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Scheme 3. Synthetic route toward 1. Conditions and reagents: a) 1. 1.4<dilodobenzene (3.0 equiv), nBuli (3.0 equiv), THF, -78°C, 1h;

2. cyclohexane-1,4-dione (1.0 equiv), RT, 2 h; b) ¢is-2 (1.0 equiv), CH,OCH,C! {7.6 equiv), iPr,NEt (7.6 equiv}, CH,Cl,, RT, 19h; ¢) cis2 {1.0 equiv),
B,{pin); (2.4 equiv), [PdCly{dppf)] (3 mol %}, KOAC {60 equiv), DMSO, 80°C, 13h; d) 3 (10 equiv), 4 (1.0 equiv}, [PACl,{dppf)] (10 mol%}, NaOH
{5.0 equiv), H;O {16 equiv}, 1,4-dioxane (& mM with respect to 4), 60°C, 24h; €} 6 (1.0 equiv), 4 {1.4 equiv), Pd{OAC); {20 mol %), X-Phos
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150°C (ricrowave), 30min. DMSO == dimethyl sulfoxide, pin = pinacol, THF == tetrahydrofuran.
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XHFAI AVAVE=IL, AVRYDU D2, AT =)L,
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B, DAFILTE/FEOOTILEXILTI/E, O, AFLFEDTILFIL, ¥
PARVFIVFEDL VAT ILTILGE) NS LGS CIEAR—ILEEM R &
LTHETHD, £, EFRGIEOBEREEZFTLH 207 ) —ILE /A
TATZY—ILEE, EFHEROEREEZRT L 2i07 ) —ILE/ ~TO
TU—ILEEZHAEDLELARADILEME. FLWMFEEET LERBE
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ArE (EJxZILEBELLEDAFALILALY) NAEEKSA-1LED
E/OIIENTES, — A, ETzZILER)TZLUDESITHEFRN
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-ZX
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-M(L) (AN ——————(A)n2
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—(Ar"hn1 Z + Z—(Ard)n2
MX,(L)
- (Arhn1——M(L) (Ar®)n2
ML) | — At ——————— (A2
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(Ar4)nd=—CH,—CH,—DET T ZILILEYDBZ S, Tz =L UEMNSEDIR
RiEEMAB/ LN, ArDnl=Ar)n3=E 7z Z/)L{LEW. (Ar2)n2=(Ard)n
4=+ 7z ZLLE® (—CH,—CH,—CHy—) DIJ/BA., Jx =L 2H (—CgH,
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LT, ZEAZERGFIZANTE YFHMICEHREAT 60, ZEANCHALE
FEHIZRESINGENI EIFESETHAHLY,

el 1
(819085 7x=1L > Q) OBRIRBERK
[1617]
SnMe; (L)PtPt(L)
O PtCla(cod) O O Br,
O heat O O heat
SnMe (L)PtHPt(L)
; O
2 LS dpf 3
dppf = 1,1"-bis(diphenylphosphino)ferrocene
[(cod)Pt (4,4’ -biphenyl)],2a) DERL (cod = 1, b= OF V2P T Y

) 44 -EX (FYAFILREZIL) EZz =)L) M (298 mg, 0.621 mmo
1) &Pt(cod)Cl, (233 mg, 0.623 mmol) ZEZRKMFTI,2-/O0AIT42 U]
50 mLICBMR L. ZDBFKRZI0C THIRREMBBH L=, £CXBME 5
BICEYRRI LTz, RO-BEREANTHOTHELE, PEDEILLATFL
UTHHTHIETHWDINET2aZ REBDEKRE LTH (145.2 mg, 0.
317 mmol) ., 'H NMR (400 MHz, CD.Cl,) &2.52 (bs, 32 H), 5.10 (bs, 16 H),
712 d, J=6.8Hz, 16 H), 7.19 (d, J = 8.0 Hz, 16 H); C NMR (100
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[0095]

[0096]

[0097]

[0098]

[0099]

MHz, CD,Cl,) 30.1, 104.8, 125.6, 135.0, 136.1, 154.3; MS (FAB) m/z cal
cd for GgHgPt, (M)« 1820.5, found 1820. 4.

