y 2% HH B /L}%J,l‘\ (1) Z 3k : TW 1559594 B
sy (@45)2%8 : PHEREHE105(2016) £ 11 A 21 8

(21)% 3 %3 1 103140461 (22)¥3% A 0 wERE 101(2012) £ 02 B 14 B
(5Dnt. CI. : HOIL51/54 (2006.01) HOIL33/26 (2010.01)

HO05B33/20 (2006.01)
(30)& s © 2011/02/16 B A 2011-031462

(T 35 A 0 58 58 JRAR %P7 B4 A PR 3] (B AKR) SEMICONDUCTOR ENERGY
LABORATORY CO.,LTD. (JP)
B A

(72)% A A : F 1% F SHITAGAKIL SATOKO (JP) ; 3 Z% % SEO, SATOSHI (JP) ; kK %128k
OHSAWA, NOBUHARU (JP) ; # L3+ INOUE, HIDEKO (JP) ; 4 K4} 2
SUZUKI, KUNIHIKO (JP)

(TAYRIEA R ER

(56) % K
TW 200902681A TW 201100523A1
us 2005/0221116A1 Us 2010/0052527A1

WO 2010/061989A1
EENE A
Wik EA & EES 1018 B A 65 #1176 8

54 & #
B
LIGHT-EMITTING ELEMENT
CWEE

AERHRE B RF TR RZOERTMSH - i AEARB—BEZFROB RS - A5
AR — AN > 68 —HIEBRIHY OB RLEY - F—ARILEDUARE —FHILE
MEBEXRE > ¥ ARSI S BRI E e b X ’ﬁk;ﬁig—sﬁé\%é‘]éﬂ% ° FA KT
A A B A R AR LSRN E R B RTRERS > TR ERS
MEZ - Bk TRERNSET AR OB AT

A light-emitting element having high external quantum efficiency is provided. A light-emitting element
having a long lifetime is provided. A light-emitting element is provided which includes a light-emitting layer
containing a phosphorescent compound, a first organic compound, and a second organic compound between
a pair of electrodes, in which a combination of the first organic compound and the second organic compound
forms an exciplex (excited complex). The light-emitting element transfers energy by utilizing an overlap
between the emission spectrum of the exciplex and the absorption spectrum of the phosphorescent compound
and thus has high energy transfer efficiency. Therefore, a light-emitting element having high external

quantum efficiency can be obtained.
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A light-emitting element having high external quantum efficiency is provided.
A light-emitting element having a long lifetime is provided. A light-emitting element is
provided which includes a light-emitting layer containing a phosphorescent compound,
a first organic compound, and a second organic compound between a pair of electrodes,
in which a combination of the first organic compound and the second organic compound
forms an exciplex (excited complex). The light-emitting element transfers energy by
utilizing an overlap between the emission spectrum of the exciplex and the absorption
spectrum of the phosphorescent compound and thus has high energy transfer efficiency.
Therefore, a light-emitting element having high external quantum efficiency can be

obtained.
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REHEL T HOMO BERE K LUMO #ERE - B 64 /x H HOMO
fEfE Kk LUMO g% » i HE 65A1 £ B 65C2 ;R &f HOMO

K LUMO #43 ffii -

65A1 ;x4 DBq E## LUMO 9 5 i 65A2 /R
o ‘' DBq E ##) HOMO HJ 53 ffi 65B1 /R TPA B 1Y
LUMO 45 ffi » 65B2 ;xH TPA EEF HOMO # 4
i > 65C1 ;R4 DBq 1 TPA Wy _REHK LUMO M5
i > 65C2 x4 DBq f1 TPA HJ R EEH HOMO 14

fi -

i@ 64 Fix » DBq #1 TPA By ZREE X F| L TPA
LUMO gEFS % (&)Y DBq By LUMO EEF& (-1.99eV)HI Lk
DBq By HOMO g2 £ (5 )H TPA By HOMO HEFE (-5.21eV)

@ HHEMPK DBq fl TPA WHEKREY - HKR LItH
65C1 fI[E 65C2 A] 41 » DBq #1 TPA By Z R & #J LUMO 4
ffi &£ DBq — | - T HOMO 43 ffi /£ TPA — fl -

HmE > RNH W DBq EBKN SN T HWEES FHEEE
THEETRE - &£ S\ M TITHHEBRERESHINEER
DBq EEFBHIENXMBE LN K - DBq EER S, HIE
BHEERS 3.294eV: HBXE RS 376.4nm - 45 » DBq B
BT WS BAERS 2.460eV . BHXERES 504.1nm -

S4 > R TPAERN S\ T HNEES FEEE
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EBHWMBER - S M T NEBEESHEER
TPA BB E XAB LI E - TPA HEK S, 18
BEES 3.508¢V BLWES 353.4nm - H 4k > TPA B
B T, BB RS 2.610eV . BEEES 474.70m -

