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m =

AXEEHERT XT3, 6- AL N-FKErrfu 3, 6-—8-N- (48) -K
Erf S RBEUREEL TEM. WETAMAHEL, BHAE, 4
S, BAEE, RERRAEER, EAHARTAMATNL TEH, &
FHRAEEE R, KT, MEMEHENBRARFLTEMLE, R RE
B FBUR Aok AT & 4R BT IF M R . A1 A4 273°CH8 308°C B 46
A

K. ey sRTEs R

ABSTRACT

This article describes a detail study about synthesis routes and structures of
3,6-diiodo-9-phenylcabazole(1) and 3,6-diiodo-9-(4’-bromophenyl)carbazole(2). A
significance of this study lies in anal zing both the structures and optical, electrical
properties through measuring their melting point (M.P.), HNMR, infrared
spectroscopy (IR), thermogravimetric analysis (TGA) and fluorescence. However,
compared with another simple substituted derivatives, the heavy atoms (Br and 1)
substituted carbazole derivatives obtained much more excellent properties. The
compounds possessed high thermal stability and their thermal decomposition
temperatures were 273°C and 308°C respectively.

Key words: Conjugated compound; Carbazole derivative; Halogenation
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RIS — SRR I (0 R BUROC AR 2 T A i A4, DR D9 PR b i U 1
HIZt, Brleid e —FhEEF o Ot (R — Rt ok iz N
AR, R R AT MR EGRE AHLPOCARE B2 USRI Tk 2545
SRR T AR E AR . AR I A USRI R S T U
IR K HAT AR oR TR B RDLAN R o R J AT AR R I E AL &,
FT AR IR 97 A R A A BRI HUAR R Bon AR AABADL . s
AR 2

PR M A AR AE, BB R SL (R SR S B M R UEAR A AT 5, e
FEANDEECRE . EBURE ASARZ G S e R S U AR A BRI N I, Ry
A RMEAT AE I 2 R N e XA JE AR, X — A eI T
TN ERBR G ROk RE . AR 1) 4R R, BRSO IR A SO TAE
JTATIHE 5 FAH DR IO RS AL BT e U B S H T TS 1R 2 W] B K
Ko LI F IR EIH N T AR G EAINE A A5 BE /1.
AR A AV, IR A B A B Rl AT AR T A L R
FOGTCMADGAR R I A . iltn, £ OLED T IR AR, Rl s A4k
W1 FHRE 2 A RAFHAIERT . HOGTERL R 2 /L fBe i ipkt. ™

1.1 FER A M R

1.1. 1 IR RO STE 14 R

R (CLHND 2— AT ClE. OS2 HBANIER . AR RPI T E
RLRIRG dfs T HARGE Tk B850 S A4 BB SN 244.8°C,
RN 354.8°C; MIXTAFRUE A 167.20; MHXTEE (K=1) N 1: 10; ZESJE:
53.33 A (323.0°C); ZMA SR Ao

1.1, 2 R AL R

REAE N — A ILHER R, 2 —FEEREHLE R TR, TN R E
RETabatt, HATW T RIREST, FreARIER) 1. 3. 6 A1 8 Arfik L H 7=
FEMXSBAR, 1. 8 Asim N 7 Kok, AR BB NI 2= AL RE R, i DA
3. 6 BRIVALE E A Syl AR SE B AU . 3. 6 7 b AR Y S S 2R AL A T 2% e
WO SR o CRLEAR ) 5 RSB A4 s AL Sy AR S SERIEAL S 2. 558k, 4
JE 7 B S R AR, e SRR A AL SN
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JCMRE (OLED) (PR rf o RIS SR e v J (AT, i EL R KA T
M &5, FREzhxE, DIEMEERT AV BAT R 2 AR fan e 1 A s Ot g
JIRIIEIET, AT DA RO A S D B A AR P Tgo WRFURI, IRWETT L
KL, ot ERDE, 1 HNMS HAb M S gy AL RO
k2 BT R DS Ak, IR R AT AE Y it 7 b i B AR S
IR B Tg M@ POLE TR AP MR ERFHBE LA, e R AT
A IR DR AR R R3S AR B RE 0 ATAS B X SR B AR 2R S5 F A D9 AR B2 1 it
JERIEFC IR Rl B RGO BT O e b, R R AT AE B o T4
o DR8I o s R e A R0 ) o U O B RV T e 2 AT S