[ (dopf)Pt (4,4 —biphenyl)],2b)D&ERL : 2a (31.1 mg, 17.0 umol) &1, 1-
EX (7zx=Z)IVTH#RT4q/) 72zt (dppf, 39.5 mg, 71.2 umol)
FEFRIRTICEVWTIO NLDBIEA FL UICEAL., EETORMEBHL
o BBERETTERLER, REZHRIFILTHRSET 52 & THIDIRE
T2oARNA L OBDOEERE LTHELNT=(55.8 mg, 15.5 umol), H NMR
(400 MHz, GD,Gl,) 4.20 (bs, 16 H), 4.29 (bs, 16 H), 6.37 (d, J = 7.6 H
z, 16 H), 6.69 (m, 16 H), 7.21 (t, 32 H), 7.31 (t, 16H), 7.48 (t, 32
H) .

BE. 206 BBETIT, BONEREZDFFROIATY TITANE
C A, oA THDURE QERFEDEET) TRHRLoNT:,

[BlvoBnZ57xz=L>y Q) MERL:2b (24.2 mg, 6.71 umol) ZEHK
[ATTO MO MILTUICEHL, £ZICRHR G ul, 49 umol) ZEET
MATt=. RIGAKRZE o6 T 1TRREEBHLEER. FBEMEERNL-, 28D
BREERETTEERT S LETEEZR. ChESRTILABI/O0T T
27 «4— (GPC, BEMBIEY DOKRILL) THRELEZE, SLITPUATILA
SLYO TS 70— (BEMREIZOORILL/ANFH/471/1DREE
%) THETSHIETIANMDOINERTIZEARNKE LTH (2.0 mg, 3.29 u
mol) . 'H NMR (400 MHz, GDCl;) &7.48 (s, 32 H); ®C NMR (100 MHz) 127.
6, 137.8; MS (MALDI-TOF) m/z calcd for C,Hs, (M)+ 608. 2505, found 608. 2
004,

REDKDY PP B L VLEMA-EREDEBEZLUTORICRLZ. &
SEHE (B, BE) FRFRDOERER L,



WO 2011/040434 29 PCT/JP2010/066900

[0100]
[0101]

[0102]

[0103]

[0104]

[0105]

[(F1]
Entry Reagent (equiv)  Reaction time (h) Yield(%) (1)
1 Br: (7) 17 49 rofER
2 L2 (7) 24 5.3
3 PPhs (9) 24 2.6
8120/ 7x=L Q) OFEIRMERDAE (EBIX2OERLD 5HIE)
[1£18]
SnMe; Pt(cod)Cl
= : -
NN
heat heat
a: L =cod
SnMe3 Pt(cod)Cl bi [ = dppf 2 dpef

1(246 mg, 0.511 mmol) & BH&#EAR4 (di-u-[1,1" -biphenyl]-4,4 -diyld
ichlorobis[(1,2,5 6-n)-1,5-cyclooctadiene]diplatinum) @ (416 mg, 0.5
01 mmol) ZBHRKM T T250 mLD1,2-C I/ OO IR VITHEEL, TDBRRERED
0°C T7HRB#HL-, TaWE5BLI-R. PROBEEZFRETTEERT
5 ETEHEZRE. CORKEANXYUTHESET S ET2NREBDE
KELTHELDNT: 421 mg) . COILEMEIFBRI S LG, FDFEFERX
DRTv IRV,

2a (70 mg) &dppf (89 mg, 0.16 mmol) DEEMZEERIIM T T20 mLDiE
IEAFLUICBAL, ZETITRERBHLE, BEZBEERLER. §ohr:
EREZEFBEIFILTRETH L TIZROA L DBOEKE LTHERE (10
3.6 mg) .
ErEfl 2
[91, [101, [111, [12], (3129 ANRZ Tz =L UDERK
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[0106]

