, 3(planar) @=L ¥—122.9 ki mol™ /% 3 (TS)
EVIFFITHENZ NG, =F LR ORI T 2 IR TH L B b, ZhbH0
FEERMNS, =F LUK CEEAIIIEHETEF LU Y v =0 —2Fo[ifizd 5 Z & T, syn-3 7>
D anti-3 Z#&H LT syn-3'~ L BB AT 5 2 L b olo. TORRIE, R A2 NMR Ofif#Tic
X0 ELNIEEEROTEMALE A= 2L F—81kimol™ & BW\W—E A R L TW\5.

3’ (TS)

e y
Mes .
¢ > S

H

syn-3 3 (planar)

Scheme 3-5. 7> b7k~ F L BRIk T EAK 3 OEEEHERE. () BPEAOEEAE. (b) [RIRF[EIHREE
1.
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33 ER

cis-t'= L BRI TR 1 2GR L, X #ndEEIE & DFT G50 B a5 Jravith 23 © A1 &
DI ENRDhoT. ZOPINHNVIEEDT-D T h Tk cis-E = L U AR LI RITIZE A
ERRWR, EREN LT 20T v T OBOIEN G HRREILN > TND Z ERNbhoTz. T
DENFIZ LY UV-vis A7 M VITFIOEHEIR AT R LZ /R LTz,

TF L EREERIR TR 3 I RIR TIEMIE B E 2 o TR Y, mIE T F LU DREERIC & b
729 B RS NMR OB Z L & L TRl S iz, Z ORISR OTEME(L B B o= %L F— X522
FEAERTIC L0 81 kI molt & RAES 5 2 LW T& /2. DFT 3HEIC & 0 BB RO 3155 &,
TF LN — DT ORI HER L, syn-3 /5 anti-3 &% T syn-3 T/ HHECTH D Z 3 bho
7.

34, ZEEROHE

General. Melting points are uncorrected. Elemental analyses were performed with a Perkin-Elmer
2400 series analyzer. *H and *C NMR spectra were measured on a JEOL JNM-ECS400 spectrometer at 400
MHz and 100 MHz, respectively. High-resolution mass spectra were measured on a JEOL MStation-700
spectrometer by FAB method. UV spectra were measured on a Hitachi U-3000 spectrometer with a 10 mm
cell. Fluorescence spectra were measured on a JASCO FP-6500 spectrofluorometer with a 10 mm cell with
the sample degassed by Ar gas immediately before measurements. Absolute fluorescence quantum yields
were recorded on a Hamamatsu photonics C9920-02. Fluorescence lifetimes were measured on a
Spectra-Physics time-resolved spectrofluorometer system (Tsunami 3960/50-M2S) with a Ti:Sapphire laser.
Column chromatography was carried out with Merck Silica Gel 60 (70-230 mesh). Lindlar catalyst and Pd/C
were purchased from TCI and Wako, respectively.

Compound 7. 1,8-Diiodo-9-mesitylanthracene * (5, 1.00 g, 1.82 mmol) was dissolved in a mixture
of degassed toluene (18 mL) and diisopropylamine (1.0 mL). To the solution were added ethenylboronic acid
pinacol ester (0.934 mL, 5.46 mmol) and Pd(P'Bus), (93.0 mg, 0.182 mmol). The reaction mixture was
heated at 80 °C for 48 h under Ar.  After the mixture was filtered through Celite, the filtrated was evaporated.
The crude product was purified by chromatography on silica gel with toluene/CH,CI, 1:1 eluent to give black
oil. This oil was washed with hexane to give the desired compound (391 mg, 36%) as yellow solid. Mp 180-

190 °C (dec); *H NMR (400 MHz, CDCls) 6 1.40 (24 H, s), 1.68 (6 H, s), 2.45 (3H, s), 6.36 (2H, d, J = 17.8
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Hz), 7.07 (2H, s), 7.31 (2H, dd, J = 7.0, 8.8 Hz), 7.45 (2H, d, = 8.8 Hz), 7.72 (2H, d, J = 7.0 Hz), 8.48 (2H, d,
J =17.8 Hz), 9.14 (1H, s); *C NMR (100 MHz, CDCl5) ¢ 20.15, 21.38, 25.09, 83.54, 118.34, 124.27, 125.58,
127.16, 128.39, 129.61, 129.85, 135.08, 136.68, 136.91, 137.30, 137.69, 147.26 (one aliphatic peak is
overlapped); HRMS (FAB) found 600.3605 m/z [M]*; calcd for CagHus"B,04 m/z 600.3582.

Cyclic dimer 6. A solution of 4 ** (104 mg, 0.302 mmol) and 5 * (139 mg, 0.254 mmol) in
triethylamine (25 mL) and THF (25 mL) was degassed by bubbling Ar gas for 10 min. After the addition of
Pd(PPh3)s (45.4 mg, 39.3 umol) and Cul (7.5 mg, 39.4 umol), the solution was refluxed for 5 h under Ar
atmosphere. The solvent was evaporated, and the residue was separated by chromatography on silica gel (NH)
with hexane-chloroform (5:1) as eluent. The product was further purified by recrystallization from benzene to
give the desired compound (84.1 mg, 52%) as orange crystals. Mp 358-368 °C (dec); ‘H NMR (400 MHz,
CDCl3) 6 1.76 (12H, s), 2.48 (6H, s), 7.13 (4H, s), 7.44 (4H, dd, J = 7.0, 8.8 Hz), 7.57 (4H, d, J = 8.8 Hz), 7.99
(4H, d, J = 7.0 Hz), 10.21 (2H, s); **C NMR (100 MHz, CDCl5) 6 20.29, 21.43, 94.06, 122.24, 124.29, 125.78,
127.13, 128.53, 129.98, 130.74, 131.71, 134.23, 137.65, 137.78 (one aromatic peak is overlapped); UV-vis
(CHCI3) Amax (¢) 250 (141000), 278 (121000), 425 (15800), 450 (42600), 480 (73400) nm; FL (CHCI3) Amax
487, 520 nm, Jex 480 nm, &; 0.63; HRMS (FAB) found 636.2835 m/z [M]"; calcd for CsoHss m/z 636.2817;
Anal found: C 94.75, H 5.74%. calcd for CsoH36: C 94.30, H 5.70%.

Cyclic dimer 2.  To a mixture of degassed toluene (250 mL) and water (25 mL) were added 7 (100
mg, 167 pmol), 5 (91.3 mg, 167 umol), Cs,CO; (544 mg, 1.67 mmol), and Pd(PPhs), (19.3 mg, 16.7 umol).
The reaction mixture was heated at 90 °C for 48 h under Ar. After the mixture was filtered through Celite,
the organic layer was separated and the aqueous layer was extracted with ether (10 mL x 3). The combined
organic layer was dried over MgSQO, and evaporated. The crude product was purified by chromatography on
silica gel with hexane/CH,CI, 10:1 eluent to give the desired product (41.3 mg, 39 %) as yellow crystals. Mp
240-250 °C (dec); *H NMR (400 MHz, CDCls) 6 1.80 (12H, s), 2.49 (6H, s), 7.13 (4H, s), 7.43 (4H, dd, J =
6.4, 8.8 Hz), 7.49 (4H, d, J = 8.8 Hz), 7.68 (4H, d, J = 6.4 Hz), 7.85 (4H, s), 10.13 (2H, s); *C NMR (100
MHz, CDCls) 20.32, 21.43, 122.12, 123.93, 125.71, 125.78, 128.47, 130.20, 130.25, 133.81, 134.98, 136.76,
137.37, 137.79 (one aromatic peak is overlapped); UV-vis (CHCI3) Amax (€) 254 (143000), 424 (22300) nm; FL

(CHCI3) Amax 496 nm, ey 427 nm, &¢ 0.67; HRMS (FAB) found 640.3156 m/z [M]"; calcd for CsoHao m/z
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640.3130.

Cyclic dimer 1. Asolution of 6 (10.0 mg) in ethyl acetate (50 mL) stirred over Lindlar catalyst (100
mg) in the presence of quinoline (1.0 mL) under H, atmosphere at 50 °C for 12 h.  The catalyst was removed
by filtration, and the solvent was evaporated under reduced pressure. The residue was treated with CHCI; (ca.
20 mL) and washed with 1 M HCI ag. (ca. 10 mL x 3) and then with water (10 mL x 1). The organic layer was
dried over MgSO,, and evaporated. The crude product was purified by chromatography on silica gel with
hexane/CH,CI, 5:1 eluent to give the desired product (9.5 mg, 94 %) as a yellow solid. Mp 290-300 °C
(dec); 'H NMR (400 MHz, CDCls) 6 0.87 (6H, s), 1.60 (6H, s), 2.34 (6H, s), 6.84 (2H, s) 6.94-6.96 (6H, m)
7.01 (4H, t, J = 8.2 Hz), 7.08 (4H, d, J = 8.2 Hz), 7.78 (4H, s), 9.38 (2H, s); *C NMR (100 MHz, CDCls) 6
19.03, 19.98, 21.29, 124.39, 124.73, 125.08, 125.43, 128.01, 128.07, 129.02, 129.12, 134.59, 134.76, 134.89,
136.32, 136.88, 137.34, 137.51; UV-vis (CHCIy) Amax (¢) 252 (112000), 360 (7630), 378 (11400), 411 (8110)
nm; FL (CHCI3) Amax 453, 466 nm, lex 412 nm, &¢ 0.34; HRMS (FAB) found 640.3086 m/z [M]"; calcd for
CsoHao m/z 640.3130.