SR, B KR B S 56 B AR WF FUALE B PR A 25> 2 0 AT 55 AR il 14
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W F) — U 5T A0 B DI FELAT A J AT 272 ) AR R A ko TG T P 5 B 1k
LR 5 T SR I 22 A A T R L T B RS T 1 B LR S AL S E A ER T LA
FAHS HL AR BRI R IR AR . IR H, AU TARE R R
AR R AHDCBUROECH BRI AT Z ARG RCER TSR AR A 2 S B
R R, 1920

2. 15 AN ES

2. 1.1 35 R 5T
=1 PRI R TR

o
LAY i H AR e
9-F AL 9-phenylcabazoles CisHizN»
9- (4~8) FEHM e 9(4"-bromophenyl) carbazoler  C1sH1ZNBr~
filt {4 56 Potassium lodides Kl

TlES SR Potassium lodates KIO;e
KBl glacial acetic acid+ Ac OH~
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2.1.2 (&
F2 WA SEEHEEST e

i 25E FRe =T e
SM262 TSN BiRE LighiEfi 2 FR AT
JA2003N BV FHEEF 7T~ FERER N ERRA )
KMD HFifigBHAE WSRO HR AR 2847
SGW X4 BHES1Y LigtsERl B R R AT
sHZ-D(IDIEFF K ETETR 3 PN SR REE LT

GZX-9030 MBE HEFAGAM T-1875 o FiEEMIIERLRAERE

IF. Z St Wi PN ER R LT
TU-1900/1901 RAIES ] WaereEite R ERBRAMUSERTEEAT.
IRPrestize—21 HEMTREIIMIIEN  HARBELE-
AVANCE [] 400 #23 i ifris{y Bruker

2.2 KPR

2.2.1 3, 6-“H-9-xEMM (1) BHNERK

11 12

15 14

Scheme 1

A
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Scheme 2
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5 9-FKFEMEME (0. 2433 g, 0.1 mmol) . ffAL4H (0. 6640 g, 4.0 mmol) FfH
PR (0. 4277 g, 2.0 mmol) 5 50ml JKESIR %R T & . MI#RHE, TRIFRONVIR
FE 135°C, FEUKEERRIEIA 18 /NN o SOV B AR AL B R, MBS E0 AR 2T AR
. RMERSE, MRMEEARAEEZER. WMESE IR, R)575H
50m1 10% ACHRBR BN VA AT 30m]l ZETR/K Ve UTIE, H3IAAEREE. #—5
FHZ RN TR CEEMGELS . 7% N 74.80% (0.3703g). ¥4 T
9 185-186°C. th&W (1) JuEMritHE (%): C, 43.67; H, 2.24; N, 2.83;
found: C, 42.88: H, 2.25: N, 2.82, 'H-NMR (400 MHz, Chloroform-d) & :
8.40 (s, 2H), 7.71 - 7.58 (m, 4H), 7.50 (t, J = 9.4 Hz, 3H), 7.16
(d, J =8.6Hz, 2H). IR (KBr, cm'): 3134(s), 1595 (m), 1500 (w), 1463 (s),
1427(s), 1400(s), 1278(m), 1228(s), 1014(m) , 867 (w), 798(m), 756 (m),
696 (w), 630(w), 565(w), 563 (w).

