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Scheme 1. (a) Our previous work. (b) This work.
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Figure 1. X-ray crystal structures of (a) 4a, (b) Sa, and (c) 6a.

Table 1. Terpolymerization of oxetane, COz, and 2a.

CO, (1 MPa)
OB (it 0 000
(0) catalyst N 0 \ﬂ/ Ph \ﬂ/ Ph \ﬂ/ \ﬂ/
110°C, 48 h Ph” n m o) o) S _N
HPTIC-PTMC 3 4a 5a " 6a
conv. HPTIC-PTMC yield (%)
ent® catalyst S/Ch 2a TON¢ n:m¢? M, PDI¢ 3 4a S5a 6a
1 1b 10000 >99 4800 7:3 13.7 1.6 14 3 2 1
2 le 10000 96 4200 7:3 11.1 1.6 3 1 2 1
3 1f 10000 66 2700 5:5 5.0 1.6 20 2 2 1
4 1g 10000 96 3800 8:2 10.3 1.6 2 2 1 <1
5 le 5000 98 2800 6:4 13.5 1.6 2 1 2 1
6 le 20000 95 5600 9:1 13.1 1.4 1 1 1 1
77 le 5000 94 2100 9:1 21.2/7.8 1.2/1.1 2 1 2 1
8¢ le 5000 >99 2400 5:5 9.2 1.8 5 5 3 1
9n AIL(TPP)Br 10000 38 900 1:0 3.4 1.4 1 <1 <1 <1

¢ Reaction conditions: oxetane (4.0 mmol), 2a (1.0 mmol), catalyst (amount indicated above), CO, (1.0 MPa),

110 °C, 48 h, in an autoclave. ? Ratio of oxetane to catalyst. ° Determined by '"H NMR analysis of the crude

reaction mixture. TON for the formation of "PTIC-PTMC. The yield of byproducts based on oxetane. ¢

Determined by '"H NMR analysis of the purified polymer. ¢ Determined by SEC analysis of the purified polymer
using THF as an eluent and polystyrene as a molecular-weight standard. /90 °C. £ 130 °C. * Tetrabutylammonium

bromide (4 equiv) was also added.
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Figure 2. Time courses of the terpolymerization of oxetane, CO2, and 2a with (a) 1b and (b) 1e, during

which 4a, 5a, and 6a were detected in 1-3% (not shown). SEC charts during the terpolymerization with (c) 1b
and (d) 1e.
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Table 2. Substrate scope of 2.

CO, (1 MPa R
RNZC(S @ ) O S O © () mRee
(> hid h . O__O biR=4-Me-CeH,
0" 1e (0.02 mol%) _N o) Y eR=4-ClCeH,
110°C, 48 h R n m o) d: R = 4-CF4-CgH,

PTIC-PTMC 3
conv. (%)? yield (%)”
ent? 2 polymer 2 TON? n:m¢ M, (kg mol™")?  PDI4 3
1 2a HPTIC-PTMC 98 2800 6:4 13.5 1.6 2
2 2b MepTIC-PTMC >99 3600 4:6 11.6 1.9 7
3 2c CIPTIC-PTMC >99 2100 8:2 11.3 1.5 2
4 2d CF3PTIC-PTMC >99 1200 1:0 7.5 1.5 1

“ Reaction conditions: oxetane (4.0 mmol), 2 (1.0 mmol), 1e (S/C = 5000 for oxetane, 0.02 mol%), CO, (1.0
MPa), 110 °C, 48 h, in an autoclave. ? Determined by '"H NMR analysis of the crude reaction mixture. TON for
the formation of polymer. The yield of 3 based on oxetane. ¢ Determined by 'H NMR analysis of the purified
polymer. ¢ Determined by SEC analysis of the purified polymer using THF as an eluent and polystyrene as a

molecular-weight standard.
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Figure 3. Degradation of "PTIC-PTMC by (a) UV light

irradiation, (b) heat treatment, and (c) acid treatment.
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Table 3. Thermal properties of copolymers and terpolymers.

\é/vom(sjf/vo\g/oj\ \é/yo\'[\‘]/sj \6/\/01]/0>

P

PTIC-PTMC PTIC PTMC
entry polymer M, (kg mol™)® PDI“ n:m’ T, (°C)© Tq'0 (°C)
1 HPTIC-PTMC 13.1 1.4 9:1 19 230
2 HPTIC-PTMC 10.3 1.6 8:2 27 244
3 HPTIC-PTMC 13.5 1.6 6:4 17 243
4 HPTIC-PTMC 10.7 1.6 5:5 -11/18 254
5 MepTIC-PTMC 11.6 1.9 4:6 —10/8 264
6 CIPTIC-PTMC 11.3 1.5 8:2 30 244
7 CE3PTIC-PTMC 7.5 1.5 1:0 20 221
8 PTIC 3.6 1.6 - 15 226
9 PTMC 10.6 1.7 - -19 290

“ Determined by SEC analysis of the purified polymer using THF as an eluent and polystyrene as a
molecular-weight standard. » Determined by '"H NMR analysis of the purified polymer. ¢ Determined
by DSC (second heating cycle) at a heating rate of 10 °C min'. ¢ Determined by TGA at a heating rate of
10 °C min! under Na.
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