E % o RH{E DBq A TPA B REEM S, A1 T, (9 &
S TFRBESNMTESR -5, 1 T, W8 BEESH0HE
¥ DBq Al TPA W - REBHM B LB LI EE -
DBq 71 TPA " JRESMY S, WM BAE RS 2.036eV > &%
¥ B 609.1nm, Ik 5, DBq fl TPA 9 = B T, &9 8 5

28 2.030eV: Bt ES 610.0nm,
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7 L - |
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£ 1% T A6 B MG (B RS AR B )t E B Y ME 1 0 B
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BREENBAEENEZRERS 0.9mm - i 5 % FH% K
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B b T DL BOE 4T A W T DL B 5 R AR D
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MEHESYTUREEHBER - EUFENRE  SX
MR RIS -
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weBESY -

DTHMRAEAZHN —@AFAFAANREES

‘ 5% °

Ry

(MEEESY)

B S (exciple) BHMBETHEBES FHK
HERBRR  —RENBEESWE LT HEHED
LUMO £EF 9 44 51 F1 L 5 #H B/ 58 89 HOMO &E P& #9 M & &
A SR -

23 B K HOMO AEPE 81 LUMO A2 B8 2 89
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%L S WK HOMO BB LUMO PSR A » 9 e
ME EENTEFEERS S — 8L EYH
HOMO BEMs <2 ~ H & Wi HOMO HEME <2 — 4 1L
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E_ARALEYNBREBOUEUERMAIL  BERSWH R
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B AF R B PN MR B RE o T OBEOE - |
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B —WOKE c AHR EXBEMEENEE KRS
B AREBERN-ERRENBERELERESESE 0 F L
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EMERES % AE LheBOAS (Bl MgAg -
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BHEWHrWE—@ - 54 BK ELE 102 WYWENE
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EI)N-FEREIFEIN-FTEEREE )R EX(EH
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T—EHNESEXERANLEYHINVNEFTEKELEY
HEHEBALEYITHE—ENLEY  ZEZEZTETH
EwHMmTREL 2-B(ZFKEBER-4-E)FXE] - F I
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B E EEE RS 10 emy/Vs B F 8 E F BB R Y
B-uE AERHEFEGMESAEREEE o 5T
ERERYEL AN E I BET R -

B4 BFEBBRRALG WAL EAE Ly
B 9 T E LA B -

EFEAR 705 RPUSGAESETEA MO YEY
B-ETFEAR 105 TLUERBLE  B+eBRELE
S EMEE 6 F - S BAE - SR
G- TUERALTSH L BLEY - &
% BALUMA LRSRETEEE 104 9WE -

Sk AL LA Y E T 6B (donor) B A TP
R ESH B RETEAR 705 EEEEHHES S
HEFRBCERE AN T ELEFMEEERNET &
AMMEFEGNE - CHERT SRLAVEEBEM
BEANBTHESEEROMSY - BEGS - Bla - 7
M R E T EERE 704 WUE G S BES Y

=

784706-1 -38-



1559594

KEFHENEDE) THAHERLULEWERE TR TH
WYBEREFHBET  BPHHEMS BWEREHA®RS
B -wmiteBHm LB TTURLE - 8 - 2 - 85 - 8
KESE -4 BREREAGBEALYRBLIEBE S L
Yo ATLBHEAENE  fHUBEHRELEF o LA LUE AR
BLtuEsE - i L IFERAERLEYNEEE
LiE(ER  TTF)E -

® T EFEELMERITIAE 701 BEREBE 702 - Bk
& 703 EFEEHE 704 FIEFEARE 705 55T LLFEH
AEFBEEZRER) B2EXKEEBAEAFEK -

N 16B fron » £ — B MR 103 M08 —FE & 108 2 [
L UEE%E EL - EHEBEHRT BEREHEEWY
% — EL J§ 800 1% — EL J&@ 801 v EEWN R4 E
803 - EW R AL 803 WUFEMLELAEESMHEERERK - 5
N BRBELERE 803 BEFURABEHESHBHBRYE

@ THEMMEABRNBHWEES®S HELBEHRT  FRE
HMEBEwE AU EREEBESE TG THENYE
MEESEFEHERHENYENE  BEULLNEHEEHES
EEENEE BEFEERSABNREALATHEIESRLEEE
MEEHEREWME - EH > BRTLERNMERE
HE RMEASBINRESRBARERNRESGHNFLT
B4 HWESGH— K EL BEIBERNL LRSS
— K EL BRI EAEX  -EEEHBALIE L EL &
MEmHEamER -

784706-1 -39 -



1559594

B4 FEHESME EL BNRAXEALAMER » 72
FERERATHEEBEHAFECN - fl0 > £FERF R HE
EL @&t » 5 — EL @M% = EL J§ R 5 /YL
Ef HAEFBEEBEATHTUSIZHBEALNFAT
- ERNEAREE=Z=EULN ELENBELTH -

fNME 16C Frsx > EL & 102 hA] LIFESE — &M 103 #0
E_EMHE 108 xMEFEWRMEARE 701 - EREFE WG
702 - FHAE 703 - BEFEE@E 704 ETEARTE
706 - EFRERF 707 LREBNRE_EHR 108 WEGH
#lg 708 -

