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g 1: B 3ol ke 38y 1 (P10 B4

2-(3,6-H) (OH-7}e}E-9-2)-9H-7Ie=-9- D H A Z e 2 Yo EZH (2-(3,6-Di _(9H-carbazole-9-y1)-9H-carbazol-
9-vl)terephthalonitrile)

b

Mo of

2R mE [ 1] 8h7] [9h32 1]l o3 W& o] &-3te] g3ttt
(W82 1]
Br
T
NH;

1. MaMO,
2K

\l

ﬁ ) QB] ) /@/a. } /Q/c.\'
\ \ i
Q@ i mmmm

(1) 3484 1-(1) : s3H4 L19 34
1.4-t]B 22 -2-0] @ =wlAl, (1,4-Dibromo—2-iodobenzene)

-t ERoldd (5.0 g, 19.9 mmol)S glacial acetic acid (9.6 mL)™} 96% H,SOs (3.8 mL)ol] H7}sla, &

FAS 0 TR FA8Fa, NaNO, (4.1 g, 59.8 mmol)S & (9.6 mL)ol ¥ F=8&HS A3 7latdvt. A7t
a0 ColA 1ARF gt B wwksh3it}. urea =84S 3] 7hete] ®Eg kA @42 NaNO& A7k

KI (9.9 g, 59.8 mmol)E & (9.6 mL)dll %<1 F8NES F2olA 7teta, EF NS oA 1AxHE 2443t
A wwksigich, ZAle] =X o wA] EFE FEHIa 22 AT, IAFe
dindichloromethane (DCM)oll =o]a, &g oS k3l

ZAAY. AFoz &ulE AAG F Ayt 49 Z2vEaH Y (hexane)S ©o]E3te] Ao &3k gle)
2 L15.2 g8 AT (FF5F © 72.8% yield).
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(2) A4l 1-(2) : 313+ L39] §A4

9-(2,5-t]H 2 ¥ #Hd)-3,6-T] (H-7P}=E=-9-)-9H-7M}=  (9-(2,5-Dibromophenyl)-3.6-di (9H-carbazol-9-y1)-
9H-carbazole)

3}ak2] L2 (500 mg, 1.01 mmol), copper iodide (57.4 mg, 0.302 mmol), 1.10-phenanthroline (108 mg, 0.603
mmol)$} potassium carbonate (416 mg, 3.02 mmol)E A#|¥ DMF (3.35 mL)ol =<l %, 3} L1 (545 mg,
1.51 mmol)& 150 TollA 7kt EFES 1A 59 Aa BH7IdA SF3ch. Aoz 23 & I
glo] =X &= EES AASI ). dichloromethane (DCM)E §Mof] 7}3k & sodium thiosulfate =& o=
MASAT. F715S MgSO,E AZRA7|a, §uE T slolA AASEY. FAdES A7t 49 AZvEDL
I H (DM / hexane = 2 : 1 v/v)S o]&3le] AAgE & o] ux| gst2] L3 540 mgS AR (5%
73.5% yield).

(3) el 1-(3) : 382 1 (DCPTC)Y] &4

2-(3,6-t (OH-7}9}E-9-2)-9H-7IH=-9- D H A Z e 2 U] EZH (2-(3,6-Di _(9H-carbazole-9-y1)-9H-carbazol-
9-vl)terephthalonitrile)

s}skal L3 (950 mg, 1.3 mmol)$} copper (I) cyanide (300 mg, 3.6 mmol)E AAH DMF (4.75 mL)o] &<l %
174{‘%Pz%:%ﬁﬂﬂﬁ<%v4ﬁq.%%2i5ﬁ1$,§§%@%“$&ﬂ%5% FgA (10%)= 7Fskd

o, EFgEAE Eﬁ}"q 1A ELEES AASL dichloromethane (DCM) o2 F&E3}al 7890S sodium
thiosulfate &= AHGT. F715E& MgSO,E AxA7|aL, &ulE TIAZT. FdES HE7 4+
AZvtETHIAY (DM / hexane = 1 : 1 v/v)& o]&3te] EEstal 2545 we &8 3824 1 (DCPTC)

540 mgs LAY (F5E © 73.5% yield).
H MR (CDCl): & (ppm) 8.31 (s, 2H), 8.27 (s, 1H), 8.228.19 (m, 3H), 8.17 (d, Juu = 7.8 Hz, 4H),

7.437.28 (m, 12H), 7.12 (s, 3H). e MR (CDCly): & (ppm) 142.1, 141.4, 139.0, 135.6, 132.2, 130.9,

130.8, 126.9, 126.0, 125.2, 123.3, 120.4, 120.1, 120.0, 118.3, 114.8, 114.5, 114.1, 110.7, 109.4.

