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Abstract: The three-component coupling of methanol, CO, and propargyl alcohol to manufacture dimethyl
carbonate (DMC) provides a new, thermodynamic favorable and green chemical synthesis route. In this work, to
overcome the problems of low DMC vyield and slow conversion rate of intermediates, the synergistic catalytic
strategy of silver sulfadiazine and superbase is developed to improve the reaction efficiency. The effect of various
parameters i.e. catalyst and cocatalyst types, catalyst loading, solvent, temperature, proportion of raw materials,
pressure and time on the coupling reactions is investigated in detail. Under the optimal conditions, the selectivity of
DMC is 89.5% with the yield of 55.6%. And the effect of alkyne derivative a-monosubstituted propargyl alcohol on
the efficiency and selectivity of DMC are also studied. The mechanism study shows that propargyl alcohols with
different structures apparently affect the reaction process, and the synergistic catalysis of silver sulfadiazine/1,8-
diazabicyclo[5.4.0]Jundec-7-ene (DBU) is the reason for the high yield and selectivity of DMC.
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Catalysts investigation
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(0]

la 2a DMC (3a) 4a
Entry Catalyst la conv./% 2aconv./%  DMC yield/% 4a yield/% DMC sel./% 4a sel./%

1° - 0 0 0 0 - -

2 - 62.9 50.0 15.6 252 31.2 50.4
3 CoCO; 14.1 10.2 3.7 5.6 36.3 54.9
4 NiBr, 33.7 323 33 8.0 10.2 24.8
5 CuBr 96.5 48.6 354 36.3 72.9 74.7
6 ZnCl, 99.9 80.3 29.6 34.7 36.9 43.2
7 ZnBr, 98.7 77.5 33.1 39.0 42.7 54.6
8 Znl, 98.3 40.6 17.8 27.1 43.8 42.5
9 Zn(OAc), 99.2 58.6 304 41.6 51.9 71.1
10 AgCl 98.1 39.2 30.5 35.1 77.7 89.6
11 Agl 99.5 38.1 16.7 23.7 43.8 62.1
12 AgOAc 99.0 44.0 34.8 41.5 79.1 94.2
13 Ag,S0O, 99.3 64.9 26.2 35.9 40.5 55.4
14 Ag;PO, 96.3 419 27.7 36.9 66.2 88.1
15 AgVO, 53.6 35.8 20.0 27.7 56.1 77.5
16 CF;S0;Ag 95.7 62.8 10.1 23.1 16.0 36.9
17 C;H;A g0, 97.2 38.9 25.2 29.7 64.8 76.3
18 Ag,CO; 76.8 61.9 122 46.9 19.7 75.9
19 Ag,0 98.8 53.8 40.4 46.3 75.1 86.1
20 silver sulfadiazine 99.9 53.1 41.8 42.6 78.7 80.4

Reaction condition: 1a (620 mg, 5 mmol), 2a (320 mg, 10 mmol), catalyst (1 mmol), DBU (228 mg, 1.5 mmol), CO, (5 MPa), 120 °C, 8 h,

* In the absence of any catalyst and cocatalyst, the results were determined by GC using biphenyl as the internal standard, conversion

(conv.), selectivity (sel.)
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Table 2 Co-catalyst investigation

Entry Co-catalyst la conv./% 2a conv./% PMC 4a yield/% DMC sel./% 4a sel./%
yield/%
1* - 87.6 423 2.2 44 52 10.4
2 DBU 99.9 53.1 41.8 42.6 78.7 80.2
3 DBN 98.5 72.7 21.9 34.8 30.1 47.9
4 ™G 99.7 65.0 17.5 18.5 26.9 28.5
5 TBD 98.7 72.6 2.2 3.5 3.0 4.8
6 TBAB 100.0 88.2 32 34 3.6 3.9
7 TEAC 99.5 78.7 4.7 7.2 6.0 9.1
8 TBAB/DBU 99.7 73.6 22.8 35.5 31.0 48.2
9 PPh;/DBU 100.0 49.2 2.8 6.4 5.7 13.0