EHREEBENE _EER 108 WEASMEE 708 &
HEFEHRHBEYERERE _EH 108 B > fJLIHEE EL &
102 FR Z 8 EE > r MUEREKEN - (FREGHMHEE
708 A EAEEEFSERERENAERBLE YR ESE
ESBYENBESME -

I H  #FHZFEETEAREGE 706 RILIRIGZGHES P
MERE 708 EHE FE®W/E 704 <HBIEABES > WA LU
ELXEEAGMBERE 108 NEFEASTAINETFERE
704 -

EBEFEARLER 706 TUHEHENTEESEF
FAMENYVE HeB BB HmLEBUREMLS
MmEsBLEYHEBELESZFELY (4 - kEk#E
FHBESEHRBEE) BB LEV(EEELY Sk
Yo omEBHE) wLeBALEWEEBEELY K4 Y -

784706-1 -40 -



1559594

B )% -

EAFEEASETFAANNYENBEYERBRE
FREABRER 106 B BHEBSFNESREESETHEHES
MEWEWEELLLS 0001 L EH 0.1 UMTFHMKEYE -
ZH EBEEWE  TLUEROTYE  ®B4EB @t
CHE O HRICBRECLAYBESBLED(BEELES
LY KUY BREXBBRESHBRE) RSB

@ HLEVEESRLY SLY BRE) - HLEBLEY

(BEELY Sty BEBRE)NE - B4 BTLE
FH P4 Fi 25 36 25 (tetrathianaphthacene)(#f & : TTN) ~ = /%
g THE_SHSERLEY - B4 FBEESET
M@ YE  TLUFEABE LA EFEEE 704 BENH
o $ A

HE KREBSEBEFIEALERE 706 IEAMEE
708 cHEIEEFEERE 707- EFREEREE 707 LA E L

@ FEHEN HREHAREAFSETFURMENETHE

B 707 IMBEFARERIETFEABLERE 706 -

EEESHHE 108 MIEBETFEABLERE 706 ZHKBEE
FHER 10T WEBEEAMERE 18 EanZEwE
MEFEALEE 706 TR AWNEEYERLRIESMEE
A YWERFSEMPESEHNDENEE - Bm > O
LABS I BB 8 B I -

EFRERE 10T EEEARETHAMYYE L H
M EASETHRBMENYEN LUMO B AESES

784706-1 -41 -



1559594

MEE 708 fTEEMZEYWER LUMO REE FHEH
g 704 fTEEEESEFERMEN LUMO B ZHEM
B -S4 EETHEERE 10T S EEYWER > BXEBE
WENHREREREOURERESGHEE 7108 FrEaENZBY
BH) LUMO R E FEmE 704 TEEMWEESE
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FEAR Lt B WA EAER S XA ELE 102 -

ELEMFBRXTHES  HEFE—EBEMH 103 A% - E MW
108 wRIESWENE MERKE > LEE EL & 102
FTERMEFEESMBL - -MHEL > ZBNXFEFE — B K
103 126 — &M 108 P —FE R FEHWNLFHE - K

@ L FEmICHME_EE I8 FHE-—FXRWERR
EEHTRENEXLENES -

4 REESE—FEMHE 103 ME _EFEMH 108 ZHENE
MEBAERNLEEERS - LKA RR L@y S
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(B H L)

t4 o B 1A FIE 1B REFBE - HHLS U
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MEERES 40nm - [RT G 1113 Z 4 - R 3L
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B 4 o M ERRER(V) > Mt ERREE (cd/m’) - 5
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EEE-NBEFRERME - EE 6 b HME KRR R
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b R G AR 3 5 5F 5% 69 1§ 8 & [Ir(mppr-Me),(dpm)]
MR AEFNATRBSHBLERBERNOBRBIFNELES
K - Bt > BR{EA 2mDBTPDBq-11 1 PCBNBB W E &
## %} K [Ir(mppr-Me),(dpm)]#y 3% X ST 4 ~ £ A 2mDBTPDBq-II
1 PCCP HIE & # B K [Ir(mppr-Me),(dpm)]&Y 3 3¢ JC 4 #
FAEZEAEMBRBRH L EBECEYHRIKEENE &
HEEE  TLULEEERBRXRS - &M TUERIITE
FRESHRNTH -

ot RABRAFTH  FRERERBEESYRE —
ERLEYNE_ESRALEYFHN—FH BKRTHFERILSE
MU BEATAERA KRR EY -

" el 18
EAEROT  ZRE 15 RHABHN—EAFADH
BHTH - HREARE MG 6 /A M EE L& S5
TEAMME > MUEBAEZAER -
UTFTTRHEAREHESIBFENLTH 15 KBFHITH 16 HE
&

(TN TTH 15)
BHoh o IEYWEEMNR 1100 FEHRBS EE K ITSO » H
LR BAEGENE —&ER 1101 - 54 > BHEHEERXRTE
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B 110nm> B EEBEHERESR 2mmx2mm -