MS (MALDI-TOF) m/z: calcd CyHosNs [M+]§ 623.70 found 624.18. Anal. calcd for CuHusNs: C, 84.73; H, 4.04;
N, 11.23. Found: C, 85.87; H, 5.53; N: 12.94.
Agd 2 0 B dge] wE 5312 2 (DCPO)S A4

3',5'-Y(H-7HFE-9-Y)-[1.1'-vlo] Hd ]-2.5-H 7tH Yo EF (3',5'-Di(9 carbazol-9-y1)-[1.1'-
biphenyl]-2.5-dicarbonitrile)

wonge] me [584 20 o] [We4 219 g% Pue olgstel T
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[RE-&-2] 2]
o}
b CN
o 1 NaND, NH, TFAA
—_ = _—
HO 2KI 2N HE

Br O Br B

14 Ls

A,

1,10-Phenanthroline
K00,
DI

_ B NC
— -—-
PdidppfiCl, O N N O Pd(PPhs)y
KOAc K,C0;

DMF

(1) el 2-(1) : 3}8Hy 149 &7

2-B 2 R e Zeolu = (2-Bromoterephthalamide)

-2 RHHZY 4 (100 mg, 0.408 mmol)S SOCIL, (0.3 mL)e} Al 12A17F Bt #F3iith. #eFe] SOCl,
2 AAs T, FAES jce-NHOHOl 718ttt HAES et 22 33 A Hsta AF shor] & Az
T =] #3518 14 2.0 ¢ AT (F5FE ¢ 83.5%).

(2) &4 2-(2) : 384 L5 A4

2-B 2 RHHXZEE o] EZ (2-Bromoterephthalonitrile)

A BE7lel A 334 14 (6.9 g, 28.2 mmol)E 1,4-dioxane (130 mL)®} pyridine (28 mL), TFAA (16 nL,
113 mmol)ell 7}8FATh. o] E3HENES 17 AlZF &t Ao utglk & d&Ed] 7sinh. JHES ZHE
B 2Ed &, B2 MAFHS AF selA & Ax=AAY. FAAES A 49 Z=efE I H 00D ol
43t A & T A 384 L5 4.4 g8 AAY (F5F 1 75.2%).

(3) &4 2-(3) : 3+ 169 A

9-(5-B 2% -1 . 3-#Hd &) 2~ (9H-7}<=) (9-(5-bromo-1,3-phenylene) bis(9H-carbazole))

7}u}= (carbazole, 2.4 g, 14.3 mmol), 1,3,5-tribromobenzene (2.0 g, 6.35 mmol), copper iodide (242 mg,
1.27 mmol), 1.10-phenanthroline (229 mg, 1.27 mmol) 2 potassium carbonate (2.0 g, 14.3 mmol)S AAE
DMF (20 mL) Y3 12 A+ B¢k SF&er. Aeow Yzslk & &3tgoS AE 3t dichloromethane (DC
Mol =3ct. B2 23] A3 & sodium thiosulfate &N 2 23] MAFFAL. 7152 MgSO.E o] &3}
o AxA7| ZAF st gulE G, JFES A7t A7 A2 EIHIAFOA) S o)&3te HA
Axe] wA 85h 16 1.2 g& AT (FEF : 38.8% yield).

(4) &dd 2-(4) : 38y L79 &4

9-(5-3,3,4 4-v =g E H E&-1-9)-1,3-dd d) ] A~ (9H-7HF=) (9-(5-(3,3,4.,4 tetramethylborolan-1-yl)-
1.3-phenylene)bis(9H-carbazole)

i B9Vl 3}e] L6 (250 mg, 0.513 mmol), bis(pinacolato)diboron (150 mg, 0.590 mmol),

_8_



[0077]

[0078]

[0079]

[0080]

[0081]

[0083]

[0084]

[0085]

[0086]
[0088]

[0089]

[0090]

[0091]
[0092]

SEE36 10-2009566

Pd(dppf)Cl, (11.3 mg, 0.0154 mmol)  KOAc (151 mg, 1.54 mmol)=S AA|¥ DMF (3.0 mL)ol| 7}3F ¥ 5A1F &
gk 80 CellA uRksgIth. Ao =2 Wzt A7l & Z3-8de o 7lete] AAES AY AR o] FHES
#2]3taL dichloromethane (DCM)o] =%ith. o] EFAS sodium thlosulfate FgHo T AMFFL FUFS
MgSO.= A=A AT, F stellA &mE AA -, JAES HElgt 29 Z=ZetE 289 (DM / hexane /
kol

2

[o
w
o

ethyl acetate = 1 : 1 : 0.1 v/v)S o]&3}o A & Ao x| 8}sk4] L7 252 mgS LAY (F5F
70.2%) .

