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% JAMR) .29 AR F9d& WA 5=

e
p}p
o
filo
X2, o st
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>

e

12 -y
e W ye

_>‘~I_,
N
B
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=
<3|
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y
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ol
oy
of
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o
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4
o
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of
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filo
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‘jajali(EML) 2

HE EAR ool galE i el A

S

S
é
_.1_4
fr

A 2 Uyl o Aol WE Az HERe] WHFEM)0] X3

o, u}u&, ool olste] SAEE AL ohul, W wel A Aree] W FA
A2 AHEL2) Aolol Al 532 =

o o ANde] W2 FAs HFPRE AF FF FAURA EFHE 2D 5 AT B ol
A =

Alelel e gL e

FS(EML) 2 a2 2o oA Aol
=

1% of WE ot O

ol
of
4
ofy
of\e
=
H
)

H

¢
2
2
2
B

It
=
o]
)
5=
i
e

o g

ol
o
N,
o
2

%
—

sheta) 1014, By WA By, Ly, A, 2 Dol #a FAIHQ @e A%d we} §Y

ro

u, A e

s

o}

= 2% ol 2T F Advk. HFF(EM) S F8H
= Ad = drt. 4= 59, 23 2-DPVBi(spiro-
DPVBi), iu]i—ESP(spiro—ESP, 2,2" ,7,7 -tetrakis(biphenyl-4-y1)-9,9" -spirobifluorene(spiro—
sexiphenyl)), DSB(distyryl-benzene), DSA(distyryl-arylene), PFO(Polyfluorene) I+#AF 2 PPV(poly(p-

_30_



[0151]

[0152]

[0153]

[0154]

[0155]

[0156]

[0157]

[0158]

g5 (EML) S g3 @335d 4 ok, $3Z M) A Fe 3ste FA 235d 4 Aok EFS
D o g4 A P3S AbekE 235d S Q. S Bo], HRFEL)S 9 24 A 3 53 A
A FE g A BESd 5 ok HEFSENL) S & 59, 440nm WA F 470nm Hi= oF 450nm WA
oF 470nme] g J9E& zH= A M(deep blue) FE FFateE AL + U

S (ENL) 2 2E 3 EHES ¥Fehe Y F o, EHEV dedh B el o Ao wE 3
A2 FgES s AL £ Aok THSEM) S 2 2o oA AAde] wE dds FFES d A A
A ¥F ZHEEA X FY T oAdnk. o] AS, WFFEMS I2E ASE, DPEPO(Bis[2-

(diphenylphosphino)phenyl] ether oxide), CBP(4,4'-Bis(carbazol-9-yl)biphenyl), mCP(1,3-Bis(carbazol-9-
yl)benzene), PPF (2,8-Bis(diphenylphosphoryl)dibenzolb,d]furan), TcTa(4,4',4''-Tris(carbazol-9-yl)-
triphenylamine) % TPBi(1,3,5-tris(N-phenylbenzimidazole-2-yl)benzene) % A% 3sUES E3tsl= AL

& 9.

we, IAFF(EL)S IAY Z2E ARE X

e
rir

AL Add. dE =], Algs(tris(8-

hydroxyquinolino)aluminum), CBP(4,4'-bis(N-carbazolyl)-1,1'-biphenyl), PVK(poly(n-vinylcabazole),

ADN(9, 10-di (naphthalene-2-yl)anthracene), TCTA(4,4',4"'-Tris(carbazol-9-yl)-triphenylamine),
TPBi(1,3,5-tris(N-phenylbenzimidazole-2-yl)benzene), TBADN(3-tert-butyl-9,10-di (naphth-2-
yvl)anthracene), DSA(distyrylarylene), CDBP(4,4" -bis(9-carbazolyl)-2,2" -dimethyl-biphenyl), MADN(2-
Methy1-9,10-bis(naphthalen-2-yl)anthracene), DPEPO(bis[2-(diphenylphosphino)phenyl Jether oxide),
CP1(Hexaphenyl cyclotriphosphazene), UGH2 (1,4-Bis(triphenylsilyl)benzene), DPSi0;
(Hexaphenylcyclotrisiloxane), DPSi0, (Octaphenylcyclotetra siloxane), PPF(2,8-

