2 No.2

2011 2 ACTA POLYMERICA SINICA Feb. 2011

*
I 2 s 1 3 1 3
(! 071002) (? 067000)
¢ 071002)
Suzuki
136°C 300°C
Suzuki
(PF)
1~3 -
45
20 .
6~8
9
“ ” 11
; 9
10 ~ 13 1
1.1
nee ( ) (0) ¢ Pd(PPh;), )
( 21 .
7 ); ( ); 200 ~300
( ); GF254 (
4 );
(B,) .

2 7- (A) Suzuki Waters 2695 GPC (
Waters ) (THF 1.0 mL/
min) ; Avance-<400 ( Bruker

); Ad110 ( Carlo Erba

* 2010-0226 20100329 ( 20574016) T e E-mail :sirljj@ sina. com

doiz10.3724/SP.J.1105.2011. 10038

217



218 2011
); UV2550 PC ( (PerkinElmer ); Varian 6404R
); RF-5301 PC ( ).
( ); Pyris 6 (Perkin— 1.2
Elmer ) ; Diamond DSC 1
Fe,CHCl; Potassium tertbutoxide, N,
O‘O Br, D" O‘O Brot CH(CH)y Ol Br — e 6 T, 1t
1
Q £ _DPF,KOAc _ O O
Br O‘O B L PR DMEF, Ny, 95°C .
Cel 3™ "CoHiz CeH3 C()HH
2
Br
HO TsO o
] PH  Pyridine T OTs KON, ,O—Q—Br
p-Toluenesulfonyl DMF, 100 °C —< >—
HO LOH chloride TsO L OTs Br © (6]
4
Br
5
Scheme 1 Synthetic route of monomers
.2.1 2 7- @)) (5¢g 30 1.2.3 2 7- (445 5- 4 3 2-
mmol) 25 mL 2- )9 9- ( ) (3)
(0.15 g) 0°C 3.5 mL 2 7- 9 9- ( ) (0.98 ¢ 2
5 mL mmol) « (1.52 ¢ 6 mmol)
10 h. 20 mL. DMF I 1'- ( )
(DPPF) (0.5 ¢) 95C
(9.15¢g 94%) mp 163 ~166C 4.5 h.
'"H-NMR (400 MHz CDCIl, 8): 7.44 ~7.42(d 2 (1.01 ¢ 86%)
H) 7.36 ~7.35(d 2 H) 7.23 ~7.21(d 2 mp 191 ~193°C  '"H-NMR (400 MHz CDCl, §):
H) 3.75(s 2 H). C,,H,Br, 7.81 ~7.80(d 2 H) 7.74(s 2 H) 7.72 ~

( %): C48.06(48.19) H2.57(2.49).

1.2.2 27- 99— ( )y (2)
2 7- (3.24 ¢ 10 mmol) .1-
(3.63 g 22 mmol) . (2.69 ¢ 24
mmol) 18- 6 50 mL THF
20 h. THF
(4.67g 95 %) mp
52.5~53.7C 'H-NMR (400 MHz CDCl, 8):
7.53~7.51(d 2 H) 7.46 ~7.45(d 2 H)
7.44(s 2 H) 1.93~1.89(m 4 H) 1.13 ~
1.10(m 4 H) 1.05~1.04(m 8 H) 0.80 ~

0.76(t 6 H) 0.60~0.57(m 4 H). C, H,,Br,
( %): C61.17(60.99)
H 6. 41(6.55).

7.71(d 2 H) 2.01~1.98 (m 4 H) 1.40(s

24 H) 1.09~1.05(m 4 H) 1.02~0.99(m 8
H) 0.75~0.73(t 6 H) 0.55 ~0.53(m 4
H). C,;H,B,0, ( %) :
C76.11(75.78) H 9.34(9.62).
1.2.4 (4)
(1.36 ¢ 10 mmol)
(8.58 g 45 mmol) 8 mL
10 h 8 mL
3

(7.11g 94 %) mp 150 ~152°C  'H-
NMR (400 MHz CDCl, 6): 7.69 ~7.67(d 8
H) 7.38~7.36(d 8 H) 3.82(s 8 H) 2.48
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(s 12 H). C,H,0,S, ( 7.35(d 2 H) 6.80 ~6.77(d 2 H) 4.27(s
%) C52.42(52.64) H 4. 54(4.82). 1H). C,, H,, Br,0, (

