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Abstract: To investigate the effect of chemical structure of amine ligands on poly(1,4-phenylene ether) (PPE) polym-
erization, it was performed with copper (I) chloride and copper (I) chloride as catalysts. The polymerization solvents
were anisole or toluene alone or mixed solvents of anisole/methanol or toluene/ethanol. Various aliphatic amine com-
pounds and aromatic amine compounds such as pyridine, pyrimidine, pyrazine, pyridazine or aniline were used. The yield
of polymer samples obtained after polymerization was determined. The amount of 5,5'-tetramethyl-4,4'-diphenoquinone
(DPQ) produced as by-product was measured using UV spectroscopy. The molecular weight of PPE was measured using
gel permeation chromatography (GPC). Experimental results showed that the increase in steric hindrance of the ligand
decreased the molecular weight of the PPE polymer and lowered the polymer yield. Also, as the basicity of the ligands
increased, higher polymer yield was obtained.
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Scheme 1. Synthesis of PPE.
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toluene B-& toluene/methanol(9/ 1 F3H]) S8 E A
3tk 2 % ligand(ligand/Cu molar ratio=70) £ 3t}
eZ L5 25°CE AL 74 300 cc/min® 2 AkA
= E¢FH 1300 rpmO & wrksle] 3A17F W3S A1t}
kS & Zgkaz0] 898 FH3) citric acid 1 g0] HoRA+=
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Figure 1. Chemical structures of aliphatic amine ligands (numbers in the brackets are pKa values).
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Figure 2. Chemical structures of aromatic amine ligands (numbers in the brackets are pKa values).
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Table 1. Obtained PPE Yield (%) in Polymerization with Various Aliphatic Amine Ligands in Different Types of Solvent Systems

using CuCl Precatalyst

Ligand Anisole Anisole/MeOH (9/1) Toluene Toluene/MeOH (9/1)
L1 [/\]\NH 75 52 65 42
2
L2 [ >+NH 24 12 4 34
2
L3 [vi\ 83 65 81 67
NH
2
L4 [/\/tNH 87 38 88 63
L5 [M 88 49 88 17
NH
2
57 86 41

L6 [~ 87
2NH

Table 2. Polymerization with Various Aliphatic Amine Ligands in Anisole Solvent Using CuCl, Precatalyst

Ligand Yield (%) % DPQ M, (g/mol) M, (g/mol) PDI
LI [/\]\NH 82 32 5800 9900 1.71
2
L2 [ >+NH 54 43 3300 4500 136
2
L3 [\/i\ 91 3.8 23100 44300 1.92
2NH
L4 [/\/1\ ) 42 25100 57200 229
2NH
L5 [M 84 5.0 6700 13100 1.95
NH
2
L6 [W\NH 81 5.4 7100 11700 1.66
2
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Table 3. Polymerization with Various Aliphatic Amine Ligands in Anisole/methanol (9/1) Solvent System Using CuCl, Precatalyst

Ligand Yield (%) % DPQ M, (g/mol) M, (g/mol) PDI

L1 [/\]\ZNH 73 6.7 5800 10200 1.76

L2 [ >+NH 56 4.6 3000 4600 1.53
2

L3 [\/i\NH 85 44 14400 33200 2.30
2

L4 [M\NH 88 4.6 17800 45600 2.57

2
L5 [M 91 3.9 13800 28900 2.10
2NH
43 20100 53400 2.66
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Table 4. Polymerization with Various Aliphatic Amine Ligands in Toluene Solvent Using CuCl, Precatalyst

Ligand Yield (%) % DPQ M, (g/mol) M, (g/mol) PDI

L1 [/\]\ZNH 72 6.8 4300 7000 1.63

L2 [ >—]‘NH 64 3.7 3200 4900 1.54
2

L3 [\/i\NH 91 39 14500 26000 1.79
2

L4 [/V}\NH 93 1.8 26700 55700 2.09

2
L5 [M 89 2.7 7800 13300 1.71
2NH
49 7000 11700 1.66

L6 [/\/\/1\ 84
2NH

Table S. Polymerization with Various Aliphatic Amine Ligands in Toluene/Methanol (9/1) Using CuCl, Precatalyst

Toluene/MeOH (9/1)

Ligand Yield (%) % DPQ M, (g/mol) M, (g/mol) PDI

L1 [/\]\ZNH 72 6.6 4900 8600 1.74

L2 [ >—]‘NH 64 3.5 3300 5000 1.52
2

L3 [\/i\NH 81 34 8500 14400 1.69
2

L4 [/V}\NH 89 2.4 17400 43500 2.36

2
L5 [M 90 3.6 20400 42400 2.08
2NH
2.9 11200 20900 1.86

L6 [/\/\/1\ 90
2NH
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Table 6. Polymerization with Various Aromatic Amine Ligands in Different Types of Solvent Systems Using CuCl Precatalyst

Anisole
Ligand -
Yield (%) % DPQ M, (g/mol) M, (g/mol) PDI
L7 | \/N 88 42 10900 24000 222
NH,
L9 “@ NP - - - .
=
NH,
L10 ©/ NP - - - -
N~
. Anisole/MeOH (9/1)
Ligand
Yield (%) % DPQ M, (g/mol) M, (g/mol) PDI
SN
L7 | P 91 3.7 22000 70000 3.22
NS NH:
L9 O/ 98 2.63 104000 284000 2.72
=
\ NH,
L10 O/ 93 2.43 12000 25000 2.10
N~
. Toluene
Ligand
Yield (%) % DPQ M, (g/mol) M, (g/mol) PDI
L7 | N 84 4.1 16000 51000 3.11
=
NH,
L9 “©/ NP - - - -
=
NH,
L10 @( NP . . -
N~
) Toluene/MeOH (9/1)
Ligand
Yield (%) % DPQ M, (g/mol) M, (g/mol) PDI
L7 | \/N 96 3.6 16000 51000 3.11
NH,
L9 ’\©/ 98 1.54 110000 254000 2.34
=
N NH,
L10 O/ 93 2.17 9600 17000 1.75
N~
4 B o S gaert E7] wieel] =2 vheAS Bk W=
Y=g RS AoM e 2j7=9] pKa grol Hot 971%
A= g7h=e] 734 L, L3, L2 427)17F dojA 8j7r 7} @e g7ie2 ARRE Ao Z3to] Aojulx] kol 1
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o} 159} L6o® L4717 B Lol 93 gq HEe A O %)
stE| et ole 7= S0 Folso] &ulol] gk 2zt
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7} 2 g3liste] wheAdo] S713lth Methanolo] E3HEA] 94
W 7oll= 543 8l anisoleo] B/ 80l toluenek
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