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N- AR 1 250 mL
mPEG M, =350 3 32.8 g 400 mmol 38.64 g 480 mmol
g mol™"  Fluka 24 h 150 mL 110C 8 h
Fluka 1 2 Aldrich 50 mL 3
1- 3- . 50 mL 70°C
BMIm PF, 0.5h 2
1.2
NMR Bruker DPX 500 MHz 24 h
™S CDCL, D,0 D, ,SO 4 85% .'"H-NMR D,0 & 9.45 1H 8.30
DSC Perkin-Elmer DSC 7 IH 8.24 1H 5.45 2H 5.13~5.11 3H 4.76
- 100 ~ 150°C 10 K/min ~4.72 3H .
Waters 150-C HR3 + HR4 - 250 mL KPFy 18.4 g 100
Styragel DMF mmol 100 mL . 4
1.0 mlL/min 35°C. XRD Bruker DS 13.5 g 83.3 mmol 60 mL
ADVANCE X 20 50~ 12 h.
70° CHI660 50 mL .
d =4 mm 24.5¢ 5 90% .'H-
SCE . NMR D,0 8§ 8.8 IH 7.71 1H 7.66 1H
1.3 4.74 1H 4.52 3H 4.12 2H 4.10 2H .
1.3.1 1- 2- -3- 5
HiC N/\j’ 0> 11% _N/\_/\I\Tc?\/ o HyC— N/_\ ;F/\/ on
3 4 5
Scheme 1 Synthesis of 1- 2-hydroxy-ethyl -3-methylimidazolium hexafluoro phosphate
1.3.2 7- 5- 2- Na, SO,
8 2 58% .'H-NMR
250 mL Schlenk 6 4.98 g 30 mmol 7 CDCl, & 6.42 2H C=C 5.33 1H 5.18
10.1 mL 31.5 mmol DMAP 0.55 g 4.5 mmol IH 4.36 ~ 4.13 2H COOCH, 3.73 ~ 3.51
120 mL CH,CL  25C 48 h. 28H PEG 3.37 3H 2.81 2H " C-NMR
80 mlL CH,Cl, 50 mL CDCl, & 171.14 =0 173.26 (=0
0.5 mL 136 81 (=C 136.42 (=C 80.50 79.72
O
6 7 7,
0 0 PF(,/:\ o
o/ TINAT _ "o
O\[\/\o‘]/ : ch—N/\_y\NV\/ © O/{/\/ \]\
n PFy 0 0

9

10

Scheme 2 Synthesis of monomer 9 and polymer 10

Reaction conditions a DMAP CH,Cl, r.t. 48 h

b 5 DCC DMAP CH;CN ¢ Grubbs catalyst ROMP
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64.25~70.91 PEG 47.40 46.43 31.74.
1.3.3 7- -2- -5 6- 9
2 500 mL

Schlenk DCC 36 mmol 7.43 ¢ DMAP
2.7 mmol 0.33 ¢ 8 30 mmol 15.48 ¢
100 mL CH;CN

5 30 mmol 8.16g CH;CN 70 mL 1h
. 60 h .
CH;CN CH;CN.
100 mL
. 2 x 25 mL
100 mL 3
3 x 200 mL Na, SO,
. /
20/1 12.6 ¢ 55 % .'H-
NMR CDCl; 6 8.69 1H C,im 7.50 1H C,im
7.34 1H Csim 6.47 ~6.45 2H CH=CH 5.23
~5.21 2H 2x CH—O0O 4.55 1H COOCH, 4.45
2H N—CH, 4.28 1H COOCH, 4.18 ~ 4.09
2H COOCH, 3.90 3H N—CH; 3.66 ~ 3.54
28H PEG 3.36 3H O—CH; 2.92~2.89 2H
2x CH—C=0 " C-NMR CDCL & 172.07
=0 171.11 C=0 136.98 C=C 136.75
C=0C 136.10 C,im 123.34 C,im 122.90
Csim  80.50 80.14 71.65 ~64.41 PEG 62.61
58.73 48.36 47.12 46.63 36.03
1.4

10 mL Schlenk
3 .
Schlenk 3

0.5h
.50C

2.1
I- 2- 3- 5
20 . 4

1 PF; 90% .

20

8 DMAP
6
DMAP mPEG
8
9
5 8
7 ) DCC DMAP
DCC —OH —H
DCC  DMAP
1 9 'H-NMR
5=8.69
H.5=7.34~7.50
H.0=6.47~6.45
H.6=5.23~5.21 H.S
=3.66~3.54 mPEG H. 9
B C-NMR 0=171.1~172.1
8 =136.8 ~ 137.0 o=
136.1 6 =122.9 ~
123.3 5=64.4~71.7
mPEG 5 =80.1~80.5
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Fig. 1 "H-NMR spectrum of monomer 9