2.2.2 3, 6-"H1-9- (4—8R) -FKEMM (2) HERK

Scheme 3

OO

Scheme 4

B 9- (4-P) FEIEMEME (0. 3222 g, 0. 1 mmol) « fliAL4H (0. 4980 g, 3.0 mmol)
FIRAESZER (0. 3210 g, 1.5 mmol) 55 20m] VKEEEE =i FIR & . s, fRiFk
NAREE 135°C, FEOKESFR AR 6 /N o N R B AL Bl 2, MR AR N
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AR, FH = EBEE DOEF A . RN SERE, NI SRR ET B =
e S BALTTVE , AR5 43 i F 50m1 10%MA QAR FRAM VA TR 30m1 2848 /K Weisk Ui vE »
RE A AR, 2T ESTRMEN TR R T ELS . 7%
9 82.22% (0.4720g). 1A 234-235C. &Y (2) TESHTHE (%): C,
37.67; H, 1.76; N, 2.44; found: C, 37.45; H, 1.75; N, 2.45. 'H-NMR (400
MHz, Chloroform-d) &: 8.39 (s, 2H), 7.75 (d, J = 8.1 Hz, 2H), 7.68
(d, J =8.6Hz, 2H), 7.37 (d, J =8.1Hz, 2H), 7.12 (d, J =8.6
Hz, 2H). IR (KBr, cm'): 3134(s), 1585(w), 1490(s), 1425(s), 1400(s),
1226 (m), 1068(m) , 933(s), 867(s), 827(s), 794(s), 630(m), 563(m),
497 (w).

F=F SHRILSHHES

3.1 o FiEMER S

EMMCEYIHERERE S, oS o - o fEM S C-H- o fEHI T O
%o

Table 1 The selected stacking interactions in compounds 1 and 2, respectively.

T Distance (A)
1
Cg(1)--Cg(3)? 3.847(7)
Cg(2)--Cg(1)? 3.900(7)
Cg(2)--Cg(3)? 3.727(6)
Cg(3)Cg(1)° 3.848(7)
Cg(3)Cg2)’° 3.728(6)
Cg(6)--Cg(7)° 3.890(6)
Cg(6)--Cg(8)" 3.877(6)
Cg(7)-Cg(6)* 3.889(6)
Cg(7)-Cg(8)" 3.761(6)
Cg(8)-Cg(6)? 3.876(6)
Cg(8)-Cg(7)? 3.761(6)
2
Cg(1)-+Cg(2)° 3.677(5)
Cg(1)-+Cg(3)? 3.645(5)
Cg(2)--Cg(1)? 3.677(5)
Cg(2)-+Cg(3)? 3.806(5)
Cg(3)-+Cg(1)° 3.645(5)

Cg(3)Cg(2)° 3.806(5)
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Symmetry codes: 2x,-1+y,z. P x,1+y,z. ¢x,-1+y,z. 9 x,1+y,z for 1.

Cg(1): N(1)-C(6)-C(1)-C(7)-C(12); Cg(2): C(1)-C(2)-C(3)-C(4)-C(5)-C(6);

Cg(3): C(7)-C(8)-C(9)-C(10)-C(11)-C(12); Cg(6): N(2)-C(24)-C(19)-C(25)-C(30);
Cq(7): C(19)-C(20)-C(21)-C(22)-C(23)-C(24);

Cg(8):C(25)-C(26)-C(27)-C(28)-C(29)-C(30)
Symmetry codes: 3-1+X,Y,Z. °1+X,Y,Z for 2.

Cg(1):  N(1)-C(6)-C(1)-C(7)-C(12); Cg(2): C(1)-C(2)-C(3)-C(4)-C(5)-C(6);

Cg(3): C(7)-C(8)-C(9)-C(10)-C(11)-C(12)

Table 2 The C-H:--x interactions in compounds 1.