BE O FEBTHEEN 1100 EEERBXTHWHEE
B FRHKGEHEREERILE 200C TETERE 1 NEZ
% #ET UVEERREHE 3700 -

Rk > EHERBRASE AN HEKEER 10°Pa £ 451
HZEARELEEP  UEEEAXAFEEENMBEF - D
170C #1T 30 P EHEERBEZKR - HER 1100 # 1T 30
SELEAER A -

BE OLEEREE —EMHE 1101 WEHKR TEHRA S
AR EE—EFEMR 1101l HER 1100 B EAERELEHEE
HEHBANER TS L LERED 10'Pa £ h > REBE

— @& f 1101 EILZE$E BPAFLP M&EAsH(VI) > fEW
REREARF 1111 - GEREFARF 1111 NEERER
40nm - #% BPAFLP BH S L EWEELFAHE 4 2
(=BPAFLP : & fL$H) -

B FBERETARE 1111 EEREES 20om H
BPAFLP » kTR EWE®E 1112 -

B % > 4t $§ 2mDBTPDBg-II - PCBNBB - [Ir(mppr-Me),(dpm)]
RKEEBEWRE®mE 1112 LR FXE 1113 - £ - &
2mDBTPDBq-II ~ PCBNBB - [Ir(mppr-Me),(dpm)]#) & & Lt 57 &
£ 0.8:0.2:0.05=2mDBTPDBg-II : PCBNBB : [Ir(mppr-Me),(dpm)]) -
BEXE INI3IHWEERER 20nm -

BE o fEEXE 1113 L # 7% # 2mDBTPDBg-II -
PCBNBB : [Ir(mppr-Me),(dpm)] > £ G 1113 LB HKE
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— EFEBE 1114a - £t > ¥ 2mDBTPDBq-II - PCBNBB -
[Ir(mppr-Me),(dpm)] Y E E L SH ET /& 0.8 © 0.2 : 0.05
(=2mDBTPDBgq-II : PCBNBB : [Ir(mppr-Me),(dpm)]) - [t
o RBE—EBETFEHBGE 1114aEERER 40nm -

BE AL —BFHEHBE 1l14a FEREES 10nm
) BPhen f » K —EFE@Wm/E 1114b -

R EE_EFHEHGBEF 11140 LEFEEES lom
B LiF R » KIERKEFEAR 1115

BE CFERAFREENE _E8 1103 ZEEER
200nm WERHE - MBEARAEROIBIBLITH 15 -

(B TTH 16)

ESLTHE 16 UG 1113 £ 7 $ 2mDBTPDBq-II -
PCCP - [Ir(mppr-Me),(dpm)]1%K & B « 7£ It > #§ 2mDBTPDBq-II -
PCCP - [Ir(mppr-Me),(dpm)]F E &L FHE K 0.8 1 0.2 ¢
0.05(=2mDBTPDBq-II : PCCP : Ir(mppr-Me),(dpm)]) - ¥ 3% % &
1113 WEERZES 20nom- RT#FEE 1113 24 'R H
ELZESE T 1S AR 5 A EE -

FE AL AZEEREST  HHRHEAEBEEMBEETE
ﬁg °

RIVT TAHEHLELATRESHBEXITH 15 KB T
1oL H&EHE -
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[(E17]
£— | mm |an \ CRTEEE g BT | B
WE | 2AE pmE T PORTARE T8\ 8| wm
2mDBTPDBq-I.PCBNBB: | 2mDBTPDBq-I:PCBNBB: |
o ITSO BPA(F'_':;")MO" BPAFLP {ir{mppr—Me);(dpm)) Or(mppr-Me);(dpm)) BPhen LiF Al
7_1-’;{4:15 110 nm 40 "‘m 20 nm (=0.8:0.2:0.05) (=0.8:0.2:0.05) 10 nm 1nm 200 nm
20 nm 40 nm
2mDBTPDBq-ILPCCP: 2mDBTPDBq-I:PCBNBB:
2B ITSO BPA:'-_":;")“O" BPAFLP [ir(mppr-Me) (dpm)] {ir(mppr-Me);(dpm)) BPhen LiF Al
SE{E16 | 110 am 40 20 nm (=0.8:0.2:0.05) (=0.8:0.2:0.05) 10nm | tam | 2000m
20 nm 40 nm

EEABENTFERDT  UFAFEBLTHARERKEN
HAB BT 15 RBLTH 16 BT FEH » REHESE
BTG TEEEETHE - b4 T8 T(ERE
A 2STHHE P)ETHEE -

SO R BN TH 1S RBXTH 16 WEREE -2
R - EE 59 B HE R R E R T E (mA/em?) o T
B RRFEE (cd/m?) - B4 B 60 RHBEE-ZERME - &
B 60 & - fEEH KR NERE (V) MM ETREE (cd/m?) - 5
4 B 61 RHEEE-BERKXREME - £H 61 b - #Ex
5% (cd/m?) > M8 R T B WK K (cd/A) - B4 B 62
RHEE S RETFREREY - £8 62 th > HMEiFx TR E
(cd/m?) - T ft & % 7R 41 28 B F K (%) -

