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Scheme 1 The previous synthetic route for 2
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Scheme 2 The previous synthetic route for 3
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mL, 0.03 mol). JEIN5EEL 5, I ZE 55 °C 2 [ 12
h. S 45 oS K RON B A 2 300 mL pkoK

S RIA L AR BT Bl v KTk i A
LA T A5 B Y 6 TR RO 7 W) ) 2 TR 4
alifl 19 1 AR Sk 4. 44 g, IR h 86% . 'H-
NMR (600 MHz, CDCl,, & ): 8.12 (d, J=7.8
Hz, 2 H), 7.48 (1, J=7.2 Hz, 2 H), 7.42 (d,
J=8.4Hz,2H), 7.24 (t, J=7.2 Hz, 2 H),
4.31 (1, J=7.2 Hz, 2 H), 1.55 ~1.91 (m, 2
H),1.28 ~1.43 (m, 6 H), 0.88 (1, J=7.2 Hz,
3 H).
1.2.2 3,6-—fl-9-1E CLEEFR K (5) Y5 hL
4(2.59 g, 10 mmol ) FIflL {1k 27 (1.89 ¢, 12
mmol ) K YK AT I UK BE IR (50 mL) v, i 7 fif
B LR AR (2. 57 g, 12 mmol) 73 Jf PU S5 47y , 45 B 30
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Scheme 3 The modified converged synthetic route for 2 and 3
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K (25 mL x 3) ARk R S AN K I (25 mL x
3) A A AL BN K B (25 mL x 3) R, TEK
LT I R Tl = 7 o S N U S = T G
(PE)/V(EtOAc) =4:1) 15k i A [ 4 5.09 g,
e # Sl 88% . 'H-NMR (300 MHz, CDCl,, & ):
8.26 (s,2H),7.64 (d, J=8.1Hz,2H),7.10
(d, J=7.5Hz, 2 H), 4.13 (t, J=6 Hz, 2 H),
1.72~1.74 (m, 2 H), 1.20 ~1.22 (m, 6 H),
0.78 (t, J=6 Hz, 3 H).
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2 BAE PREAEE AT (V(PE) /V(EtOAc) =6:1),
R BB AR K 0.53 ¢, iR 86%. IR
(KBr, em™'): 2955 ( Ar—H), 2924, 2853
(—CH,), 2114 (—N,), 1583, 1488 (C = C,
Ar).'H-NMR (600 MHz, CDCL,, §): 7.70 (s, 2
H), 7.36 (d, J=8.4 Hz, 2 H), 7.15 (d, J =
8.4 Hz, 2 H), 4.26 (t, J=7.2 Hz, 2 H), 1.81
~1.86 (m, 2 H), 1.25~1.35 (m, 6 H), 0.85

(t, J=7.2 Hz, 3 H).
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i (20 mL) , % 5 28 1% 0 A 2-H BE-3-T -2
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12 h, B8 2 ER. WUERR ZHEA, T3 B, Pk
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& 1.50 g, Wt & K 73%. 'H-NMR (600 MHz,
CDCL,, 6 ): 8.13 (s, 2 H), 7.52 (d, J=8.4
Hz, 2 H), 7.31 (d, J=9.0 Hz, 2 H), 4.26 (t,

3-He-

J=7.2 Hz, 2 H), 2.07 (s, 2 H), 1.81 ~1.86
(m,2H), 1.25~1.35 (m, 6 H), 0.85 (t, J =
7.2 Hz, 3 H).
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45, Tk BAE PG AE R T (V(PE) /V(EWOAc) =4
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( KBr, 2957 ( Ar—H ), 2933, 2848
(—CH,), 3277 (alkyne CH), 2098 (alkyne C=
C), 1598,1489 (C = C, Ar).'H-NMR (600
Hz, CDCl,, 8 ): 8.19 (s, 2 H), 7.57(d, J =
8.4 Hz, 2 H), 7.30(d, J =8.4 Hz, 2 H), 4.24

em ™ ) :
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(t, J =7.5 Hz, 2 H), 3.05 (s, 2 H), 1.79 ~ (2 mg, 0.001 mmol) Jn A N &+, i A X 3
1.84 (m, 2 H), 1.21 ~1.35 (m, 6 H), 0.82 W, A DMF/ toluene(1: 1) IR &% 7 (8 mL)
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1.2.6 RREEREY (1) 6 AL i 48 h. F2 I 25 R, BN R A I R ORT
R G (1) B A BCR B 2R 4,4 2 (67 KB B S B TR 15 B R
mg, 0.2 mmol) .3(60 mg, 0.2 mmol) FI#tAk IV 4 ¥ 80 mg, HR K 63% .
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N
N; N; N VA N Q O
. O O Cul, Et3N N/: \ n
N N solvents, heating N
|
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2 3

