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Aluminum-catalyzed Copolymerization of Cyclic Phosphoesters
with Ethylene Oxide
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Dalian University of Technology, Dalian 116024, China)

Abstract: The copolymerization of cyclic phosphoesters (including 2-methoxy-2-oxo0-1,3,2-dioxapho-
spholane(EMP), 2-ethoxy-2-oxo-1,3,2-dioxaphospholane (EEP) and 2-isopropoxy-2-oxo-1,3,2-dioxapho-
spholane (IPP)) with ethylene oxide (EO) by i-Bu,Al/H,PO,/DBU has been examined. The microstructures,
thermal properties and molecular weights of the obtained copolymers were characterized by nuclear magnetic
resonance spectroscopy (NMR), gel permeation chromatography (GPC) and differential scanning calorimeter
(DSC) and copolymerization kinetics. The copolymerization of EO with EMP, EEP, IPP by i-Bu,Al/H,PO,/
DBU has also been successfully achieved at 60 °C in 2 h to afford EO-EMP, EO-EEP, EO-IPP copolymers
with controllable compositions in high yield by changing the feed ratio. The GPC analysis of copolymers
showed that the copolymers possessed high molecular weight (M,=1.9x10*-4.1x10) and narrow molecular
weight distribution (M, /M, =1.83—2.10). The alkoxy substituent group on the phosphorus atom of cyclic
phosphoesters did not affect the copolymerization activity of EO with EMP, EEP and IPP, but affected the
kinetic behaviours of the copolymerization and the sequence structure of the obtained copolymers. The
EO-EMP copolymerization is random copolymerization, while EO-EEP and EO-IPP copolymerization are
gradient copolymerization.
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Table 1 Copolymerization of cyclic phosphates (CP) with ethylene oxide (EO) by i-Bu;Al/H,PO,/DBU *

[QP”O + 2

i-BusAI/H;PO,/DBU %

Q
b

!

o \O\R toluene, 60 °C, 2 h Q
CP EO R
CcP EO Yield Conversion (%) Composition " (mol%) T, ¢ T, AH°®
Run R (mmol)  (mmol) (%) CP EO cp EO (°C) (GO N
1¢ - 0 4 100 - 100 - 100 -53 71 146.2
2¢ 4 0 60 60 - 100 - —46 - -
3 4 0 87 87 - 100 - —46 - -
4 3 1 77 77 73 76 24 —44 - -
5 Me 2 2 84 83 86 49 51 —40 - -
6 13 2.7 76 74 79 31 69 —40 53 1.9
7 0.6 3.4 73 73 73 15 85 42 60 20.8
8 4 89 88 91 49 51 —41 - -
9 90 90 - 100 - -55 - -
10 2 2 87 90 77 54 46 -58 54 4.1
11 . 1.6 24 89 92 82 43 57 -55 53 5.5
12 0.8 32 88 91 85 21 79 -56 55 26.8
13 0.4 3.6 90 90 90 10 90 - 57 65.6
14 4 4 88 91 75 55 45 -57 55 8.8
15 4 0 90 90 - 100 - —45 - -
16 3 1 81 82 69 78 22 —48 55 2.1
17 ‘ 2 2 85 88 75 54 46 42 60 9.2
18 ipr 1.4 26 88 91 81 38 62 —40 61 23.1
19 0.4 3.6 87 87 87 10 90 - 63 60.0
20 4 4 84 87 71 55 45 —44 57 0.7

* Polymerization condition: i-Bu;Al/H;PO,/DBU molar ratio, 1/0.33/0.25; i-Bu;Al, 0.1 mmol; monomer concentration, 2 mol-L™'; solvent, toluene;

60 °C; 2 h; * Determined by '"H-NMR; ° Determined by DSC; ¢ 25 °C.

——EMP/Al 40/1
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EEP/EO/Al 20/20/1
My=1.9x10%, My/M,=1.87
IPP/EO/Al 20/20/1
My=2.1x10%, My/My=1.94

12 14 16 18
Retention time (min)

1 EO-EMP.EO-EEP Fl EO-IPP ¥ GPC ik
Figure 1 GPC curves of EO-EMP, EO-EEP and EO-IPP

copolymers
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NEB BRI Sip LR Y, HH-. "C-NMR ¥
I B 2(c) A 2(d) s o A% R 45 R 0 B 2 W 4L 3
W) 545 EO F1 EEP 5 IPP 45 K .70 4 EEP 5 EO
JEE IR EE A AN 171 31 1/9 i 42 15, 3545 1) EO-EEP 3%
W) EEP #8i A\ M 54 mol% F1| 10 mol% Z84k, (£
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H 4
j 56, 3 l__ (34 j
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1,2
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745 725 705 685 665 645 625 705 685 66.5 64.5 62.5 17.0 15 75 73 71 69 67 65 63 61 27 25 23 21
0 0 0
B2 EO-EMP (a, b), EO-EEP (c, d)FIEO-IPP (e, HILRM L HIILIRETE (a, c, e) MEKIE (b, d, )
Figure 2 'H- (a, ¢, e) and "C-NMR (b, d, f) spectra of EO-EMP (a, b), EO-EEP (c, d) and EO-IPP (e, f) copolymers
_4¢ o EMP cont. EEP cont. o~ IPPcont.
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& 3 EO-EMP (a), EO-EEP (b)F1 EO-IPP(c)JL 541 DSC 2k
Figure 3 DSC curves of EO-EMP (a), EO-EEP (b) and EO-IPP (c¢) copolymers
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80 | 2
S
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.S
5
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(o}
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20 -
¢ ® EO
1 1 1 1 1 A:EI]‘\AZP
0 05 10 15 20 25 30 35
Time (h)

El 4 EO 5 EMP IR A AL =R 5 i a] 28
Figure 4 Monomer conversions versus time in the

copolymerization of EO with EMP

100
80
S
= 60
S
o
z 40
(=}
@)
20}
= EEP
1 1 1 1 1 . Ep
0 05 10 15 20 25 30

Time (h)
5 EO 5 EEP LR A& Al 3 51 (] # 25

Figure 5 Monomer conversions versus time in the

copolymerization of EO with EEP
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W DSC 25 3 3% B i-Bu, AV/H,PO,/DBU i 14,
EO 5 EEP £ 544 EEP S #4011 EO J& 7 AL i
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4, T EO-EEP # EO-IPP 3t 58 & Ay b FE SL I &,
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