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General Experimental Details 
Chemicals were obtained from Fluorochem or Merck and used without further purification, unless noted 

otherwise. Anhydrous N,N-Dimethylacetamide 99 % (abbreviated DMAc) was degassed by bubbling argon 

through for > 60 min, and dried over 4Å molecular sieves. All air-sensitive materials were manipulated 

using standard Schlenk techniques (under argon) or by the use of a nitrogen-filled glovebox (MBraun 

Unilab). Ni(OBz)2·3H2O and Ni(OBz-α-13C)2·3H2O (abbreviated Ni(OBz)2) were synthesized and zinc was 

activated following literature procedures.[1,2] NiBr2·2-methoxyethylether (abbreviated NiBr2), 

tetrabutylammoniumbenzoate (Bu4NOBz) and activated zinc were stored and weighed in a nitrogen-filled 

glovebox. The NMR solvent C6D6 was dried over molecular sieves and degassed via three freeze-pump-

thaw cycles. 1H (500 or 400 MHz), 13C (125 or 100 MHz) and 19F NMR (376 MHz) spectra were recorded on 

a Bruker DRX 500 MHz or a Bruker AVANCE 400 MHz spectrometer and referenced against residual solvent 

signal. The NMR yields were determined by integrating the signals of the product against the tert-butyl 

protons of 1,3,5-Tri-tert-butylbenzene (internal standard), as shown in the crude NMR spectra. UV-Vis 

spectra were collected on a double beam Shimadzu UV-2600 spectrometer in a 1.0 cm quartz cuvette with 

DMAc as reference. GC analysis was performed on a Thermo Scientific Trace GC Ultra equipped with a Rxi-

5ms fused silica column (30.0 m x 0.25 mm x 0.25 μm). Temperature program: initial temperature 50 °C, 

heat to 200 °C with 8.0 °C min-1, heat to 250 °C with 50 °C min-1, hold for 6 minutes. Inlet temperature 250 

°C, split ratio of 30, 1.0 mL min-1 helium flow, FID temperature 250 °C. For GC measurements mesitylene 

was used as internal standard and GC calibration curves were composed for 4-‘bromoacetophenone (1), 

acetophenone (3), 4’-benzoyloxyacetophenone (2) and 4’-hydroxyacetophenone (4) (Figure S32). GC-

HRMS (HRMS) measurements were performed on a Jeol AccuTOF GC v 4g, JMS-T100GCV Mass 

spectrometer equipped with a field desorption (FD) / field ionization (FI) probe, fitted with a 10 µm 

tungsten FI emitter. Samples were diluted with acetone and mesitylene was used as an internal calibrant. 

Here, GC analysis was conducted on a Thermo Scientific Trace GC Ultra equipped with an Agilent 19091S-

433 column (30.0 m x 0.25 mm x 0.25 μm). Temperature program: initial temperature 50 °C, heat to 315 

°C with 15 °C min-1, hold for 5 min. Inlet temperature 230 °C, split ratio of 15:1, 1.0 mL min-1 helium flow 

and GC interface at 250 oC. For the field ionization (FI) a flashing current of 40 mA on every spectrum of 

30 ms was applied. EPR measurements were performed in air-tight J.Young quartz tubes in an atmosphere 

of purified argon. Frozen solution EPR spectra were recorded on a Bruker EMX-plus CW X-band 

spectrometer equipped with a Bruker ER 4112HV-CF100 helium cryostat. The spectra were obtained on 

freshly prepared solutions of nickel compounds and simulated using EasySpin[3] via the cwEPR GUI.[4]  

 

  



General experiment for catalysis 
In a nitrogen-filled glovebox, NiBr2 (21.2 mg, 0.06 mmol) and zinc (39.2 mg, 0.6 mmol) were weighed and 

transferred to a Schlenk flask (20 mL). The flask was removed from the glovebox, the atmosphere changed 

to argon, and the solids 4-bromoacetophenone (239 mg, 1.2 mmol) and benzoic acid (147 mg, 1.2 mmol) 

were added. Directly thereafter, DMAc (6 mL) and tBuNHiPr (190 µL, 1.2 mmol) were supplied via a syringe 

and the temperature was increased to 70 oC with stirring at 1400 rpm. After 20 h reaction time, 60 µL 

mesitylene (internal standard) was added and approximately 10 µL of the reaction mixture was diluted 

with 2 mL acetone, filtered over a 45 µm syringe filter and analyzed with GC.  

