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AGR7], dEEuEs], Asdedas], AuEdds), Axddas), dEuEs], ofadnda
7, AGESEAs], AL, Axelu T, o suzEolEdds], MESAEAAY], ol auz

gﬁimiﬂ EgolEzdar], HEGZLAY], ojuvxdudalr], oluttzdgrtiddlr] U ofx7ntE
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F44a, -F, -Cl, -Br, -1, 3=EFA7], Alojxr], UERZY], olutxr], 3|=8Aw7], 3|=dx2kr], (-
Co¥Z7], CCu@A17], did7], mldEdy], Hadr], y=zdr], EF2d7], AgfelZ-nEF2dd7], Hl

ZEFd Y], gz ddr], AdEAYY], AEGAEY], FFdHEY], EFudddr], dolud
7], AgtelAld~r], HHU 7], HAelddr], AxAL7], FAeA D], EouEdr], FeEhdrl, hEdY], dE
d7], olxlEdy], WxFedy], WFEHd7], tuzFedy], dizeddr], wxsbiEd ], oyl
Z7MEAY], guzAEY7], Fudr], ontEdr], HEUY], EolEdr], olixEolEdY], SAEY

71, olEFEARELT], HotH oS, SAMHoEAT], dEHEY], vvitdr], deuAdr], EgeAd7],
FAuedr], oladEeldr], MxF=edr], Y], YEHAYE7], FA=sdedr], AuEedr], Al

=247, HdEZ 7], ola I d ], HIHEZe 7], A=A 7], Hlzoln vk 7],
ol aWlzE|LEUY], WIRZSAREAT], o|AaMlESAIEYY], EfolEdr], HEZHEYY], ovtrzIrdr],
ojujtpzyglutjdy] 2 oxFtutEd ] ol AEE Ao sy AE, Hddr], yzdar], TEL
ddy], AFo|2-HEFdddy], MxEFedddr], yguzEFedddr], dAdEHIAr], SEDZA
day), ZFoddddy], Edudedar], doldddr], Aol AdAr], AP dAr], detddar], &
AR RZ], FEpAE 7], Elesddly], FeErdAr], sbEd Y], AELY], olilEddr], wxFetd
A7), MzEeddAr], guFzFerddr], UuzEeddAy], MizymiEddr], guzshEdar], ol
zAE2dd7], goddAr], ontEddr], IeEdAr], EolEdUr], o|iEoEAUAY], SAELAT],

NLAFUN], ElotlolEAY], SATClEANY], AL, A, A ds], ok
AU, A2AIW], ALARAGD), ALA2AGW], TYANID), BEANID, A
W7, AdELLA/], AEds], AgEanda], okadudd], AESEdas], AAda), 9

Zﬂﬂﬂimiﬂ,ﬂiﬂ HolEddy], MASASUNY], o LNESABANY], EolBdqs], HEDFE

G471, ot A el ojvlehesl el el = oAbl )