Cyclic dimer 3. A solution of 6 (10 mg) in ethyl acetate (50 mL) was stirred over Pd/C (100 mg)
under H, atmosphere at 50 °C for 2 h. The catalyst was removed by filtration, and the solvent was evaporated
under reduced pressure. The crude product was purified by recrystallization with benzene/MeOH to give the
desired product (10.0 mg, 99 %) as a yellow solid. Mp 350-358 °C (dec); ‘H NMR (400 MHz, CDCls) &
1.66 (6H, s), 1.91 (6H, s), 2.48 (6H, s), 3.32 (4H, AA’ of AA’BB’, Jag = —12.0 Hz, Jzp: = 12.0 Hz, Jap = 4.0
Hz), 4.13 (4H, BB’ of AA’BB’, Jag = —12.0 Hz, Jo5 = 12.0 Hz, Jgp = 4.0 Hz), 7.10 (2H, s), 7.15 (2H, s), 7.38
(4H, dd, J = 6.5, 8.9 Hz), 7.46 (4H, d, J = 8.9 Hz), 7.60 (4H, d, J = 6.5 Hz), 9.68 (2H, s); **C NMR (100 MHz,
CDCly) ¢ 20.14, 20.53, 21.42, 36.92, 117.83, 125.07, 125.68, 126.09, 128.38, 128.43, 130.33, 130.35 135.39,
137.22, 137.73, 137.77, 139.17 (one aromatic peak is overlapped); UV-vis (CHCI3) Anax (€) 257 (148000), 363
(13200), 383 (29500), 406 (41500) nm; FL (CHCly) Amax 409, 433, 459 nm, Aex 406 nm, @ 0.76; HRMS (FAB)
found 644.3423 m/z [M]"; calcd for CsoHas m/z 644.3443.  When the signal at & 9.68 due to the 9-H atoms
was irradiated in the "H NMR spectrum, an NOE enhancement was observed at the signal at 54.13. The
coupling constants of the AA’BB’ system were determined by the line-shape simulation by the DNMR3K

program (Figure 3-15). 1
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3.0

Figure 3-15. Observed (a) and simulated (b) spectra of the *H NMR signals due to the methylene protons in 7:
Av = 324.2 Hz, “Jag = 2Jup = —12.0 Hz (geminal), *Jap = 2Jup = 12.0 Hz (anti), *Jax = I = 4.0 Hz
(gauche), T, =0.10 s.

1,8-Diethyl-9-mesitylanthracene (9). A solution of 4 (100 mg, 290 umol) in ethyl acetate (5 mL)
was stirred over Pd/C (5 mg) under H, atmosphere for 1 h. The catalyst was removed by filtration, and the
solvent was evaporated under reduced pressure. The crude product was purified by recrystallization with
hexane to give 96.3 mg (94 %) of the desired product as a colorless solid. Mp 192-194 °C; 'H NMR (400
MHz, CDCl3) §1.54 (6H, t, J = 7.8 Hz), 1.67 (6H, s), 2.45 (3H, s), 3.34 (4H, q, J = 7.8 Hz), 7.07 (2H, s), 7.25
(2H, dd, J = 6.0, 9.2 Hz), 7.32 (4H, m), 8.88 (1H, s); *C NMR (100 MHz, CDCl,) 514.80, 20.18, 21.38, 26.43,
118.02, 123.73, 124.47, 125.45, 128.29, 129.87, 130.13, 135.53, 136.98, 137.05, 137.68, 140.55; UV-vis
(CHCI3) Amax (¢) 262 (100000), 355.5 (7900), 374.5 (13600), 395.5 (12800) nm; FL (CHCI3) /max 399, 425, 450
nm, Jex 397 nm, &; 0.13; HRMS (FAB) found 352.2155 m/z [M]"; calcd for C,7Hzs m/z 352.2191.

Photoreaction. A solution of 1 or 2 (ca. 1 mg) in CDCl3 in an NMR sample tube was degassed by
the freeze-pump-thaw technique. This solution was irradiated with a high-pressure 250 W Hg lamp. The
course of decomposition was monitored by *H NMR spectra.

7 on a Windows

DFT Calculation. Calculations were carried out with Gaussian 09 program
computer. The structures were optimized by the hybrid DFT method at the MO05/6-31G(d) level. The

frequency analysis was performed for each optimized structure: one imaginary frequency for the transition
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states and no imaginary frequency for the other structures. The calculations of excited states were carried out
by the TDDFT method at the same level. Each excitation was treated as Gaussian type function with half
band width of 0.19 eV (1530 cm™).

X-ray Analysis. Single crystal of 1, 2, 3 were obtained by crystallization from suitable solvents.
Diffraction data were collected on a Rigaku Varimax imaging plate diffractometer with Mo Ka radiation (4 =
0.71075 A) to a maximum 26 value of 55.0° at —150 °C. The structure was solved by the direct method
(SHELXS97) *® and refined by the full-matrix least squares method (SHELXL97). ** Non-hydrogen atoms
were refined anisotropically. Hydrogen atoms were included in fixed positions. 4: Recrystallized from
benzene/methanol. Formula (CsoHzs)-2(CeHs), M = 793.00, monoclinic, P2,/n, a = 14.661(2), b = 9.2406(14),
¢ = 16.141(3) A, B = 91.314(2)°, V = 2186.1(6) A% Z = 2, D, = 1.205 g cm >, x(Mo Ka) = 0.068 mm ™.
Number of data 8371, number of data used 4871 [1>2.0c(1)], R1 = 0.0469, wR2 = 0.1147, GOF = 1.089. 7:
Recrystallized from benzene/methanol.  Formula (CsoHao)-0.5(CsHs), M = 640.82, triclinic, P1, a = 12.108(2),
b = 12.187(2), ¢ = 14.603(2) A, « = 67.082(9), A= 66.791(8), y= 79.462(11) °, V = 1823.2(2) A® 2 =2, D, =
1.167 g cm ™, z(Mo Ka) = 0.066 mm*. Number of data 15998, number of data used 8206 [1>2.05(1)], R1 =
0.0875, wR2 = 0.1215, GOF = 0.999. 1. Recrystallized from benzene/cyclohexane.  Formula
(CsoHa0)-(CeH12), M = 724,98, monoclinic, P2y/c, a = 13.789(2), b = 16.405(3), ¢ = 18.314(3) A, g =
95.611(2) °, V = 4122.8(11) A%, Z = 4, D, = 1.168 g cm >, z(Mo Ka) = 0.066 mm . Number of data 32325,
number of data used 9412 [1>2.0c(l)], R1 = 0.0653, wR, = 0.1708, GOF = 1.066. 5: Recrystallized from
benzene/methanol. Formula CgoHayy, M = 644.85, monoclinic, P2,/a, a = 13.578(11), b = 9.870(8), ¢ =
13.801(11) A, #=109.081(9), V = 1748(2) A%, Z = 2, D, = 1.225 g cm >, z(Mo Ka) = 0.069 mm*. Number of
data 7752, number of data used 3917 [I>2.0c(l)], R1 = 0.0762, wR, = 0.1618, GOF = 1.086.

VT NMR Measurements. 'H NMR spectra were measured at variable temperatures on the JEOL
JNM-ECS400 spectrometer at 400 MHz. The sample temperature was monitored by a thermocouple after
calibration with the "H NMR chemical shifts of a methanol sample or a 1,2-ethanediol sample. The NMR
spectra of 1 and 5 were measured in 1,1,2,2-tetrachloroethane-d, at high temperatures. For 5, the signal due
to the 0-Me groups decoalesced at 116 °C (389 K). The total line shape analyses were carried out for the

signal by the DNMR3K program (Figure 3-16). *** The line shape changes were analyzed as 2-site mutual
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exchanges (A 2 X). The chemical shift difference (Av/Hz) was assumed to be a linear function of the
temperature (t/°C) as Av =-0.114 t + 90.0, and the spin-spin relaxation time (T,/s) was fixed at 0.06. Rate
constants are as follows: kis™ (/°C) = 60 (104.6), 80 (109.3), 120 (114.1), 140 (116.0), 170 (118.8), 230
(123.5). The Eyring plot of these data afforded the following Kinetic parameters: AH"= 88 kJ mol ™}, AS= 19

Jmol™ K, AG%75 = 81 ki mol ™.