[0107]

[0108]

[0109]

[1£19]

SnMe3

Pt(cod)CI O
! O dppf  Bry O
+ —_— T ——— 3
O heat | O }
Pt(cod)CI ‘ S~ F

4 SnMeg 6

o
aaoo
D33
oo
SN
—-a
Yy
G

4 (58.2 mg, 70.2 umol) &4e&HMS (1,17 -[1,1" 4 17 -terphenyl]-4,
4" —diyl[1,1, 1-trimethylstanane]) (40.8 mg, 73.4 umol) ZEHRKRT
T1,2-2080R08xT4% 230 mLIZ/EfE L, 50 CT20RFfEMEL =, BERZIERIL
=%, PROBEEZRETEEL-. GonBRZATHOTHREL, R
RBEDBEEEKR9.8 mgE XRADENRE L TH-.

JontEE 1.1 mg, 17.0 umol) &dppf (63.3 mg, 97.9 umol) %=
RIRTICEVTIO MLOBIEA FLUICEAL, EERTITHEBRL-, &
WERBRETTEERLI-R, REZHBRIFILTHERST S & TdopfAERRLL
FIRRBEEERT.I mERWA LU DBOEKRE L TET.

"ontr=EK 62.0mg) ZERJ[RTTO LD LT UICEHL, £IIC
B% G upl, Bumol) ZEETHMATz, RIGAKRZIOCT 1RMEEHE LT
&, TBYEEIN LIz, PBEDBEEZRETTEERT S LTERKRER .
BONEEAGRESUHFILAZT LA NI ST 0— (BEHRIEY OORIL
L/NFHF /A~ 1DREBR) THRE L=, 'HNWRICEKYERMZSITL
f=&2A, [9]- [10]-, [11]-, [12]-, 3] BANZ7xz=L> (6a~e
) MENEND 4%, 9.6%, 7.7% 3.8% 0.8%DINE (4xFHLEL LI-3EFED
BEIRE) EFRHL TSI &AM o1,

[9]-Cycloparaphenylene (6a): 'H NMR (400 MHz, CDGIl;) 7.52 (s, 36 H);

MS (MALDI-TOF) m/z calcd for GsHszs(M)* 684.3, found 684.3.
[10]-Cycloparaphenylene (6b): 'H NMR (400 MHz, GDCl;) 7.56 (s, 40 H);
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MS (MALDI-TOF) m/z calcd for GgHsp(M)* 760.3, found 760. 3.
[11]-Cycloparaphenylene (6¢c): 'H NMR (400 MHz, CDGl;) 7.58 (s, 44 H);
MS (MALDI-TOF) m/z calcd for GeHy (M) 836.3, found 836. 4.
[12]-Cycloparaphenylene (6d): 'H NMR (400 MHz, GDCl;) 7.61 (s, 48 H);
MS (MALDI-TOF) m/z calcd for GpHeM)* 912.4, found 912.5.
[13]-Cycloparaphenylene (6e): 'H NMR (400 MHz, CDCl;) 7.64 (s, 52 H).

[0110] K=& R

4 (501 mg, 0.604 mmol). 5 (335 mg, 0.603 mmol) ZEBHRMRTTI, 2-¥

2 00xT4% 2300 mLITiAfE L, 50 «CTI2EFfEMER L 1=, ERZIERIL1=1&.
APRODBBEBRETEEL-. BoNEKXREATHUTHREL, RIREE
DBEEFEARCA mgZXHEBOBEKRE LTER-, COEEEpf (630 mg, 1.2
3mmol) ZEHRF[MTICHEWLTIOO mLDBIEAFLUICEBL, EERTI4E
ERE L1, BEZHRETTEEREL-R, BEZHFRIFILTRET S L
TdppfABLGL L - IRIRBEEARZXNA L O OBEDEKE LTHZ. COE
AKE ML) ML UIZEAHL, FIITRF (62 ul, 1.21 mmol) #=ET
MATt-. RISARZICCT 12KMBH L&, FBEYMZEENL-. 2BDE
HEBRETCTEERI AL TEAKREZRR. Son-EREZVATILAT LA
AT 74— (BEMRIEY OORILL/AZHU1/4~1/1DRERR)
THE L=, 1HNMREEMFICK Y, [8]- [9]1-, [10]-, [11]-, (121> & Osn
ST LUNBNENEN2. 4% 3.2% 5.3% 4.7% 2.3pERL TSI &N
Hhotz, 5T, FPWRZIILABEBI AT YT T 14— (GPC, BEIMEIEY OO
RILL) TERT S ET, TRNEADL VORI TIZLUEEELT-,

