
Electronic Supporting Information

Improved synthetic routes to N-heterocyclic carbene-metal-diketonate 
complexes of gold and copper 
Ishfaq Ibni Hashim, Nikolaos V. Tzouras, Xinyuan Ma, Laurens Bourda, Kristof Van Hecke, Steven P. Nolan, 
Catherine S. J. Cazin

Contents
1. Procedures for one-pot, gram scale and mechanochemical reactions .........................................S2

2. NMR spectra of the reported complexes ......................................................................................S3

3. References ...................................................................................................................................S14

S1

Electronic Supplementary Material (ESI) for Dalton Transactions.
This journal is © The Royal Society of Chemistry 2022



1. Procedures for one-pot, gram scale and mechanochemical 
reactions

One-pot reactions:

Reaction 1 (Scheme 2). A 4 mL screw cap vial was charged under air with [IPr•HCl] (100 mg, 0.235 
mmol), CuCl (23.3 mg, 0.235 mmol, 1 equiv.), K2CO3 (97.4 mg, 0.705 mmol, 3 equiv.), and the solids 
were suspended in acetone (0.5 mL). The reaction mixture was stirred at 60 oC for 20 hours. Then, the 
reaction was cooled to room temperature and DBMH (58.0 mg, 0.259 mmol, 1.1 equiv.), K2CO3 (65.0 
mg, 0.471 mmol, 2 equiv.) and 0.5 mL of acetone were added. The reaction mixture was stirred at 
room temperature for 2h. After this time the solvent was removed under vacuum and the residue was 
taken up in THF (3 mL) and filtered through celite which was washed using THF (2 mL). The filtrate was 
concentrated to dryness, and the resulting solid was recrystallized from DCM/pentane yielding orange 
precipitate which was washed with pentane and dried under vacuum, affording the desired complex 
as bright orange solid in 80% yield (127 mg).

Reaction 2 (Scheme 2). A 4 mL screw cap vial was charged under air with [IPr•HCl] (100 mg, 0.235 
mmol), CuCl (23.3 mg, 0.235 mmol, 1 equiv.), DBMH (58.0 mg, 0.259 mmol, 1.1 equiv.), K2CO3 (162.6 
mg, 1.18 mmol, 5 equiv.), and the solids were suspended in acetone (1.0 mL). The reaction mixture 
was stirred at 60 oC for 20 hours. Then, the reaction was cooled to room temperature. After that the 
solvent was removed under vacuum and the residue was taken up in THF (3 mL) and filtered through 
celite which was washed using THF (2 mL). The filtrate was concentrated to dryness, and the resulting 
solid was recrystallized from DCM/pentane yielding orange precipitate which was washed with 
pentane and dried under vacuum, affording the desired complex as bright orange solid in 78% yield 
(125 mg).

Gram-scale reaction (Scheme 2)

A 40 mL scintillation vial equipped with a septum cap and a stirring bar under air was charged with 
[Cu(Cl)(IPr)] (1.00 g, 2.05 mmol, 1 equiv.), DBMH (0.506 g, 2.26 mmol, 1.1 equiv.), and K2CO3 (0.850 
mg, 6.15 mmol, 3 equiv.) and solids suspended in acetone (10 mL). Full conversion had been achieved 
in one hour, as judged by NMR analysis of an aliquot. After concentrating the reaction mixture to 
dryness, purification of the product was carried out by filtration through a pad of Celite (3 cm) with 
THF (40 mL). Evaporation of the solvent to minimum and addition of pentane (30 mL) resulted in 
orange precipitate. The solid was additionally recrystallized from DCM/pentane, washed with pentane 
(3 x 20 ml) and dried under high vacuum to afford the pure product as bright orange solid in 96 % yield 
(1.33 g).

Mortar and pestle reaction (mechanochemical reaction) 

In air, [Cu(Cl)(IPr)] (50 mg, 0.103 mmol), DBMH (25.3 mg, 0.113 mmol, 1.1 equiv.) and K2CO3 (42.5 mg, 
0.308 mmol. 3 equiv.) were added to a mortar. The solids displaying a white color were then ground 
using a pestle for 15 min yielding an orange powder. The crude product was suspended in DCM (5 mL) 
and filtered through celite. After concentrating to a minimum volume (ca. 1 ml), 8 ml of pentane were 
added resulting in the precipitation of an orange microcrystalline solid. The precipitate was collected 
by filtration on a medium porosity frit, washed with pentane (3 x 2 mL) and dried under vacuum to 
produce a bright orange solid in 95% yield (66 mg).
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2. NMR spectra of the reported complexes

1H NMR and 13C {1H} NMR spectra in CDCl3 at 298K for [Au(acac)(IPr)] (1)1

0.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.09.510.0
ppm

12
.5

6
12

.2
4

5.
63

4.
33

1.
00

1.
81

4.
07

2.
07

1.
21

1.
23

1.
28

1.
31

1.
73

1.
73

2.
43

2.
46

2.
48

2.
50

2.
53

2.
55

2.
57

3.
90

7.
19

7.
26

 C
D

Cl
3

7.
26

7.
28

7.
31

7.
48

7.
51

7.
54

0102030405060708090100110120130140150160170180190200210
ppm

24
.4

7
24

.8
5

29
.2

2
30

.7
4

71
.9

4

77
.1

6 
CD

Cl
3

12
3.

50
12

4.
62

13
1.

14
13

4.
29

14
6.

07

18
6.

78

20
3.

36

S3



1H NMR and 13C {1H} NMR spectra in C6D6 at 298K for [Cu(DBM)(IPr)] (2a)2
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1H NMR and 13C {1H} NMR spectra in C6D6 at 298K for [Cu(SIPr)(DBM)] (2b)
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1H NMR and 13C {1H} NMR spectra in C6D6 at 298K for [Cu(acac)(IPr*)] (2c)
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1H NMR and 13C {1H} NMR spectra in C6D6 at 298K for [Cu(DBM)(IPr*)] (2d)
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1H NMR and 13C {1H} NMR spectra in C6D6 at 298K for [Cu(DBM)( BIAN-IPr)] (2e)
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1H NMR and 13C {1H} NMR spectra in C6D6 at 298K for [Cu(DBM)(CAACCy)] (2f)
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1H NMR and 13C {1H} NMR spectra in CDCl3 at 298K for [Cu(DPM)(IPr)] (2g)
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1H NMR and 13C {1H} NMR spectra in CDCl3 at 298K for (Z)-1,2-diphenylvinyl benzoate (3a)3
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1H NMR, 13C {1H} and 19F NMR spectra in CDCl3 at 298K for 1,2-diphenylvinyl 2,6-difluorobenzoate 
(3b)
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1H NMR and 13C {1H} NMR spectra in CDCl3 at 298K for 6-methylenetetrahydro-2H-pyran-2-one (4a)4
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