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Anionic Polymerization of Polar Vinyl Monomers in Water
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PPh3/Cu(0Tf)2
Lewis Pair

Lewis pair radical polymerization “ on-water”

(on-water) Lewis Pair

Highly active and unprecedented radical polymerization of polar vinyl
monomers was realized by Lewis pair catalysts composed of Lewis acid and base, e.g. PPh3/Cu(0Tf)2,
using water as the solvent. A variety of experimental studies on the effects of additives and
monomer hydrophilicity and analysis of polymer terminals have been performed. It is proposed that
monomers are activated by the Lewis pair at the surface of water (“ on-water” ) to undergo rapid
propagation through not an anionic but a radical polymerization mechanism.
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Table 1. Lewis Pair Polymerization of various vinyl monomers on water at r.t.

R
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Xy N Ph CN 0P oH 0P NH, 2o N
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LA LB time yield
entry  monomer type 7 type = h % 10°M, M /M,
1 MEMA Cu(OTf), 5 PPh, 5 4 95 63 23
2 MEMA  Cu(OTf), 5 PMes, 5 4 0 - -
3 MEMA Cu(OTf), 5 P‘Bu, 5 4 43 306 24
4 MEMA Cu(OTf), 1 PPh, 1 4 38 323 3.0
5 MEMA Cu(QOTf), 5 PPh, 5 10 min 23 36 1.8
6 MEEMA Cu(OTf), 5 PPh, 5 4 100 60 4.3
7 MMA Cu(OTf), 5 PPh, 5 4 83 31 3.4
8 BnMA Cu(OTf), 5 PPh, 5 4 85 141 4.4
9 MEA Sn(OTf), 5 PPh, 5 4 46 33 21
10 MEA Cu(OTf), 5 PPh, 5 3 min 97 93 4.0
11 n-BA Cu(OTf), 5 PPh, 5 4 46 780 1.3
12 DEAA Sn(OTf), 5 PPh, 5 4 40 123 24
13 DEAA Sn(OTf), 5 - - 4 37 36 71
14 DEAA Cu(OTf), 5 PPh, 5 4 60 13 1.5
15 DEAA Cu(OTf), 5 - - 4 0 - -
16 4-VP Cu(OTf), 2 PPh, 2 4 62 105 2.7
17 4-VP Sn(OTf), 5 PPh, 5 4 0 -
18 2-VP Cu(OTf), 5 PPh, 5 4 trace - -
19 St Cu(OTf), 5 PPh, 5 4 0 -
20 Isp Cu(OTf), 5 PPh, 5 4 0 -
21 MAN Cu(OTf), 5 PPh, 5 4 trace - -
22 AA Sn(OTf), 2 PPh, 2 4 86 - -
23 AAm Sn(OTf), 5 PPh, 5 4 45 9.1 9.2
24 HEA Sn(OTf), 5 PPh, 5 4 100 - -
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Figure 1. Effects of monomer hydrophilicity on Lewis
pair polymerization of methacrylates in the presence of
PPh4/Cu(OTf), at r.t. “on-water”.

Figure 2. Lewis pair polymerization of MEMA by
PPh,/Cu(OTf), “on-water” without stirring in an NMR tube.
Reaction at 1 min (a), 1 h (b), 5h (c), 24 h (d), and 48 h (e).
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Figure 3. Effect of the water ratio, i.e., water/(water +
MeOH) (v/v), on the yield of MEMA polymerization at r.t.
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Figure 4. Proposed polymerization mechanism.
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