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e S

1 %} O.QQ
480

compound 1-9 compound 1-10 compound 2-1 compound 2-2




[0102]

[0103]

[0104]

[0105]
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compound 2-3 compound 2-4 compound 2-5 compound 2-6

compound 2-7 compound 2-8 compound 2-9 compound 2-10

compound 3-1 compound 3-2 compound 3-3 compound 3-4

compound 3-5  compound 3-6 compound 3-7 compound 3-8
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[0106] compound 3-9 compound 3-10 compound 4-1 compound 4-2

compound 4-5 compound 4-6

[0107]
[0108] compound 4-7 compound 4-8 compound 4-9 compound 4-10
[0110] [3Hd ]
[0111] 1. 33E1-19 A4
[0112] (1) 3h3HEA-1
[0113] [RF-&-2}1-1]
N N\,
l:::‘\—f;:?l CN q{\. r CN
'.\ \ 7 A ¥
F=h A0 Pd(PPhs}y, KGO0 J=H =
Nl : ¢ - o
':?v—n]'}_ :!.-I:O'B = TolEXOHWater Nj:r_,.}"—“-_ff” J
=\ ~
AW Y 7
[0114] S-(4 B-diphenyl-1,3, 5 Irazin-2-yl}-2-lluorobenzonilrile
[0115] 500 mL o]+ ZgF~3(2-neck flask)ell 2-chloro-4,6-diphenyl-1,3,5-triazine (2.00 g, 7.47 mmol), 2-
fluoro-5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)benzonitrile (2.77 g, 11.21mmol), K.CO; (5.16 g,
37.35 mmol), Pd(PPhs), (0.26 g, 0.22 mmol)E ¥l THFS} water] &3 &ul(FIH]= 3:1, 200 mL)2 =%

o], ZIES 12A17F HoF BF wWRIAHT. ¥WHSEE Z pethylene chloride(MC)¢} hexane(H-3H]=3:7)<&
o] &3t A= (column) FHE aste] uAFENe] SF=A-18 EATE. (2.10 g, T&: 79.78 %)
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[0116]

[0117]

[0118]
[0119]

[0120]

[0121]

[0122]

[0123]

[0124]

[0125]

[0126]

[0127]

[0128]

[0129]

[0130]
[0131]

SIHSd 10-2020-0080883

2-bromospiro|fluorene-9,9'-xanthene]

1000mL. o]+ Z2}2A =0 2-bromo-9H-f luoren-9-one (50g, 193 mmol), phenol (170mL, 1930 mmol), wEr==FEAL
(50.1mL, 771.9 mmol)E 160TColA 12A17F H<F wwkalich. w30 Y 3 7+t ZF/ & Ag71a Asty
3EB-1S Ar}. (43.6g, F&: 55%)

(3) 3}3+EB-2

0 NH, ~ 0 e
=y e = =
" ] [ : H
v 1 ] \§,‘\ o 2 N
{', W «rBr /{ \ i \! N .
S Mt = —t 7 3
NS
—

N-phenylspirofflucrene-9 9'-xanthen]-2-amine

Ze} o 33HEB-1 (43.6g, 106.1 mmol), oFbd® (10.6ml, 116.6 mmol), Pds(dba)s; (1g, 1.1

E-HE¥x2~3 (50% in Toluene) (0.51ml, 1.1 mmol), AF-BHE-HEAFo]= (15.3g, 159 mmo
FEAZL T 124)2F BoF S5 wkelith, wkgo] Bk ¥ fEEadus SF
T2 FEII A75S A SHSNY. oF, AgglA Ao 3gER-28 ATt (35.9g, 5 80%)

H
(e}
o
o
=
-
o,

o
3

5H-spirofindeno(2,1-blcarbazole-7 9 -xanthene|

1000mL o] Ze}x~Fol 3}3-EB-2 (35.9g, 84.9 mmol), Pd(OAc), (1lg, 4.2 mmol)S OFME A =(280 ml) =
=9 7)ol
o= = H

AL F 12403 Bk BF WG wrgel B ¥, dEnades R4 FE0 47
FRe. olF, delba BAse] SFEB-3S AU, (26.8¢, T T50)