 

General experiment for substrate scope 
In a nitrogen-filled glovebox, NiBr2 (21.2 mg, 0.06 mmol) and zinc (39 mg, 0.6 mmol) were weighed and 

transferred to a Schlenk flask (20 mL). The flask was removed from the glovebox, the atmosphere changed 

to argon, and the arylhalide (1.2 mmol) and carboxylic acid (1.2 mmol) were added. Directly thereafter, 

via a syringe DMAc (6 mL) and tBuNHiPr (190 µL, 1.2 mmol) were supplied and the temperature was 

increased to 70 oC and stirring speed to 1400 rpm. After 24 h reaction time 1,3,5-Tri-tert-butylbenzene 

(24.6 mg, 0.1 mmol) was added as internal standard and the reaction was quenched with 5 mL of aqueous 

LiCl solution (50 % saturated aqueous LiCl, 50 % water).  This solution was extracted three times with 10 

mL EtOAc. The combined organic phases were dried over Na2SO4 and concentrated. Approximately 20 µL 

of the concentrated reaction mixture was used to determine yield by 1H NMR in CDCl3 (in cases of 

inhomogeneous 1H NMR samples, 1 mL of DMAc was added to the concentrated reaction mixture). In 

addition, 10 µL of the 1H NMR sample was taken and diluted with 1.5 mL acetone for GC-HRMS analysis to 

confirm product formation. The NMR yields were determined by integrating the signals of the product 

against the tert-butyl protons of the internal standard, as shown in the crude NMR spectra. Compounds 

11, 12, 16, and 13, 14, 15, and 19 are reported in literature.[5,6] Products 17, 20 and 21 were purified by 

column chromatography using petroleum ether/ethyl acetate in a ratio 95:5 as an eluent.  

 
4-acetylphenyl cyclohexanecarboxylate 17. Yield 133 mg, 45%. 
1H NMR (400 MHz, Chloroform-d) δ 7.98 (d, J = 8.7 Hz, 2H), 7.16 (d, J = 8.6 Hz, 2H), 2.59 (s, 3H), 2.57 (m, 

1H), 2.06 (dd, J = 13.4, 3.8 Hz, 2H), 1.82 (dt, J = 12.6, 3.6 Hz, 2H), 1.73 – 1.65 (m, 1H), 1.64 – 1.50 (m, 2H), 

1.44 – 1.19 (m, 3H). 13C NMR (101 MHz, CDCl3) δ 196.98, 174.07, 154.80, 134.67, 130.01, 121.87, 43.33, 

29.01, 26.71, 25.78, 25.43. HRMS (EI, m/z): calculated for C15H18O3: 246.1256, found: 246.1249. 

 

 



 

4-acetylphenyl 4-fluorobenzoate 20. Yield 148 mg, 48%.1H NMR (400 MHz, CDCl3) δ 8.23 (dd, J = 8.7, 5.5 

Hz, 1H), 8.05 (d, J = 8.6 Hz, 1H), 7.32 (d, J = 8.3 Hz, 1H), 7.20 (t, J = 8.6 Hz, 1H), 2.63 (s, 2H). 13C NMR (126 

MHz, CDCl3) δ 197.00, 166.50 (d, J = 256.0 Hz), 163.82, 154.67, 135.06, 133.08 (d, J = 9.2 Hz)., 130.19, 

125.45 (d, J = 2.9 Hz), 122.04, 116.11 (d, J = 22.1 Hz), 26.79. 19F NMR (376 MHz, CDCl3) δ -103.70 (tt, J = 

8.3, 5.5 Hz) HRMS (EI, m/z): calculated for C15H11F1O3: 258.0692, found: 258.0691.  

 

 

4-acetylphenyl 4-methylbenzoate 21. Yield 223 mg, 75%. 1H NMR (300 MHz, Chloroform-d) δ 8.09 (d, J = 

8.3 Hz, 2H), 8.05 (d, J = 8.7 Hz, 2H), 7.33 (d, J = 8.6 Hz, 4H), 2.63 (s, 3H), 2.47 (s, 3H). 13C NMR (75 MHz, 

CDCl3) δ 197.05, 164.83, 154.95, 145.01, 134.87, 130.46, 130.13, 129.55, 126.44, 122.12, 26.78, 21.95. 

HRMS (EI, m/z): calculated for C16H14O3: 254.0943, found: 254.0945. 

 

  



Reduction of NiII 
Spectroscopy 

Experiment A. In a nitrogen-filled glovebox, NiBr2 (10.6 mg, 0.03 mmol) and zinc (118 mg, 1.80 mmol) were 

weighed and transferred to a J. Young type Schlenk flask (10 mL). The flask was removed from the 

glovebox, the atmosphere changed to argon and benzoic (73 mg, 0.6 mmol) was added. Directly thereafter, 
tBuNHiPr (95 µL, 0.6 mmol) and 3 mL DMAc were supplied via a syringe. This suspension was vigorously 

stirred (1400 rpm) at 70 oC for 3 hours to obtain a pink colored solution. The flask was transferred back to 

the glovebox and zinc was removed via filtration over a 45 µm syringe filter providing samples for UV-Vis, 

EPR and XAS spectroscopy (Attempts to remove Zn via filtration outside the glovebox all resulted in rapid 

discoloration).  

Experiment B. To study the reactivity, towards aryl halides, of reduced NiII (described in the experiment 

above) we supplied bromoacetophenone (29.9 mg, 0.15 mmol) to 3 mL of the pink-colored solution (after 

filtration) and stirred this for 15 minutes in a glovebox (no color change was observed). Subsequently, the 

vial was taken outside the glovebox and heated to 70 oC. Over a period of 30 minutes the pink color 

disappeared and a yellow-colored solution was obtained.  Subsequently, samples for UV-Vis and EPR 

spectroscopy were prepared.  