(a) (b)
temp/ °C kst
124°C WMW”“WMWJMWRWM““WWW ///////A\\\\\\\‘ 230
119 °C ///////\\\\\\\\ 170
116 °C MM”MMyMWNwMWWMWMMW”W /////ﬁ\‘//\\\\\\‘ 140
114 °C www“/NMmMMWWM\““WM ////r\\//ﬁ\\\\\ 120
109 °C ////\\\///A\\\\ 80
105 °C ///ﬂ\\\y///\\\\ 60

205 195 185 175 1.65
0
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Figure 3-16. Total line shape analysis of the signals due to 0-Me protons and the Eyring plot for 3,

(a) Observed spectra in C,D,Cly. (b) Simulated signals.
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4.1. &5

BOBETE= LU U —OEEEETENL L, trans-E =L U BRIR T BAREZ AL T T
TEFLUVBRRIKIZIZ A VT~ —RE RS, SV TE . 22T, TV by -E =L U BRIRAD
Av—D=BIKU EDOA VA —IZOWT, ZOEMIEDMHESLEHEE IOV TINDT LTz, = &KL
FORNFEAVT—ThLERK —EIRE, F/IMBEA VT ~—ThOEIRMN &R EAER LG E LT
AKETITET, BREEBEKICOWTERNS (Figured-1). ' 7o F It —THF L URk =8k
LT, PTEFLU=o0THEfELE 1, P78 FLr—o2b7vF Lo ZoTHER LE 2138 EN
TWb. Lo, TEFLrORTHR L7 3IFEANKETE LD RICE VEENFEmINT
WHEDHTHY, BARITSATHZRN. 2 g, BREEBEERPGEKOT v b I ra=y N e
me®ﬁ%ﬁ)nv%f%5tb 2=y ROV U —EHOEANRKREL D7D THD. =1
YU H—GFTEFLOY =RV ARHENRKEL, U oA —EBOBEEA XV Ak Aol A & D 2
ENTELDT, BIR=BRDOELNRHHRREREMIND EHFRFEND. 22T, FrLWRERT &~
Fotr-E=b A a~v—L LT, BR=EEK 4 Z2EBRICERL, MEPRELIIET S Z &I
L7z, =2 U o h—fiEcis & trans CEFETX 2 AREMERH Y, U o —H O K{LF & 51
HEIE ORISR & R~ 7z

Figure 4-1. 7> h 7k VERIR =&K& AR OIENILEY 4

KICERWBERICON TN, P T b I r-T2F L U BRINEER 5 1%, 251N n-n AN
RIZEvimhrnwb o727 v T2 BEEET 27280 Dy RIROFATINL B2 H . Z D453F13 Dy
SO IE ST OBSIREZ T =T v F A ~—~E B LU, ZOREEROEREIHK 38 kI mol?
CRELONT. ¥ ZIT, 7RIk UE trans- B = LU THEiRE L7-BRRIUEIL 6 1%, TEFL
VCHEEE L7 RO EECNZ T, trans-E' =L o OEEEIC L A58 b 0 B AkE L2 rRT &
Ezbhb (Figured-2). TZ T, trans-E =L THfE LT v I BIRNER G AL, ©
DO L BN OV TR Z L L LT,
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Figure 4-2. 72 L VERIRINEIR 5 L RFEDOEMLEY 6.

42, FiRLBLE
421. 7y hItr-E= LB EEBROARK

T RISV UBRIR=EBERO AT, RIS X DR O STERE OB E TR LTI
CODORKETOERREIT T, T 2=y b 8DEREITV, HEDEILE Route A TIEA L7 1~
A XA, Route B Tid Suzuki-Miyaura 77~ 7"V U 72 K 0T 1268, &6 5 LB = EIK 4b
DHBEFEOLNT-. UTFIZEM AT

(@ ==v F 8 DERK

FPFa=y N ThHILEY 8 DA AEIT 7= (Scheme 4-1). (L&MW 7* L v =R LBz ZTF L
% VT Suzuki-Miyaura 77~ 77U > 7 ° (2 K B3R TARAE RTINS, FISHERMELS AR TE 2o
T2 RIALEMT L N TFAE =L AR ERWTStille 1 v 7Y o 712 K5 TERZ R0,
BiawFzE7a b ALREZ VLAY 9 BERT HT20R I AR TERN-T. 22T, 7TEF L
VDA LT ALAW 10 2 DIBAL-H T/AH#L® L11292% THEZDH, 11D TMS #% TsOH
ERHWTHRE?T52L T84 90%THSLZ LNTE/ (Scheme 4-2). £/, WaEHT L7~k
777 4 —THEEFIC 12 ETHGSED &, 121310 5 72 %DYLERTH H LTz,

Bpln Sn Buj
6’6 s éqé i
Cs CO toluene
reflux
quene
90 °C trace
Scheme 4-1. #Ft L7z = k 8 DARFRE
T™S
It |
DIBAL H TsOH
OOO toluene CH3CN THF
reflux
reflux
10 11 8
(92 %) (90 %)
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Scheme 4-2. == MVLEY 8 DA AR,

(b) ==~ FOiEkE L BR{E-Route A(F L7 4 A XL R)

Route A D& R % Schemed-3 (27", 15 HAL7= 8 & 9(3 =, Scheme 3-3 2 /) % Suzuki—-Miyaura
Ty PV THAEL, BIREBAR 1 258, COSEREEBR UL AW TET LT 4 o A BRI
L BBt E MR L. fh0IC 8 TR Grubbs fillZ AV TEAY 10 OFEBECKT T 2 E % 1x10° M
I LTBAL 0 AT 72, MR A ) I~ —L o7, WIT 11 ORISR T OPE % 1x10° M O
RS LT, BOSHEDOIRNE — (R Grubbs AR IZ L 0 BRILZ1T 7273, G OHEITITMER T
Rotz. FIT, BEICHT S 11 OFEE % 1x10° M O F £12, H— 4% Grubbs filfiio &4 1112
MLTLOEESEL, BH LV PRV ZVRICLTRINEITY &, BR=EK (MS: 5F A A v—7
m/z: 960.5) 155 Z LN TE 2.

55N BR = &K D 'H NMR % Figure 4-3 12773 . NMR TIET > k7 7 & > D 9L DK 6 8.90,
59871212 DLETENTEY, —DODT h T EZODT VN TRATREN SHILTND
ZEERLTWE., £, B2l rDOE =R 8771 & 0814 ITHEATER (0 =158 Hz) » HfE L
LTCENEN 2H RN TEY, EEEHEND trans-E =1L THDHERELZ. O —DDOE=1
NE S TT4IC—ERTEN TN, H NMR 2D E 2R ET 5 2 LI TE RhoTe.
ZOE=LrONEEFEIEL NMR O5FENSEBZ 5L cis THhY, TOWRET D FAEEFREOE
(4.1.22) THELLERD. LEEn-T, AL, b OBROT v F T r-E=L UEBRIRZ&IKT
HDHEWREL., ZORELNE ZEBIRIX 4b OARTHY, TOMONIREERIIE DT,
o, NEERREOREREMN - BRAY I~—13G ool

Mes
- =
_ | . . Grubbs 1st
OOO Bpin 10 Bpin catalyst
_—
Pd(PPh,), CH,Cl
Ve Cs,CO, reflux
s toluene
H,0
90 °C

. 0 al, FTCy3 Ph Mes—N N—Mes
pin: §—s! Grubbs 1¢t catalyst = "=/ Grubbs 2" catalyst = m,?d"“
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anthracene

9-position Mes ‘P'Me Mes ‘O-Me
| 6H - 6H 6H
3H 3H 3H
1H  2H
| ’ | LMJL ,
105 8.5 6.5 25 > L5 J 05 5

Figure 4-3. Bk =&K& 4b ® NMR A2 /L (400 MHz, CDCls)

(c) == ko & B{k—Route B (Suzuki-Miyaura 77~ 7" U > 7))
Route B D& Ak % Scheme 4-4 (27777, 8 2% X Grubbs filfif THifET 5 & 12 23557z,
12 O =Ly DOMMEBIFIE X BAEREERITIC XV E Lz (Figure 4-14). 2@ 12 % 10 &
Suzuki-Miyaura 7 v 7°V 7 ° T+ 5 Z L THRKEZEBEEEZAKT L LN TEL. 20L&
OB =&KX Route A THONIEIR=8K 4b LA —TdH v, Z DO AREMEARS AN &
{Zlifci EORZ 728K - BRIRA VU I~ — 13/ o h o7z,

Mes

T, O

p =
Grubbs 2nd

= |
| . .
OOO catalyst Bpin 10 Bpin
) OOO )
Mes

8 reflux Cs,CO;
toluene, H,0O
—\ (98 %) 90 °C
Mes—N N—Mes
Grubbs 2 catalyst = C"Idph

cv |
PCys

Scheme 4-4. Bfk = &K D Suzuki-Miyaura 77~ 7'V > 7 CTBAL T 5 A E Route B.