Reaction condition: 1a (620 mg, 5 mmol), 2a (320 mg, 10 mmol), silver sulfadiazine (1 mmol), cocatalyst (1.5 mmol), CO, (5 MPa),
120 °C, 8 h, *: only silver sulfadiazine was used, the results were determined by GC using biphenyl as the internal standard
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Figure 1 Catalyst loading investigation
Reaction condition: 1a (620 mg, 5 mmol), 2a (320 mg,

10 mmol), DBU (228 mg, 1.5 mmol), CO, (5 MPa), 120 °C, 8 h,
the loading of silver sulfadiazine was calculated on the basis of
1a, the results were determined by GC using biphenyl as the
internal standard
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Table 3 Solvent effect on the reaction

Entry Solvent la conv./% 2a conv./% DMC yield/% 4a yield/% DMC sel./% 4a sel./%
1 Blank 99.9 53.1 41.8 42.6 78.7 80.4
2 DMSO 99.6 62.1 55.6 59.4 89.5 95.7
3 DMF 99.5 53.9 35.7 39.0 66.3 72.4
4 CH;CN 99.5 58.2 34.4 37.8 59.1 65.0
5 EtOAc 99.4 48.7 24.4 333 50.0 68.4
6 PhCH; 98.0 51.3 373 41.7 72.8 81.3
7 tetrahydrofuran 99.6 49.2 29.2 352 59.3 71.5

Reaction condition: la (620 mg, 5 mmol), 2a (320 mg, 10 mmol), silver sulfadiazine (357 mg, 1 mmol), DBU (228 mg, 1.5 mmol),
solvent (1 mL), CO, (5 MPa), 120 °C, 8 h, the results were determined by GC using biphenyl as the internal standard
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Figure 2 Temperature effect on the reaction
Reaction condition: 1a (620 mg, 5 mmol), 2a (320 mg, 10 mmol),
silver sulfadiazine (357 mg, 1 mmol), DBU (228 mg, 1.5 mmol),
DMSO (1 mL), CO, (5 MPa), 8 h, the results were determined
by GC using biphenyl as the internal standard
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Figure 3  Effect of raw material ratio on reaction
Reaction condition: 1a (620 mg, 5 mmol), 2a (160—640 mg, 10—
40 mmol), silver sulfadiazine (357 mg, 1 mmol), DBU (228 mg,

1.5 mmol), DMSO (1 mL), CO, (5 MPa), 120 °C, 8 h, the yield
was determined by GC using biphenyl as the internal standard
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Figure 4 Pressure effect on the three-component reaction

Reaction condition: 1a (620 mg, 5 mmol), 2a (320 mg, 10 mmol),

silver sulfadiazine (357 mg, 1 mmol), DBU (228 mg, 1.5 mmol),
DMSO (1 mL), 120 °C, 8 h, the results were determined by GC
using biphenyl as the internal standard
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Figure 5 Effect of the reaction time
Reaction condition: 1a (620 mg, 5 mmol), 2a (320 mg, 10 mmol),
silver sulfadiazine (357 mg, 1 mmol), DBU (228 mg, 1.5 mmol),
DMSO (1 mL), CO, (5 MPa), 120 °C, the results were
determined by GC using biphenyl as the internal standard
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Figure 6 Relationship between propargyl alcohol structure and
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Reaction condition: propargyl alcohol (5 mmol), methanol
(320 mg, 10 mmol), silver sulfadiazine (357 mg, 1 mmol), DBU
(228 mg, 1.5 mmol), DMSO (1 mL), CO, (5 MPa), 120 °C, 8 h,
the results were determined by GC using biphenyl as
the internal standard
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Figure 7 Cascade reaction mechanism of propargyl alcohol, methanol and CO, catalyzed by silver sulfadiazine/DBU
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