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‘ BJQB] ar/@/}il XC/Q/C.\'
Q@ L10 Phenanticle |

(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, &
ANE 0 CE FASFL, NaNO, (4.1 g, 59.8 mmol)E & (9.6 mL)ell =<0 F&HES HHd3s] 7H8iglet. #H 7t
Wil 0 CellA 1A1ZF F<F o] wwksglth. urea 8 AS X338 7kste] RES 4] &F2 NaNO,& Al A3SITE.
KI (9.9 g, 59.8 mmol)E & (9.6 mL)o| ¥ F8NE A2o|A 718la, EdHS 7

A wHksigity. AAle] Izl gy 1A EFS dHEn EE OAFHIGC. TeR I "y 3
dindichloromethane (DCM)ol =o]at, I

ZAAY. AFom &ulE AAST F HdEy Ay Z=etEad I (hexane) S ©o]&3te] A £543 3}5)
4 L1 5.2 g& A (F5F 1 72.8% yield).

L

ufs
K

&g NS ssodiumthiosulfate F+&H o7 A A3}

(2) A4 1-(2) : 38 L39 A4
9-(2,5-t)H 22 ¥d)-3,6-t] (9H-F}u}=£-9-2)-9H-7}H}=E  (9-(2,5-Dibromophenyl)-3,6-di (9H-carbazol-9-y1)-

9H-carbazole)

3}st2 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 A|¥ DMF (3.35 mL)ol <l ¥ 3} L1 (545 mg,
1.51 mmol)& 150 CeolA 7slglth. £FES 1AZ B¢t A4 97|04 ERaIgict. 2oz A% 5, IdF
3o x| k= EES A|ASE Y. dichloromethane (DCM)S &0 713k & sodium thiosulfate 8RO 2
AFsTt. F715S NgSO.= AFA7|, &8s 2T dtollA AAT. FAES A7t A7 A=ZvED
PP (DM / hexane = 2 @ 1 v/v)S o83t AGAIst $ Mo 1A 84 L3 540 mgs AT (F5F
73.5% yield).

(3) Ald 1-(3) : 33 1 (DCPIC)S) A

2-(3.6-Y (H-7HuF£-9-Y) -9H-7HFE-9- ) Hl g T & 2 o] EZ(2-(3,6-Di _ (9H-carbazole-9-y1)-9H-carbazol-
9-vl)terephthalonitrile)

5}5‘1 3 (950 mg, 1.3 mmol)®} copper (I) cyanide (300 mg, 3.6 mmol)Z AAE DMF (4.75 mL)ol] =9
AZE 9t A BFY71NA FReith. o2 A% & 238 NS FASIUES 89 (109)E 7TeH
‘ﬂr. EggdS FAEsle] 1A E4ES AASEL dichloromethane (DOM) S FE33L F7]8HS sodium

thiosulfate =g8A o= AT, F712S NgSO,E AZRA 73, &ujE A ZAT. FodES Ayt A9
AZvtEa I (DM / hexane = 1 @ 1 v/v)& o]&3te ®stay &4 ue ¢4 382 1 (DCPIC)

N



[0052]

[0053]

[0055]

[0056]

[0057]

[0058]

[0059]

[0061]
[0062]

[0063]

[0065]

[0066]

Z2IHE3 10-2019-0041615
540 mgs LA (F5F : 73.5% yield).
MR (CDCL): & (ppm) 8.31 (s, 2H), 8.27 (s, 1H), 8.228.19 (m, 3H), 8.17 (d, Tew = 7.8 Hz, 4H),

7.437.28 (m, 12H), 7.12 (s, 3H). 13C NMR (CDCl3): & (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 CyHasNs [M+]§ 623.70 found 624.18. Anal. calcd for CuHosNs: C, 84.73; H, 4.04;
N, 11.23. Found: C, 85.87; H, 5.53; N: 12.94.

el 2 1 B @9l BE 54 2 (PO A

3',5'-T](9H-7}utE-9-2)-[1,1'-vto] A d ]-2,5-t] 7} H L o ER (3',5'-Di(9H carbazol-9-y1)-[1.1'-
biphenyl]-2,5-dicarbonitrile)

w o] e (384 21 o] [0S 206 &)@ Pue olgste] FAs.