 

Catalysis 

Experiment A: The reduction experiment (A) described above was repeated twice with a reduction time of 

30 min. and 3 hours (on a 6 mL scale). Next, in a nitrogen-filled glovebox the obtained solution was filtered 

over a 45 µm syringe filter and 3 mL was transferred to a 10 mL vial charged with bromoacetophenone 

(119.5 mg, 0.6 mmol). Outside the glovebox this reaction mixture was stirred for 30 min at 70 oC. 

Subsequently 30 µL mesitylene (internal standard) was added and approximately 10 µL of the reaction 

mixture was diluted with 2 mL acetone, filtered over a 45 µm syringe filter and analyzed with GC.  

Experiment B: The reduction experiment (A) described above was repeated with a reduction time of 3 

hours (on a 6 mL scale). Next, in a nitrogen-filled glovebox the obtained solution was filtered over a 45 µm 

syringe filter and 3 mL was transferred to a Schlenk flask (20 mL) charged with bromoacetophenone (119.5 

mg, 0.6 mmol) and zinc (19.5 mg, 0.3 mmol). Outside the glovebox this reaction mixture was stirred for 20 

h at 70 oC. Subsequently 30 µL mesitylene (internal standard) was added and approximately 10 µL of the 

reaction mixture was diluted with 2 mL acetone, filtered over a 45 µm syringe filter and analyzed with GC.  

  



Catalytic studies 

 

Table S1. Solvent screening 

Entry[a] Solvent 1[a] 

Conv. [%] 

2[a] 

Yield [%] 

3[a] 

Yield [%] 

1 DMAc 87 68 19 

2 DMSO 17 0 2 

3 DMF 21 19 2 

4 DMI 27 23 4 

[a] Determined by GC analysis. 

 

 

Table S2. Base screening 

Entry[a] Base 1[a] 

Conv. [%] 

2[a] 

Yield [%] 

3[a] 

Yield [%] 

1 tBuNHiPr 100 81 9 

2 tBuNHiPr (400 mM) 100 90 10 

3 tBuNH2iPrOBz[b] 100 78 8 

4 NEt3 87 68 19 

5 DBU 8 n.d. 5 

6 DABCO 6 <1 5 

7 DMAP 23 10 11 

8 K3PO4 21 17 4 

9 K3PO4 + Bu4NI (200 mM) 16 5 11 

10 Bu4NOBz 21 7 5 

11 Bu4NOBz + tBuNHiPr (20 mM) 60 27 16 

[a] Determined by GC analysis. [b] tBuNHiPr and BzOH were stirred for 30 min. at 70 oC in 6 mL DMAc and subsequently added to 

the other reaction components. 



 

Table S3. Reducing agent screening 

Entry[a] Reducing agent 1[a] 

Conv. [%] 

2[a] 

Yield [%] 

3[a] 

Yield [%] 

1 Zn 87 68 19 

2 Mn 42 23 16 

3 Mn + Et4NI (0.5 eq) 64 49 15 

4 CoCp2 13 n.d. 12 

5 CoCp*2 9 n.d. 9 

[a] Determined by GC analysis.  

 

Table S4. Concentration screening 

Entry[a] Conc. [mM] 1[a] 

Conv. [%] 

2[a] 

Yield [%] 

3[a] 

Yield [%] 

1 50 67 53 n.d. 

2 100 60 47 2 

3 200 100 81 9 

4 500 100 72 15 

5 1200 100 40 10 

[a] Determined by GC analysis.  

 



 

Figure S1. Reaction mixtures after 20 h reaction time at a concentration of 200 and 100 and mM. Concentrations 

below 200 mM resulted in the reaction mixture turning black, indicative for nanoparticle formation. 

 

 

Figure S2. Rate dependency on stirring speed for NiBr2-catalyzed reaction of 4-‘bromoacetophenone and benzoic 

acid. From 0 to 1800 sec. an initiation period was observed, therefore initial rate was determined via a linear fit 

starting from the datapoint at 1800 sec. 

 



 

 

 

Figure S3. Rate dependency for NiBr2-catalyzed esterification of bromobenzene derivatives with benzoic acid at a 

stirring speed of 1400 rpm. From 0 to 1800 sec. an initiation period was observed, therefore initial rate was 

determined via a linear fit starting from the datapoint at 1800 sec.) 

 

Table S5. Ligand screening. 

Entry[a] Ligand 1[a] 

Conv. [%] 

2[a] 

Yield [%] 

3[a] 

Yield [%] 

1 No ligand 100 81 9 

2 dtbbpy 85 50 32 

3 Bipy 87 68 19 

4 6,6 dimethyl-2,2 dipyridyl 8 n.d. 5 

5 4,4 dimethoxy-2,2 dipyridine 6 <1 5 

6 4,4 trifluoromethyl-2,2 dipyridine 23 10 11 

7 Phenantroline 21 17 4 

8 Neocuproine 16 5 11 

[a] Determined by GC analysis.  



 

Table S6. Photocatalytic nickel-catalyzed carboxylate O-arylation. 

Entry[a] Light source Change in condition Additive 1[a] 

Conv. 