Bis(diphenylphosphoryl)dibenzofuran) %<& A8 4 v},

&
il

B (EML) S dss 2 2o o Ao o2 &4 S3E ol9d 379 & &4 Add IPFE& EHE
Y Zge = gtk dE 5o, WFF(AML)S EHER ACRSA(10-phenyl-10H, 10" H-spirolacridine-9,9" -
anthracene]-10" —one), 4CzPN(3,4,5,6-Tetra-9H-carbazol-9-y1-1,2-benzenedicarbonitrile),
4CzIPN(2,4,5,6-Tetra-9H-carbazol-9-yl-isophthalonitrile), DMAC-DPS(Bis[4-9,9-dimethyl-9, 10-
dihydroacridine)phenyl]solfone), % PSZ-TRZ(2-phenoxazine—4,6-diphenyl-1,3,5-triazine) % A% 3}
& o 2§ & Aok w13, TFFMEL S TA EHE Aug, 2HYE FEA(AE 5o, 1, 4-bis[2-(3-
N-ethylcarbazoryl)vinyl ]benzene(BCzVB), 4-(di-p-tolylamino)-4" -[(di-p-
tolylamino)styryl]stilbene(DPAVB), N-(4-((E)-2-(6-((E)-4-(diphenylamino)styryl)naphthalen-2-
yDvinyl)phenyl)-N-phenylbenzenamine(N-BDAVBi), #&#: H 1 FEA(HE £, 2, 5, 8, 1l-Tetra-t-
butylperylene(TBP)), ¥&l @ I FZ=A (& E9], 1, 1-dipyrene, 1, 4-dipyrenylbenzene, 1, 4-Bis(N, N-
Diphenylamino)pyrene) 52} 2,5,8,11-Tetra-t-butylperylene(TBP)) & © ¥£3& 4 t}.

ofx
ofj

A2 & GAER)S HFS(EML) Aol Al A aF JHER)E, Fe AASABL), dAF
(ETL) 2 Az =4S (EIL) T Aol stuE £3e 5 o, ol AH= 22 oy},
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[0159]

[0160]

[0161]

[0162]

[0163]

[0164]

[0165]

[0166]

[0167]

[0168]

SIHS31 10-2019-0055872

A FE 0 G9ER)] HA FEFTELS 238 AS, AR FF IYERS Alg(Tris(8-
hydroxyquinolinato)aluminum), 1,3,5-tri[(3-pyridyl)-phen-3-yl ]benzene, 2,4,6-tris(3'-(pyridin-3-
yl)biphenyl-3-y1)-1,3,5-triazine, DPEPO(bis[2-(diphenylphosphino)phenyl Jether oxide), 2-(4-(N-
phenylbenzoimidazolyl-1-ylphenyl)-9, 10-dinaphthylanthracene, TPBi(1,3,5-Tri(1-phenyl-1H-
benzold]imidazol-2-y!l)phenyl), BCP(2,9-Dimethyl-4,7-diphenyl-1,10-phenanthroline), Bphen(4,7-Diphenyl-
1,10-phenanthroline), TAZ(3-(4-Biphenylyl)-4-phenyl-5-tert-butylphenyl-1,2,4-triazole), NTAZ (4~
(Naphthalen-1-y1)-3,5-diphenyl-4H-1,2,4-triazole), tBu-PBD(2-(4-Biphenylyl)-5-(4~tert-butylphenyl)-
1,3,4-oxadiazole), BAlq(Bis(2-methyl-8-quinolinolato-N1,08)-(1,1'-Biphenyl-4-olato)aluminum),

Bebgs(berylliumbis(benzoquinolin-10-olate), ADN(9,10-di(naphthalene-2-yl)anthracene) % o]&59 &S
TEdE g Aoy, o FAHE AL oyt WA £ESEILSS TS oF 100A WA °F 10004, <&
= 150A W] oF 500AY F Ak, AR FEF(EL)EY T2 A=s nio 22 A& w5 49