Scheme 4 Synthesis of polymers 1

2 HR5IE

2.1 BEYIHIRIE

2 1 JRAEA [R50 v S A5 2 Y 2R A WY
Y& M PDI {H, H " £ DMF . toluene , THF FI
MeCN 45 21 (1) 5 P BT il 15 (9 GPC 3 K b &
ZAFERE M N, REEMA . ] CHCL
1l DMF/toluene 1] L1535 HLAT & 4> 7 R & W)
(A n ~210).

Table 1 Molecular weight and PDI of polymers with different organic
solvents®
Reaction tempeature
Solvent M, PDI
(C)
1 CHCI,4 60 133700 1.85
2 DMF/toluene 100 115500 1.97
3 DMF 100 4800 1.26
4 Toluene 100 5500 1.23
5 THF 65 5500 1. 44
6 MeCN 80 5700 1.37

*M, and M /M, were determined by gel permeation chromatography
(THF).

K 1 27 CHCl, #1 DMF/toluene H1 5 415 3|
9549 (1a; CHCL, ,1b; DMF/toluene, ) ffj GPC
Mk, AW 1a( 9L 4) 94> F & 2~ 133700, PDI
230 1.85. AW 1b (RL) 194 F &4 99300,
PDI {4 1. 97.

B2 Nk 2 3 RS . TR
RE W fE K2, 78 CDCL, F1 DMSO-d, 13578

z
172}
I
2
g
=
54
8
=
E
3
£
[~
18 19 20 21 22 23 24 25
Retention time (min)
Fig. 1 GPC spectra obtained for 1a and 1b
(1a) solvent: CHCly, isolated yield: 60% , M, =

133700, PDI = 1.85; (1b) solvent:
isolated yield: 47% , M, =99300, PDI =1.97

DMF/ toluene,

P ARAT AR Y A% WG R

Ht R AW 1a 5K 2 f13 205865 (L
F3) A, T LR LR A9 1a 7 2100 em ™'
A LT AT 20 A0 W W, T Ak R & AR —N,
(2114 em ") 1 Z, 4 3 C=CH (2098 c¢m ") f¥ 4
AER i . e AT, 78 3277 em ™' 4b 2, H 3 C=CHKY
73— DREE M W AR AETE BT 3,6- & A 9-
1E O ELIE W SR L 3 ,6- 2, Fe HE-9-1F O L i
PR T AR SR 58 4, ] RE I B A D iR A )
BT
2.2 BREYHREER

I3 22 7 A9 il i GE (DSC) A Ky A



12 4] MR AR S R A& ME 0 TR B RS Y 1557

O
o«
~
o
[Ty
N
W
o
—
(e

S
[
(&
N\ a 4
Ree®
b
a dK/\/\
C
b d
B
9 8 7 6 5 4 3 2 1 0
5

Fig. 2 '"H-NMR spectra (CDCl;) of (A) 2 and (B) 3
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Fig. 3 IR spectra ( KBr) obtained for 2 (top), 3
(bottom) , and polymer 1a ( middle)

(TCA)WFFE T R AW By P Vo AT 28 78 41 4
P (DSC) , JHER P 5, 5 2 R G Y) 1a 13
PFAR IR E (T, ) 2 105 °C KRR (T,) 4190 C
(DLPE 4 (A) ). T 7E B R 0 o A v b B 77 45 5 0
S5 159 CIEMIZ R G R A 45 dhEe ),
NG RGBS PR E I (TCA) R EY) 1a
A I fife il BE O 359 °C Ll T 300 C, R W] i% R
EYEA B PR ENE (WK 4(B)).