[%] 

2[a] 

Yield 

[%] 

3[a] 

Yield 

[%] 

4[a] 

Yield 

[%] 

1 CFL1, 24W 1 eq. BzOH + 1 eq. tBuNHiPr - 35 14 14 n.d. 

2 CFL1, 24W - - 59 37 15 n.d. 

3 CFL1, 24W BzOH (400 mM) + tBuNHiPr (400 mM) dtbbpy (5 mol%) 92 86 5  

4 LED, 460 nm Ir[dF(CF3)ppy]2(dtbbpy))PF6 DABCO (1 eq.) 12 n.d. 12 n.d. 

5 None Zn instead of Ir(ppy)3 

1 eq. BzOH + 1 eq. tBuNHiPr 

DABCO (1 eq.) 12 n.d. 12 n.d. 

6 LED, 405 nm 1 eq. BzOH + 1 eq. tBuNHiPr  77 38 26 12 

7 LED, 405 nm   89 39 24 22 

Conditions: Bromoacetophenone (200 mM) Benzoic Acid (400 mM), tBuNHiPr (400 mM) Nickel(II) bromide (5 mol%), Ir(ppy)3 (1 
mol%), DMAc (6 mL), 20 hours, 70 oC. [a] Determined by GC analysis.  
 

 

Figure S4. Reaction set-up for photoinitiation with 405 nm light at 70 oC. 

 

 



 

Table S7. Control experiments. 

Entry[a] Deviation Base 1[a] 

Conv. [%] 

2[a] 

Yield [%] 

3[a] 

Yield [%] 

1 Aerobic tBuNHiPr 6 n.d. n.d. 

2 No Zn tBuNHiPr 1 n.d. <1 

3 No NiBr2 tBuNHiPr 36 <1 35 

4 Ni(COD)2, no Zn NEt3 6 4 2 

5 Ni(COD)2 NEt3 46 34 6 

6 10 mol% COD NEt3 42 36 5 

7 with 5 eq. acetophenone tBuNHiPr 99 78 - 

[a] Determined by GC analysis.  

 

Table S8. (dtbbpy)NiBr2- and NiBr2-catalyzed reaction. 

Entry[a] Ligand Base Acid : Base 

Conc. [mM] 

Solvent Temp. 

[oC] 
1[a] 

Conv. 

[%] 

2[a] 

Yield 

[%] 

3[a] 

Yield 

[%] 

1 dtbbpy NEt3 200 

200 

400 

200 

200 

200 

200 

400 

200 

200 

DMF 40 39 21 18 

2 dtbbpy NEt3 DMAc 40 33 15 18 

3 dtbbpy NEt3 DMAc 40 99 63 27 

4 dtbbpy NEt3 DMAc 70 85 50 32 

5 dtbbpy tBuNHiPr DMAc 70 100 61 38 

6 none NEt3 DMAc 40 12 10 2 

7 none NEt3 DMF 40 2 2 0 

8 none NEt3 DMAc 40 22 14 8 

9 none NEt3 DMAc 70 87 68 19 

10 none tBuNHiPr DMAc 70 100 81 9 

[a] Determined by GC analysis.  

 



Spectroscopy: 

UV-Vis Spectroscopy 

 

 
Figure S5. UV-Vis spectra of catalytic reaction after 2 h (orange) and DMAc solutions containing: NiBr2 (10 mM), 
tBuNHiPr (200 mM) and BzOH (200 mM) (green); NiBr2 (10 mM) (blue); NiBr2 (10 mM) and tBuNHiPr (200 mM) 

(yellow); NiBr2 (10 mM) and BzOH (200 mM) (light green); NiBr2 (10 mM) and Bu4NOBZ (200 mM) (purple); Ni(OBz)2 

(10 mM) (turquoise); Ni(OBz)2 (10 mM), tBuNHiPr (200 mM) and BzOH (200 mM) (pink); bromoacetophenone (200 

mM) (black). 

 

Formation of [NiBrx(DMAc)y] 

While single crystals with the formula [Ni(DMAc)6][NiBr4] can be obtained from a concentrated DMAc 

solution containing NiBr2, Isiguro and co-workers demonstrated that in a DMAc solution a variety of 

complexes of the type [NiBry(DMAc)x] exists depending on the bromide concentration.[7,8] The following 

species were identified: five coordinated [NiBr(DMAc)4]+ (460 nm), five coordinated [NiBr2(DMAc)3] (490 

nm), four coordinated [NiBr2(DMAc)2] (600 nm)  and four coordinated [NiBr3(DMAc)]- (660 nm with a 

shoulder at ~700 nm). These assigned peaks correlate well with the observed UV-Vis bands at 470, 630, 

660 nm and the shoulders at 700 nm for NiBr2 (10 mM) in DMAc (Figure S5, blue trace).  