422, BUR=RKDyTHEEFR

TR TR = LV URIREEIRORE 2N ST, DFT IR AT > 72, By DG« T
BT D702, T Mes 5 a2 HICE X2 72T W b&W % V7=, 4a° (3trans-0cis), 4b° (2trans-1cis),
4¢’ (ltrans-2cis), 4d’ (Otrans-3cis) % CONFLEX %ﬁﬁb\f@ﬂf‘“‘?‘m?ﬁ?% L7=Db, KEJEZ DFT FHHE
(M06-2X/6-31G(d)) TixiEft L7= (Figure 4-4). fidEfiE bic X VO ZERMIEX, 4a° 1T=,
A’ IE =", 4 1T, 4d’ IT—DOTholz. ENEND cis-trans FIERO N b L E/RFE TH
% 4a-1, 4b’-1, 4c’-1, 4d’Z i d % &, 4b’-1 (0 kI mol™) 23y & 227 E 2 K63 T, 4c’-1 (5.1 ki mol™),
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4d’ (18.2 kI mol™), 4a’-1 (37.2 ki mol™) DJETARZE /ekErET" - 7-.

ZHuTtrans- B =L D HD 42 TIHERIK B R OELEZ HE VEMTETARLEITR > TNDHN,
CissE =LY MWMAD T & TEAERENTH I ETREITR> TWNDHTDEEEZEZLND. L, cis-
o LR R BNIER DI L, trans-E =L KD T U R T VRN LT S L 2R D720,
Cis-E =L UMM HITH R 5 Z LI OIEREALDOAD EEEDEAICL Y R EDTFEHIZL Y AT
REZEIZR>TNDHEEZLND.

4c’
(3trans-0cis) (2trans-1cis) (1trans-2cis)

4a’-1 (3trans-0cis) 4a’-2 (3trans-0cis) 4a’-3 (3trans-0cis)
(37.2 k]l mol1) (50.7 k] mol1) (45.2 k] mol1)

v
4b’-1 (2trans-1cis) 4b’-2 (2trans-1cis) 4b’'-3 (2trans-1cis)
(0.0 kJ mol 1) (0.4 kJ mol 1) (1.0 kJ mol1)

4c’-1 (1trans-2cis) 4c’-2 (1trans-2cis) 4d’ (Otrans-3cis)
(5.1 kJ mol1) (9.8 kJ molt) (18.2 kJ molt)

Figure4-4. 7 b7t - = L UBRIREZRIKET /LAY 420, 4, 4c’, 4d’ DELEEPER(Mes — H)
D fEAAEE & 4b-1 FEAED R = R L F —(M06-2X/6-31G(d)).
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T hTREr-E= LB ZBIRO cis-trans FEVERD MO % Figure 4-5 (28T, BRK S EAR 4a°
%, HOMO i = 2D 7 v b 7B NZFHREL L THWD 23, LUMO 135 T EIRICHEREL L TN D,
4b’lX HOMO, LUMO & bictrans-E'=L &I LT =2D7 » k7 12 MO BIRB > TV DA,
Cis-E = L U ENTIAD > TV, cis-E = L U3 (272 % 40’ Tld, trans-B =L > Tl S iz —
ODT 2 T EATMO BIEN->TWBHR, cs-BE=L v O THEESNTZT > b T2 AZIFIRN -
TV, 2L T, 4d°H 2DT7 » b7 BVTIEMO BIAB > TWDHR, —D2DT » M 772X
FEAEIRM STV, b DIEAEHD MO DFERNG, cis-B =L Tl &b & HENIA

ML Ko TWBZ ENbnoT-.
J‘ ls'\ ~‘» ‘a
o %Yo,

LUMO
Y WX i
HOMO o J.,‘ ” Xg‘
PO

4a’-1 4b’-1 4c’-1 4d’
(3trans-0cis) (2trans-1cis) (1trans-2cis) (Otrans-3cis)
Figure 4-5. 7> 7k~ = L UERIR = &K 4a°, 4, 4¢’, 4d’ (Mes --> H) DEZ EMREE D MO [X].
(M06-2X/6-31G(d) L-~/1).

BRLET Y R -E= LV BIR=8ED 'H NMR F—%2 5, —oO0O =L D3Rk
EHERICRET D Z LI TERDSZ. £2T, Zo0E=L Y rh—nHbH, 73T trans DR
Wda L, —oM trans T—OM cis DFEE 4b 12O\ T, DFT 3T L 0 iEE A2 TH7-. Mes Hn7e
WET LAY O KL EIC Mes A2 X T, BIK 8K 4a & 4b OKELEE
DFT(M06-2X/6-31G(d)) CH& it b L7=. TN OEJE % Figure 4-6 (2777 .
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4a-1 4a-2 4a-3
(65.1 kJ mol1)

-46 ©
-44 ©
-115°
4b-1 4b-2 4b-3
(10.9 kJ molt) (0.0 kJ molt) (6.5 kJ molt)

Figure 4-6. Bk = 81K 4a & 4b OECFEEMEIK (M06-2X/6-31G(d)). K FIXT7 > h Tk =1L 2D
THfAER L.

Ab D EREE TR T ARGE D 4b-2 12725 THY, THOZS>D7T v k7' D Mes 13RI
Tz C MHOMEETh 7. ZOTNHO DT o b7 OFIIE G L CTFEET
HEEZLNDLDT, BT MELEWO RS & [FERD Cs MFRIGEWHEEZRTEZ2 b5,
4b DM OFEEEMEARIL trans-E =L DAXIZE DD THSH. da DLEMEITIT > T2 Ad
57 hIRBVBET LV FTEL CORMO trans-E =12 ®D C=C O EAED C,filia &> C, kI
DOREETH T, da OEJERMERD trans-BE =L ORI X2 L AREAEMEAKRTHS. -2 TH0T
Y, 4al 4b (ZH~T 50 kImol™ UL ERLZETH D Z L vbins.

BRLET v hIEr-E= L UBREE&RO 'THNMR 227 bV T, Mes 250 o-h7 Me 2578
PO 6H v — 7 & "D 3H v —27 & L TRILTWD (Figure 4-3). ‘B OBLEEH D147 1T 1
X, 4a-1 L 4b-2 L HIZTFHEOT > b7 &1 Mes 2 o2 Me JE73 “Fi¥HO 6H ©— 21272508, 7
VIRV AITAD2 N TREEOZH B —7, da-l N FFEO 6H B2 L7 b ZHHDFERND,
BonizTr b Tt L UBRIR BRI 4b oG TH D LITE LT,

RIR=8BK 4107 F o= oo _malE, 7o 87 BECICHEELTWDOIE=
LUBRI30 AN ETHY, 7o b T AICEREL TN AE =L T 15 L /N ERETH -
7o, BRIR=ZEK4b207 Tk E=L O THAIL, trans-E =L BRI 45 ThH o7, F
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77, CissE = L UERIER 70 cha Ui/ tEE T - 7-.

4.23. BRIR=EROER) S

4b DRIFETOH 'HNMR A7 b UiE, CoxfFromErs 1 FHICHY 75 b D Th-7-. Li L DFT
FHRED, trans-E =L U OEERIZ L D T RLXF =D W ZFEEORENFET D LD, ERT
ol < BB 5 2 & TEEHES N TV A ATREMEDR 5. 2 Z T, IR COREFZNMRIZ LD,
B OBEM O ZHROBENBRITE LN E I MERIE L. 4b OIRERZ NMR ZHIET S &,
94 °C TANZ MAEDOE— 27 BIEIL< 720, K2 6H 43D Mes & p-iZD Me D B — 7 237372 0
MEIA < 72 o7 (Figure 4-7). ZOFERIE, KIBIZT 2 2 & TG OEEDOEEIELS 700, EED
B AL TNATZDEEE 2 LS.

0-Me
cis- trans- p-Me
vinylene vinylene
0-Me
trans- \l p-Me A% temp/°C

vinylene H0
| | B M «

A.AAMWMMUJJ{ -80
A

- “MWMWM

I T T

-94

10.5 9.5 8.5 7.5 6.5 2.5 1.5 5 9

Figure4-7. 7> F 72— =L VERIK = 8K 4b OIREE F[ZE NMR (400 MHz, CD,Cly, 6).

424, BRR=8A{KD UV-vis, FL 222 kb

CHCI; H CERIR =ik 4b & SR = &K 11, 55 =% TH A L2 BE B4 13, 14, 15 (55 — % Scheme

3-2,Scheme 3-3 ZH)D UV-vis & FL A7 RMVERIE LTz, ZORER% Figure 4-8 & Table 4-1 |Z7R
7.

UV-vis A7 ML ZRIET 5 &, SR = EfR 11 1% 427 nm ISR RIRIE B2 R L T2 DR L,
B =K 4b 12 418 nm IZ/R L, 9nm AR EY 7 LT, BIEL TCHLWINEERHEV LD
BN DD, BILICKDIEDIEN Y ORENHE VBN Loz, Ziuk, DFT #HHEHE
ECIEcis-E =L T b TR O THMIZ67 °L-115 LR UILTWATDIERHE VLN -
TWRWeblEeEZ D, F£7z, 4b (T 13 OMARINE EIL 6 nm B EICENTE Y IF
EFCETHSH. LT, 4biTKI LT 14 & 15 DAL RIL 7 nm R ISR TR Y, 1ZIFFH
UALETZAS, 4b OFRE AETHRIA < B RICH O TN D720, TN dnx D 5 % & 72 D WRINHIT 4b
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@ 482 nm (ZxF LT 14 13453 nm, 1513436 nm TH Y, TNZ1 29 nm, 46 nm i RITALE LT
7.