&=

Aol A4 £E 54 98 F Utk

ETR) LiF, LiQ(Lithium

A% 44 QEmel WA FAFEILS EFE A, A4 FE el
! - 0 FEAT F& Fol A

quinolate), Li,0, BaO, NaCl, CsF, Ybe} Z& @Eld=E 35, &
2 g o ol dAEE AL EA Ao 7] 5549
(organo metal salt)o] &3tw &= | 592 duvx M= FY(energy band gap)©]
ek 4eV o]de] E4o] @ 4 9t} ?ﬂ@gi.ﬂg~*ﬂ 71 3592 3% oA EH o) E(metal acetate),
=& HWlxoo]E(metal benzoate), &% OFHECIAH | E(metal acetoacetate), FE OMAHolAEHOlE
(metal acetylacetonate) =¥ FZ£ 2AH|old o] E(stearate) S E& & tl. AA} FAZS(EIL)EY FAE
°F 1A WA oF 100A, °F 3A WA oF 90AYd 4 k. AA FUAS(EIL)E<] %7117} Aadk vkoh 22 WelE
le=es 739_, AR e T x%ol Al gio] TEAYS AL A F EA

[e] v —

AR % FER)S A Ad vheh o], A AAFTHBL) S 238 F vk, 43 AASTHBL) S dE
£9], BCP(2,9-dimethyl-4,7-diphenyl-1,10-phenanthroline), Bphen(4,7-diphenyl-1,10-phenanthroline), I
£ DPEPO(bis[2-(diphenylphosphino)phenyllether oxide) 55 ¥3Fe 4= oy}, o]d 34w = AL ofyrt},

A2 AF(EL2)S Az 74 GG ER) doll AFdct. A2 A5F(EL2)S 3% A5 Tt 559 & Aok, A2 4
S(EL2)S F348 A5, vy A5 me A A5d 5 Qdvk A2 ASELR) 7 FRE A5 4, A2
AF(EL2)S &% F%5 23E, o5 Eof, IT0(indium tin oxide), I1Z0(indium zinc oxide), ZnO(zinc
oxide), ITZ0(indium tin zinc oxide) S o& o]Fold % Ut}

A2 HA=(EL2)o] WHEHE A5 e g d59 A4
Nd, Ir, Cr, Li, Ca, LiF/Ca, LiF/Al, Mo, Ti E+ o|5S ¥33le 3tgEo|v EEE(AdES 59, Age Mgy
EE)S 23 £ Yt mE A EdE P9 whabdoly wrEstwl 9 [T0(indium tin oxide),
170(indium zinc oxide), ZnO(zinc oxide), ITZO(indium tin zinc oxide) 5% FAH®E v =ALS X33}

£ 85 3 729 4

]O]'X]\_ 5 A }]\' L} Zﬂ2 ﬁ%(ELZ)% HXE Zﬂ%ﬂ]— 0&7\5‘_,% _",: %lpl, 1]2 ;(_]:_Jl_(ELz)o] Hxz 7&:—1[_1]' ﬂ@E}T‘Jﬂ_
A2 A=(EL2)Y AFE A A1 5 At

, A2 HA=(EL2)> Ag, Mg, Cu, Al, Pt, Pd, Au, Ni,

et o

F7] AA EF 220 A, Al AS(ELD I A2 A5(EL2)ell 2b2: Adste] QI7bdel whet Al A5 (ELD) o2

FH F49E Ae(hole)E AE % IHHIRS AA LFSEM) ez ofeHa, A2 A=(EL2) 27 Y 4=

AAY Az =5 G9ER) S AA LFSENM) o2 ol sdrt. HAAbet o2 WFS(EML A AZ 7 skl of
717 (exciton) & /s, AA71A7F 7] AEjolA wie GejE "olxwA gt Al €t

7] A7 B £A10)7F AW BB A9, AL AFELDS WAE AFoln, A2 AFE)S FHY A
S mE ey 459 5 Ak §71 47 2% £4007F AW 2R A9, AL AFEDS F3E A
S EE WERE AFo|x, Az AFEL2)ES WA A5 F vk

ofst, FAAA AN L vmalE Fa X WY moh pAHon Agdr. sy Ards B 9yl ol
& 7] 918 Aol Bsiel, ¥ owwe] Welvh ol BgHE AL ohd,



[0169]

[0170]

[0171]

[0172]
[0173]

[0174]

[0175]
[0176]

[0177]

[0178]

[0180]

[0181]

[0182]

[0183]

[0184]

[0185]