 

 

 

 



 

UV-Vis Titration of [NiBrx(DMAc)y] with tBuNHiPr or Bu4NOBz 

Titration of experiments were performed under argon by mixing solutions of NiBr2 (stock solution A) with 

various equivalents a solution of NiBr2 and tBuNHiPr or Bu4NOBz (stock solution B). For stock solution A: 

NiBr2 (14.1 mg, 0.04 mmol) was suspended in 4 mL DMAc and stirred at 70 oC at 15 min to obtain a 

homogeneous solution. For stock solution B: NiBr2 (35.3 mg, 0.1 mmol) was dissolved in 9.7 mL DMAc and 

stirred at 70 oC at 15 min, subsequently tBuNHiPr (317 µL, 2 mmol) or Bu4NOBz (727.16 mg, 2 mmol) was 

added forming a yellow solution (this solution was immediately used for titration experiments). From stock 

solution A, 3 mL was transferred to a 1.0 cm pathlength J. Young type square quartz UV-Vis cuvette with 

an additional mixing reservoir (total volume 20 mL) and thereafter distinct equivalents of stock solution B 

were added via syringe (see Table S9, for the titration experiment with tBuNHiPr). Before every UV-Vis 

measurement the solution was extensively mixed in the connected reservoir. For the sample with 20 eq. 

of tBuNHiPr or Bu4NOBz, 3 mL of a freshly prepared stock solution B was transferred to the empty J. Young 

type UV-Vis cuvette and measured. Over a time period of 30 minutes the sample with 20 eq. of tBuNHiPr 

became turbid. 

Table S9. UV-Vis titration of NiBr2 with 0 to 20 equivalents of tBuNHiPr 

Equiv. 
tBuNHiPr 

Stock solution B ( µL)          Ni (mmol) tBuNHiPr (mmol) 

0 - 0.0300 - 

0.1 15 0.0302 0.0030 

0.2 15 0.0303 0.0060 

0.3 16 0.0305 0.0091 

0.4 16 0.0306 0.0121 

0.5 17 0.0308 0.0153 

0.6 17 0.0309 0.0186 

0.7 17 0.0311 0.0219 

0.8 17 0.0312 0.0249 

0.9 17 0.0314 0.0283 

1.0 17 0.0316 0.0317 

1.5 85 0.0324 0.0487 

2.0 89 0.0333 0.0666 

3.0 196 0.0353 0.1060 

4.0 221 0.0375 0.1500 

5.0 250 0.4000 0.2000 

7.5 800 0.4800 3.6000 

10 1210 0.6010 6.0100 

20 Only stock solution B   

 



 

Figure S6. J. Young type UV-Vis cuvette with additional mixing volume. 

 

 

Figure S7. UV-Vis titration of a DMAc solution containing NiBr2 (10 mM) with 0 to 2.0 equiv. of tBuNHiPr. 

 



 

Figure S8. UV-Vis titration of a DMAc solution containing NiBr2 (10 mM) with 3.0 to 20.0 equiv. of tBuNHiPr. 

UV-Vis titration of a DMAc solution containing NiBr2 with up to 20 equiv. of tBuNHiPr led to the formation 

of nickel species with an increasing number of amine as ligand  (Figures S7-S8). However, at 20 equivalents 

of tBuNHiPr the solution slowly turned turbid over a period of 30 minutes (Figure S8, brown trace). 

 

 

Figure S9. UV-Vis titration of a DMAc solution containing NiBr2 (10 mM) with 1.0 to 20.0 equiv. of Bu4NOBz. 

 



 

Figure S10. UV-Vis spectra of a DMAc solution containing NiBr2 (10 mM), tBuNHiPr (200 mM), BzOH (200 mM) and 

zinc (600 mM) stirred at 70 oC for 3 h (filtered to remove zinc). The solution was kept under nitrogen atmosphere in 

a J. Young type quartz cuvette. 

 

 

Figure S11. UV-Vis spectra of a DMAc solution containing NiBr2 (10 mM), tBuNHiPr (200 mM), BzOH (200 mM) and 

zinc (600 mM) stirred at 70 oC for 30 min. (gray) and 3 h (pink) (filtered to remove zinc). 



NMR studies using benzoic acid-α-13C 

In a nitrogen-filled glovebox, NiBr2 (10.6 mg, 0.03 mmol) or Ni(OBz2) (11.0 mg, 0,03 mmol) was weighed 

and transferred to a Schlenk flask (10 mL). The flask was removed from the glovebox, the atmosphere 

changed to argon and benzoic acid-α-13C 99% (72 mg, 0.6 mmol) was added. Afterwards, tBuNHiPr (95 µL, 

0.6 mmol) and 3 mL DMAc were supplied via a syringe. This solution was stirred at 70 oC for 15 min. to 

obtain a homogeneous mixture. For 1H and 13C NMR measurements, 0.05 mL anhydrous C6D6 was mixed 

with 0.45 mL of the reaction mixture in an NMR tube. Additional samples were prepared in a similar 

fashion.  

1H NMR spectroscopy 

 

Figure S12. 1H NMR spectra (aromatic region) of DMAc solutions containing: [1] BzOH (200 mM); [2] NiBr2 (10 mM) 

and BzOH (200  mM) (blue); [3] BzOH (200 mM) and tBuNHiPr (200 mM); [4] NiBr2 (10 mM); tBuNHiPr (200 mM) and 

BzOH (200  mM) (green); [5] Ni(OBz)2 (10 mM); tBuNHiPr (200 mM) and BzOH (200  mM) (pink). 