A 159 °C

—1la

Endo
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Temperature (°C)
110
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30+

Residual weight (%)
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Fig. 4 (A) DSC thermograms of 1a under an atmosphere
of nitrogen at a heating rate of 10 K/min; ( B)
Characterization of 1a by thermogravimetric analysis (TGA)
revealed a 5% weight loss temperature (T,) of 359 C

Conditions; N, atmosphere; Scan rate =10 K/min

2.3 REYHEIEMER

5(a) 5(b) 73 all 2R AW (c =0.01
mg/mL) IR Y 58 A0 O 1E 1. i S (a) AT
LIE W, BE Y 1a 78 245 nm #1293 nm 4 A FF1E
Wil S5 W) 1a 5 245 nm 4b O =R M T 7
—a B BRIE A B MWl , 293 nm 4RO G
Y la ORIk BT moa B F BREE 7 AR 1 TR IR
AR R SR L ki R ) Y
W WS U 37 R IR AS A ). 5 9 AR ) 7 100 A 2
B, 55 W WSS Y A AE W Wi 37 - 255 nm AT 299
nm Kb 57 P AN (] 95 50 ) RSk 8y W s e 7 B
ARATBE 22 5, n] BEJ2 G W o0 7 A8 A W) 7 00 45 K
JE RIS BA 2% 5.

FATLL 300 nm PR AEH AN T RED
La 3 ORI A9 906 635 , TN A5 925 & i e
7 400 ~420 nm (WL 6) , b 7 i 52O0 19 B K S
Fil. AW 1a RIS WAL 2L HMT (365 nm 2 4MG)
HESR R A B e g WL (I 7).
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Fig. 5 UV-Vis absorption spectra obtained for polymer 1a in (a) solution and (b) film
b — CHCL,
- - — THF
O toluene

PL (Normalized intensity)

350 400 450 500 550

Wavelength (nm)

Fig. 6

Fig. 7

Digital photos obtained for polymer 1a in CHCI;,

THF and toluene under UV irradiation (A =365 nm)

PL (Normalized intensity)

350 400 450 7500 550
Wavelength (nm)

(a) Solution and (b) film fluorescence spectra obtained for polymer 1a in different solvent

3 #ig

ARSI AR AR 1 B AR G P RGBT 3, 6-
TRAMO-IECHEMRBERN 3,6- " L HE9-1EC
FLnR e, S R B DL Cu (1) i fb A R 2%
(CuMAC) W REG TB AN N, N - 3L H
P Jede T FR R TR 5V R0 b 2R A AR AR LA
W T (M, =1x10" ~1.3 x107) FI & 45 #4
Fea s T (IR i R BE Sl 359 °C) I 32 B & IR i 1Y
LHIR G W) W18 1 R AM R IS5 SRR W] %
RG W0 WP B AE 400 ~ 420 nm i [l YA 32
SR 1) 5RO Kk . RO B 0 TE AT 5 LA B
V1) &5 KA A6 i o 38 5 LA B 2 G S5 1) 5 i 1 7 0 —
AT .
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SYNTHESIS OF HIGH MOLECULAR WEIGHT POLY (CARBAZOLE)S
VIA CLICK POLYMERIZATION

Fa-yin Tian, Liu Na, Yuan-yuan Zhu, Yin Jun, Chen Yu, Zong-quan Wu
(Anhui Key Laboratory of Advanced Functional Materials and Devices, School of Chemical Engineering ,
Hefei University of Technology, Hefei 230009 )

Abstract A new kind of conjugated poly ( carbazole) s with carbazole as the main chain was designed and
synthesized via click polymerization of 3 6-diazido-9-hexyl carbazole and 3 ,6-diethynyl-9-hexyl carbazole. The
two monomers with azide and ethynyl functional groups were synthesized according to the report literatures with
some modifications which not only considerably improved the yield but also simplified the synthetic
procedures. The chemical structure of these two monomers was fully characterized by 'H-NMR, FTIR and
microanalysis. Due to incorporation of the long alkyl carbon chain,the monomers have good solubility in most
common organic solvents. Addition polymerization of 3,6-diazido-9-hexyl carbazole and 3,6-diethynyl-9-hexyl
carbazole with Cu (1) as catalyst was investigated in various conditions. After optimization on the
polymerization condition of solvents and temperature, well-defined conjugated poly ( carbazole ) s possessing
carbazole as the backbone with extremely high molecular weights were obtained in high yield under mild
reaction conditions. The size exclusion chromatography analyses of these poly ( carbazole) s indicated that the
molecular weight can be achieved as high as 100000 ~ 130000. Moreover, the purity of the synthesized
polymers is very high,and no detectable by-product could be observed on the size exclusion chromatograms.
The thermal and photophysical properties of these novel conjugated poly ( carbazole) s were also studied in
solution and in film. Thermal analysis indicate that the polymers have excellent thermal stability with T, =
359 C and exhibit a glass transition temperature (T,) of 105 “C. These poly ( carbazole) s exhibited blue-
violet light emissions under irradiation with 365 nm UV light indicated that the triazoles moieties did not
impede the fundamental photophysical properties of the carbazole units in the main chains.
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