2.2 ROMP
'H-NMR 1
2 5=6.4~6.5
)
=5.6~5.8
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9h
4 10~ 8
GPC
MM,  1.18~
1.33
2
11~ 14
1 1 1 1 1 1 1 1 1 1 2 1
10.0 9.0 80 7.0 6.0 50 4.0 3.0 2.0 1.0
o
Fig. 2 "H-NMR spectrum of polymer 10 1.37~1.51
e 2
1 2 15 ~
1. 18
Table 1 Ring-opening metathesis polymerization of monomer 9*
T ¢t Conv. "M,y °M, 1.10~1.18 ROMP
Run Cat.  Sol. MM,
i h % x10°  x10°
1 1 CHCL 30 12 67.8 52.2 67.3 1.24
2 1 ! 30 12 51.3 395 594  1.18
) —CN 1- -3-
3 1 PhCl 30 12 8.9 66.1 71.9 1.28
4 1 PhCl 30 9 84.8 653 68.7 1.31 BMIm PF, ROMP
5 1 PhCl 30 6 83.0 56.2 68.3 1.25 1 2- 3. BDMIm PF,
6 1 PhCl 30 3 66.5 51.2 65.4 1.33
7 1 PhCl 30 1 482 370 €5 1.2 ¥
8 1 PhCl 50 . . . .
9 86.4 66.5 66.5 1.19 BMIm PF(,
9 1 PhCl 10 9 8.7 60.6 67.3 1.25 61
10 1 PhCl -10 9 439 33.8 51.2 1.22 ROMP
11 2 PhCl 10 2 913 703 985 1.4 2 Grubbs
12 2 PhCl 30 2 93.4 71.9 178.0 1.51 ROMP
13 2 PhCl 50 2 94.7 72,9 158.0 1.46
14 2 PhCl 70 2 93.8 72.2 154.0 1.37 ROMP
15 2 IR 30 1.0 13.5 104 11.2 1.12
16 2 m! 30 1.5 36.5 28.1 29.1 1.10 2.3
17 2 ! 30 2.0 78.2 60.2 60.8 1.15 )
18 2 I 30 2.5 90.3 69.5 70.3 1.18 X- WAXD 3
* M o/ C=100:1 mol/mol M= monomer C = catalyst solvent =1 20 20°
mL "M, =Conv% x M o/ Cox W W = molecular weight of
monomer 9 ¢ Determined by GPC in DMF  0.05 mol/L LiBr relative to
polystyrene standard ¢ TL.=  BMIm PF; IL=0.9 mL PhCl=0.1 mL
dissolving for catalyst PEG
1 7~8 . PEG
CH,CL PhCl IL BMIm PF, 7~8 8
1~3
2.4
7~3 9h 4 DSC

T -17.34 C
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Fig. 3 WAXD pattern of polymer 10 Potential (V)
Fig. 5 Cyclic Voltammograms on a polymer film-modified GC
electrode in 0.1 mol/L phosphate buffer pH="7
. Scan rate is 100 mV/s.
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Fig. 4 DSC thermograph of polymer 10
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FUNCTIONALIZATION OF 7-OXANORBORNENE AND ITS RING-OPENING
METATHESIS POLYMERIZATION

CHEN Fengxiang SHI Jiaxin HAN Huijing DANG Jingya KONG Yi XIE Meiran
Department of Chemistry — East China Normal University ~ Shanghai 200062

Abstract A novel norbornene derivative containing oxyethylene repeating unit and imidazolium ionic moiety was
designed and synthesized. The monomer was polymerized via ring-opening metathesis polymerization initiated by
Grubbs catalysts PCy; , Ru CHPh Cl, 1 and SIMes PCy; Ru CHPh Cl, 2 .The polymerization reactions
were conducted in organic solvents as well as in ionic liquid BMIm PFg under various conditions. The results
demonstrated that complex 2 possessed higher catalytic activity than complex 1.The ROMP using 2 as catalyst in
organic solvents was not controlled and the resulting molecular weights were much higher than the calculated values
while the polymerization in ionic liquid was homogeneous and the molecular weights of polymers could be preferably
controled . The monomer and the polymers were characterized with NMR spectroscopy DSC and cyclic voltammetry
respectively . The polymer has a glass transition temperature of — 17.34°C and an electrochemical stability window of
3.0V.

Key words Norbornene derivative Grubbs catalyst Ring-opening metathesis polymerization lonic liquid