A & 18 RHEBHTH 15 RBENXTH 16 £RE
1200cd/m? BF 9 E BE (V) ~ B3 % E (mA/cm?) ~ CIE & {8
(x> y) ~ B HE(cd/A) ~ T L% =F (Im/W)F0 4 28 & T %
% (%) -
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[#18]
B\ gaee | ems | BE | wws| pwss | 208
(mA/cm?) (x, y) (cd/m’) (cd/A) (Im/W) )
TTFLS 30 1.7 (0.54, 0.45) 1200 67 70 24
BHITTHF16 3.0 1.7 (0.54, 0.46) 1200 69 72 24

B 63 RHEFENTH 15 RBHXTH 16 F{# 0.1mA
WERRBBNFHALEL - £E 63 - HH#HERAIEER
(nm) - MMWMERRBFABREEEEMN) - ZH - Wx 18 FF
B 0 1200cd/m’ ISR E TR X TH 15 8 CIE G2
£ (x> y)=(0.54 > 0.45) > 1200cd/m* By = E T 89 % 3¢t T
16 #) CIE &K (x> y)=(0.54 > 0.46) - { Lkt &5 R "] X0
LA 15 AT ITHF 16 BEHR K IFER [Ir(mppr-Me),(dpm)]#J
1|k -

ek 18 KE 59 FE 62 W4 » FHTHF 15 KRFEHT
HI6HWEBERBNE NERE - HMEFRERLSHIES -

FEHZTH IS RBHTH 16 BEHH 17 Fixw
9 2mDBTPDBq-II - PCBNBB &, PCCP - [Ir(mppr-Me),(dpm)]fH
MREENE - WEME 17 7 %1 > B2 2mDBTPDBq-II - PCBNBB
B PCCP WREAMHBHEHNLELZMEESYWH R KT
B [Ir(mppr-Me),(dpm)1#y Ut g ¢ 5% F 89 7] 38 % ¥ 2| Ok B K
BAHEBRKENEBKR - BATHE 15 RFXTH 16 AR
HMAZESETHREER  FFUTUZE B EEB KX
= HAHETHEXRS -

A RAEBEHRA TN - BRT HFERKRLED
(PCBNBB)LA 4t » = & LA{E ik W4k & ¥ (PCCP)JE B B &
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HEY - HULUEGIHBETHER r—JE’J?éJ'v:E{fF
RLMFERATH  FHERAAZHY @S > AL
BERAMBETHRRESHOITLHF -

(254 1)

AT nHELREHEATPEANEREBESY
BV (Z B PN B AR )& (4,6- — 2 F I g AR )8k (IID (I 78« & [2-
(6- %K 2 -4-1F 1g 2 -xN3) K & -xC](2,4- kK — F -x°0,0°) gk
(IID)(#8 | : [Ir(dppm)z(acac)DHy & K B - BL T > /R
[Ir(dppm)z(acac)]&Y 4% £ -

[Ir(dppm)z(acac))

(FER 1 4,6-“FEWIE(MWE * Hdppm)B & &)

B EEFEERBRENERERFPHKA 5.02g 4,6-—
HMENE - 8.29g AEMWER - 7.19g B BRIN - 0.29g B (=F £
)£ I &K AC¥ (M X * Pd(PPh;);Cl2) ~ 20mL 7K
20mL ZfF - BB BRATHZEZRERARER - BEHHEIZEK
FE & %5 W B B2 (2.45GHz » 100W)60 7 SEREITINE - £
b ERAFE -FRA 2.08g FEMWME - 1.79g k¥
¢4 ~ 0.070g Pd(PPh3),Cl, ~» 5SmL K#1 SmL ZfE » H & B %
BEBEEEXEHMK(2.45GHz > 100W)IF 4 60 53 8 17
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¢

mzs - AR > BAMBZBEHRFESERERN & F K
W RSB ENEA KGR L ARBEE SRR - fE5 &
LR BB REARE  KBBBRIEHZEL > HE®RKA
FRENBGBRYEDBYEBERAELZEEHN _SFRFEFRREME
Bizkaidh - R BEBEWTEY Hdppm(EH EH K -
ER 38%) - A E  HRNWERH  FRAMEEXREE(H
CEM A E#3E » Discover) H B 1 WK A X (a-1)E R
T

Na,CO;
Pd(PPh3)2C|2

N + 2
CH3CN / H,0

B(OH),

BB 2 T oM [ (4,607 % B 0E AR ) 8k (11D (K8 5
[Tr(dppm),C1],) 8 & &)

% EHAEREOEKBESEMRA 1SnL 2-7 &
HZE -5mL /K-~ 1.10gE Lt £ B 1 f 8 28 Hdppm
0.69g & fk 3% 7k & ¥ (IrCl5-H,0) » F 15 5% i 0P 49 22 51 25
BER - A% HE 1T A B (2.45GHz - 100W)H B 5 1
MBS BLE| AR JE - 7 5 VA B 7% 68 B UG 8 B0 6O R 6 1
Z, B B 8 A P W Ll 78 B € 4% 88 & 1 (Ir(dppm),Cl], (4T £% £
WK EE 8% SEINARSEDETMT -
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2 IfClz+ H,O  + 4 Z N

