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1. Experimental

1.1 Materials. 

All chemicals were purchased from commercial sources and used without further treatment. Flue gas was 

purchased from Lanzhou Yulon Gas Co., Ltd where the flue gas is directly supplied from a coal power group 

and the Flue gas is CO2 (19.4%), O2 (1.8%), N2 (78.8%). 

1.2 Synthesis of PP1,4Br.

For the synthesis of the PP1,4Br, 10 mmol of 1-methylpiperidine (990 mg) and 100 mL ethanol were put 

into the round-bottomed flask, which was stirred in oil bath at 40 °C. Then 1.2 mmol n-butyl bromide (164 

mg) was slowly added to the above solution, and the solution was continuously stirred for 24 h. Then, the 

ethanol and excess n-butyl bromide were removed by distillation at 80 °C using a rotary evaporator. It was 

then crystallized in acetone to produce a white powder. The resultant solid was washed 3 times with acetone 

to obtain pure PP1,4Br.

1.3 Coupling reactions of CO2 and epoxides. 

Styrene oxide (1200 mg, 10 mmol), PP1,4Br (100 mg, 0.42 mmol) and ZnCl2 (20.4 mg, 0.15 mmol) were 

put into a glass tube which was placed in a 100 ml stainless-steel autoclave. After sealing, the autoclave was 

purged and charged with flue gas (typically 3.0 MPa). The reaction mixture was stirred at 60 °C for 18 h. After 

the reaction finished, the autoclave was cooled to room temperature and the excess gas was carefully released. 

Subsequently, the reaction mixture was diluted with 35 mL ethyl acetate and the reaction mixture was 

separated by centrifugation and analyzed quantitatively by a gas chromatograph (Agilent 7890A) equipped 

with a capillary column (HP-5) and an FID detector with biphenyl as an internal standard. The crude reaction 

mixture was concentrated by rot-vap and purified by column chromatography on a silica gel column to give 

the desired products.

1.4 Catalyst recycling experiments.

The used PP1,4Br/ZnCl2 was separated by centrifugation and washed 3 times with ethyl acetate, followed 

dry at 60 °C for 4 h. The catalyst was then used for the next catalytic run. Styrene oxide (1200 mg, 10 mmol), 

PP1,4Br/ZnCl2 (120 mg) were added into a glass tube which was placed in a 100 mL stainless-steel autoclave. 

Other steps were the same as the coupling reactions of CO2 and epoxides.

1.5 Investigation of the water-resistance.

Styrene oxide (1200 mg, 10 mmol), PP1,4Br (100 mg, 0.42 mmol), quantified deionized water (1 mmol, 

2 mmol, 3 mmol, 4 mmol, 5 mmol, 7 mmol, 10 mmol, 15 mmol) and ZnCl2 (20.4 mg, 0.15 mmol) were put 

into a glass tube which was placed in a 100 mL stainless-steel autoclave. The other steps are the same as the 

coupling reactions of CO2 and epoxides.



1.6 Scaled-up reactions of coupling reactions of CO2 and epoxides.

PP1,4Br (4170 mg, 17.74 mmol), ZnCl2 (851 mg, 6.26 mmol) and ethylene carbonate (325 g, 3.69 mol) 

were put into a glass tube which was placed in a 2 L stainless-steel autoclave. The mixture was stirred at 60 

°C for 1 h. After stopping heating, the autoclave was cooled to room temperature. Styrene oxide (50 g, 0.417 

mol) was added into the autoclave, and the reactor was purged and charged with flue gas up to 2.6 MPa 

followed by the addition of N2 to 4.6 MPa. Afterward, the reaction mixture was heated and stirred at 60 °C 

for 18 h. After the reaction completed, the reactor was allowed to cool to room temperature. The gas was 

analyzed quantitatively for CO2 by a gas chromatograph (Agilent 7890A) equipped with a capillary column 

(C Mol Sieve) and an TCD detector. The actual amount of CO2 captured and converted is obtained from the 

mass after and before the reaction. The yield is obtained by dividing the amount of CO2 actually captured and 

converted by the total amount of carbon dioxide injected.