FL 27 RV TSR 11 23 496 nm IZHREOGE R 2R L TR Y, BRikK 4b 13 16 nm KRR >
7 b L7512 nm IZABEREZ R LTV A, MRKIEDE D DD AT MLOFRIZIZIZR U % LT
B, BRIICE DRIEIRE CTCOMELEIICH E VRERLNEEX LD, FloEFIERITSRE
1123042 THLHDOIZxF L, BRI 40132020 X T L TWD. 2, BhEREEDBRIRR 4b 28 trans-
=L DREAIC K 2B S & CHEENE T 2 Z & T, RO = r L ¥ —%2 8L L TR
TWbEEZLNS., —DOT7 Y F7®D 9% trans-E = L Tl L7 bE¥ T2 O 0%
T s TEY, BT trans-1,2-bis(10-acetoxy-9-anthryl)ethylene 1%, iR TITHEEFILRN 1 %
LIFTHDLOIZHK L, 77K TIXELE IR 80 %I/ 5720, ZORIGIFAELIIZ L DRV
F—IIHETHD ERESN TS, M

g/104 L molt cm!
N
Normalized Int. (FL)

O T T T al J
250 350 450 550 400 500 600 700
A/nm A/nm

Figure 4-8. UV-vis (/2), FL A~XZ7 ~b (£5). 4b (R), 11 (FR), 13 (%), 14 (%), 15 ()
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Table 4-1. {44 4b, 11, 13-15 > UVwvis, FL A2 hL7—4 @

UV-vis FL
Compound AnaxIM (8)® Jegge/nm © Jer/NM @ ¢ Stokes shift/nm (eV)
4b 418 (21200) 482 512 0.20 95 (0.54)
1 427 (37000) 482 496 0.42 69 (0.40)
13 424 (22300) 472 496 0.67 74 (0.42)
14 411 (8110) 453 453 0.34 42 (0.28)
15 411 (11100) 436 433 0.48 22 (0.15)

acmmmﬁTMm b. E/WEIEARE. ¢ FREED L @ 5% & 72 DI S, d. HEkhETIER.

O% SeoRIgE

)P Eeee

OOO OOO

13 14 15

425 Tr Tk =L UBRRNERDAK

7 v b T = L UBRIRIMER O A RHREE A Scheme 4-5 1277, 7 M Tk —trans-E =1
R =BAROARICHERA L 12 I =/LRa Vg o—/)Lo 25 L% Mizoroki-Heck & TE A
L,m%ﬁt.Sm@ﬁém%mHNMRfiﬁﬂ@uﬂﬁ<@ofk@m@%mﬂfﬁm%%
ELTENTNEDR, BTV IDTFNATEIa~ 7T 7 4 —= GPC iz & X2 7 —
Vo7 UTHRRREEE 572720 25 % L IRIGEIZR o 72, 554172 12 & 16 % Suzuki-Miyaura 77+
7Y CHEREL, BRMUEAR S Ak L. °

BRI 6 IINMR & MS (53 FA A B —72 mlz: 1280.6) & X#fsn & ic & v [FE Lz
BRI R 6 O 'H NMR 222 kL% Figure 4-9 (2573, NMR TiZ7 > b T2 0 9ir78 6 8.88 I
—EHBRLLTENTEBY, BVOT U IR robe—2 3o —27 L LTERA TV, Fi7,
E=LyOE—271E6791L1IC—EMRE LTENRTEY, HOVRHEEZRT AT ML ThoTz. Mes
FEOE—71% o RO 12H 550 — 27 L LTRNATEY, BHON& MU OB R #H S
NTNWRNZ EE LD LTV
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Pd(P'Bus),, 'Pr,NH

OOO toluene, 80 °C

12 16
(25 %)

Pd(PPhs),, Cs,CO5

toluene, H,0
90 °C
1.0x10% mol L

(22 %)
(yellow solid)

Scheme 4-5. 7> h o -t =L VBRI EMR 6 DA R,

trans-vinylene p-Me o0-Me o-Me
9.5 9 8.5 8 7.5 7 65 3 2.5 2 1.5 190

Figure 4-9. & =L > BHRPUEAK 6 © *H NMR (400 MHz, CDCly).

4.2.6. BRIRIUEIRD X #ik b i

B 2 TRV CHRE S OB 24T - 72558, CHCl/MeOH IRIE)N D D HfEm 2155 Z LN TE,
X s A IS AT 21T - 7= (Figure 4-10). BRIRDUEAR DO INER & ANEBICIRIEE D T3 B~ 1208, BB 1
O disorder A K E o7 DT, SQUEEZE MU CREAIZIET Z & THNT T2 Z LN TE 2. X i
W20, trans-B' =L > CHRESNTZRIRUER 6 THLZ N gholz. 7o Tk EE=1V Y
TELNIZEIKIL, EHFIZIT Dy MO ETHY, 7 b7 -T7T8F L UVBRIKUERE 1T
R HMECThH o7z,

T hTEUyEE=L O EHMAIZ 1385 °L-1382 °TH oz, MIDWE ST T D Mes
Fo-frMe kLo LOFEHI37TIA TH Y, EFICZADETH o7, 6 DT N T B DIH
ME#EZ, 7> b7 rofLEmDPWE ST > b7 FE E OBEEE D FE I L7 (Figure 4-10
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(b)). ZFDFER, BRI ER 6 O WE 727 v h It OmEEMTIVTNS 7.39A THY, FE
HICHENTWA Z e RbhoT-. 7EF LU BRI ERO L EREL 338 AY Lk shThy, v
=L UBRIRUERITZ O L Y 4.01 A BTz,

side view - top view (b)
& . 4 .

(a)

Figure 4-10. (b) LA™ 6 O X ki BHEE DR S L L EDRER. (@) FhNE-72T v kT
& OO LD,

4.27. BRIRMNERO > FAEEFE

X MfE S HE RN D15 BT FREE Z MRS IC L C 6 @ DFT 3HEZAT 5 &, X #ifs A
& FRRDBLE K L7 (Figure 4-11). M& A -7-7 > b T & o O L X RS SR E 2T
738A T, CHCl WES TH REARZEAZAL W, 7o bk =1v o0 HAITFEE 139 °
NN MEETH -7, Mes ZEITT > b7 BAZK LT 842 LT, Mes ZED NI Me %5fH
DRI 3.67A 7o 7=,

(a) (b)

Figure 4-11. L&) 6 O LHEE (M06-2X/6-31G(d)) (a) 52D A=K (b) E25 R,
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BOIRIUEIR 6 D7 1 T ¢ THLIE % Figure 4-12 (233, BRIRIUEIR 6 O 7 1 T ¢ T HE Z R
THE, T TRV EE LV UBTHEN SN > TEBY, HF2ERICEREIL L TWDE Z 20D
N7,

HOMO LUMO

Figure 4-12. BRARIUEIR 6 O 7 1T 4 THLIEIX.

Mes Rz KFRICEE X T2ET /MELEY 6TV DO OEJEEMEROEEZ ok L, < OR%
Z I (Figure 4-13). DUEAK 6 OFFFEAER) D Mes HA KBICE M2 THET L & 62-1 NLE
HiE L LTHELNTE. b LTz 6-1 13 6 OfdEEELOME TH D, MhVEGoT v ok
YO 7.24 A T, Mes ORI /D LiITSWatiEZ >, 7o b7k e=L
VO HMAITFY) 1383 o7, T TR =L oD HfA % 90, 180 °IZ[EE L ZEEE 6°-2
X, BEHIROMEE L 72o7-. Z OBEIE 6-1 XV 83.2k) mol REERHEIETdh - 72, AEMEMR
LRV L, 2Ly OKRFBET U F TR INOKFEE ONEREEIC LD RLZEICR>TND E
Ezohb. BOHEOT Y 7O 7.18 A TH Y, 6°-1 OFEEICHARD EENITA
Mo RRETH-T-. £, BOHEOT > b T OmEE#ITL 527 AT, 6-1DfEN5 1.84 A
B LT-EThot-. £7-, 7o k- =L O HmfA% 0 °, 90 °lCEE L7-EE 6°-3 13,
E=L U DkEET U R TR INIKFEE DOSABEERRKE 20 6-1 L 0 93.2 kI molt R E AR
RBEATREE L 72572, 0ICEE LT v I OmiEEMIT, 342A L7220, QCIC@EELET
v b omEE BT 365A Lo

INHDFRERING, Mes AR 6 TH Dy IENLZETH Y, 6 DFEFIL Mes FD AR FEIC
LB LDOTITEN EAFRRENT. COBRIZE =L LT b T U THENEN S Z LIC K
HEEE, B DKFELT VR THD IMDKREBOSIEK I L DR THLEEZBN
D. ODRENNESTT v N T MO mMERT, 6305 6-1 & 6-2 DIETHK 3.8 A AL
TV,
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(b)
7.18 A

A
180 © .
5.27 A
90 °
N\
u
6'-1 6'-2

(0.0 kJ molt) (83.2 kJ molt)

. 6'-3
(93.2 k] molt)

Figure 4-13. &= L2 Bk DU & (RHCJE S (R O EFHA (M06-2X/6-31G(d)). 7> b T - =1L
O % (b)180°, 90°(c)0°, 90° (ZREE.