(5) Bgr=1-

S(4 G-gphenyl-1,3.5 nazin-2-y1)-2-[3H-spiraindenc{? 1-bleabarole-F 9-xanihen]-Soylbanzonilrile

100mL o]+ Zef~=e] 3gEA-1 (3.5g, 9.9 mmol), ﬂﬂ%B—B (4.2g, 9.9 mmol), A& 7}RM|°]E (6.5¢g
19.9 mmol) & tho|wE Z Zolulo] = (50 ml)ol HEAZI & 190TCo|A] 16417 HoF wuksloit). HkSo] 4 &,

_22_



[0133]
[0134]

[0135]

[0136]
[0137]

[0138]

[0139]

[0140]
[0141]

[0142]

[0143]

[0144]

[0145]

[0147]

[0148]

ZIHSd 10-2020-0080883
degzzdgy ST 238 §715S 49 SRt Ay ddse] sh=1-18 2. (G.1g,

T8 69%)

2. ggr=1-29 A

0 B(OH)»
CO0

05N

2-(2-nilrophenyl)spiro[fluorene-9,9"-xanthene|

500 mL o]+ Z#x=ol 3HEB-1 (30g, 72.9 mmol), 2-UE=RIY H2YA= (13.4g, 80.2 mmol),
Pd(PPhy), (4.2g, 3.6 mmol), EEFF7IHUYC]E (20.2g, 145.9 mmmol)E EFM(365ml), oE2L¢FS(70ml), =
F(7omD) o] EF Gullell AR F 1243 FF F wRkEgich. whgo] i ¥ tIREdwy) TR

-1

o3
R e
2 ‘I‘EO]'—E F715S A SR, olF, AeIHd ddste ehel-1e A9drk. (19.5g, & 59%)

R

H
S5H-spirofindeno[1,2-b]carbazole-11,9-xanthene]

1000mL o]+ =gk~ 3EC-1 (19.5g, 43 mmol), EALE2A (33.8g, 129 mmol)S 1,2-Tjo|Z=2 =
A (220 mD)oll AEAIZ F 12417 B¢ SF wwreldtl. 1,2-tho] F 2 2MAlS o] &3] 7t FHI T A
A Aste] 3gEC-22 AAYt. (14.5g, S8 80%)

(3) 33HE1-2

M E

e O/\/
S-14 G-diphenyl-1,3 5-naan -2yl 2-405H-spiro{indeno| 1,2-bleariazole-11 9-xanthen]- 5y ibenzanirile

100mL o]+ ZgA=e] FFEA-1 (3.5, 9.9 mmol), ZFEC-2 (4.2g, 9.9 mmol), A& FFEUl°]E (6.5¢,
19.9 mmo) & tolW e X Folnfe] = (50 ml)oll HEAIZL & 190ToA 16A17F &<t wnksle), wkgo] & &,
Ezavey SHFE FE5310 f715S 2 /7S & He7rd d-st 3gE1-28 4. (4.5g, 7
£ 60%)

3. BhiHE1-3¢] F4

(1) 3}etED-1
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[0149]

[0150]
[0151]

[0152]

[0153]

[0154]

[0155]

[0156]

[0157]

[0158]
[0159]

[0160]

[0161]

[0162]
[0163]

SIHSd 10-2020-0080883

O

OH
Br
* * sl
1-bromospiro[fluorene-9,9'-xanthene]

1000mL ©] 7+ Zg}2 =0l 1-bromo-9H-fluoren-9-one (50g, 193 mmol), & (169.7ml, 1929.7 mmol), ™ Er&EZ
2F (50.1ml, 74.2 mmol)& 160°ColAl 12A13F &< wykslglt}, whgo] v & 1% S/ & Agstd 443}
o 35E3-15 AU, (35.7g, & 45%)