2-ZEHZEE I H0

(Ir(dppm),Ci,

(ZER 3 (ZEE W ER)E (4,6-Z 2F & W o€ R ) #& (11D (F#
% ¢ [Ir(dppm).(acac) DIy & B)

BE AAEAEBENEKERHBPBA 40mL 2-4
H 2B - 1.44g £ B 5 BR 2 1% 2 /Y [Ir(dppm).Cl]: »
0.30g ZEEWHEIM 1.07g BxERsh - HEBHR TN ZEREFTHE
BER - Ak ETHEMBAMKEQ.45GHz 120W)KKREH 60 @
SELGIERE  BERZBL BHEIVERYVERR
“E@&PEF BETARBELREANEYE - BT ENE
WHAKEHEABERAEMEBKER  HAMBKRSELZE - &
HBEZE O OKABRBIE  RKIBBWRBZSBEL > HE®R
FMEINERYERYBREAEEERN —&F kK ZBZ
Be=50: I(BEWL)/FREMBE KM/ KRR HZ&H
MO HNESRBAETERGUBEIFRENYNE®
MARER32%) - TERIVWERAR@3IEARANT -
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[}

(Ir(dppm)2Cll,

. Na,CO3

2-ZEHZEE

[Ir(dppm)z(acac)]

LRSS R 3 ZEINBOAH RO LIED(H
NMRW O EREROT - R ERERTHNEEHT A
& /B $ & W [Ir(dppm),(acac)] -
'"H NMR. §(CDCl;):1.83(s,6H),5.29(s,1H),6.48(d,2H),6.80(t
o ,2H),6.90(t,2H),7.55-7.63(m,6H),7.77(d,2H),8.17(s,2H),
8.24(d,4H),9.17(s,2H) -

(2%l 2)

UT REELRERATEANERESB®EAY
BN(Z 86 A EAAR )& (6- 59 & -4- 25 2 W8 0 1R )8k (11D (B 78 &
[2-(6-FF £ -4-BE IF & -xN3) K & -xC](2,4- X Z B 1R -x*0,0°)
$k (D)) (8 8 [Ir(mppm)y(acac) & KBl - LT > R H
[Ir(mppm),(acac)]#y & # -
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[I(mppm)2(acac)]

(FEBR1:4-HE-CFEMEEGESR - Huppm)H & 5)

B EEAEHBENEHBERFTRA 490 4-8-6- @
FREWIE - 4.80g FXEME - 4.03g ik - 0.16g (=3
EBHSE D&YW (HESE © Pd(PPh;),Cly) ~ 20mL /K 1
lomL Z 5> BREBERTHNZEZRAEMRBER  HHBEEEK
FE 7S %5 WS L 2 (2.45GHz » 100W)60 S @ERETME - &

b B E S RA 2.28¢g FEME - 2.02g KB
% « 0.082g Pd(PPh3),Cl,~ 5mL 7K1 10mL Z 5 > H #
HEGHBKRE REMAME2.45GHz - 100W)R & 60 7 #& i
TME - R > BAMBZBERTALA_EFRZEN -#% @
FTie 2Ry ZX B VR A BB A ik BR s 7K ¥ ¥R ~ 7K Ze ok H BB 12 H &
ME RN  HAMBBLE HALERZIR BERBSB
- BEBROEHEEY  EEBEEMBINEBRYE
HMYBREGOEEFER _&FK  ZBZE=9 1(BHEL)
ERRHBEBHRMAMML - BR  BSHEMNHIBRUTEY
Hmppm(ZB MKW E » BEEX 46%) - T B > H R HHE K
5 o FRHMESKEE(H CEM AR 8% » Discover) « #
BRINEGEHRAEG-DETRWOT -
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¢

Na,CO3
¢l PA(PPh3),Cl,
fk Joe Q Y e
N N I -
B(OH),
Hmppm

(FBR 2 Z-p-8 -8 [%(6-F £ -4-7F F 8 g R )EK (11D ] (#8
5 ¢ [Ir(mppm),Cl1]2)BY & B )

BE O AEEEREMNEREBRFKA 15SmL 2-Z &
EZB ~5mL K -~151g £ L2 E 1 918 FH# Hmppm
M 1.26g &1L #KKE W (I1Cl3-H,0) > BB P ZERE
BEBER - AEk - ETHEMHMKR45GHz - 100W)HY 88 &
1 NELISIRERIE - BB RZBLEHRBEMBENESRY
AZBERHIEBEUEG I EZESY [Ir(nppm),Cl], (¥R #*
EBWMR ERTI%) - FTEHR2HERAROG-2DEATMOT -

2 IrCl3 . H20 + 4 - N

2ZEEZEIH0 .
HsC” N

{I{mppm),Cl];
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(F B 3 (ZERWEIAR)EE (6-F £ -4-3% B W nE AR ) 8k (111) (i
5 ¢ [Ir(mppm)z(acac) DAY G B)