PP1,4Br (6000 mg, 25.52 mmol), ZnCl2 (1200 mg, 8.82 mmol) and ethylene carbonate (296 g, 3.36 mol) 

were put into a glass tube which was placed in a 2 L stainless-steel autoclave. The mixture was stirred at 60 

°C for 1 h. After stopping heating, the autoclave was cooled to room temperature. Styrene oxide (72 g, 0.6 

mol) was added into the autoclave. The reactor was purged and charged with flue gas up to 3.7 MPa. The other 

steps are the same as above.

PP1,4Br (7500 mg, 31.90 mmol), ZnCl2 (1500 mg, 11.03 mmol) and ethylene carbonate (270 g, 3.07 mol) 

were put into a glass tube which was placed in a 2 L stainless-steel autoclave. The mixture was stirred at 60 

°C for 1 h. After stopping heating, the autoclave was cooled to room temperature. Styrene oxide (90 g, 0.750 

mmol) was added into the autoclave. The reactor was purged and charged with flue gas up to 4.8 MPa. The 

other steps are the same as above.

1.7 Analytic measurements

The liquid nuclear magnetic resonance spectra (NMR) were recorded on a Bruker AvanceTM III 400 

MHz in deuterated chloroform unless otherwise noted. Data are reported in parts per million (ppm) as follows: 

chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, quint = quintet, m = multiplet, dd 

= doublet of doublet and br = broad signal), coupling constant in Hz and integration.

The contents of Zn in the catalysts after use were measured by continuous light source atomic absorption 

spectrometer (CS AAS), using the Jena contrAA700.



2. Supplementary Table
Table S1. Screening of the pressure. a

Entry Pressure (MPa) Yield(%)b

1 2 57

2 3 90

3 4 90

a Reaction conditions: 10 mmol substrates, ZnCl2 (0.15 mmol), 100 mg catalyst, 3.0 MPa flue gas, 60 °C, 18 h. b The yield 
of the product 2a were calculated by GC.

Table S2. Zn contents.
Cycle Zn contents (mg)

1 9.8
2 9.8
3 9.8
4 9.5

3. NMR data of the products
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Chemical Formula:C11H12O4

Exact Mass:208.07

4-((benzyloxy)methyl)-1,3-dioxolan-2-one (2b)1: white solid, 2.060 g, 99% yield. 1H NMR (400 MHz, 

CDCl3) δ 7.40 – 7.29 (m, 5H), 4.82 (m, 1H), 4.60 (q, J = 12.0 Hz, 2H), 4.52 – 4.36 (m, 2H), 3.67 (m, 2H). 13C 

NMR (101 MHz, CDCl3) δ 155.18, 137.15, 128.69, 128.21, 127.87, 75.10, 73.79, 68.90, 66.40.

O

O

O
O

Chemical Formula:C11H12O4

Exact Mass:208.07

CO2 (flue gas), 3.0 MPa

O O
O

O
PP1,4Br ( 100 mg)
ZnCl2 ( 0.15mmol)

60 oC, 16 h1a 2a



4-((o-tolyloxy)methyl)-1,3-dioxolan-2-one (2c): white solid, 1.903 g, 91% yield. 1H NMR (400 MHz, 

CDCl3) δ 7.15 (d, J = 2.6 Hz, 2H), 6.96 – 6.72 (m, 2H), 5.04 (dd, J = 8.2, 5.2 Hz, 1H), 4.68 – 4.53 (m, 2H), 

4.18 (m, 2H), 2.21 (s, 3H). 13C NMR (101 MHz, CDCl3) δ 155.87, 154.94, 131.18, 127.18, 126.99, 121.75, 

110.95, 74.36, 67.12, 66.35, 16.06.
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Chemical Formula:C10H10O4

Exact Mass:194.06

4-(phenoxymethyl)-1,3-dioxolan-2-one (2d)1: white solid, 1.488 g, 76% yield. 1H NMR (400 MHz, CDCl3) 

δ 7.35 – 7.27 (m, 2H), 7.02 (dd, J = 10.6, 4.1 Hz, 1H), 6.91 (m, 2H), 5.09 – 4.96 (m, 1H), 4.66 – 4.48 (m, 2H), 