1.2.5 5 %): C46.34(46.07) H 3.42(3.20).
(1.5 ¢ 2 mmol). (1.56 ¢ 1.3 2 7- (4- )9 9-
9 mmol) (0.6 g 4 mmol) 20 mL ( )
DMF 100 48 h. 27— (4- Y9 9- (
(1.35 ¢ 89%). mp 147 ) 2
~149°C '"H-NMR (400 MHz CDCl, 8): 7.37 ~
OH
O O Tz O~ O-Oron
CeHi3 2C6H13 uoBon C6H]3 CeHys
Scheme 2 Synthetic route of the model compound
27-  99- ( ) (0.985¢  8):7.73 ~7.72(d 2 H) 7.57 ~7.49(m 8
2 mmol) - (0.552 & 4 mmol). H) 6.95~6.93(d 4 H) 4.95(s 2 H) 1.93
(0.336 ¢ 4 mmol). ( ) (0) ~1.89 (m 4H) 1.13~1.10(m 4 H) 1.05
(23 mg) 40 ml. THF ~1.04(m 8 H) 0.80~0.76(t 6 H) 0.60 ~
10 ml 0.57(m 4 H). C,H,0, (
12 h. THF %): C85.33(85.67) H 8.38(8.16).
3 ( 1.4
) (0.946 ¢ 91%) mp 3
129.9 ~ 131.4C  'HNMR (400 MHz CDCI,
Ar
| |
?r’ kO—Ar’—
L oa® i
e
Cl) [/\r' ? O—Ar'—
Ar' 0 , x
K,COy, [PAPPR),]  4-Bromophenol L 0 O—Ar—OX AT
3+5 ;HF%H 0 70°CM e A /jf/ Q Ar
2211 T ' XO A0 N Ar'
—AI0 ) L )
Ar (l) XO—Ar
AT =S At as 5{ 7
613 Lotz —Ar—=0 /?r,
w000
CeHis™ CeHyz Hyperbranched polymer
Scheme 3 Synthetic route of the hyperbranched polymer
2 7- (445 5- 4 3 2- - 12 h. THF
2- )9 9- ( Y (3)(0.65 g 1.1 . (0.75 )
mmol) . 5(0.38 ¢ 0.5 mmol). ( 'H-NMR (400 MHz CDCl, 8):7.65 ~ 7.43
) (0) (30 mg) . (0.50 g) 5 mL (broad 19 H) 5.31(s 1 H) 3.23 ~2.84
20 mL THF (broad 4 H) 1.26 ~0.86(broad 71 H).
— 36 h % - C86.21 H 8.11.
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GPC 1.0 mL/min) :
1 2.2/1
2
36 h
2.1 GPC
GPC) THF .
Table 1  Molecular weights of the hyperbranched polymer
Hyperbranched polymers Reaction time (h) M, M, M, IM,
HP, 12 1.7 x10* 2.6 x10* L5
HP, 24 4.1 x10* 1.2 x10° 2.9
HP, 36 5.9 x10* 2.0 x 10° 3.4
2.2 N N + THF. DMSO
HP, .
« D HP, _
O0—H
3710 ~ 3100 cm "' ;
0—H 3628 ~3090 cm ' 10 “mol /L 1 g/L
3038 cm HP,
C—H 1606 ~ 1462 cm ™' -
. 2927 .
em™' 2852 em ! ( 2)
C—H : 335 nm;
c—0 c—0—C ¢ 3 335
1047 em ™ nm Snm.
C—0—C
-1 -1
=0 371 nm 388 nm ;
100 Hyperbranched polymer (10 B g/L) 388 nm
80 - 371 nm ;
g 388 nm.
60 -5
g (10 "mol/L)
g 20k Model compound
g ( 4a b)
T 20f
O 1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm )
67
Fig. 1 FTIR spectra of hyperbranched polymer and model
compound
2.3
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- J-
J-
22
(10 “mol/L) 388 nm
(10 *g/L)
371 nm
J-
1.2
—0—Film
1ok —— 107 g/L

o
o0

Normalized absorbance (a.u.)
<
[e)}

0.4
0.2
Q0L L L L
280 320 360 400 440
Wavelength (nm)
Fig. 2 UV-Vis absorption spectra of hyperbranched

polymer in CH, Cl, solution and film

1.2
—o—Film
ERr) 10" mol/L
<
8
2 08f
5
k=
=
Z 06
=
b=
% o4l
=
g
5 02
Z
0.0 = 1 1 1
280 320 360 400 440
Wavelength (nm)

Fig. 3 UV-Vis absorption spectra of model compound i

CH, Cl, solution and in film

2.4

(DSC)

HP, .

(TGA)

10 K/min.
5(a)

DsC 136C

300°C
(b)

n

Fig.

Normalized intensity (a.u.)

Normalized intensity (a.u.)

1.2
A Hyperbranched polymer
Lo+ a —o—Film
A -0 107 g/L
0.8 =107 g/L
0.6 -
c
0.4+
02+
OO y 1 1
350 400 450 500
Wavelength (nm)
1.2
B Model compound

—o— Film
—— 10" mol/L.
—— 107 mol/L

Wavelength (nm)

4 Fluorescence spectra of hyperbranched polymer and model

compound in CH, Cl, at different concentrations and in film

a
50 100 150 200 250
Temperature (°C )
100
90
£ 80
ﬁ 70
g
3 60
=
§ 50
40
30Fb
100 200 300 400 500 600 700 800
Temperature (°C )
Fig. 5 DSC and TG curve of the hyperbranched polymer

(N, 10 K/min)
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5% 319°C. (306

~350°C) 17% ; (420 ~
500°C) 26% ;
500C . .