A4 e 5 govt, ol FHHE AL okt

=
02 Fadd wr=d, A7) 318HA 601 2 601-1 F xel E xe6ll WA xe6l3S& A2 EgF o (0, 1 =

deo] W=, 47 384 601 2 601-1 F Reor 2 Reir WA Ry A ZE ZHH o2

Hd7], w#Ad7], gadr], vyxzdr], EFeddr], 2uo|2-uEFoddr], MxEFeddr], oixs
Feddr], dAdEHEY], QFESANLY], EFTEHEY], Edudadr], seladr], AgolAldr], ALY
d7], #epsdr], AAAGY], AepAD 7], Bl dr], Fedr], 7hEYT], JAEYT], oladEYY], WX
Feidr], fzEevdy], oulzFedr], ddxEeadr], WxsbtEdr], guzsmiEdr], guzds
d7], gEudr], olutpEL Y], HHFELY], EolELY], olhEHEUY], SAEUT], oHAEY Y], Eeold
oF£d7], SAlTiotEY” ,Aﬂﬂéﬂ,ﬂﬂﬂl 71, FEgAdr], Egelxdr], Axgdr], oiF=Ed
71, WzFsIdr],  ZgeHdr],  JdEEEddrl, AzAEdr], AuEeEdr], AlseEdrl,
AGEYLY], ofadtdr], AGEFE L], AUAdr], WxenttEUY], o|iHlZEEFUY], A}
7], olAWlESAIEYY], EdolEdr], HEHEYY], ovittxdztydr], onttxdevtidr] 9 oz}
FHtE A7),
=4, -F, -Cl, -Br, -1, 3==247], Aolxr], YE=R7], olvutiw7], 3=gxwr], s=dtxx7], (-
Cood 7], CCu& 2171, #id7], Hledy], BHaAdr], Yz2er], FFddr|, 2dol2-rH&EFeddr], #
ZEF Y], gizEFeddy], AdEHDY], GEGADY], FFTE Y], EAdddr], doldd
gl Aepe 7], AAADY], AepADY], Bl dr], Fedr], 7hEdr], A=
oHl

d7], olalEdrl,

71, AgtelAd7], #EHET], =

HzFebdr], Wxeeddr], duzfadr], ZH 2997, ﬂéﬂﬂe%ﬂ,ﬂﬂ
27pEA7], gElEdEd7], deudr], ougEdr], vHEdr], EeolEdr], oliEolEdr], SAEY
7], ol&AREYLY], Heo d7], SAHorEd7], Aﬁﬁ<éﬂ,~4ﬂ ndr], deuAdr], EgeAdr],
FAwedr], olaF=edr], MxFmedr], TLeAdr], BEZEAY L], FAxdedr], AuEdr], Al
=27, AdELd7], of=Eltd”l, AdEZE7], HpAE7], HlzolmtEd 7],

z
=
=
T

1,
o],Z

olaulzElolEA7], MESAEAY], olAMlESAEAY], EjolEdr], HEHEAY], onitxytdr],
ojmtxylgnjtdy] 4l ofxrhhkEAr] FolA AdEE Aok shuz Aghd, sdr], HEdr], Hedr,
yazgr], EFeudr], sgolr-uEFoddr], MxEFeddr], gixIFeddr], dAdEHdLY], <k
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EgpAlEr],  EFedEdr],  Efdddr],  delddr],  AgtelAldr],  HAdddr], sEEd,
A7), AepAd7], geudr], sFedr], AhEdr], dEdr], olafdEdr], Wxsfehdr], HMxEEL
] o
ol
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AR % 99 BCP(2,9-Dimethyl-4,7-diphenyl-1,10-phenanthroline), Bphen(4,7-Diphenyl-
TAZ(3-(Biphenyl-4-yl)-5-(4-tert-butylphenyl )-4-phenyl-4H-1,2, 4~
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2 GAA F CCeo@71d71=, 371 CCeZEZ 719 T3 e 2ukd st o] de] g4 i A3S g3t &
sla OFS oushd, ole] FAARI dol, olEldr], Z2Idr], Tol xgHETt. E WAA T CCeo

7197 471 CCo271d719 47 725 2te 27 aFs vt
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2 BAA F GG AIEREAVE, B9 3 WA 109 17 23} gl B
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E A F C-CralHEANZFELZA7]E=, N, 0, Si, P2 S FollA Adx Hojx site] ez Ix= e]-
A AAEA T8I gBads 1 WA 109 17} RweAEY aFS ousy, o]o] tAldoli: 1,2,3,4-2AEE
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FF&(D), -F, Cl, -Br, -1, 3=547], Alehwr], YERY], olut|y], =i wr], d=etxiey],
Ci=Ceo&Z 7], CoCo&AE7], CoCeZ71d7l 2 C-Co&FAI7]5
54, -F, Cl, -Br, -I, 3|=547], Alekwr], HERY], oitwy], s=giAw7], d=dtxier], G
CAIEZLEZ7], GCaAlHZAIZEE2L27], CGCAEELEAE7], GCalHZAIZ2LA97], CCoobE 71,
CoConFESAI7], CoCooFEEI 7], CCoodll Bl 2ot 7], 17h v-waks S3ohst o§, 7 v-was se 25
bt 25, -S1(Qu) Q) (Qus), ~N(Qi1) (Qrz2), -B(Qi)(Qiz), -C(=0)(Qu), -S(=0)5(Q11) % -P(=0)(Q11)(Q1z) Sl
A AdeE Hom R X3, oA, CrCeZALT], CCeoZ71d7] 2 C-CoZA171;