4.19 (m, 2H). 13C NMR (101 MHz, CDCl3) δ 157.86, 154.81, 129.81, 122.09, 114.71, 74.24, 66.96, 66.34.
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Chemical Formula:C3H4O3
Exact Mass:88.02

1,3-dioxolan-2-one (2e)2: white solid, 0.880 g, 100% yield. 1H NMR (400 MHz, CDCl3) δ 4.54 (s, 4H). 13C 

NMR (101 MHz, CDCl3) δ 155.60, 64.74.
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Chemical Formula:C4H6O3
Exact Mass:102.03

4-methyl-1,3-dioxolan-2-one (2f)1: colorless liquid, 0.992 g, 95% yield. 1H NMR (400 MHz, CDCl3) δ 4.93 

– 4.80 (m, 1H), 4.57 (dd, J = 8.3, 7.8 Hz, 1H), 4.04 (dd, J = 8.4, 7.3 Hz, 1H), 1.50 (d, J = 6.3 Hz, 3H). 13C 

NMR (101 MHz, CDCl3) δ 155.14, 73.64, 70.75, 19.53.
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Chemical Formula:C5H8O3

Exact Mass:116.05



4-ethyl-1,3-dioxolan-2-one (2g)1: colorless liquid, 1.163 g, 98% yield. 1H NMR (400 MHz, CDCl3) δ 4.80 – 

4.63 (m, 1H), 4.59 – 4.49 (m, 1H), 4.10 (dd, J = 8.4, 7.0 Hz, 1H), 1.96 – 1.68 (m, 2H), 1.04 (t, J = 7.5 Hz, 

3H). 13C NMR (101 MHz, CDCl3) δ 155.23, 78.12, 69.12, 27.03, 8.58.
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Chemical Formula:C9H16O3
Exact Mass:172.11

4-hexyl-1,3-dioxolan-2-one (2h)1: colorless liquid, 1.142 g, 66% yield. 1H NMR (400 MHz, CDCl3) δ 4.71 

(m, 1H), 4.53 (t, J = 8.1 Hz, 1H), 4.07 (dd, J = 8.3, 7.3 Hz, 1H), 1.91 – 1.61 (m, 2H), 1.53 – 1.23 (m, 8H), 

0.89 (t, J = 6.9 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 155.22, 77.48, 69.51, 33.99, 31.62, 28.90, 24.43, 

22.56, 14.10.
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Chemical Formula:C5H8O3
Exact Mass:116.05

4,4-dimethyl-1,3-dioxolan-2-one (2i)1: colorless liquid, 0.370 g, 32% yield. 1H NMR (400 MHz, CDCl3) δ 

4.16 (s, 2H), 1.53 (s, 6H). 13C NMR (101 MHz, CDCl3) δ 154.73, 81.81, 75.51, 26.18.

Chemical Formula:C8H14O4
Exact Mass:174.09
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4-(butoxymethyl)-1,3-dioxolan-2-one (2j)3: yellowish liquid, 1.704 g, 97% yield. 1H NMR (400 MHz, 

CDCl3) δ 4.91 – 4.74 (m, 1H), 4.50 (t, J = 8.3 Hz, 1H), 4.40 (dd, J = 8.3, 6.1 Hz, 1H), 3.64 (m, 2H), 3.51 (t, J 

= 6.5 Hz, 2H), 1.56 (m, 2H), 1.36 (m, 2H), 0.92 (t, J = 7.4 Hz, 3H). 13C NMR (101 MHz, CDCl3) δ 155.12, 

75.24, 71.97, 69.71, 66.40, 31.60, 19.23, 13.92.



Chemical Formula:C7H12O4
Exact Mass:160.07
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4-(isopropoxymethyl)-1,3-dioxolan-2-one (2k)2: colorless liquid, 1.522 g, 95% yield. 1H NMR (400 MHz, 

CDCl3) δ 4.81 (m, 1H), 4.50 (t, J = 8.3 Hz, 1H), 4.39 (dd, J = 8.2, 6.1 Hz, 1H), 3.73 – 3.54 (m, 3H), 1.17 (d, 

J = 6.0 Hz, 6H). 13C NMR (101 MHz, CDCl3) δ 155.20, 75.29, 73.04, 67.21, 66.53, 21.98, 21.88.