[0111] SErEsI 3

[0112]
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[0113]

[0114]

[0115]

[0116]
[0117]

[1£20]

O Pt(cod)Cl, dppf Br, O

- QR
O heat Q ]
SnMe; O iy

1 SnMe; 3(n=1)6 cn=2,dn
5 en=41fn

n

=3
=5

1(32.1 mg, 0.0668 mmol). 5(37.1 mg, 0.0668 mmol). Pt(cod)Cl, (50 mg,
0.1336 mmol) ZERKMT T mLD1,2—>-/ 00T F UITHEEEL, 70 o€
TR L=, BEZBERE, £UL-EXRZERETHREL-, TOEK
[CI|IEAFLOZMA, BEEHBEL-, BIEAFLUBRERETTESE
$T45&T, BRERES- (71.2 mg) ,

Jonf-EHZE30 mglrY =L, Zhildopf @B1.8m g, 0.05743 mmol) %
AT, BRIV TTIO LOEEAFLUICEKRE L, ERTURMBERL
= BEZERE, BRI FILTHRFT S ETERNKRZER (56.0 mg) .

"Bonf-EE%23.8 mglYFZL, LT3 TS5 mEMAT-, £ IIZ, Br,
D RILTUBKR (1.95 x 102 mol/L) #1.25 mLinz =%, 95 CTI26FMRE1B#
Lize RISGBRETZIVEFTAILZEZBEL-ER (BEHBEEY OORILL/AXY
N1/A~1/1DREBRK) « BEZBEEL-, RIEEEMZEH NMRTRELE
Za, [8]-, [91-, [101-, [111-, (1219 ANRZ Tz =L UNBENRENO. T
%, 3.0%, 7.3%, 9.8%, 3. Th&ERLTWWE I &MbMhoTt,
£l 4
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[0118]

[0119]

[1k21]
o'o
Pt(nbd)Cl,
(1 0 equiv) Br2 (5 equiv)
THF toluene
reflux, 43 h 95°C, 21 h

Snie, WPt Q.O Py

L=cod ~ dppf (8 equiv), CH,Cl,
L = dppf it, 12"

E&™1 (9, 9-dimethy|-9H-fluorene-2, 7-diyl)bis (trimethylstannane)  (
104 mg, 0.2 mmol) & [(nbd)Pt(4,4’ -biphenyl)]l, (72 mg, 0.2 mmol) #EH
KU T TTHF 150 mLIZ/EfE L, 66 cCTA3RFMEIME L 1=, BEZRET THIE
Li-%&, BREERIFILTHRET A ETRALUODBZ LEERKRER(
100 mg) ., Z DEAK &Edppf (231 mg, 0.42 mmol) BRI T TO67T mL DiE
EAFLUICERAL, ERTI2HMEIBH L. BEEZRETTEERLER.
BEAREHBEIFILTREFI DI ETRA L OBZ LE-EREZRT-(44.2 mg)
o COEFREERR[AT T LD LI VICEREL-#, ERTRS (6.8
ul, 0.13 mmol) ZMZA 1=, RIGBERZEIS CT2IRMEMEL -1, BEZR
ETFTEBEL, REBMES VATV OR NS0 40— (BBMEIEIEL
AFL/ANEY = 1 /10FBR) THRELER, SoIXHGR7ILAEY
O< k9574 — (GPC, BBMEEI OORILL) TRETEIETILED?
Z1%DURETHT = (0.85 mg) .