CCAIEF2EA7], CCalHRZAZ2LA7], CGCAIEREAL7], C-CdlHlZ2AIZZ2LEAD7], CoCaotE 7],

CoCaolFE 52171, CoCoootEEI 271, C-CoodllEl 2ot 7], 17F HI- &S H94uhsk 25 3 17F H-4E5 e =
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F4a, -F, Cl, -Br, -1, 3|=547], Alelwr], YER7], oluty], =g w7, dEgtx7], (-
Cood 7], CorCa@AL7], CrCo27197], CrCo&ETFAI7], CoCoA 27, C-CoalHIZAF2LA7], C-Cy
AEFRLALDY], CCudllHZAZ2LAL], CeCuotE7l, CoCatE5A17], CoCoooFEEl 271, Ci-Co8ll Bl 2o}
7], b =B S30E au, UF H-8EE St 25, -Si(Qu) (Qe) (Qus), N(Qu) (Qu),
-B(Qu)(Q), —C(=0)(Qz1), -S(=0)2(Qx) R -P(=0)(Q)(Qn) FollA AEH Holk stz X3E, (o AE=
U747, C-CoallHZAZFRZLA7], CCAER2LAD7], CCudllHEZAZ2LALD], CCootE7], CoCootd
SA7], CoCootEEI 7], CrCodlEl 2ol 7], 17F v-w8ks S3uish 25 2 17 v-w03ds e 253cst
I R
=S1(Qs1)(Qa2) (Qs3), ~N(Q31) (Q2), —B(Qs1)(Qz2), —C(=0)(Qs1), -S(=0)2(Qs1) 2 -P(=0)(Q31) (Q2);
ol MElE
71 Qu WA Qus, Qo WA Qs B Qo WA Qe MR SR, F4, T4, -F, Cl, Br, -1, 3|=54
71, Aobw=7], UE®R7], otutxr], d=atAwr], =gz, C-Col 7], CrCoAY7]. CChpt7)d
71, CCodFA7], CCoAEFRL A7), -3l Bl Z A £ ANF2LALD7], C-CoallHEAFEd
d7], CoCeotd7l, CCedllElZetd 7], 17F H-wa= S@vd 15, 17F v-93= g2 530s 15,
Tra, F 2 Aoley] FolA Aed Holx shuz A3 C-CoUA7], T4, -F 2 Aoley] FelA A
2|

Aol sz A ghe CoCoobd 7], PlEd”] R HAd7] Tl Ad=d 5 sl

il

AN iy
fru
u
Y
N
&
9

B WA F "Ph"2 HEVIE omEtaL, "Me"2 HWEY]E olvlstal, "Et"2 oE7]E o|vstal, "ter-Bu" HEx
"Bu" e tert-3€71E 9usta, "OMle"s HEAZE ofn] e},

2 gAA F o "mEdr'e dHAdriE AEE fdr)'E 9nsit 71 "mjEd )=, X817}
"Co—Coo0FE 71" "X 3kE wHd7|"el| &3},

B gAM T A= e R Qg ddT)NE odmdig. Al "HEld] "=, 28717 "C-CaolE
712 A 8hE CeCooba 71"l "A$he wd 7] o] &3,

= BAAM T o B2 g8 AT gle @, AT e T ool e dAkeke] A AllEE omditt

ostolAl, el B A Hof, ¥ wwel U THAET m=i HFF L 7] BY Lol dise] mr
FAoZ 4Bt 7] G4 F A 9 BE A @ W F A9 BPww b ByPe M= ¥
et
[243]