(2) 3gr=D-
[Wh-&-2]3-2]
(0]
OO e
NO,
Br +

O

A B9 7)o A], 1000mL o]+ Z&2=9] 3FEED-1 (35.7g, 86.8 mmol), 2-HUE=ZHAE HEZYA|= (15.9g,
95.5mmol), Pd(PPhs); (5g, 4.3 mmol), XE}FIIHUYIOIE (24g, 173.6 mmmol)S EF<1(430ml), ANELdFE
(85ml), TF4(85ml)el Z3t&ulo AEAZl F 12417 &<t 3 ﬂﬂ}ﬁ]’oﬂi}. kS0l 2d 3, gEE2de

g
B ERER FFAT 47122 4 2R F A Aol H3ED-28 AT (13g, FE: 33%)

1-(2-mitrophenyl)spirolflucrene-9, 9"-xanthene]

(3) 3+=D-3

[RF-&-2]3-3]

SH-spiro[indeno[1,2-clearbazole-12 9" -xanthene]
A B971eA, 500mL o]+ %E}iﬂoﬂ SItED-2 (13g, 28.6 mmol), EIAIE~F (22.5g, 86 mmol)S
2

WAl (145 mDoll FAEAIZL F 12413F St ghF wdkshgivh. 1,2-the] S 2 =/lAlS o]8-afo] 7t
=7 5 Ad7Aa Zddsto] sgED-38 Ay, (7.23g, & 60%)

S-(4, 6-diphenyl-1,3,5-lnazin-2-y03-2-(SH-spirafindenc|1,2-clearbazole-12 9 -xanthen]-5 -yl benzonidrile

100mL o] Z&2=Ae) &3HEA-1 (3.5g, 9.9 mmol), FFED-3 (4.2g, 9.9 mmol), MF FHRUC]E (6.5¢,
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[0165]
[0166]

[0167]

[0168]
[0169]

[0171]

[0172]

[0173]
[0174]

[0175]

[0176]

[0177]

[0178]

[0179]

SIHSd 10-2020-0080883

19.9 mmol) & tolwE X Eolulo] = (50 ml)oll HEAIZL F 190TolA 16417 &<9F wutslieh, Wkgo] Ed &,
HaEzzvey SHF2 3532 f715S 72 SF F desrd ddste g3dE1-38 4tk (4.8g,

& 65%)

& O — &

(2-bromophenyl)(phenyl)sulfane

1000mL  ©]F ZetAade| 2-HaE-wizsto]e (50g, 264.4 mmol), ololQ=wHlAl (23.5ml, 290.9 mmol),
Pd(dba)2 (7.6g, 13.2 mmol), HA(tloldldEAy )24 (7.3g, 13.2 mmmol), AF-BHE-FEAlol=
(38.1g, 396.7 mmmol)S EFN(1300ml)el]l HEAZ T 1247+ B¢k 37 wuksigitt. s F8 5 29
At EE o] &3ste] of#eqitt. odg 7 T/ § Augbd Ailste] SFEE-1S duvk. (35.1g, F&:
70%)

2-bromospiro|fluorene-9 9-thioxanthene)

A B 7oA, 1000mL o]+ Zz}~=0 3EE-1 (35.1g, 132.3 mmol)S HIEZSo|=2F & (440 mL)ol
A7 3 B =glo] olo]AE o] gdle] EFEL -78CE WZSEY. o7, 2.5M n-F-EeF (58.2ml, 145.53

mol)& AW AR 1A F ek, HlEgeol =R FeH(330 L) 2-H 2T -9I-EF 0 U-9-&
(35.1g, 132.3 mmol)& %6 AL Gels FrhHer dAds Arpekslt. SvlE AAR dHes SR
dzskglek. of71el, obMEAR: fdAk(F-]1]=1:10, 400 mL)E FH7Fstel, BFEE-28 AAvk. (40.5 g, +&:
70%)

s S
+ EE——
H55 T O 5

‘\- )
(S \J | oS, P /\'

g
MN-phenylspiro[fluorene-9 9 -thioxanthen]-2-amine
500mL o] Zef=Ad FRHEE-2 (40.5g, 94.8 mmol), obd¥ (9.5ml, 104.2 mmol), Pd.(dba); (0.9g, 0.9

mmol), ET-HE-HEX2~3 (50% in Toluene) (0.5ml, 0.9 mmmol), AF-HE-FHEAlo]= (13.6g, 142.1
mol )& FF(470 mD)ol @EAIZ F 12A17F Bt 37 wdksiglol. whgeo] 2 & 22 el FHF
2 FE3 F715S Y 57 F AgsrA Ao SF=E-38 ATk, (31.2g, F&: 75%)