Chemical Formula:C8H14O4
Exact Mass:174.09
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4-(tert-butoxymethyl)-1,3-dioxolan-2-one (2l)1: colorless liquid, 1.612 g, 92% yield. 1H NMR (400 MHz, 

CDCl3) δ 4.87 – 4.68 (m, 1H), 4.48 (t, J = 8.2 Hz, 1H), 4.39 (dd, J = 8.2, 5.8 Hz, 1H), 3.58 (m, 2H), 1.20 (s, 

9H). 13C NMR (101 MHz, CDCl3) δ 155.29, 75.29, 73.98, 66.66, 61.38, 27.39.

Chemical Formula:C12H22O4
Exact Mass:230.15
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4-(((2-ethylhexyl)oxy)methyl)-1,3-dioxolan-2-one (2m)3: colorless liquid, 2.126 g, 92% yield. 1H NMR 

(400 MHz, CDCl3) δ 4.81 (m, 1H), 4.49 (t, J = 8.3 Hz, 1H), 4.39 (m, 1H), 3.63 (m, 2H), 3.44 – 3.29 (m, 2H), 

1.50 (m, 1H), 1.41 – 1.17 (m, 8H), 0.88 (dt, J = 10.1, 7.0 Hz, 6H). 13C NMR (101 MHz, CDCl3) δ 155.11, 

75.21, 74.97, 74.94, 70.02, 66.43, 39.70, 30.54, 30.51, 29.16, 23.86, 23.13, 14.18, 11.17, 11.16.

Chemical Formula:C7H10O4
Exact Mass:158.06
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4-((allyloxy)methyl)-1,3-dioxolan-2-one (2n)1: yellowish liquid, 1.550 g, 98% yield. 1H NMR (400 MHz, 

CDCl3) δ 5.88 (m, 1H), 5.26 (m, 2H), 4.98 – 4.74 (m, 1H), 4.51 (t, J = 8.4 Hz, 1H), 4.50 – 4.33 (m, 1H), 4.17 



– 4.01 (m, 2H), 3.66 (m, 2H). 13C NMR (101 MHz, CDCl3) δ 155.05, 133.77, 118.04, 75.14, 72.70, 68.95, 

66.39.

Chemical Formula:C12H24O6Si
Exact Mass:292.13
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4-((3-(diethoxy(methyl)silyl)propoxy)methyl)-1,3-dioxolan-2-one (2o)1: yellowish liquid, 0.876 g, 60% 

yield. 1H NMR (400 MHz, CDCl3) δ 5.04 – 4.67 (m, 1H), 4.60 – 4.29 (m, 2H), 3.88 – 3.39 (m, 8H), 1.80 – 

1.58 (m, 2H), 1.23 (dd, J = 14.9, 7.9 Hz, 6H), 0.61 (dd, J = 10.0, 6.8 Hz, 2H), 0.12 (s, 3H). 13C NMR (101 

MHz, CDCl3) δ 155.06, 75.16, 74.45, 69.68, 66.41, 58.23, 23.02, 18.48, 9.87, -4.86.

Chemical Formula:C13H26O7Si
Exact Mass:322.14

O

O
O

O Si
O

O
O

4-((3-(triethoxysilyl)propoxy)methyl)-1,3-dioxolan-2-one (2p)1: yellowish liquid, 0.879 g, 55% yield. 1H 

NMR (400 MHz, CDCl3) δ 4.84 – 4.75 (m, 1H), 4.50 (t, J = 8.3 Hz, 1H), 4.40 (dd, J = 8.2, 6.2 Hz, 1H), 3.82 

(q, J = 7.0 Hz, 6H), 3.65 (dd, J = 17.7, 3.9 Hz, 2H), 3.49 (m, 2H), 1.81 – 1.63 (m, 2H), 1.23 (t, J = 7.0 Hz, 

9H), 0.64 (dd, J = 9.5, 7.1 Hz, 2H). 13C NMR (101 MHz, CDCl3) δ 155.06, 75.14, 74.20, 69.66, 66.42, 58.50, 

22.97, 18.39, 6.44.

4. NMR spectra of the products
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