Fdd 1: s3tE 19 A

(1) 1A shgha [1-A]9] §H4

—_—
g C
Br
[1-A]
-HENOIANE 9.96g (50mmol) ¥} Wl=d|s|=

o= 6
100mloll HAEAH T, W TFES A2olA 2447 etk WkE A ¥ 300ml <]

X2 e 7hstkar o
oMAEICIER FEEY. FEE FUIse LSFAIJUEF FEAoR AHsta AuduolER Axsiglr.
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g AAY FIBE AY B2 #5390

(2) F3HA shgh= [1-B]9] 3

A7) A s E7hA) 3keE [1-A] 6.53g (45mmol) 3} #Hd3le] =2}zl 7.30g (67.5mmol)S ol gHgo] HEA ATt
e 2S5 J1esle] 100 TolA 24x7F wwkelgdeh. w3 24 & ALoz As|a 30mlY FF+E 71at
3 dEolAHo|ER FESUTE. FEH 752 EIAFUERF FEYow MHSL AFHYcER Axs
Gt Sl AAS FAES A IA2rfEaHE o] &5t Bt 13.6g 54 I}FES S5

DDQ

[1-C]

}6]'7] ka3

4
DE B3

3 =71A 3gE [1-B] 13.6g (36mmol)¥ 2,3-Dichloro-5,6-dicyano-p-benzoquinone 12.3g (54mmo
doll g AT, Hbg E3HES 7Fsle] 110 TollA 24A17F wdtsiict, wbg $4 F Aoz 2

33 300n1¢) FFRFE A oAPelAHelER FEAAG. FFE 47153 LRABUER Fedor A
i £FAdolER Azt $ulg AAR BB AY AmviEaE o ekl Felste] 12.2¢ %
A SgEe FEs

(4) Z3HA 3tstE [1-D]9] §HAd

1-bromo—-3-methoxybenzene 9.4g (50mmol), 3-phenyl-1H-1,2,4-triazole 8.7g (60mmol), AFAAHZHF 23g
(100mmol), L2 =+2 1.9g (10mmol), ¥FHAF 1.23g (10mmol)S WHEE7]e] ¥Wir TiWE&EZ A= 100mlol
AEAI AT, g EdES 7F=ste] 110 CollA 24A12F ulgkstglth. vk3

FrE 7letal dEolAH ol ER FE3 Y. F5E #U5S EIAIUER F&
EZ Az, §E AAT FAES i AZ2vEIYIE o] &t &

st

¢
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=2
"b
o
o]
X
>
(2]
o
j=n
=2

N _— { N
N N
Me0/© HO/©
[1-D] [1-E]
A7) F2HA SEE [1-D] 10.1g (dommol) S FeFe] HEAT 24b oo HEAAG. WS TFEL shesio]
110 ColA 24A17F wuksgich, vk 274 S Aoz 233 300mle] FHFE 718t dEolAHER &
st 59 7715 EFIUEF F8AoE AHGL LFAddelER HAxs3it. &ulE AAT o
= J

59 A9 AnvhEad 9 S ol gete] Relsle] 8,58 B4 SR FEakedrh

(6) TRt shgh= [1-F]9] 34

N\£
N

N N
€ ! N 1N
N [1-c] LN'
IoslindleWe
HO (o]
[1-E] [1-F]
A7 S3A 5= [1-C] 11.3g (30mmol), FZHAl &k3t&E [1-E] 8.5g (36mmol), AF14bZE 13.8g (60mmol),
2= 1.1g (6mmol), FZFHAF 0.7g (6mmol)= WHSE7]o] Y1 UHEEZA= 60mlo] HEAFHTE, Wk
EFES 7F23e] 110 ColA 2441 wgtelsly, v $4 $ A2o2 231 30ml e F/HTE 7Fsta 9
YolAlE|o] ER FE35T. F5H FU5S ZIUUEF T8N0 MHsta AFAHHER HUx38]
Ll E AAG FAES A8 AZEIYIE o] &3t EetY 12.0g 54 FES TS5t