(4) B}FEE-

_25_



[0180]

[0181]
[0182]

[0183]

[0184]

[0185]

[0186]

[0188]
[0189]

[0190]

[0191]

[0192]

[0194]

SIHSd 10-2020-0080883

SH-spiroindenc[2,1-blcarbazole-7 9" -thioxanthene]

500mL o]+ Ze}x2=o 3FEEE-3 (31.2g, 71.1 mmol), Pd(0Ac); (0.8g, 3.5 mmol)S OFAE A =(230 ml)ol
YA & 124]7F 5t B F—J'él' o, 9go]l Ed 3, yEZ2vey FHTE FE
=5 & A7 A-hste] SEE-4E AU, (22.7g, 73%)

ofi
ol
o

b #7152 e

5-14, G-diphenyl-1,3,5-triazin-2-y1)-2-{5H-
sparofindenol2 1-blearbazolke- ¢ 9-thioxanthen)-5-
ylbenzonitnle

500mL o] Z2~3o] 3HEEA-1 (3.5g, 9.9 mmol),
19.9 mmol)& tho|HEx Eoluto] =(50 ml)oll HEAIZ!

Hgzedus $REE FEGN 415E 4¢ T

3}etEE-4 (4.3g, 9.9 mmol), Al 7FFHU]E (6.5g,
< 190TColA 16A17F Bt nRESFAATE, HEgo] £ &
o5 AggbA Adste] RE1-6S AT (4.3g,

T8 56%)
5. 3§E2-19 ¥4

Yo .:"':\
W i CN
\:}=N p—
+ —_— N gl —F
W N
N e
.,.—-::_ Loy
{:\, .-’.\-'l

S04 6-chiphenyi-1,3,9-Inazin-2-yl)-2-Nuoroisophthalonilrile

500 mL o]+ Z8}2~39l 2-chloro-4,6-diphenyl-1,3,5-triazine (10.0 g, 37.35 mmol), 2-fluoro-5-(4,4,5,5-
tetramethyl-1,3,2-dioxaborolan-2-yl)isophthalonitrile (15.24 g, 56.03mmol), K.CO; (25.81 g, 186.77
mmol), Pd(PPhs), (1.29 g, 1.12 mmol)S Y iL THFS} watere] &% &vj(E3u]= 3:1, 200 nL) & FAT}t. o] F,

12717 5ot 3bF WA FH Y. 9-8-F 8 3 MCihexane (F3H]=3:7)& o]|&3 AH FAHS Fa uAMNH 3}
FEF-1S AUk, (10.0 g, & 75.98 %)

(2) 33HE2-1
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[0195]

[0196]
[0197]

[0199]

[0200]

[0201]

[0202]

[0203]

[0204]

[0205]

[0207]
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o ] o ]
R M S
£
H._H
o s
!I/
s E—
o
=t
Y
S

S04 B-dphanyl-1,3 B nazn-2-y1)-2-{5H-sperofindenc{? 1-Dlcarbazoke- T S-xantben|-S-yirsaphlhaionirle

500mL o] ZExFel FFEF-1 (3.5, 9.27 mmol), 3FEB-3 (4.3g, 10.20 mmol), A& 7IRHolE
(6.04g, 18.55 mmol)S tho|WREZEolmte] = (50 ml)oll @EAIZL & 190°CollA 16417 wutalleh. whgo] &yt
3, gEREAey) FHRFE FEI4A G715 AY FF F Ak Zdste gEE2-1S Ik, (4.0g,
5 55.37%)