B 6°-1 N EMETHIHEAEZTARDL D, 7o b T2 rO L= VEZEALZET L
LG Dk % 72 2 M06-2X/6-31G(d) L~V Tk L CRIMli L7z, 7> h Ik &= 1D
%[ E L, 0°205 180 °F T 10 ° T O L ST R /AF —% il L 7= (Figure 4-14). = Df5E R,
40 ° L& 140 °fHEIC 2 ERERE, 0°L 80°& 180 °fFiTIc#ERBIKENHH Z LA R L TWe, 22T,
HZOBEZIN LTINS OAENLREET 5 &, 41.0°8 1418 L ERE L LTH L, 0°&
83.3°L 180 *ANEMIRAE & LT BN, RZEREEIT 141.8°TH Y, 41.0 °1% 141.8° L Y 5.8 kI mol™
RLTER L TEREE T - 7=, ERIRAEIX 141.8 °|2 kT, 0 ° (18.1 kJ mol™), 83.3 ° (11.4 ki mol™), 180 °
(6.9 kI mol™) R4 E RS TH -T2,

ZORERNG, BT U TR OIEBNIEN D Z LIk b EEE, BT U T
YU DNEEEIC LD ARNREND AT ALY, Ty TR E B VENR U DEENEE T
HoHZENbholn. Ei2, 141.8°D A 41.0°5 0 58kImolt ZETH H7-%, 8HEfTHL T~ b
TR V= VO AT 138.3°1272 5 Dy IFROBENLE THDH EEZBND.
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20.0

15.0
a
10.0 - b

d JC
50 | (I

vinylanthracene

AE/kJ mol-t

0.0

0.0 100.0
Dihedral angle/°

Figure 4-14. = /L7 > b T OT7 > b T L E=VEEO THMA LT R LF —, #EEXO
a-b-c-d #8453 C A A FKE L. (M06-2X/6-31G(d))

4.2.8. BRI EIROEH)ZEHE)

Ty RTR T ET U UBRIRMER 5 ITIREFTZ NMR L0, (RIE CIIBEERSE D 2 &
TE— 7 BHET AL bR SNz, S B L VBRI ER 6 &, SRIRCRUBZH L T\
IR CRIENZEILT 2 B2 65D T, FEEIZHIE L 7= (Figure 4-15). CDCl; H', =EiE)>5-60 °C
FCIREZ TP CRIE L2, SIRIRIEE A EELLn oz, ZHUIT B F L ik & iV Dy
KR OEENZEHE L > THEY, KR THLHHEORVVEE THLT-DTEEEL NS, I HIT
IRE % TP 57212 CHLCl, FFCIREE AIZE NMR ZIE L7228, WS ES HIETE o T,

trans-vinylene p-Me o-Me o0-Me
) I i
L J 23
A JL_,JLJULLJL JL M 0
J o l M 30
A . . J N Jﬂ’\»JL‘,L JL . J . -60
9 8.5 8 7.5 7 2.3 1.8 1.3 0

Figure 4-15. {LA% 6 DIEFEAIZE 'H NMR (CDCls, 400 MHz).
4.29. BRRPUERD UV-vis, FL 22 kL
b9 6 3B L OBEALAH D UV-vis &8t A7 kL% CHCly 1 CHRIE L7z, A7 V% Figure
4-16, 7—# % Table 4-2 [Z/~"T.
UV-vis A7 MLZRET 5 &, BRI &R 6 OMKWRIE E2Y trans-B = L Bk &K 13 (2
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EE_TLR2mEREICY 7 FLTEY, 7y b7V BOEENBETIEN > TWD Z EDRE Sz,
Elo, T N TRCOMMEENE TR TEBY, WKF TN EDBENVIRNEEZBND.

FL A7 MUZEBWT 6 OHOEIE R T trans- &K 13 (2T 43 nm EHE RIS FLTHED,
Stokes shift |£ 17 nm &/hSUVME L Ae o7, 2D Z & K0 IEEIRAE & Fhd kA T@*%L@Wmd\é
WZENRRE NI, £, 6 DEEFEMIT25ns TH Y, 7 BF L U BRIRIUEIAS TEIM S 472 eximer
HSRDIETIE AR o7 (5: 16 147 ns). *® 207 6 TIEENPWE 727 > 1 895 LITMHEE
AL THRWnEBZHNd. ZNDOFRRND, 6 IXEKPIZHE N T HHEE /NS <, g
BB THDZ ENgmnoT.

8
6 1 —_
p z
5 =
- =
54 - =
£ °
- N
3 £
—
321 S
O T T T T
250 350 450 550 400 500 600 700
A/nm A/nm

Figure 4-16. BRIKIUE(R 6 & BIE LAY 13, 15 D UV-vis, FL A~X7 kL. 6 (H), 13 (k), 15 (%8).

Table 4-2. {L5W) 6 F5 L ORI IYLEY) & BIELE WD UV-vis, FL A7 hLT—25 ¢

b

Amax/nM Aem/NM D¢ /NS Stokes shift/nm (eV)
6 436 (61600) 453 0.68 2.5 17 (0.11)
13 424 (22300) 496 0.67 3.6 74 (0.42)
15 411 (11100) 433 0.48 54 22 (0.15)
5 439 (12000) 478 0.40 24,147 39 (0.23)

a. CHCIs A BECHIE. b, #s Bk

43. B

Ty RTRU BV URREEERE TEBY ORKETER L. AL T 4 U AZ BV ATERILT S
J71k & Suzuki-Miyaura coupling TERALT 2 HIEZ TS TofER, EHOLORKETYH trans-E' =12 =5
&ocis-B = L — o Tl Sz BRIR SRR 4b DA ME BTz, DFT §HRE D DB = ER O R R
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PERDOHFTIX 4b DI B LEETH D Z b -T2, IERZ NMR & UV-vis, FL A7 Fnb,
BREITORFIRRMEE THDH Z Lo T,

T TR r-E =L UBRIRIUESR 6 13 Suzuki-Miyaura coupling % FIVCTEARL L7z, X Rl S
FEATIC LD, Mes ZEDSTAREEE DN THREDS Doy AIFMEIEZ & 5 Z &b o7z, A NMR
TIHRIR CTHIEZEEBR R O NRD T2 2 LD WP TS Dy fFr A & 2 2 & D3RR STz, UV-vis,
FL AT FADD, WRP THERIAIE CH D Z Lol

4.4. RERDER
General. Melting points are uncorrected. ‘H and *C NMR spectra were measured on a JEOL
JNM-ECS400 spectrometer at 400 MHz and 100 MHz, respectively. High-resolution mass spectra were
measured on a JEOL MStation-700 spectrometer by FAB method. UV spectra were measured on a Hitachi
U-3000 spectrometer with a 10 mm cell. Fluorescence spectra were measured on a JASCO FP-6500
spectrofluorometer with a 10 mm cell with the sample degassed by Ar gas immediately before measurements.
Absolute fluorescence quantum yields were recorded on a Hamamatsu photonics C9920-02. Fluorescence
lifetimes were measured on a Spectra-Physics time-resolved spectrofluorometer system (Tsunami
3960/50-M2S) with a Ti:Sapphire laser. Column chromatography was carried out with Merck Silica Gel 60
(70-230 mesh).
Compound 10; 1-iodo-10-mesityl-8-[(trimethylsilyl)ethynyl]anthracene.® ’
A solution of 1,8-diiodo-9-mesitylanthracene® (3.00 g, 5.47 mmol) in a mixture of isopropylamine
(70.5 mL) and THF (420 mL) was degassed by bubbling Ar. (Trimethylsilyl)ethyne (2.27 mL, 16.4 mmol),
[Pd(PPh3)4] (315 mg, 273 umol), and Cul (51.9 mg, 273 umol) were added to the solution, and the resulting
mixture was stirred for 24 h at rt. under Ar. After the solvents were evaporated, the residue was
chromatographed on silica gel (hexane). The desired compound was obtained as yellow oil (1.41 g, 50 %).
'H NMR (400 MHz, CDCl3) 6 0.44 (9H, s), 1.65 (6H, s), 2.44 (3H, s), 7.03 (1H, dd, J = 6.8, 8.8 Hz), 7.07 (2H,
s), 7.30 (1H, dd, J = 6.4, 8.4 Hz), 7.46 (2H, m), 7.75 (1H, dd, J = 1.0, 6.8 Hz), 8.13 (1H, dd, J = 1.0, 6.8 Hz),
9.33 (1H, s); *C NMR (100 MHz, CDCl3) 6 0.54, 20.10, 21.40, 101.10, 101.25, 103.14, 121.73, 125.75,
126.81, 127.01, 127.13, 128.51, 129.85, 130.35, 130.47, 130.85, 132.44, 132.56, 133.97, 137.49, 137.56,
137.61, 137.70; HRMS (FAB) found 518.0909 m/z [M]"; calcd for CygH.7ISi m/z 518.0927.