CN
oy 1-MaNO NH, TFAA
—_— _— &
HO 1Kl H,N NC
Br
ol i

O,

=]

Cul
1,10-Phenanthroline
K00,

DI

CN
N
_ B NC i
B ,Piny /@\ ¢ L5
—_— —— —
PdidppfiCl, N N O Pd(PPhs), O i N
KOAG K,C0,
DMF

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

2-B 2 R g3 eolu = (2-Bromoterephthalamide)

of

3Fdek. #EFe] S0Cl,
2 AA T, JBAES jce-NLOHY 71819, AAES FAEslm 22 33 MNASn AT sl & Az

T g et 38 14 2.0 g& AU (F5F ¢ 83.5%).

-8 2R zeEd 2 (100 mg, 0.408 mmol)S SOCl; (0.3 mL)e} SHAl 12413+ FoF g5
A

(2) 44 2-(2) : 384 159 &4

-2 RHHXZEE o] EZ (2-Bromoterephthalonitrile)

_8_
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Az BT A 38+ L4 (6.9 g, 28.2 mmol)E 1,4-dioxane (130 mL)3} pyridine (28 mL), TFAA (16 L,
113 mmol)ell 7}akolth. o] EFENE 17 AZE Bk oA wnket & A& sleklth. AMES dHE
3l el ¥, 22 AFHEL AE st F dxAZT oES At A9 aRetEad I E0aDS ol
|3t A & =@M uA g8k 15 4.4 g& AJT (F5E 1 75.2%).

(3) Al 2-(3) : 38 L6 #A

9-(5-B 2% -1.3-#Hd &) 2 (9H-71H}=) (9-(5-bromo-1,3-phenylene) bis(9H-carbazole))

FH+= (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) % potassium carbonate (2.0 g, 14.3 mmol)= AAH
DMF (20 mL) Y3 12 A7t &<t 3539, Aoz Wyzhsl & =3tgdS AE3al dichloromethane (DC
Wl =3k, &2 23 AF3 3 sodium thiosulfate =& Ao = 23] AZsAtt. F715S NgSO,E ©] &3}

o HAzA7|Z FF stoll {ulE GG, FAES Ayt A9 A2eEaIHOODS o] &8t FA% &
Yo 1A s34 16 1.2 g% dATt (5% © 38.8% yield).

(4) A 2-(4) : 38 L79 #A

9-(5-3.3 4 4-d=gHEH ZE-1-9)-1 3-FHdA) B A~ (9H-7}H}=) (9-(5-(3.3.4.4 tetramethylborolan-1-y1)-
1,3-phenylene)bis(9H-carbazole)

A B71elA skEa L6 (250 mg, 0.513 mmol), bis(pinacolato)diboron (150 mg, 0.590 mmol),
Pd(dppf)Cl, (11.3 mg, 0.0154 mmol) % KOAc (151 mg, 1.54 mmol)ZS AHA® DMF (3.0 mL)o] 7}3k & SAIZF &

%oﬂ 7]—6]-04 fd?{%‘:’—%— /lglﬁ }\]?ﬂ]:]- ] Z%
23t dichloromethane (Dol A o] &3S sodium thiosulfate FENo2 A3t F7|5
MgSO,= Azx=AIZTH. F stollA &ujE Zﬂ 715 &, JodES Ayt A9 A=rtEadd® (DM / hexane
ethyl acetate = 1 @ 1 ¢ 0.1 v/v)& ol&sto] FAg & g ux 343424 L7 252 mgs AT (F5F
70.2%) .

O
Mo

2}

o,

oF 80 TCollA uwralich. Ao g Wz A7 & Eggo
3 KN

KR
=
KR
=

/

mo

(5) &Add 2-(5) : 33+ 2 (DCPOYY FA

3',5'-C](9H-7}u}E-9-2)-[1,1'-vto] A ]-2,5-t] 7} H L L}o| EF (3',5'-Di(9H carbazol-9-y1)-[1.1'-
biphenyl]-2,5-dicarbonitrile)

s}sh2] L7 (900 mg, 1.68 mmol)¥} s}8k2] L6 (366 mg, 1.77 mmol), KyCO; (697 mg, 5.04 mmol)S “A1¥H &<l

(5.6 mL) 2 E (1.7 mL)ol 7}8ka 308 ZoF AHEsHA HPo}s’,iE}. ada Eggas 18 AIZF <k 90 TolA
Zulo} A FFslvh. Aoz A3 &, DOME 7tete] EF NS =k, o] &3S sodium thiosulfate
Tz AHS T, {UIF5S MgS0,E ol&ste] HUXRAZAT. AF stoA] SvE @Y 3, FAES AYst

Ad FZ2vlEaH I (DCM / hexane = 1 @ 1 v/v)S o]&3te] At & Ao 1A &2 2 720 mgs
o (F5E © 60.3%).