A & 28 FHxsid, 2FEAZ(240)S F
50~99%9] FEYE 7HAH, & R

o], TAEE 9 60~80%Y EHHE ztu, EHEE
Z2E HuEY HF EAAE @RHMOp )@ =HES HuEY Hi EAAE @ (HOMOppa:) XFo]
(|HOMOgosi~HOMOpopn 1) B EAES] HAFS Bl A F EAAE A2 (LM ) 3 EHES] HAF vldF 22
A= @ (LUMOpopant) 2FOT (ILUMOosi—LUMOpopant | ) 0.5eVol8l7b E| &% 3t} oo whg}, TAEA ZHER]

A &}o) s (charge transfer) &&0o] AT},

olw, =HES AT oAt TAES AFTF duARY i, mHES Tdd Uy e mHES] 4T
oiAe] o] (AEs)= 0.3eVelstel AS 5Qo® vk, AByb 2% wdado] S7ksi, & 2w A

[e]

=
AGF spgEclM e, =HES] dd@ oluA el e oldAe] Aol (AEq) 7t vl & °F 0
AAlel osl @A FE(S) o7IAkeh AT FE(T) o7[A7E S0 ZEi(Ip® ol | <
0.3)

0

ATk, (AEg=

dE SO}, olgh Re AL WHAAE BAERA, s] A3 F o= st o8|+ A

k
i,
[
il
e
U ke



[0208]

[0209]

[0210]

[0211]

[0213]

[0214]

[0215]

[0216]
[0217]

[0218]

[0219]

[0220]
[0221]

[0222]

ZIHSd 10-2020-0080883

2 = z3sto 2y &
o ol Mewst GART. = 0 FHo| e Al 1 EREAN AFF o7t

E
A5 pE —_— = =
=9 Al 1 E=HES] AT duAs TAEL] AFF duX G Fal A 2 ERES] 4S5 ouX Ry A

Ak viel o], & 2w AddF e s DA FH oAt A dE o7IAE o F @4,
= AR A7) ol dAstE o] ©ddd FE o7)Aket AT AE 7]

(IT0) Hell, A& FUSHATCN(SIA4, 7Tom), A¥F 755 (NPB(8EH215), 55mm), A Aek3 (m-CBP(3h
5+216), 10nm), 3 ZAZ(35mm), AEF A (BPYMPM(EEA7), 10nm), WA 53 (TPBi(3}e+H4]8),

20nm), A2 FRS(LiF), S5ADE <2k 45383l
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[0223]

[0224]
[0225]

[0226]

[0227]

[0228]

[0229]

[0230]

[0231]

[0232]

[0233]

[0234]

[0235]

[0236]

[0237]

[0238]

[0239]

[0240]

[0241]

[0242]

(1) ¥l
SER 3381239
Gt
(2) ¥l 2

AEZ 3‘;],61-/\139]
3319t

(3) HlxaLo3

rEZ 88439
AT,
(4) HlaLo4

m1o }ol-

tlo ol

SAEZR g],zﬂ-/\]g/]
o

3459},
(5) Add1
g], /K]SA

(6) A& 2

AEZ ;5;].8]—/&139]
< g8

(9) A5

ER 315439

2
& F4sksld.

st

3}t

5

shetE

shetE

shetE

shetE

shetE

shetE

EH-1(70wt%) &

EH-1(70wt%) &

EH-1(70wt%) &

H-1(70wt%) <

H-1(70wt%) <

H-1(70wt%) <

H-1(70wt%) <

H-1(70wt%) <

H-1(70wt%) <

k1
s

b1

_29_
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, EHER 35499 332 (30wth) = o] &3t IFEHATS

HERZ 31312109 318&(30wth) o]-&3ste] HF=HF

, EHE=R 3119 FHehE(3owth) = o]&ate] IR ELAS

AE=R 384129 345t (30wth) = o]&ate] TFELAS

_4

3}8k2]29] 3= 1-1(30wt%)S o] &3dto] w7

shshal29] 819HE1-2(30wt%) S

_4

o]-gsto] WFE A

s}ek2129] S13HE1-3(30wt%) & ©

_4

g3tol wyEA

3}3tA29] #3E1-6(30wth) S o] &ate] wEEA

s}eh229] FHE2-1(30wt%) & o83l WFEZ



[0243]