BE TEAFERAENEKEERPBEA 40mL 2-2 %
EZE - -184g F LR FER 2 PHFINERESY
[Ir(mppm),Cl], ~ 0.48g ZEEAEH A 1.73g MxBRSK > H K &=
PR ERERRER - Rk > EITHEMHME(2.45GHz >
120WK KIS 60 o @ELISIRENE - BERZ#EL  KE
I BRYEBN &8k HETHERBEURELNEY
B - GBI EREHAKERLBERHAMEMOE kLR > H
AmMBELR Bk KERABE REIBBEROE
BHzZ@EL ERZRFMEGINERYERYBHEAREREA
“E B 2B ZE=4 I(EBEILFEREKME B KM
- %Rt A_GAFRNCKEWEARBETEL NS
FERENYHNEERR R(ER 22%) - B 3 WERARE
(b-3)#E R T -
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(ir(mppm),Clj,

Na,CO;
L-ZEHIE

- 2

{ir(mppm)(acac))

HEMRSER 3 FBINECHDRKOZMBILIRDE(H
NMRW & RERWT - RELABEBRITMEE THBE
& B 5% [Ir(mppm);(acac)] -

'H NMR. §(CDCl3):1.78(s,6H),2.81(s,6H),5.24(s,1H),6.37(d
,2H),6.77(t,2H),6.85(t,2H),7.61-7.63(m,4H),8.97(s,2H) »

(2% 4l 3)

LT "EELLEERBOTPTERANEREBESY
B (Z i N EAR )% (6-RU T F -4- B g AR ) gk (11D (B 1§ -
B [2-(6-F T & -4-M g & -xN3)F & -«CJ(2,4- [k Z IR -
x*0,0°) ¢k (II1))(#§ 8 * [Ir(tBuppm),(acac)) By & &k Bl - LA
T /RE[Ir(tBuppm),(acac) B 46 & -
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(Ir(tBuppm)(acac)]

GBEE 1 4-flT 63 S I (B8 B HtBuppm)Hy & i)

B o 655G [E v E B BB I A 22,5 4,4- =
OB 1-fR B 13- ERAD SOg FEEMG - G P g
GEMBAR BUREARMALERESRER 5 I
B Rk BHBWEATGE LA KER  KERE A
— G E A EY - 4TS B 605 B R K - BT ok ¥E o AL
MBS FRBe % BERBIE - 6 2E RN E
B A B B TS 60 B 8R4 AR BB W B AR 0 B ¥
ROk Z B ZEE=10: 1(BEHEEL)fE 5 B B v 70 2 40 f -
. BE A EY HiBuppm(HE MR WE - EE
14%) - HB 1WA R Z(-DERMT -

HCONH,
Hic [ © HaC \/j“ (1)
H,C T O H,e T N
CHs CH,
HtBuppm
(B 2 — -p-8 - [ (6-NT HE-4-F E B E R)K

(L) ](#& 5 © [Ir(tBuppm),Cl].) 8y & F)
BE > TEEERENERBERST KA 15SmL 2-Z %
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HZBE -5mL oK~ 1.49¢ fFF Lt H B8R 1 15 F 4 HtBuppm
M 1.04g &ALEKKE Y (IrCl;-H,0) > H B BRI P HYZE R B
HEBER - Rk ETHEBMBBKEQ.45GHz  100W)HY R &
1 NEELISIERIE - BZRBRWEBEBIZEL - HERK M
BEWNEBERYA ZCEHBEILIRBRUBIEKESY
[Ir(tBuppm),Cl],(E#BH K » EXR 73%) - T BE 2 T K
HEE-2)ETRMT -

2 IrClz3 - H,O + 4 HaC \/jl -
HAC N 2-Z&EEZE 1 H,0
¥ CH,
HtBuppm
(c-2)
2

[Ir(tBuppm),Cl],

(FBR 3 (ZEBWERR)EG-MT HE-4-F E g iR ) K
(IID(#E ¥ : [Ir(tBuppm)a(acac))HY & )

BE > HEEERMEEKERDBRA 40mL 2-2 &
HZBE ~l6lg F L FPER 2 PRINERESEY
[Ir(tBuppm),Cl], ~ 0.36g ZEE N B AN 1.27g Bx B &R > H K B
THZEZREREARSR - RE > #£17# H B 5 (2.45GHz >
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120W)Ry I & 60 @& LIS REXE - REBEBZREL - &5
I ERYHAZEMELHAK - Z2BEEK - SXEEBERE
RZERER  HEHUWEL(HAMEME TE/KAE
it~ Bk - 531-16855) Sfus - WELIHNIEFEE
MBEEDEETERE HA-&@FHRMNCKNIES B R H K
BRIZBIRAGENEEETERSUGEFRENYH
HEOMR(ER 68%)  FTERINEMGE(c-3)BERUWT -