ZIHSd 10-2019-0055872

N
. Shs

(@ \©\B{OH}» ® K Ph NCCN

B Br Pd{PPhsh NC O Cl Pd»{dbab @:N_

‘Bu,P Si
NaO“Bu

(3= A9l &)

olE2(Ar) #917] 3}, 1000 mLe] At ZEFA~Fol 1,3-dibromo-2-chlorobenzene 8.10 g (30.0 mmol)¥} 4-
cyanophenylboronic acid 8.82 g (60.0 mmol), Pd(PPhs), 0.69 g (0.6 mmol), KiCO; 16.6 g (120.0 mmol),

toluene 300 mL, ethanol 60 mL, & 30 mLE tale] 100TCHAA] 2A7F wEkgTh, 29 3 228 yslo §71=
S B, &1 A, doid 2AANES Agstd AYeazviEadaz gA 3, A A IEE AS

7.65 g (& 81%) YA},
FAB-MSZHHOZ 49 32
(3= 39 A)

olZZ(Ar) ®917] 3, 100 mLe] At ZEadel F3E A 2.55 g (8.1 mmol)Z 10,10-diphenyl-5,10~
dihydrodibenzolb,el[1,4]azasiline 2.83 g (8.1 mmol), Pdy(dba); 0.07 g (0.08 mmol), (t-Bu)sP 0.13 g

(0.65 mmol), NaOtBu 0.78 g (8.1 mmol)E U3}, 40 mL EF<l &u o 120CE 8A17F wHkgch, 3 3|
=S g3ty f715E w35k &u AT, dojd 2ANES A7 d¥a2viEad IR A &, 9
Al 1A e 32 3.66 ¢ (FE72%) ¥,

l‘l

e A9 A2, 31403t

FAB—NS Z4o2 249 2}3tE 39 HA2ke, 6270100k, E3h, H-MR ((C1,)ZHo2 =49 343t 39

Chemical Shift zk(§)<, 8.20 (2H), 7.85-7.83 (8H), 7.47-7.37 (15H), 7.28 (2H), 7.03 (2H)°]AT}.

H
: ..N :
: /@ N(j\lzs(OH}z Ph’Si‘Ph ND—EN;_@N
;

X Ny
&l Pd(PPhg]n_; N & LJ Pddba) _
2605 B BugP P Ph
NaOBu 7

(2Hgt= Bo] &4)

olE2(Ar) 97 3}, 1000 mLe] A4t Zg}~A~3Fo| 1,3-dibromo-2-chlorobenzene 8.10 g (30.0 mmol) I} 4-
pyridylboronic acid 7.38 g (60.0 mmol), Pd(PPhs), 0.69 g (0.6 mmol), K;CO; 16.6 g (120.0 mmol), dioxane

300 mLE Hste] 120T= 2417 wwkdltt, 9 §, =5 "ol fi7lss 25, &9 AR, oz =44
=& Al AY azvteEade e ga F, 94 Al s BE 4.71 g (55& 59%) At

FAB—NMS S4do2 57449 33tE B A2 2660]3t}.

(B gt= 79 )
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[0186]

[0187]

[0189]

[0190]
[0191]

[0192]

[0193]
[0194]

[0195]

[0196]
[0197]

[0198]

[0199]

ZIHSdl 10-2019-0055872

olZ 3 (Ar) ¥917] 3F, 100 mLe] A+ ZF2=el 3}ggE B 1.57 g (5.9 mmol) ¥} 10,10-diphenyl-5,10-
dihydrodibenzolb,ell1,4]azasiline 2.83g (5.9 mmol), Pdy(dba); 0.05 g (0.06 mmol), (t-Bu)sP 0.10 g
(0.47 mmol), NaOtBu 0.57 g (5.9 mmol)E ©3}e], 30 mL toluene &7f FollA 120C= 8A|ZF nHMICE. &)
T, BES g9 47152 23, &9 FAYY. o3 2AAES AP 49 A=zZvEadgaE ZA4
WA g A e 7S 2.19 g (5864%) AU

FAB-MS 4oz =49 8% 79 RAFE579010ch, EF, H-NR ((Cl)ESHow =49 3= 79

Chemical Shift ()2, 8.71 (4H), 8.20 (2H), 8.00 (4H), 7.73 (1H), 7.47-7.37 (15H), 7.28 (2H), 7.03
(2H) o] At