BF,
QPO S QRO
//'\I"\I N 1y ©/ \©= //'}'\l ')'+\N
N
W oWe
[1-F] [1-G]

A7) E7HA) 3HeHE [1-F]1 12.0g (22.5mmol), UTE|lYL O FAIESES A 12.4g (34mmol), ZAHE] 420mg
(2.3mmol)S YHEEZEA= 50mlol HEAI AT, WS EFES 7123l 110 CTollA 24A13F wwkslsit). vk
E

=
Jeoz A8a 30mlel FFFE Atn dgolHelER FEd. FEU 4715

T & Esrgdshy
EF Fgdor AHsa ARddclER Axddn. &uE AAG BB AW AnnEIYAE o] &d)
o] ¥elste] 11.0g %4 aAFEe F53gch
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(8) kst 1¢] 34

BF,
9
N/‘ N* P(COD)CL,
//N u }N NaOAc
N T =
® J@
[1-G] 1
A7) A 3eE [1-G] 11.0g (15.8mmol), Dichloro(l,5-cyclooctadiene)platinum 6.0g (16mmol), FAFUE
F 3.9 (47mmol)& tlFAE 160mlol] HEAIATE. ¥hg EFES 7F3ke] 110 CTolA 72A17F wREsHITh. W
THA F Ao A35]a 30mle FTHTE st odotAlHo|ER FEIUT. FEE 71S5S 2sdshy
F T2 MFHsa AgAdoERZ AXSNY. SulE AAS A4S AY AZvEIYYE o] &3}

E
o] ®#lste] 3.8¢ B4 IFES S5}

Ao 2: FAFE 119] X
/ \
N'N
1Y N
Br /N 7\
) [11-A] NN N
- =

A
U
N N N CN
©/ \© N N NaOAc \Pt/LN'

w U RO L RAD
V< B C e
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Pt(COD)ClI,
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Pt(COD)CI,
NaOAc
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N* N*
N/ \! U \N
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[060 1 ] BCPDS POPCPA TSPO1

[0602] AAld 2 YA 5 2 Bl 1 WA 5

[0603] g FEA BHERA SE 1 OA & 19 A9 sges A4 ARgslthe AS Alefstas, 4l A
Alel 13 sdF WS o]&ste] 7] & =

[0604] 31 M
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H7ld 1
471 AA 1 WA 5 Z ovad 1 WA 5ol AlFE f7] 2 axle] P, dRUE, 3=, 4 58,
Wl 0 Ho) 23 948 Keithley SMU 236 2 3] %74 PR650S o] &3te] SAste], 2 AFE F 1o YEHY
ATt
* 1

THE g5 [T A AFEE  |3x vt 58 whag A | FH ) g 9

= (v (mA/cm2 (cd/mg) (cd/A) (nm)
A 1 3leE 1 5.48 50 4032 8.06 A 461
AR 2 setE 11 [5.42 50 4025 8.05 A 462
AA 4 3 33 e 21 |5.48 50 4033 8.07 A 463
AR 4 38t 31 [5.46 50 4024 8.05 A 458
AAd 5 33 e 41 |5.48 50 4010 8.02 A A 458
3w 1 Flrpic 6.56 50 3870 7.74 > A0 478
vl 2 3IEHE A 6.56 50 3870 7.74 A 490
Hlnd 3 335 B 6.0 50 3850 6.54 A 500
vl 4 33HE ¢ 5.65 50 3675 7.34 A 465
Hlulo 5 33E D 6.2 50 3770 6.62 A 505
A7 7 18 Fxsho, AAld 1 WA 59 f7] Ed Ak vlae] 1 WA 59 {7 &g oAbl wiste] FE
Agro] vta, 3x F wf gHo] o AL s
B9 HYF
10: 7] &3 &

110:
150: f71%
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i
)

g
~

ki

190
150
110
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