I NIR (CDCl5): & (ppm) 8.17 (d, SJH_H = 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, Jyu = 8.2 Hz, 4H), 7.35 (t. Ty = 7.7 Hz, 4H). “C NMR (CDCls):
5 (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: caled CasHooN, [M1: 534.18 found 535.12. Anal. caled for CagHuNi: C. 85.37; H, 4.15;

N, 10.48. Found: C, 85.07; H, 5.82; N: 11.94.
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7] & 2 ¥ dwel wE [shehy 1]3 [3hehA 219 §d R 3R 2FEdoRA, g S (k= 1.0

X 107N, Ae)elAe 24 Avteld, &7 [E 1]1€ 1 A7E x2 Jehpglt).

[

=]

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
A7 2
a7] = 3& R el we [sheha) 1) [sheha) 219 Axbouge] wiAE DFT Ao vebd ezelw,
7] (% 2] Axpon|ete] Hix= DFT AAko 2 vebdl Ao = HOMOSH LUMOS] ZHEe] A=zkat AAMgS e
A Aot
[E 2]
ST, Energy HOMO/LUMO Energy Band gap
Compound
Calculated AEcr Calculated Measured Caleulated Measured
1 2.192.07 eV 0.12eV -3.64/-3.19 &V -5.60/-1.63 eV 2456V 394eV
2 25612426V 014eV -5.88/-2.96 eV -5.72/-1.88 eV 2.80 ¢V 384eV

AT ouxst gd@ oy Aol (AEg)= 3hehAe] 19] - 0.12 eVolar, 3h8h4 29| ZJ9-oll= 0.14 eV

olw | HOMO / LUMO A= CV (cyclic voltammetry)S %3}o] 3skA 1, 27} 242 5.60 eV / - 1.

5.72 eV / - 1.88 eVE =AHH T},

¥2 A

o, ofe} zFo] HOMOSH LUMO 7+ o] zhastel Aad olyAeh Gdd aAldA]e] Aol (AEg)
A At

wa, #5h4 13} 584 20 Oja HOWOSl A o) A W FhulE B
<1 ZHkE7]1E HOMOSE LUMO Alol

g, = 204 FRIF 4 9l wkek o], HOMOSH LMOZF HAAA iz FEHo] AS5s <l
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[0099]

[0100]
[0101]

[0102]

[0103]
[0104]

[0105]
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[0108]

[0109]

[0110]

[0111]

[0113]

[0114]
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Oxyzen-Free

Compound  Air-saturated
Prompt  Delayed

1 57.3ns 87.6 ns 493 ns

Z 15.0ns 19.2 ns 362 ns

F}*i

o] wp2 318k 12 355 nmoll A 49.3 ps, 3H8HY 2= 36.2 use AA AAES YERNATEH

Bowyol "Wzt Fa)sk 3 ( “Effective thermally activated delayed fluorescence emitter and its
performance in OLED device” , Synthetic Metals 209 (2015) 99104)oA A|AI3k &}7] 3}sgtE (DON3)S A2
TS 2dAA oF 3 pse A IS YERAL.
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[0115]

[0116]

Quantum yield (in toluene solution)

SIHSd 10-2019-0041615

1 2 3 average
Compound - : - = " =
Air- Oxygen- Air- Oxygen- Air- Oxygen- Alr- Oxygen-
saturated Free saturated Free saturated Free saturated Free
1 19.8 % 97.7% 20.2% 95.2% 19.9% 04.3% 20.0% 057 %
2 36.4% 91.7% 35.8% 90.9% 36.2% 02.2% 36.1% 91.6 %
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Heat Flow (mW)
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