'H NMR (400 MHz, GDCIl;) 1.17 (s, 12H), 6.89 (s, 8 H), 7.52 (d, 8 H), 7
.58 (d, 8 H); *C NMR (100 MHz, GDCl;) 23.9, 31.7 122.2, 123.9, 126.6,
138.3, 139.7 157.2; MS (MALDI-TOF) m/z calcd for CgoHs (M) 768. 376, fou
nd 768. 366.

JI77L2RA

[1] M. D. Curtis, A. L. Allred, J. Am. Chem. Soc. 1965, 87, 2554.
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[2] D. C. Gaskey, R. K. Shoemaker, J. Michl, Org. Lett. 2004, 6, 2
093.
EX L OF| FAaTREtE

[0120] {EEMMNEALZHFE D LMD, BHEL, AR IS U DR 22—, BHRABE
MRGEEDERILY bOZI XA T/N\A RFEARICH L THLOVEEZIREET
53DTHD, Fl-, I—ARUFT/ Fa—JOMANKRESTATNS, *K.
BFMHGEZNOETERRGT/ TIOMHBADIEALIAR SN S,
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[FERIE]

[FERIE2]

SRR D #EH

/Arz)nz
(o >Ar3>n3 )
\AIA )n4

(X, Ar', Ar2 Ar3 Ar4ld, A—FLIEERLE-T, Bt
ENTVTHLV2EDFERESL LFERINATOTE KL 21
DANTAFEEREETRT,

nl, n2, n3, n4lf, B—FLEELG>T, 1ULLOEHET
ER

f=FEL, ArT=Ar2=Ar3=Ar4=1,4-Jx=ZL2DIFE. n
1+n2+n3+n4dik, 9, 12, 18UNDHTHD)
TRINDELEW.

— g (1)
[1E1]

—fe=X D
[1b2]
Y2_y1
7\
Y4.__—.Y3n
Y™ Ty3 Y4~ Yy?
I P A A
nt Y3__.y4 n3
7\
Y1=y2/ n4
(AR,

YUE, BA—FEIEEG>T, CRYERENZRL.
Y2[E, BA—FEIEEG>T, CR2ZERENZRL.
Y3E, B—FIEEG>T, CR3FRIENZRL.,
Y4E, B—FEIEEG>T, CRAFRIENZRT,
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[FE3RIE3]

R', Rz, R3, R*l&, RA—FEFELE->T, KERRF. 7IL¥IL
OB TILERIIL, TLAXD TIVTZIL, TILERZL, NBTY
RF. 7=, A722 YL, 7ZILFIL, OH, CN, NO,
. COOH, NH,, E/7IFITE/, OPILFILTZ/, T
WP/, 7oL, PILEILVALKRZILEFRD, ZU—ILAILEKRZIL
THL, PILIAXTANLRIIL, FILAXDHAIRZIILT I/, J)L
AOQF7ILFIL, IN=TNLAATILFIL, AILNEASIL, E/ELLIE
DEBAINEAI, RALTF7EAIL, E/BELLFVEBRIILD 7
FEAIL, PILEILAILKRZILT I/ ERT, BETDIR ER2, B
LLIFERBERAE, TNOAHEELTVARRRFE—MIILE-LT
EBRINTOTEHELVSEBRELIEEROBRKETH>TEH &
LYo

nl, n2, n3, n4lf, B—FLEELG>T, 1ULLOEHET
ER

fzZL, Y'=Y2=Y3=Y4=CH®DFE,. n1+n2+n3+n
41, 9, 12, 18LUSDOETHD)
TREINDFERE 1 ICEBEDILEY.