C-H--7 H-m (A) C-H-z (%) Cm (A)
1

C(15)-H(15)-Cg(7)? [2656.02] 2.81 153 3.661(17)
C(18")-H(18")-Cg(4)° [1565.01] 2.95 135 3.663(16)
C(33)-H(33)Cg(2)° [2646.01] 2.90 141 3.669(17)
C(35)-H(35)-Cg(3)" [2546.01] 2.85 152 3.693(15)

Symmetry codes: 2 1-x,1/2+y,1-z. ®x,1+y,z. ¢ 1-x,-1/2+y,1-z. 9 -x,-1/2+y,1-z for 1.
Cg(2): C(1)-C(2)-C(3)-C(4)-C(5)-C(6); Cg(3): C(7)-C(8)-C(9)-C(10)-C(11)-C(12);

Cg(4):C(13)-C(14)-C(15)-C(16)-C(17)-C(18);Cg(7):C(19)-C(20)-C(21)-C(22)-C(23

)-C(24)
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3.2 IR4T#A

3.2.1 3, 6-—fi-9-ZKEMM (1) IROHr

100

Transemittance (%)

4000 3000 2000 1000

Wavenumber (cm™)

Fig.1 IR of compound 1

B LA ETE AT 0 T-RAE S HFHAYE & R SRS EF EEN, I
FORRIA K AT EY 5 E IR IRS) . « ZAME K Fig. 1 BLAE 3134 cm’!
LT AN ST, ARPE IS EIRIR C-H SR 4RHR 3N K A 7E 3000cm * A_L 7] DL
W b C-H BRI RBN B ( vew) o R B C=C 4R3I — A
PALE 1400-1625 cm ' 38 Bl A, B A4S 5 L IRAE 1595 1500+ 1463+ 1427 F1 1400cm”
) LA IR ST AR AR A E R PRI L C=C 1B B A A IR SR WA U o B8 |55 341 C-H
B i PR BDIE % K AEAE 1000-1300 cm ' JEFE . R4S, fE 12781014 cm'
6 1B P EH AR LA IR AT 0 B R BRI R A7 CE ) V& /E 1014-630 cm ' Y [ 1
Wty oy C-H SAE I 55 75 RGN I T N R TR SN NS TR 4R B . HIRAE
565 F1 563 cm IR IS A R Ak &4 1 B R RFAIE IR B I WA 0
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3.2.2 3, 6-—_fl1-9- (4-R) -ZFREMM (2) IRt

100
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Fig.2 IR of compound 2

AP R G451 E R AR, B DM &4 2 2L SR s Fik &4
1 AR ML . 0 Fig. 2 HUIRAE 3134 cm' ASRMIEA 0 R 75 &3 1 C-H
SRR AEIR SRS I . HREILAE 1425, 1490 F1 1585 cm ' Ak ) = AN IR AT U I 1A
AR GRS IS o 11 HEBILAE 1012-1276 em ' A HIWRISA 6 B 1 2R BRIIAEAE
IEILHE R Gerh C-H BRI I A AR TR AR Sh AT A A8 TR AR B W fig i A B AE. 1068630
cm JEFEIA . ALT 563 F1 497 cm ' P Ak AR B R WS U T 26 B 1 JRRIINLAE 55 B R TR )
1FAE
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3.3 TGA 77#f
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Fig.3 TGA curve of compound 1
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Fig.4 TGA curve of compound 2

LR 2 ATIE R eI AR ESWE . SLRERSAEmT, —eEtaY
1 A& 2 SRR L 10 °C min ' (M#AGER TR (Fig. 3 and 4) . 1EUIEfi#
Fig. 3 FvR, th&W 1 1E 273 C 2RI E R —HRR-F &R, RIUNHLEY 1 AR
E ARG EN: ., BT 273°C )G, A 1 THE . FENEY 2, IEKE
25-308°C Z [Al B/~ HAR B AR e 1, W1 Fig. 4 Fis. a2 fEidt— DS
B GG 18 il MATHISEIR A R B/, AW 2 B E M B s
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(d) & 170 T HERUT
Fig.5 L&Y 1 70 745 SHER 30