S Lo

21
22

REFERENCES

Xia C J Advincula R C. Macromolecules 2001 34:5854 ~5859
Marsitzky D Vestberg R Blainey P Tang B T Hawker C J Carter K R. ] Am Chem Soc 2001 123:6965 ~ 6972
Klarner G Davey M H Chen W D Scott J] C Miller R D. Adv Mater 1998 10:993 ~997

Li Xiaochang( ) Sun Jingzhi( ) Ma Yuguang( ) Shen Jiacong( ). Chem J Chinese Universities (

) 1999 20:309 ~314

Hu Xiaodan( ) Su Li( ) Liao Qi( ) Zhen Changgua( ) Chuai Yutao( ) Zou Dechun( ). Chem ]

Chinese Universities( ) 2005 26:1900 ~ 1904

Zhao W Cao T White J] M. Adv Funct Mater 2004 14:783 ~790

Bliznyuk V N Carter S A Scott ] C Klarner G Miller R D Miller D C. Macromolecules 1999 32:361 ~ 369
Uckert F Tak Y H Millen K B? ssler H. Adv Mater 2000 12:905 ~ 908

DulJ P Fang Q BuD S Ren SJ Cao A Chen X Y. Macromol Rapid commun 2005 26:1651 ~ 1656

Setayesh S Grimsdale A C Weil T Enkelmann V Miillen K Meghdadi F List E J] W Leising G.J Am Chem Soc 2001 123:946 ~953

Wu F I Shih P 1 Shu C F. Macromolecules 2005 38:9028 ~9036

Xia Yangjun( ) Zou Zheng( ) Zhang Shujiang( ) Yang Wei( ) Cao Yong( ) Dong Wenkui( ) Fan

Duowang( ). Acta Polymerica Sinica( ) 2009 (11):11204125

Yu Yongzhong( ) Zhuang Qixin ( ) Liu Xilong( ) Xie Zhong( ) Wu Pingping(

). Acta Polymerica Sinica( ) 2009 (12):1252-4258

Ranger M Rondeau D Leclerc M. Macromolecules 1997 30:7686 ~7691

Jin Y Kim J Y Park S H Kim J Lee S Lee K Suh H. Polymer 2005 46:12158 ~ 12165

Zhu B Han Y Sun M H Bo Z S. Macromolecules 2007 40:4494 ~ 4500

Lin W J Chen W C Wu W C Niu Y H Jen A K Y. Macromolecules 2004 37:2335 ~2341

Liu X M He C Huang J Xu J. Chem Mater 2005 17:434 ~441

Lai WY Zhu R Fan Q L Hou L' T Cao Y Huang W. Macromolecules 2006 39:3707 ~ 3709

Wang Haiqiao( ) Wang Huanfang( ) Lu Hongbin( ) Lu Chunliang( ) Li Xiaoyu(
Universities ( ) 2007 28:388 ~390

Chow HF Wan C W Low K H Yeung Y Y. ] Org Chem 2001 66:1910 ~1913

) Han Zhewen (

). Chem J Chinese

Beckers E H A Meskers S C J Schenning A P H J Chen Z ] Wurthner F Marsal P Beljonne D Cornil J Janssen R A J. ] Am Chem Soc

2006 128:649 ~657



2 - 223

SYNETHESIS AND CHARACTERIZATION OF A HYPERBRANCHED
POLYMER WITH FLUORENE CONJUGATED UNITS

LIU Jinjun' > QIN Hong' ° BA Xinwu'’
(' College of Chemistry and Environmental Science Hebei University Baoding 071002)
(C Institute of Traditional Chinese Medicine Chengde Medical College Chengde 067000)
(C Key Laboratory of Medical Chemistry and Molecular Diagnosis Ministry of Education Baoding 071002)

Abstract Starting from fluorene and pentaerythritol two kinds of monomers with fluorene conjugated unit and
pentaerythritol starshaped structure are synthesized respectively. A blue light-emitting hyperbranched polymer
with partial-conjugated structure is prepared through Suzuki coupling reaction. The reaction mixture containing
monomers was kept stirring at 70°C under nitrogen for 36 h at polymerization stage and then the end-capped 4-
bromophenol was added to the reaction mixture together with additional catalyst Pd(PPh,),. The reaction was
continued for further 12 h. After removal of solvent the crude polymer was precipitated from chloroform to n—
hexane and the solid was washed with n-hexane. The formed precipitate was dried under vacuum to give grey
power. The hyperbranched polymer was characterized by means of UV-Vis and fluorescence spectra. It is found
that UV-Vis spectrum of the hyperbranched polymer in solution is similar to that of the simple model compound
in solution absorption maximum of which is at 335 nm. But the absorption maximum of model compound in
solid film is red-shifted within 5 nm compared to that in solution. In addition the PL maximum of the
hyperbranched polymer in solid film is slightly red-shifted compared to that in solution. Furthermore analyses
by differential scanning calorimetry ( DSC) and thermo-gravimetry (TG) show that there exists a glass
transition at 136°C  and no thermal decomposition below 300°C  which indicates that the hyperbranched
polymer has good thermal stability.

Keywords Hyperbranched polymer Suzuki coupling reaction Blue light-emitting polymer