(5) &4 2-(5) : &34 2 (DCPCYS] A

3,5 -Y(H-7HFE-9-Y)-[1.1'-vlo]Hd ]-2.5-H 7tH Yo EF (3',5'-Di(9H carbazol-9-y1)-[1.,1'-

biphenyl]-2.5-dicarbonitrile)

&84 L7 (900 mg, 1.68 mmol)@} &3 L6 (366 mg, 1.77 mmol), K.CO5 (697 mg, 5.04 mmol)S BAE EF<l
(5.6 L) 2 B (1.7 mL)o] 7Feta 30% SoF AdatA wutsldl. a2ga TN 18 AJ7F FoF 90 Tl A
Zuf9} A SRt Ao w A T DONS UIEte] TS H9tk. o] EFNS sodium thiosulfate
FEAoZ MFIL T, {75 NgSO,E ol&3te] A=A, FF Sl &ulE Y &, JFAES APt
A AZelETIH (DM / hexane = 1 @ 1 v/v)& o838t AAS & A A 38H24] 2 720 mgS AU
o (F5E : 60.3%).

' ONMR (CDCly): & (ppm) 8.17 (d, “Juw = 7.7 Hz, 4H), 8.02 (s, 1H), 7.997.97 (m, 2H), 7.857.71(m, 3H)

7.67 (d, Juu = 8.2 Hz, 4H), 7.49 (t, Juu = 8.2 Hz, 4H), 7.35 (t, Ty = 7.7 Hz, 4H). "C NMR (CDCls):
§ (ppm) 145.2, 142.0, 141.1, 139.6. 135.1, 130.9, 130.0, 127.4, 126.7, 126.1, 123.4, 121.0, 120.6,
120.2, 120.0, 111.3, 109.9.

MS (MALDI-TOF) m/z: calcd CaglyoNy [M+]; 534.18 found 535.12. Anal. calcd for CsgHwNs: C, 85.37; H, 4.15;
N, 10.48. Found: C, 85.07; H, 5.82; N: 11.94.
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4
X 107N, FeelAe] S Astolw, d7] [E 11 2 AnE ¥ el

[% 1]
; :‘max, abs }Lrnax, em
Compound
Toluene CHClL; DCM Toluene CHCl, DCM
1 203 nm 293 nin 293 nmm 478 nm 528 nm 545 nm
2 203 nin 293 nin 292 nm 4534 nm 492 nn 506 nm

A 2
7] 3& B wgel we [shsh4 113} [sheha) 219 Aenge] wWAE DFT AtoR vehd ezola,
7] [ 2] AAen|ge] wjAE DFT AMtez vehdl Zle= HOMOSH LMO®| #Ee] A=akt Alrtas et
W Aot
[xX 2]
ST, Energy HOMO/LUMO Energy Band gap
Compound
Calculated AEcr Calculated Measured Calculated  Measured
1 2192076V 0126V -3.64/-3.19 eV -5.60/-1.63 eV 245 eV 394 eV
2 256/242eV  0.14eV  -588/-2.96 ¢V -5.72/-1.88 eV 2.89¢V 384eV

HES AUAS UG UH ] Zol (AT B8] 18] Z5 0.12 eVolam, B45H4 29] 9ol 0.14 o
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olw | HOMO / LUMO ol A= CV (cyclic voltammetry)ZS E3te] 3}shal 1, 27F 242 5.60 eV / - 1.63 eV, -
5.72 eV / - 1.88 eVE =A T}

wek, = 204 ¥ £ g vkel o], HOMOSF LUMOZF AAAA ¢x & Eydo] ¢S Feld
o™ o]9} o] HOMOSF LUMO 3+ HH o] #HAste] Aadt dux| et Tdd dux]e] zto]( AEs) &

A Hg.

ek, sheh 13 38k 20 ik HOMOol Al 9] AA dxs &
LUMOS wiet =k "o $jx|o] ZA #ofsta, 53
= A2 AR HRE st ol#d e X*XP k| T G Alole] o A|x~El wXA;
(RISC) Z2M2E folsiAl & 4= A star, o]o] wa} 3 FA &S YER A "),

BAtx AAE Gaussian ZRIWE o] fsle] Fsiion, WEHIolZ (DFT:Density Functional
Theory, B3LYP/6-31G(d))S =¢ate] Btz HH 3}, oy &= (HOMO, LUMO) #& IALHYT).

5 4

Fio A EakEo] gla, YAjoliedd
w2l FhkErIE HOMosa‘r LUMO Atolo] 3 =

Add 3
3l7] & 4 B dage] w2 [shea] 113 [3}eh2] 2]9] Transient PL 2 prompt PL dynamice EF<¢1 -&ujo|
A AYF A9E BolFe agzoln, &7 [X 31L& ARES ZE Uk Aowx, B dyd mE 33E9

Oxyeen-Free

Compound  Air-saturated
Prompt  Delayed

1 57.3ns 87.6 ng 493 ns
2 15.0ns 19.2 ns 36.2 us
Woabgo] w2 3}eha] 18 355 mmoll A 49.3 ps, 3F8H 2+ 36.2 pse XA NS YERNAG.