a0 Fig5 s, E@WEY 1 izstE. g ineady 1+ C3 5 C6
BE o A — MR T B () P25 A I b ARARAH K —Z4E K k. ML
BT IEE n- - E S CH- - n AR DA ELERE . () BT B2 20 il
ab. ac 5K “4ER 7 /=. EA)EY 1 HERE.
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ST DL R ALAMT IS ARAE . EATI I B i AR A A 45 2 ) Hdl . B
TERY, WAL G RIS AE N, e, SENETUR R HIX AN R AT AR
PILE S DRI 5 X B BE BB AR R T A IR K R AV e . FRATTARTS,
I o 5 ) PRI 90K 2 7 BT I e R M 7 A A R (g — 2B

=
Tk

it

13



FE T K 2016 JmARHE B GR3O

SE 30k

[1]

[2]

(3]

[4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]
[14]

[15]

[16]

[17]

(18]

Lin Hongzhen, Zheng Min, Yang Junlin & Bai Fenglian. Carbazole-containing
light-emitting polymers: Properties of excited states [J]. Chinese Sci. Bull. 2003, 48:
637-642

Murat Ates, Nesimi Uludag. Synthesis and Electropolymerization of 9-(4-vinylbenzyl)-
9H-carbazole on Carbon Fiber Microelectrode: Capacitive Behavior of
Poly(9-(4-vinylbenzyl)-9H-carbazole)[J]. Fiber. Polym. 2010, 11:331-337
JEDRE, A, XV E . PRI AN GG O /1 [J]. DGHUE 24k, 2007,
19(2):168-172
Liu Zhitian, Liu Jing, Yu Guowei. Synthesis and Characterization of
Carbazole-Fluorene-Solole Copolymers as Efficient Green Light Emitting Diodes [J]. J.
Inorg. Organomet. Polym. 2012, 22:1350-1357

W& R, T, BRI, BA RES S ROCRUN HRIERE =K IR AT £V Bk J 2R
G =5 FAR. 2009, 6:560-565

BRALE, BB, k&S, 3,6- ZAR-9- (4-FERORELD MMy & [d]. ik
71,2009,31 (9) :745-746

Gong Qihuang, Hu Xiaoyong, Yang Hong&Wang Shufeng. Ultafast organic nonlinear
optical molecules and the realization of mesoscopic photonic devices[J]. Chinese Sci. Bull.
2010, 55(20):2111-2117

Klaudia Radula-Janik, Teobald Kupka, Krzysztof Ejsmont, Zdzislaw Daszkiewicz,
Stephan P.A. Sauer. Molecular modeling and experimental studies on structure and NMR
parameters of 9-benzyl-3,6-diiodo-9H-carbazole[J]. Struct. Chem. 2015, 26:997-1006

Ding Jungiao, Zhang Baohua, Lv Jianhong. Solution-Processable Carbazole-Based
Conjugated Dendritic Hosts for Power-Efficient Blue-Electrophorescent Devices[J].
Adv.Mater. 2009, 21:4983-4986

A, B %K, ZEBOMESE. 3-1R-0- 2R FE MY G 0], SR RYT R}, 2012, 3(1):26-31
Ravi M Adhikari. CARBAZOLE-BASED EMITTING COMPOUNS: SYNTHESIS,
PHOTOPHYSICAL PROPERTIES AND FORMATION OF NANOPARTICLES[D].
United States: Graduate College of Bowling Green State University, 2008