Figure S13. 1H NMR spectra (0 to 5 ppm) of DMAc solutions containing: [1] tBuNHiPr (200 mM); [2] NiBr2 (10 mM) 

and BzOH (200  mM) (blue); [3] NiBr2 (10 mM) and tBuNHiPr (200 mM);  [4] BzOH (200 mM) and tBuNHiPr (200 mM); 

[5] NiBr2 (10 mM), tBuNHiPr (200 mM) and BzOH (200  mM) (green); [6] Ni(OBz)2 (10 mM); tBuNHiPr (200 mM) and 

BzOH (200  mM) (pink). 

 

 

 

 

 

 

 

 

 

 

 

 



EPR Spectroscopy 

 

Figure S14. Experimental and simulated X-band EPR spectra of a frozen (9 K) DMAc solution containing NiBr2 (10 

mM), tBuNHiPr (200 mM) and BzOH (200 mM) that was reduced with zinc (600 mM) (black trace) and simulated 

spectrum (red trace). S=3/2, g=[2.18 2.09 2.28], lw=10, D= 105 MHz, E/D = 0.032, gStrain=[0.139 0.0496 0.0367]. (MW 

freq.=9.65, MW power=3.170 mW, Mod. amp.=8 G). 

 

X-ray Absorption Spectroscopy 

Ni K-edge XAS measurements were performed at B18 (Diamond) in Didcot, United Kingdom. 

Measurements were conducted with a Si(111) double crystal monochromator in fluorescence mode, 

where fluorescence from the sample was detected with a 36 element Ge solid State detector. A typical 

measurement required 3 minutes and 25 scans were required to obtain good signal-to-noise. Samples (10 

mM in Ni) were measured as frozen DMAc solutions in a 5 mm Kapton® tube, and kept frozen with a 

Cryojet which was set at 100 K during the measurement. All spectra were calibrated to a Ni foil. The 

amplitude redaction factor was determined using the Ni foil and found to be 0.8. XAS data processing was 

performed in Athena, and EXAFS analysis was conducted in Artemis.[9] 

 

 

 

 

 

 



XANES 

 

Figure S15. Ni K-edge XANES spectrum for DMAc solutions containing: NiBr2 (10 mM) (blue), NiBr2 (10 mM) and 
tBuNHiPr (200 mM) (yellow); NiBr2 (10 mM), tBuNHiPr (200 mM) and BzOH (200 mM) (green); NiBr2 (10 mM), tBuNHiPr 

(200 mM) and BzOH (200 mM) reduced with zinc (600 mM) (pink). 

 

Figure S16. Ni K-edge XANES spectrum (pre-edge region) for DMAc solutions containing: NiBr2 (10 mM) (blue), NiBr2 

(10 mM) and tBuNHiPr (200 mM) (yellow); NiBr2 (10 mM), tBuNHiPr (200 mM) and BzOH (200 mM) (green); NiBr2 (10 

mM), tBuNHiPr (200 mM) and BzOH (200 mM) reduced with zinc (600 mM) (pink). 

 



 

Figure S17. First derivatives of the Normalized Ni K-edge XANES spectra. 

 

 

Figure S18. First derivatives of the Normalized Ni K-edge XANES spectra for (with a moving average (size 4)). 

 

 



EXAFS 

 

Figure S19. Ni K-edge k2 weighted Fourier transform EXAFS for DMAc solutions containing: NiBr2 (10 mM) (blue), NiBr2 

(10 mM) and tBuNHiPr (200 mM) (yellow); NiBr2 (10 mM), tBuNHiPr (200 mM) and BzOH (200 mM) (green); NiBr2 (10 

mM), tBuNHiPr (200 mM) and BzOH (200 mM) reduced with zinc (600 mM) (pink). 

Ni K-edge EXAFS fitting parameters  

For a DMAc solution containing solely NiBr2 required one oxygen shell with a coordination number of 

2.50(17) at a corresponding distance of 2.05(1)Å (Table S10, entry 1). For a DMAc solution containing NiBr2 

and tBuNHiPr (Figure S19, yellow trace), two independent shells are required to obtain a satisfactory fit for 

the data. The first shell, composing of a indistinguishable, nitrogen or oxygen shell has a coordination 

number of 1.79(17) at a distance of 2.05(1)Å. The second shell is a nickel shell, containing 1.65(50) atoms 

at 3.10(1)Å (Table S10, entry 2). Entries 3 and 4 of Table S10 are discussed in the main text. 

Table S10. Ni K-edge EXAFS fitting parameters for all components with N = coordination number, σ2 = Debye Waller 

factor [Å2], RFit = fitted bond length [Å]. 

Entry[a] Sample Shell N σ2 (Å2) RFit (Å) 

1 Ni(Br)x(DMAc)y
[a] Ni-O 2.50(17) 0.0066(8) 2.05(1) 

2 NiBr2 + tBuNHiPr [b] Ni-O/N 1.79(17) 0.005(2) 2.05(1) 

  Ni-Ni 1.65(50) 0.006(2) 3.10(1) 

3 NiBr2 + tBuNHiPr + BzOH[c] Ni-O/N 2.65(18) 0.006(1) 2.068(1) 

4 NiBr2 + tBuNHiPr + BzOH + Zn[d] Ni-O/N 3.1(3) 0.006(1) 2.04(1) 

  Ni-Ni 0.6(5) 0.009(9) 3.10(3) 

[a] k range = 3–13 Å-1, R range = 1–3 Å; k-weighted fit = 1,2,3 E0 = 2.8(7) eV, S0
2 = 0.80 R-factor fit: 0.006. 