B odlgo] wyxizl F/iE 3 ( “Effective thermally activated delayed fluorescence emitter and its
performance in OLED device” , Synthetic Metals 209 (2015) 99104)o|A A8k &}7] 3}s+&E (DCN3)S 7
T =794 oF 3 pso A d4S YERUL.

ol¢} 7ol TA ol I A TAolwe X3S Hd7|o 2¥, 59 X £ (terephthalonitrile)dt &
wgo] we 3hek] 1S #Hdr]e] 2, 69 $Xol =< (isophthalonitrile)d A7) 3}gHEo] nsle] Eab W)
Fo] my REGFEZD S gAEH 2 (A olesd) Atolo] A0 W (distortion)o] T FA oA
AHEE U AAAAA dASA FdE Addds e

wzla], 2 dgo] wE Addd “H9E 3E =

o
e

of AT FA T2 AT P 59 A

hud

oNv

& B odtgo] wE 3}8hA 1 (a, o) 334 2 (b, )Y FFHAAFAAS JEhE TGA (a, b) 2 DSC
(c, d) 28 A= vehd gz o|u},
TGA &4 Ay, 34 12 B3 &% 415 ColAd 53 4
85.8% o|a, A 2% 306 CollA Eaixx g 2 e

2
=
o
ox

11}(e3

2 vrhiglon sy A% 8o o

il

ok
b



[0110]

[0111]

[0113]
[0114]

[0115]

[0116]

F71dG Aol A g §8S ATV YEiME FE Ao EE Folal, oF 70-90
B2 B 255 AAsE o] E44d up, B dyo] upE slska] 13 38k 2%
SgE FrldgazE FES 5 o

Add 5

7] (% 4l B el v [s4504 13} (3344 2199 FAasS ehd Aol

[

=1

4]

Quantum yield (in toluene solution)

average

Compound

Air- Oxygen- Air- Oxygen- Air- Oxygen- Alr- Oxygen-
saturated Free saturated Free satwrated Free saturated Free
1 19.8 % 97.7% 20.2% 95.2% 19.9% 04.3% 20.0% 05.7 0
2 36.4% 91.7% 35.8% 00.9% 36.2% 02.2% 36.1% 91.6 %
=02
EH]
EEHD
1.0 1.0 1.0 MO
- = (b) —_— C?ICI,
208 08 S o8 f DM 1os 3
L . @ .
= <% | <
EU.B 0.6 g EDG 0.6 2
2 28 2
50.4 04 & 504 04 8
@ 2 =
2 ol i
0.2 020 02 0.2 o
0.0 0.0 0.0 L0.0
300 400 500 600 700 300 400 500 600 700

Wavelength (nm) Wavelength (nm)
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LUNMO HOMO
Er4
-;.-1.2
10° (a) — Air-saturated 5’_1 0 (b) —— Alir-saturated
. - Oxygen-Free 2 = Qxygen-Free
510 ]| 5728 ns Bo.8
%:zs 87.57 ns Eoe
0 100 200 300 400 0 50 100 150
Time (ps) Time (ns)
-;1.2
0 (c) — Airsaturated | & (d) ——Ripsaturated
1071 <1.0 = Oxygen-Free
—— Oxygen-Free | &
= 15.0 ns ] 0.8
210" §
5:” 19.2 ns Eos
.‘%
c
2
=
0 100 200 300 400 0 50 100 150
Time (ps) Time (ns)
EHs
(@) 4 ©
- -
= =
= 2
=0 Ha
= 3
- -16
20 20 14
o ~ 5 21 14 47 00 07 14 2 ST e
E VisFofct E, Vs FeFet E,VrsFeFet
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TRAFROE) HTEE-fEXEFENRRENEMEIRNERR A CENTNIEENENLXERE
DN (E)S KR102009566B 1 N (E)H 2019-08-09
HiES KR1020170133046 RiFH 2017-10-13
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BE (T RR)AGE) EWAEEZEEEESS
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KBEAN oAM=
AL RS
IPCH & C09K11/06 HO1L51/00 HO1L51/50
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WERF) B—&E
H AN FF SRk KR1020190041615A
INEReELE Espacenet
}ﬁg(&) 100 (a) — Air-saturated g:z (b) — Air-saturated
ARHAFANTRRAARTOLE-MEREENRREOLN 30 szmns 0 |os T
tERETRE , URATS FABNEOEBHMAGERNIHMERN T 0| 87570 Zos
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