BN, A, A, 3,60 RIS AR L2k 3], RiE 4k . 2008,
22(5):34-36

TR, B Y RIEATAE M) )& GBI FE[D]. PUABITYE K%, 2007

TV, EIERERR, SEIRSE.  IRIEATAEMIEA DL B B BT F st e [J]. 1L T8
TFFRL. 2009, 37(5):6-8

FRALE, B, BT, 9,9- - (3- (9-2RIRMEEL ) -2, T-FEEE 2 D A s [3]. 4k
2R, 2012,70 (5) :579-584

Rasa Lauriaviciute, Jolita Ostrauskaite, Juozas Vidas Grazulevicius and \ygintas
Jankauskas. Synthesis, properties, and self-polymerization of hole-transporting
carbazole- and  triphenylamine-based hydrazine monomers[J]. Des. Monomer. Polym.
2014, 17(3):255-265

WREME.  JE TR MR B8 FIBAORHE BT & S TERERT 7T[D]. B & AT A K,
2014

Navee Kungwan, Pipat Khongpracha, Supawadee Namuangruk. Theoretical study of

14



FE T K 2016 JmARHE B GR3O

[19]

[20]

linker-type effect in carbazole-carbazole based dyes on performances of dye-sensitized
solar cells[J]. Theor. Chem. Acc. 2014, 33: 1523

Seung-Sock Choi, Albert S. Lee, He Seung Lee. Synthesis and Characterization of
Ladder-like Structured Polysilsesquioxane with Carbazole Group[J]. Macromol. Res. 2011,
19(3): 261-265

Zhang Lianjie, Liu Zhulin, Zhang Xiaofei. Efficient Bule Light-Emitting Diodes Based on
Conjugated Polymers with Fluorinated Silole Chemically Doped in Fluorene-Carbazole
Main Chain[J]. J. Inorg. Organomet. Polym. 2015, 25: 64-72

15



FE T K2 2016 JEARNE T B30

B3R

1H.2.fid
2015.09.07 3I1CZ

5000

7.64
7.62
7.60
7.53

17

7.50
7.48
— 7.27 CDCI3

—8.40
7.68
7.66

é )

717
~7.15

4500

4000

/o

3500

3000

2500

2000

1500

1000

500

L B I L e o e e e LB e e L s s e e B s e e
9.1 9.0 89 88 87 86 85 84 83 82 81 80 79 78 77 7.6 75 74 73 72 7.1 7.0 69 6.8 67 66 65 6.4 63 62 61 6.0
f1 (ppm)

'H-NMR of compound 1

1H.25.fid
2015.09.17 Br
6500

— 7.27 CDCI3

—8.39
_-7.76
~7.74
_-7.69
~7.67
_-7.38
~7.36
_-713
~7.11

6000

5500

5000

4500

4000

3500

3000

2500

2000

1500

1000

500

-500

'H-NMR of compound 2

16



FE T K 2016 JmARHE B GR3O

BigF T F AR EZRAT AR

'

[1] Rui-Hai Chi, Gui-Mei Tang,*, Wen-Zhu Wan, Zhi-Qiang Chen, Ting-Xiang Yan, Yan-Ping

Dong, Yong-Tao Wang,*, Yue-Zhi Cui. Tunable photoluminescent materials based on two
phenylcarbazole-based dimers through the substituent groups. J.Lumin. JLUMIN-2016-517.
Under review.

[2] Gui-Mei Tang, Rui-Hai Chi, Wen-Zhu Wan, Yong-Tao Wang, Yue-Zhi Cui, Seik Weng Ng.

Synthesis, crystal structures, non-linear optic and thermal properties of two

di-iodo-carbazole derivatives. Solid State Sci. SSSCIE-2016-148. Under review.

2

TRV, ML Em i, e, —Fh V2R BEIEIE SR R I AL & 1%, CN 201610193682 1.

17



FE T K2 2016 JEARNE T B30

B O

FERZFATEERZ bR, PR B VU R 45 7 1 31 2% A2 28 oA — B
B BALF 2, DR A R R — A v B2, A TR 5 525
AR SCREMB IR A58 R, B ) IR 3 P 3 IR 7K 5 3 AR SR B BT S5
JSFT B B SR PRI oL 4 2 o

18