Compound 11; 1-iodo-10-mesityl-8-[(E)-2-(trimethylsilyl)ethenyl]anthracene.
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To a solution of 10 (1.06 g, 2.04 mmol) in toluene (10 mL) was added diisobutylaluminium hydride
(DIBAL-H) in hexane (3.06 mL of 1.0 M solution, 3.06 mmol), and the mixture was stirred for 30 min under
reflux. Then, the reaction mixture was cooled at 0 °C and stirred for 10 min. The reaction mixture was treated
with 40 % aqueous Rochelle salt (10 mL) for 1 h. The organic layer was separated, washed with brine (10 mL
x 3). The aqueous layer was extracted with hexane (10 mL x 3). The combined organic layer was dried over
MgSQO, and evaporated. Purification of the residue by silica gel column chromatography (hexane) gave a
yellow solid (trans : cis = ca. 100 : 1). The solid was recrystallization from EtOH to give 6 (872 mg, 82 %).
Mp 180.0-182.0 °C; *H NMR (400 MHz, CDCl3) 6 0.31 (9H, s), 1.66 (6H, s), 2.44 (3H, s), 6.69 (1H, d, J =
18.8 Hz), 7.00 (1H, dd, J = 6.8, 8.8 Hz), 7.08 (2H, s), 7.35 (1H, dd, J = 6.8, 8.4 Hz), 7.41 (1H, d, J = 8.8 H2),
7.45 (1H, d, J =8.8 Hz), 7.66 (1H, d, J = 6.8 Hz), 7.93 (1H, d, J = 18.8 Hz), 8.10 (1H, d, J = 6.4 Hz), 9.12 (1H,
s); *C NMR (100 MHz, CDCls) 6 0.16, 20.11, 21.39, 101.51, 123.69, 125.93, 126.34, 126.53, 127.12, 128.00,
128.47, 129.82, 130.55, 131.78, 134.47, 135.06, 137.25, 137.51, 137.56, 137.61, 141.38 (two aromatic peak
were overlapped); HRMS (FAB) found 520.1115 m/z [M]"; calcd for CygHolSi m/z 520.1083.

Compound 8; 1-ethenyl-8-iodo-10-mesitylanthracene.

Compound 11 (500 mg, 0.961 mmol), and TsOH-H,O (18.3 g, 96.1 mmol) were dissolved in
CH3CN:THF:H,O = 3:3:1 (100 mL). The reaction mixture was refluxed for 24 h. The organic layer was
separated and the aqueous layer was extracted with Et,O (10 mL x 3). The combined organic layer was dried
over MgSO, and evaporated. The crude product was purified by chromatography on silica gel (hexane) to give
the desired product 8 as a yellow solid (396 mg, 92 %). Mp 194.0-196.0 °C; *H NMR (400 MHz, CDCls) &
1.67 (6H, s), 2.44 (3H, s), 5.64 (1H, dd, J = 1.6, 10.8 Hz), 5.93 (1H, dd, J = 1.6, 17.2 Hz), 7.00 (1H, dd, J = 6.8,
8.8 Hz), 7.08 (2H, s), 7.35 (1H, dd, J = 6.8, 9.2 Hz), 7.43 (1H, d, J = 8.8 Hz), 7.46 (1H, d, J = 8.4 Hz), 7.65
(1H, d, J = 6.4 Hz), 7.74 (1H, dd, J = 10.8, 17.2 Hz), 8.10 (1H, d, J = 6.8 Hz), 9.02 (1H, s); *C NMR (100
MHz, CDCl3) § 20.12, 21.39, 101.35, 117.97, 123.92, 126.05, 126.32, 126.55, 127.14, 127.85, 128.49, 129.90,
130.48, 130.73, 131.89, 134.44, 134.76, 136.64, 137.39, 137.52, 137.55 (one aromatic peak was overlapped);
HRMS (FAB) found 448.0652 m/z [M]"; calcd for C,s5H,;1 m/z 448.0688.

Compound 8; 1-ethenyl-8-iodo-10-mesitylanthracene. (from10, 2steps)®
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To a solution of 10 (107 mg, 206 umol) in toluene (5 mL) was added diisobutylaluminium hydride
(DIBAL-H) in hexane (310 pL of 1.0 M solution, 310 pumol), and the mixture was stirred for 30 min under
reflux. Then, the reaction mixture was cooled at 0 °C and stirred for 10 min. The reaction mixture was treated
with 40 % aqueous Rochelle salt (10 mL) for 1 h. The organic layer was separated, washed with brine (10 mL
x 3). The aqueous layer was extracted with hexane (10 mL x 3). The combined organic layer was evaporated.
The crude mixture and TsOH-H,0 (300 mg, 1.58 mmol) were dissolved in CH3CN:THF:H,0 = 3:3:1 (5 mL).
The reaction mixture was refluxed for 24 h. The organic layer was separated and the aqueous layer was
extracted with Et,O (10 mL x 3). The combined organic layer was dried over MgSO,4 and evaporated. The
crude product was purified by chromatography on silica gel (hexane) to give the desired product 8 as a yellow
solid (67.2 mg, 72 %).

Compound 11; anthracene-vinylene acyclic trimer

To a mixture of degassed toluene (5 mL) and water (0.5 mL) were added 8 (17.6 mg, 39.3 umol), 10
(9.43 mg, 15.7 umol), Cs,CO3 (64.2 mg, 0.197 mmol), and Pd(PPhs), (2.28 mg, 1.97 umol). The reaction
mixture was heated at 90 °C for 10 h under Ar. After the mixture was filtered through Celite, the organic
layer was separated and the aqueous layer was extracted with CHCI; (10 mL x 3). The combined organic
layer was dried over MgSQO, and evaporated. The crude product was purified by chromatography on silica
gel with hexane/CH,CI, 5:1 eluent to give the desired product 11 (6.89 mg, 70 %) as a yellow solid. Mp
260.0-270.0 °C (dec); *H NMR (400 MHz, CDCl3) 6 1.66 (12H, s), 1.83 (6H, s), 2.47 (6H, s), 2.51 (3H, s),
5.50 (2H, dd, J = 1.2, 10.8 Hz), 5.84 (2H, dd, J = 1.6, 16.8 Hz), 7.08 (4H, s), 7.14-7.18 (4H, m), 7.29 (2H, dd,
J=6.8,8.8 Hz), 7.37-7.42 (4H, m), 7.49 (2H, dd, J = 6.4, 8.8 Hz), 7.56-7.59 (4H, m), 7.68 (2H, dd, J = 11.2,
17.2 Hz), 7.78 (2H, d, 7.2 Hz), 7.92 (2H, d, J = 6.4 Hz), 8.19 (2H, d, J = 16.4 Hz), 8.23 (2H, d, J = 16.4 Hz),
9.10 (2H, s), 9.36 (1H, s); °C NMR (100 MHz, CDCl;) 6 20.17, 20.31, 21.41, 21.46, 117.68, 118.63, 119.06,
123.47, 124.30, 125.71, 125.77, 125.93, 126.15, 126.33, 126.45, 128.39, 128.53, 129.67, 129.72, 129.85,
129.94, 130.13, 130.24, 135.04, 135.11, 136.31, 136.64, 136.74, 136.94, 137.28, 137.44, 137.64, 137.71 (five
aromatic peak were overlapped); UV-vis (CHCI3) Amax (¢) 427 (37000) nm; FL (CHCI3) Amax 496 nm, Jey 438
nm, & 0.42; HRMS (FAB) found 988.4993 m/z [M]"; calcd for C;;Hg, m/z 988.5088.

Compound 4b; anthracene-vinylene cyclic trimer (olefin metathesis %)
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To a solution of 11 (50.0 mg, 50.5 umol) in CH,Cl, (500 mL, ca. 1x10™ mol L") was added Grubbs
1% Catalyst (41.6 mg, 50.5 umol). The mixture was refluxed for 24 h. The reaction mixture was cooled to r.t.
and the solvent was evaporated. The crude product was purified by short column chromatography on silica gel
with CHCI; eluent to give the yellow solid. The solid was further purified by gel permeation chromatography
with CHCI; to give the desired compound 4b (8.98 mg, 19 %) as a yellow solid (Figure 4-17, 4-18). Mp
190.0-200.0 °C (dec); ‘H NMR (400 MHz, CDCl3) 6 1.08 (6H, s), 1.65 (6H, s), 1.75 (3H, s), 1.98 (3H, s), 2.39
(6H, s), 2.50 (3H, s), 6.93 (2H, s), 6.99-7.06 (6H, m), 7.15 (1H, s), 7.18 (1H, s), 7.20-7.21 (4H, m), 7.24 (2H,
dd,J=1.2,6.4Hz), 7.40 (2H, dd, J = 6.8, 8.4 Hz), 7.53-7.56 (4H, m), 7.62 (2H, t, J = 3.6 Hz), 7.71 (2H, d, J =
15.8 Hz), 7.74 (2H, s) 8.14 (2H, d, J = 15.8 Hz), 8.90 (2H, s), 9.87 (1H, s); *C NMR (100 MHz, CDCl3) &
19.54, 20.07, 20.19, 20.50, 21.34, 21.44, 119.73, 121.91, 123.79, 124.15, 124.78, 125.19, 125.74, 125.80,
126.32, 127.72, 127.78, 128.10, 128.20, 128.49, 128.61, 129.26, 129.57, 129.76, 130.29, 130.45, 131.89,
133.32, 133.42, 134.88, 134.93, 135.79, 137.03, 137.15, 137.24, 137.45, 137.48, 137.55, 137.60, 137.71,
137.81 (two aromatic peak were overlapped); UV-vis (CHCI3) Amax (¢) 418 (21200) nm; FL (CHCl3) Amax 512

nm, Jex 420 nm, &; 0.20; HRMS (FAB) found 960.4712 m/z [M]"; calcd for C75Hgo m/z 960.4695.