—\

N32C03
2-ZEHIE

(Ir(tBuppm),(acac)]
EERFSR 3 FBINEECHROZLELRECH
NMR)W i RERMT - R ERERATMEE T HHE
& &% 5 ¥ [Ir(tBuppm)a(acac)] -

'H NMR. 8§(CDCl3):1.50(s,18H),1.79(s,6H),5.26(s,1H),6.33(

d,2H),6.77(t,2H),6.85(t,2H),7.70(d,2H),7.76(s,2H),9.02(s,2
H) -
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(2% 6l 4)

BAF 82 9 7E bt B 06 60 b 6E R B9 2-(3-(Z % 05 1E ) -4-
)% )T % 3 [£,h]% IS0 (58 % 2mDBTPDBQ-TD# & K
5 ¥ -

2mDBTPDBg-!l

(2-[3-(ZF M My -4-F)F E 1= K [f,h]EE W (58 &2 -
2mDBTPDBq-11) & & )

2-B3-(ZF AW By -4-F)F E ] F I [£,h] # IS0 (H8
% ' 2mDBTPDBq-IDM & WA E (d-DFETRWMT -

& o

PA(PPhy)q a¥
2M K7CO3 aq. NN S
ay

2mDBTPDBg-lI

£ 2L —SEBRMBPHRA 5.32(20mmol)2-& = F if [f,h]
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B IEmE ~ 6.1g(20mmol)3-(Z K I W -4-FE VK ETHE - 460
mg(0.4mmol)/¥ (= A £ # )5 #(0) ~ 300mL X -~ 20mL &
BEF1 20mL 2M TRBEESF /KA - FHEWRE THEBFEZE
EYRR  HRH=-"EBEEITHNERBEHERRA  BXES
MERRI TAE 100C TH#EH 7.5 M - FHAlE =R
% BEINESEYRELEIAGAYE - $FHEHB
BB RKNMZEBLUXIERGERE > BREZE - B2 K
E BB EAKY 600mL BAFED > BEXFEHWEL B
BMEHE  HHUEBIHEAZHNER - F 5 I RIERIEME
WHEHHMEHRAKY 700ml WBHNEGAEEML B E
FHRFREERMEBBET - BRWMNZENSELS
HERST  BREREBERREY - BR BELENWBRIRE
BERBRITEESINWERBZEIUGE 7.85g gEamR > EX
80% o

FHEHWYHEBAERBAFRE  BERZEWAIRKES
MHEBFER - L4 ZMELRSEBRRNEMAE RSB O
NEMZEF - Wit FHMNHAEETRBNBEERE > 7] LU
RHULLTEEAESRERMER - HHEMS » ERERX
2RO BMEGYEHIER > EHBERKENEOERE
HIEALUESGERRESWHEESE - L4 FHERFEH
FREAGBHMNECEYE:  RASGZHFRASZMNENENY
Al e

HRHAARESEELAEREAEIHN 402 HEH
Ko EBNEB 5.0Pa> HEWMES Sml/min BEAFT - LA

ﬁlﬂr
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J00CTABEERNRRETAERR - EAEMME & -
BE 355 (FBEMWME EMK - EE 88% -
AR CH NMROERE S WE HH Y
2-[3-(Z % U VEW -3 ) B )T % U [£,h] W B (A F
2mDBTPDBq-II) -
TR A AT Y EN HNMR F 5 -
'H NMR(CDCl;,300MHz):5(ppm)=7.45-7.52(m,2H) ~ 7.59-
7.65(m,2H) + 7.71-7.91(m,7H) - 8.20-8.25(m,2H) - 8.41(d,
J=7.8Hz,1H) - 8.65(d,J=7.5Hz,2H) - 8.77-8.78(m,1H) -
9.23(dd,J=7.2Hz,1.5Hz,1H) ~ 9.42(dd,J=7.8Hz,1.5Hz,1H) -~
9.48(s,1H)

[ #F 5% & BA ]
102 : EL g
103 25 — & 1
. 108 : 285 — & &
701 EBHEAE
702 ERE@E
703 ¢ |HE
704 ETEEfE
705 EBFTEARE
706 EFEAREE
707 ETHEERE
708 : HEMEE
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800 : 25 — EL &

801 : &5 — EL /&
803 : B B4 G

1100 :
1101 :
1103 :
1111 :
1112 :
1113
1114a :
11140 :

1115+

784706-1
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%5 103140461 5% BB 1054 78 4 HEIE
=== Ve ron ==X
FH 5 S A #E B
l.—FEHENXTH » BFE
—HE®ER UK

Z—HEBIHMNBLE ZBXEEBSE —FHL
Y EBE_EHRLEVMURBEXKEY

Hph  ZHEEZF—FRLEYNEZE_FHLSE
MUFERBEESY >

B ﬁ%t%A%uﬂ rRER AN RKFTFHNE
E”&ﬁ'ﬁﬁ%%‘(% 2000M'em™ DL £ > MUK

E¢’§ﬁ%@é%%ﬁ?ﬁ§ﬁ%%ﬁ%%%%é
WULEZBEKED R -
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