[b]  k range = 3–11.6 Å-1, R range = 1–3 Å; k-weighted fit = 1,2,3 E0 = 1(1) eV, S0
2 = 0.80 R-factor fit: 0.016. 

[c]  k range =  3–12 Å-1, R range = 1–3 Å; k-weighted fit = 1,2,3 E0 = -0.4(8) eV, S0
2 = 0.80 R-factor fit: 0.012. 

[d]   k  range = 3–13.25 Å, R range = 1–3.1 Å; k-weighted fit = 1,2,3 E0 = -4(1) eV, S0
2 = 0.80 R-factor fit: 0.021. 

Formation of Ni clusters  



For a DMAc solution with NiBr2 and 20 equivalents of tBuNHiPr a prominent contribution of a back scatterer 

emerges in the FT EXAFS spectrum (Figure S19, yellow trace). This coordination shell can be assigned to a 

Ni-Ni interaction and is indicative for the formation of Ni clusters. Moreover, this result is in agreement 

with the turbid solution obtained during at the end of the UV-Vis titration experiment (Figure S8). 

Formation of multinuclear species is indicative for a more elaborate ligand exchange process than only 

associative coordination of the amine. The displacement of the bromide ligand, for the amine base, is a 

potential pathway. This ligand exchange reaction was also proposed as protodehalogenation pathway in 

energy transfer mediated photocatalytic o-arylation with (dtbbpy)NiBr2 and diisopropylamine (DIPA) as 

base.[10]   

 

Determination of coordination number of the bromide shell  

The Ni-Br contributions were surprisingly difficult to fit. We expected anti-phase behavior could play a 

role, as previously observed for Cu organometallic compounds.30 To study this, simulations of a Ni-Br bond 

were performed within Artemis (Parameters: S0
2 = 0.80 fixed, σ2 = 0.003 fixed and E0 = 0 fixed). In figures 

S20-22 the simulated Ni K-edge EXAFS data (chi, for different k-weightings) for a Ni-Br contribution as a 

function of Ni-Br bond length is plotted (starting from a Ni-Br bond length of 2.40 Å). It is clear from these 

simulations that, in all k-weightings, the Ni-Br contributions are strong. However, from about a difference 

of 0.1-0.15 Å  in Ni-Br bond length, the paths are completely in anti-phase, cancelling each other out when 

they are both present in equal amounts (i.e. similar coordination number). This anti-phase behavior is very 

similar for all k-weightings, such that a careful plot in different k-weighting, as was performed for Cu30, 

does not solve the problem. Therefore, if in single nickel complex or a mixture of nickel complexes, multiple 

Ni-Br contribution are present at different distances, the antiphase behavior of the different paths, can 

result in a seemingly absence of Ni-Br at all; or in fact, only part of the Ni-Br contributions are analyzed 

(i.e. the Ni-Br contributions are underestimated). For the data in this paper, we therefore can only say with 

confidence that either no Ni-Br contributions are present, or that a similar amount of Ni-Br contributions 

are present at different distances, resulting in an even number of Ni-Br contributions.    

 



 

Figure S20. k-weighted Fourier transforms of the EXAFS data of the Ni-Br bond, starting from 2.40 Å. 

 

Figure S21. k2-weighted Fourier transforms of the EXAFS data of the Ni-Br bond, starting from 2.40 Å. 



 

Figure S22. K3-weighted Fourier transforms of the EXAFS data of the Ni-Br bond, starting from 2.40 Å. 
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Figure S23. k2 -weighted Fourier transforms of the EXAFS data of a DMAc solution containing NiBr2 (10 mM). The 

data is represented by the solid trace (black), whereas the corresponding fit is the dotted line (red).  
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Figure S24. k2 -weighted EXAFS data of a DMAc solution containing NiBr2 (10 mM). The data is represented by the 

solid trace (black), whereas the corresponding fit is the dotted line (red).  
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Figure S25. k2 -weighted Fourier transforms of the EXAFS data of a DMAc solution containing NiBr2 (10 mM) and 
tBuNHiPr (200 mM). The data is represented by the solid trace (black), whereas the corresponding fit is the dotted 

line (red). 
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Figure S26. k2 -weighted EXAFS data of a DMAc solution containing NiBr2 (10 mM) and tBuNHiPr (200 mM). The data 

is represented by the solid trace (black), whereas the corresponding fit is the dotted line (red). 
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Figure S27. k2 -weighted Fourier transforms of the EXAFS data of a DMAc solution containing NiBr2 (10 mM), tBuNHiPr 

(200 mM)  and BzOH (200 mM). The data is represented by the solid trace (black), whereas the corresponding fit is 

the dotted line (red). 
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Figure S28. k2 -weighted EXAFS data of a DMAc solution containing NiBr2 (10 mM), tBuNHiPr (200 mM) and BzOH (200 

mM). The data is represented by the solid trace (black), whereas the corresponding fit is the dotted line (red). 
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Figure S29. k2 -weighted Fourier transforms of the EXAFS data of a DMAc solution containing NiBr2 (10 mM), tBuNHiPr 

(200 mM) and BzOH (200 mM) reduced with zinc (600 mM). The data is represented by the solid trace (black), 

whereas the corresponding fit is the dotted line (red). 
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Figure S30. k2 -weighted EXAFS data of a DMAc solution containing NiBr2 (10 mM), tBuNHiPr (200 mM)  and BzOH 

(200 mM) reduced with zinc (600 mM). The data is represented by the solid trace (black), whereas the corresponding 

fit is the dotted line (red). 