4b

Figure 4-17. MALDI-TOF mass spectrum of the crude product of olefin metathesis of 11.
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Figure 4-18. MALDI-TOF mass spectra of 4b.

Compound 12; anthracene-vinylene acyclic dimer

To a solution of 8 (300 mg, 669 umol) in CH,Cl, (5 mL) was added Grubbs 2" Catalyst (28.4 mg,
33.5 pumol). The mixture was refluxed for 48 h under Ar. The reaction mixture was cooled to r.t. and the
solvent was evaporated. The crude product was purified by column chromatography on silica gel with
hexane/CH,Cl, 10:1 eluent to give the desired product 12 (284 mg, 98 %) as a yellow solid. Mp
260.0-270.0 °C (dec); "H NMR (400 MHz, CDCls) § 1.73 (12H, s), 2.47 (6H, s), 7.04 (2H, dd, J = 7.2, 8.8 Hz),
7.12 (4H, s), 7.50-7.53 (6H, m), 8.07 (2H, dd, J = 3.2, 5.2 Hz), 8.13 (2H, d, J = 6.4 Hz), 8.35 (2H, s), 9.24 (2H,
s); °C NMR (100 MHz, CDCl3) 6 20.21, 21.42, 101.50, 124.39, 126.30, 126.62, 126.65, 127.20, 127.93,
128.53, 129.50, 130.04, 130.68, 131.10, 131.99, 134.47, 136.38, 137.45, 137.62 (two aromatic peak were
overlapped); HRMS (FAB) found 868.1063 m/z [M]"; calcd for C4gHzgl, m/z 868.1063.

Compound 4b; anthracene-vinylene cyclic trimer (Suzuki-Miyaura coupling)

To a mixture of degassed toluene (167 mL) and water (16.7 mL) were added 12 (14.5 mg, 16.7
umol), 10 (10.0 mg, 16.7 umol), Cs,CO3 (54.4 mg, 0.167 mmol), and Pd(PPhs)s (1.93 mg, 1.67 umol). The
reaction mixture was heated at 90 °C for 48 h under Ar. After the mixture was filtered through Celite, the
organic layer was separated and the aqueous layer was extracted with CHCI; (10 mL x 3). The combined
organic layer was dried over MgSO, and evaporated. The crude product was purified by short
chromatography on silica gel with CHCI; eluent to give a yellow solid. This yellow solid was further separated

by GPC with CHCI;to give the desired product 4b (3.67 mg, 23 %) as a yellow solid (Figure 4-19).
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Figure 4-19. MALDI-TOF mass spectrum of the crude product of coupling between 10 and 12.
Compound 16; anthracene-(vinylboronic acid) acyclic dimer
Compound 12 (100 mg, 0.115 mmol) was dissolved in a mixture of degassed toluene (50 mL) and

diisopropylamine (64.6 uL). To the solution were added ethenylboronic acid pinacol ester (59.0 pL, 345
umol) and Pd(P'Bus), (5.88 mg, 11.5 umol). The reaction mixture was heated at 80 °C for 48 h under Ar.
After the mixture was filtered through Celite, the filtrated was evaporated. The crude product was purified by
chromatography on silica gel with toluene eluent to give black oil. The black oil was further separated by GPC
with CHCl5 to give the desired product 16 (26.3 mg, 25 %) as yellow oil.; *H NMR (400 MHz, CDCl5) & 1.30
(24H, s), 1.75 (12H, s), 2.47 (6H, s), 6.35 (2H, d, J = 18.0 Hz), 7.11 (4H, s), 7.35 (2H, dd, J = 6.8, 8.4 Hz),
7.44 (2H,dd, J=7.2,9.2 Hz), 7.47-7.51 (4H, m), 7.70 (2H, d, J = 6.4 Hz), 8.05 (2H, d, J = 6.0 Hz), 8.33 (2H,
s), 8.50 (2H, d, J = 18.0 Hz), 9.31 (2H, s); *C NMR (100 MHz, CDCls) 6 20.19, 21.41, 25.01, 83.52, 118.64,
121.04 (br), 123.58, 124.11, 125.71, 125.77, 126.22, 127.00, 128.42, 129.54, 129.91, 129.98, 130.05, 135.11,
136.37, 136.70, 136.89, 137.33, 137.72, 147.43(one aliphatic signal missing); HRMS (FAB) found 920.5108
m/z [M]"; calcd for CgsHes™ B0, m/z 920.5147.

Compound 6; anthracene-vinylene cyclic tetramer

To a mixture of degassed toluene (115 mL) and water (11.5 mL) were added 12 (10.0 mg, 11.5

umol), 16 (10.6 mg, 11.5 umol), Cs,CO; (37.5 mg, 0.115 mmol), and Pd(PPhs), (1.33 mg, 1.15 umol). The
reaction mixture was heated at 90 °C for 48 h under Ar. After the mixture was filtered through Celite, the
organic layer was separated and the aqueous layer was extracted with CHCI; (10 mL x 3). The combined
organic layer was dried over MgSQO, and evaporated. The crude product was purified by chromatography on

silica gel with hexane/CH,Cl, 20:3 eluent to give the desired product (3.25 mg, 22 %) as yellow solid (Figure
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4-20, 4-21). Mp 290.0-300.0 °C (dec); *H NMR (400 MHz, CDCl3) ¢ 1.44 (12H, s), 1.70 (12H, s), 2.46 (12H,
s), 7.08 (8H, s), 7.29 (8H, dd, J = 6.2, 8.8 Hz), 7.38 (8H, d, J = 8.8 Hz), 7.60 (8H, d, J = 6.2 Hz), 7.91 (8H, ),
8.88 (4H, s); *C NMR (100 MHz, CDCl,) 6 20.12, 20.22, 21.39, 120.00, 125.62, 125.67, 128.33, 128.37,
129.77, 130.37, 131.30, 135.06, 137.05, 137.23, 137.55, 137.77, 137.90 (one aromatic peak was overlapped);

HRMS (FAB) found 1280.6272 m/z [M]"; calcd for Cyg0Hgo m/z 1280.6260.

Ll

Figure 4-20. MALDI-TOF mass spectrum of the crude product of coupling between 12 and 16.
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Figure 4-21. MALDI-TOF mass spectra of 6.

12 on a Windows

DFT Calculation. Calculations were carried out with Gaussian 09 program
computer. The structures were optimized by the hybrid DFT method at the MO05/6-31G(d) level. The
frequency analysis was performed for each optimized structure: one imaginary frequency for the transition

states and no imaginary frequency for the other structures.
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X-ray Analysis. Single crystals of 12 and 6 were obtained by crystallization from suitable solvents.
Diffraction data were collected on a Rigaku Varimax imaging plate diffractometer with Mo Ka radiation (4 =
0.71075 A) to a maximum 26 value of 55.0° at —150 °C. The structure was solved by the direct method
(SHELXS97) * and refined by the full-matrix least squares method (SHELXL97). ** Non-hydrogen atoms
were refined anisotropically. Hydrogen atoms were included in fixed positions. There exists some remaining
peaks of 6 indicationg the presence of an unlocalized solvent molecule, and it was treated with
PLATON/SQUEEZE program.. *® 12 (Figure 4-22): Recrystallized from benzene/methanol. Formula
(CugHasl2)-3(CsHg), M = 1102.91, monoclinic, P2i/a, a = 16.223(2), b = 9.8145(11), ¢ = 16.728(2) A, g =
104.5714(16)°, V = 2577.8(6) A3, Z = 2, D, = 1.421 g cm 3, x(Mo Ko) = 1.261 mm ™. Number of data 19586,
number of data used 5854 [1>2.0c(1)], R1 = 0.0328, wR2 = 0.864, GOF = 1.077. 6: Recrystallized from
CHCls/methanol. Formula CygoHgo, M = 1281.73, orthorhombic, Fddd, a = 16.9935(8), b = 23.4349(13), ¢ =
48.2056(18) A, V = 19197.4(16) A%, Z =8, D. = 0.887 g cm >, (Mo Kar) = 4.99 mm . Number of data 12602,

number of data used 5471 [1>2.0c(1)], R1 = 0.0739, wR2 = 0.2550, GOF = 1.444

Figure 4-22. ORTEP drawing of 12. (Solvent molecules are omitted)
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