HIRE 2fEDFEFHREN., RoEY, FI78L0, TLF LY, 4105
oA TY, TRLY, FUMZEY, JxFURLY TJxFL
V. PERATURSEY, AVEFEY DRVIRRF Y TS
T, ELUDNLRABNOERSNSGFTEREICHEL., HIEE 21
DATOFERENEYDD, ESDV, EYVZDL EYFTDY,
A R=IL, F/),  AVF/ ) ThIERFOQF/I YD TH
SeEROAYF/ D ROFTI—Ib, RUVEFHY—)L, R
IIVAIFHRTI =, FTUoRLY, ROVALEHFY—)L, YA A
. FYUTU, D2/ XY FAU AVA R AR DY
YOI AN =L, BALKRY D, TzFURYDU T
YDy, JxFrRAYY, T/ FTFOY, T/ FFHD
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[FERIE4]

[FE3RIE5]
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Jxrro by A4V oARY, VAR, TIFOY, ALNY
— I AR, AVA 2V RE) UL RIBENLERINEATO
FEEEICHRET S, HRIE1ICEHNELEY,

TEER AT

[1E3]

(L)I\1‘——€‘Ar2 —H)

(A ( Ar3) n3

M—r Ar“}n4 M(L)
(I11)

(P, Ar', Ar2 Ard Artd, B—FEEELZ-T, B

BMENTOTHEV2MEDFEBREL LEEBRSIhTOTHLN2

MOANTOFEREETRT,

MiE, B—F-EERE->T, PtEEIEZPJdELIEN | 25R7,
LIk, B—F-EFRE->T, MICETEEERY Y KERT,
nl, n2, n3, n4lf, B—FLEELG>T, 1ULLOEHET

9, )

TRINDILEY,
TEEX (V)
[1k4]
Yz:Y‘>>;
(L)M‘<< M(L)
e Vi 2
Y Sy v Ty
\lf?'\ l\’/‘ \'(L /\lf'
%”7 Yi—Y! n3
(L)M~<</ \ ML)
Y=Y/ n4
(V)

(Kp, MiZ, RA—F-EELG->T, Pt EzIEPAdELIEIN | FR
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ER
LIk, B—F-EFRE->T, MICETEEERY Y KERT,

YL, R—F=EFEEGE>T, CR'&EIEINEZRL,
Y2k, R—F-EFEGE>T, CR2ELIEINEZRL,
Yok, R—F-EFEGE>T, CR3FELIEINEZRL,
Y4k, R—F=EFEEGE>T, CRAELIEINEZRT,
R', R2, R3, R4, RA—FEELG>T. KKREF. 7ILFIL
OB TIEIIL, TILaXD, TIVSZIL, TILERZIL, NATY
RF. 7= ATEYD YN, TZILFIL, OH, CN, NO,
. COOH., NH,, B/ 7ILFILFZ/, DPILXILFTZ/, 7
WFE/, T2, PLEILVALKRZILAEFRD, 7U—ILAILKRZIL
XD, TLIAXDALRZIL, PLIXDAILRZILTE/, L
AATILFIL, RN=T)LABTILFIL, AILNESIL, E/EELLIE
CEBMAINEAIL, ANTF7EAIL, E/BELLEDEBRRILT 7
EAI, PILFILRAIKRZILT /) &R, BETIR T ERZ, %
LLIFRBERAE, ZNOABEELTVWAIRRRFLE—HITH-T
EBEBREINTOTELVSERE LI BIROBRETH>THE
LY,
nl, n2, n3, n4lf, B—FLEELG>T, 1ULLOEHET
9, )
TRENDFEREAIEHDILED,

[E53R1E6] —fezxX (1) DIEEYhoNL RS ELLER/BET
X (1) OILEMOHEE.
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[1E5]

(L)M——(—Arz o)
n

(X, Ar', Arz Ar3 Ar4d, A—FLIFRLE-T, Bt
ENTVTHLV2EDFERESL LFERINATOTE KL 21
DANTAFEEREETRT,
nl, n2, n3, n4lf, B—FLEELG>T, 1ULLOEHET
ER
MiE, B—F-EERE->T, PtEEIEZPJdELIEN | 25R7,
Lix, R—F~EFELE>T, MIZEEERERY AV KEFRT, )
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