 

 

  



GC analysis of catalytic mixtures 

 
Figure S31. Typical GC-trace for cross-coupling of bromoacetophenone with benzoic acid.  
 

 

 

         

                                        

Figure S32. GC calibration curves for 4’-bromoacetophenone (1), acetophenone (3), 4’-benzoyloxyacetophenone (2A) 

and 4’-hydroxyacetophenone (4). 

 

  



NMR and mass spectra of isolated products 

Figure S33.1H NMR of isolated 4’-benzoyloxyacetophenone (2) in CDCl3 (utilized for GC calibration curve). 



 

Figure S34.13C NMR of isolated 4’-benzoyloxyacetophenone (2) in CDCl3 (utilized for GC calibration curve). 

  



Figure S35. FD-HRMS spectrum of isolated 4’-benzoyloxyacetophenone 2 (top: experimental, bottom: simulated). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S36. 1H NMR spectrum of 4-acetylphenylcyclohexanecarboxylate 17 in CDCl3. 

 



 

Figure S37. 13C NMR spectrum of 4-acetylphenyl cyclohexanecarboxylate 17 in CDCl3. 

  



Figure S38. HRMS spectrum of isolated 4-acetylphenyl cyclohexanecarboxylate 17 (top: experimental, bottom: 

simulated). 

  



Figure S39. 1H NMR spectrum of 4-acetylphenyl 4-methylbenzoate 20 in CDCl3. 



 

Figure S40. 13C NMR spectrum of 4-acetylphenyl 4-methylbenzoate 20 in CDCl3. 

  



Figure S41. HRMS spectrum of isolated 4-acetylpheny 4-methylbenzoate 20 (top: experimental, bottom: 

simulated). 



Figure S42. 1H NMR spectrum of 4-acetylphenyl 4-fluorobenzoate 21 in CDCl3. 



 

Figure S43. 19F NMR spectrum of 4-acetylphenyl 4-fluorobenzoate 21 in CDCl3. 

 



 

Figure S44. 13C NMR spectrum of 4-acetylphenyl 4-fluorobenzoate 21 in CDCl3. 

  



Figure S45. HRMS spectrum of isolated 4-acetylphenyl 4-fluorobenzoate 21 (top: experimental, bottom: simulated). 

 



Crude NMR spectra of catalytic mixtures 

 

Figure S46. Crude 1H NMR spectrum for formation of ester product 12 in CDCl3. 

 

 

 

 

 

 

 

 

 

 



 

Figure S47. Crude 1H NMR spectrum for formation of ester product 11 in CDCl3.  

  

 

 

 

 



 

Figure S48. Crude 1H NMR spectrum for formation of ester product 13 in CDCl3 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S49. Crude 1H NMR spectrum for formation of ester product 14 in CDCl3 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S50. Crude 1H NMR spectrum for formation of ester product 15 in CDCl3 (DCM was added to obtain a 

homogeneous mixture). 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S51. Crude 1H NMR spectrum for formation of ester product 16 in CDCl3 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S52. Crude 1H NMR spectrum for formation of ester product 17 in CDCl3.  

 

 

 

 

 

 

 

 

 

 

 



 

Figure S53. Crude 1H NMR spectrum for formation of ester product 21 in CDCl3. 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S54. Crude 1H NMR spectrum for formation of ester product 19 in CDCl3.  

 

 

 

 

 

 

 

 

 

 

 



 

Figure S55. Crude 1H NMR spectrum for formation of ester product 20 in CDCl3.  

 

 

 

 

 

 

 

 

 

 

 

 



Mass spectrometry of crude products 

GC-HRMS(FI) 
 

Retention time 

(min) 

Compound 

4.48 – 4.50 DMAc 

5.98 – 5.99 Mesitylene (MS calibrant) 

10.95 – 10.96 1,3,5-Tri-tert-butylbenzene (1H NMR internal standard) 

 

Figure S56. GC and HRMS(FI) trace for formation of ester product 12. 

 

 

 

 

 

 



Figure S57. GC and HRMS(FI) trace for formation of ester product 11. 

 



 

Figure S58. GC and HRMS(FI) trace for formation of ester product 13. 

 



 

Figure S59. GC and HRMS(FI) trace for formation of ester product 14. 

 



 

Figure S60. GC and HRMS(FI) trace for formation of ester product 15. 



 

Figure S61. GC and HRMS(FI) trace for formation of ester product 16. 



 

Figure S62. GC and HRMS(FI) trace for formation of ester product 17. 

 

 



 

Figure S63. GC and HRMS(FI) trace for formation of ester product 8. 



 

Figure S64. GC and HRMS(FI) trace for formation of ester product 19. 

 



 

Figure S65. GC and HRMS(FI) trace for formation of ester product 20. 
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