1) BuLi M=, Fh
@Br E;L 2) B(OMe); QB{OHF CI_{N—{ @—('H

(3HgH= Co 4)

olZZ(Ar) ®917] &F, 200 mLe A Z8~=9] 10,10-diphenyl-5,10-dihydrodibenzolb,ell[1,4]azasiline
13.98g (40.0 mmol)¥} 1-bromo-2-iodobenzene 10.0 mL (80.0 mmol), Cul 1.52 g (8.0 mmol), K,CO; 11.06 g
(80.0 mmol)E ©sled, 40 mL xylene®m|Zo|A124X] 7180 CAl A wykTh, FW 3 toluened Tvleto] oJ3}3k
<, “‘luﬂ%ﬂ“"’“]ﬂr Aoz ZAHES A7 dHazvEagysE g4 §, WA ux9 g3kE CE 7.01g
(&5 34%) AUt

FAB—-NS S4o= 54+ gha Co] A2 5140130t

of=(Ar) #9171 8k, 500 mLe] A7t EeksAel 3E C 7.01 g (13.6 mmol) ©] 5 THF &9 150 nlL&
tete] -78 CollA Rkttt of7]e] 1.6 M2 n-buthyllithium hexane &48.5 Ml (13.6 mmol)E A 3}3le, 1
Az adkgith, of 7)ol trimethoxyborane 1.7 mL (15.3 mmol) & Z&}ste] 78 TolA 1A17F mwralch, 1 %,
Aol A 3’\]7} WY, whg F, o] Egee] IN- @Ak &S tsto], 1AF it o] RS = A
ot Aol F71EE FFEk, 14 B %él% AT, dold 2P ES Ayl AHARgEIgY =
A &, A uﬂgl 33tE DE 2.87g (58 45%) AT

A 3EE Do PR 4690] ATt

_Il\l'

FAB—NS =7 0.
(3= 129 34)

ol2F(Ar) #4971 8, 100 mLe] A Zp=Fd 33HE D 2.87 g (6.1 mmol) I} 2-chloro—4,6-diphenyl-
1,3,5-triazine 1.63 g (6.1 mmol), Pd(PPhs)y 0.07 g (0.06 mmo KsCO5 1.69 g (12.2 mmol), toluene 30

1),
ml, ethanol 6 mL, & 3 mLE ©d}e] 100TCAA 2417 wtalch, 29y &, 52 <
A, dojd ZAAES Agsd dd A=nEadaz AA F, W A9 5HE 125
92%) AAUtt.

FAB—NS Zd o= =4y g3t 129 Ba2e 6560]Qth. £, H-NR ((DCl)ZH oz =AHE sh32 129

e

Chemical Shift #k( &)+, 8.36 (4H), 7.73 (1H), 7.51-7.36 (22H), 7.28 (2H), 7.16 (1H), 7.03 (2H)°|Slt}.
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[0201]

[0202]

[0203]

[0204]

[0206]

[0207]
[0208]

[0209]

[0210]

[0211]

ZIHSd 10-2019-0055872

H
N
&;@ Ph Ph
#
- L PHOPR .
% Pdg{dba); @

*H'llap

]
NaO'Bu PK Ph
13

ol ZF(Ar) B97] &b, 200 mLe] A Zgk2 =9l (2-bromo-1,3-phenylene)bis(phenylmethanone) 3.65 g (10.0
mmol )3} 10,10-diphenyl-5,10-dihydrodibenzolb,el[1,4]azasiline 3.49 g (10.0 mmol), Pdy(dba); 0.09 g (0.1

mmol), (t-Bu)sP 0.16 g (0.8 mmol), NaOtBu 0.96 g (10.0 mmol)ZE T&}o], 50 mL toluene €W Zo)A 120C
oAl 2A1ZF wREYTH, FW &, ES g3ty {5 4, “‘l‘jﬂ FAAG. oA =AY ES A4 49
ARvtEIgI 2 GA 5, 9 uAe] e 138 5.00 ¢ (578 79%) ATt

FAB—MS =4 o2 =A% 33E 139 A 6330|Att. 3 H NMR (CDCly)EAH R &A= 3}3E 139

Chemical Shift #(6)<&, 7.89 (2H), 7.75 (4H), 7.61 (2H), 7.52-7.37 (18H), 7.29-7.19 (3H), 7.03 (2H)°]
ATt