[0244]

[0245]

[0246]

[0247]

[0248]

[0249]

[0250]

[0251]

Hlarel 1 WA HaLel4,

ol x| Adalsell A Azte
AR aEn/W), A SFAEE(EQE), FHNEF3E (ELypa)
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[0252]

[0253]

[0254]

[0255]

[0257]

[0258]

[0259]

[0260]

[0261]

[0262]

[0263]

[0264]

ZIHSd 10-2020-0080883

[%1]
EQE ELI.I'I x
v cd/A W e CIE
(%) (mm)
Refl | 451 2098 14,61 7.88 504 (0,228, 0.446)

Ref2 416 41.31 3120 13.59 516 (0.275, 0.539)

Ref3 413 71.27 5.53 2.14 528 (0318, 0.5%4)

Reid 3.90 9.84 792 3.59 510 (0.261,0.467)

Ex1 2.81 6142 &8.66 1223 536 (0360, 0.569)

Ex2 355 54.51 4828 17.18 528 (0333, 0.569)

Ex3 382 52.93 4355 16.68 526 (0327, 0.569)

Exd 393 58.37 46.66 18.09 536 (0341, 0.568)

xS | 412 | 4564 3479 1503 518 (0.291, 0.546)

H1olA Bl At wuhs} o], Hlaell WA wlael4e] FYlEHTolose] Hls, X we] AAY HABE
olgd AWl A Felae] UMl o= B BYELS Sr)

53, #eaize] HFES ol §F wwedst HFFBL1 2 FFBL2E 0§ AWl L APel5E
S, A9 A Aohrlh ARHOEA FHako] 1A BTl JAHN.

% 4 2 oune) A 2 AAde] e folugthele=e] Al v ol

T 4o ZAlE mpe} o], i W e] A 2 AAlde] wE frRFTele=D)E ARZ wFEtE Al 1 2 A 2
A=(160, 164)8F o5 Alolel fAAsle F71E3E(162)S Eday, F71235(162)L A1 1 2 A 2 A=
(160, 164) Atelol 1xeby Al 1 2 A 2 Z(342, 344)S F3ets= TFEA3(340)03, A 1 A=(160) 7 &
F EES(340) Abelel fAIsE AFFES (32007, Al 2 AF(164) ¥ 23 B2 (340) Alelell 9115k AA}

TEF(360) 2 5 vt

ir
o
OH
Od
C}O
=
2
X
[\
=

Ju

Eal, f] WHE(162)S A 1 AZ(160)3 AT FE2(320) Abolel 91715
(16005 14 5260 Al S A4 FASEOE 0 LG S5 A,
33

01-)'

wE, 67 S3E2(162)S BE F52(320)F WFEAZ(340) Aloldl YA AA 2FehE(330) 3 W B2
Z(340) 3 AR} $45(360) Alololl YIA3l= AF AEF(350)S o Egst == Q).

B 2(340) 0] QJolA, Al 1 Z=(342)F A 2 2(344) F o= st B wy o] dAd Y 3=
2 X, A 1 F(342)F A 2 F(344) F UE shvE 9 IFPES & 5 A Ay
o] gdg NUAE PG g dddd duA|ne 2 s e,

woekal Al 2 S(344)0] R e ek Aol et A

o

olat, Al 1 H(342)0] AAFY HYE
s,

olsh ge fIlEHTelLEeIAE, AAYY HFBe] BAY olUAS AFF oIUAt FY SgEE A
9slo] G AN WPe] Aojur] MR, AU e =D)S] P Fhol Frhekm WA Fol Fol
A,

=5, Ad9%

R

o
ke

A

Jm
o,
tlo

2 AdER agtee w2 FARES ZAR BXFo] \Y| wie] Mt FA4 &
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34
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=k

Gl
o

1

=

=

H

el

FooluAz ddEn

do](reverse intersystem crossing, RISC) &

3 o= el zto]7} 0.3eVR T} Zrar,

]

[e]

(340)& %3t

o

A 2=

L

Fu

B

S

)

OO0 ITH
=8 X9

1

gl
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