5. 3}5HE 459 A
OMe
Me 4y BuLl
2)'Pr;SiCl, pDba
.0
or By fpr” Ipr

Pd;(dba @
P’ Tpr #ahe)s G[E

E 'B usP 'Pr
NaO'Bu 45

(3}3= B9 $4)

olZ(Ar) #9171 3}, 1000 mLe] 44+ Z&F2=o] N,N-bis(2-bromophenyl)-N-(4-methoxybenzyl)amine 26.8 g
(60.0 mmol) ¢ &< THFEY 300 mLE tvldle] -78 TollA wwkglch. o 7)o 1.6 M9 n-BuLi Hexane-& !
75.0 mL (120 mmol) & A3}3te], 2 A7+ JT’—LE’,EE} 017] ol Diisopropyldichlorosilane 10.8 mL (60.0 mmol)
S A3lste] 78 CeollA 2 A1ZF wgbglity, 1 5 AR2qA] 3AI7F wRkgh, §kE & o] EFAS 2 MY
o doX f§U1dE wF5e, HAA4 dH E2E 045313}. doljxl AP ES He7td 29 A=2vEOgHRE
AA F, WAl uA e 3gE EE 11.1 g (58 46%) AU

FAB—MS S4do=2 Z44% 3% E9o A =2 4010 AT},

(sh3HE Fel 94

=
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[0212]

[0213]
[0214]

[0215]

[0216]

[0218]

[0219]
[0220]

[0221]

[0222]

[0224]

[0225]

ZIHSd 10-2019-0055872

ol ZF(Ar) E97] sF, 500 mLe A Zex=e] 3HgE E 11.1 g (27.6 mol), DDQ 6.58 g (29.0 mol),

toluene 120 M1, & 12 nL& dsted, 80 CE 14AZF mRtach, 71 & f71%S B2 AMA 0}01 LS 7t
FAR. Qo ZALES A7t 49 A2vEa IR A §, 9 2A49 35HE FE 3.80g (&
49%) AAct.

¥ shgh= Fol A2 28101t .

i
o,

FAB-MS Z7Ho=2
(3= 459 349)

obZ(Ar) #9171 38, 200 mLe] A EEkFol SEHE A 2.11 g (6.7 mmol) JJr 3198 F 1.88 g (6.7
mmol), Pds(dba); 0.06 g (0.07 mmol), (t-Bu)sP 0.11 g (0.53 mmol), NaOtBu 0O (6.7 mmol)E 93},

4 g
33 mL toluene €W} =i 120CE 8AIZF awkglth, T 3 &S gsle] §71%S &3, &9 vﬂ%‘ﬂr A
Xl ZAALES A7t A4 aEvEaYE A F, WA a9 setE 4585 2.63 g (& T0%) I
o}.

FAB-NSZH o2 4% 313HE 450 BRpeke 55001900k, 3, H-NMR ((DC1,)ZHo2 =49 313HE 459)

Chemical Shift ZE(§)&, 8.20 (2H), 7.85-7.83 (8H), 7.43-7.38 (5H), 7.28 (2H), 7.03 (2H), 1.45 (2H),
0.97 (12H)°] ).

@f%wc

gs ]@ Pd,(dba),

(=1 “r

‘BuyP 'F'r 'F‘r
NaO'Bu 46

(3= 469 ¢4)

ofZE(Ar) #9171 3, 200 mLe] 4t7- EeksAel F3HE B 1.79 g (6.7 mmol) # 3= F 1.88 g (6.7
mmol), Pdy(dba); 0.06 g (0.07 mmol), (t-Bu)sP 0.11 g (0.53 mmol), NaOtBu 0.64 g (6.7 mmol)Z UT]3}o],

33 mL toluene &0 FollA 120CZE 8AIZF gy, ¥ & ES H3le] f715S &3, &9 A9, &
oAl AN ES A7 Ay AZrEIIE AA =, 94 1319 IFHE 469 2.06 ¢ (& 60%) BU
=

FAB—-MSE=AH o2 =A% 335 469 Ex1=Fe 5110]9tr. 3 "H— IR (CDCl) 54z SAHY s 469

Chemical Shift (&)<, 8.71 (4H), 8.20 (2H), 8.00 (4H), 7.43-7.38 (5H), 7.28 (2H), 7.03 (2H), 1.45
(2H), 0.97 (12H)°] AT},

(=2} 2Hd o)

b
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