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1. EXPERIMENTAL SECTION 
 
Preparation of N-(1-(2-pyridyl)-1-oxo-2-ethyl)pyridinium-iodide (Kroehnke salt): 12.1 g 2-acetylpyridine 
(11.2 mL, 100 mmol, 1 eq.) and 25.4 g iodine (100 mmol, 1 eq.) were refluxed in 120 mL of pyridine for 1 h. 
After cooling to room temperature the reaction mixture was filtered and the resulting dark-grey precipitate 
was washed with a small amount of cold pyridine and then acetone and dried in vacuum. Yield: 21.98 g, 
71.0 mmol, 71%. 1H NMR (300 MHz, DMSO-d6) δ = 9.04-8.96 (d, 2H, J = 5.2 Hz), 8.91-8.83 (d, 1H, J = 4.5 Hz), 
8.78-8.66 (t, 1H, J = 7.8 Hz), 8.32-8.21 (dd, 2H, J = 7.9, 6.6 Hz), 8.17-8.02 (m, 2H), 7.89-7.77 (ddd, 1H, J = 7.4, 4.8, 
1.6 Hz), 6.51 (s, 2H) ppm. 
Preparation of 6-Phenyl-2,2'-bipyridine (HPhbpy): The Kroehnke salt (6.9 g, 21 mmol, 1 eq.) and ammonium 
acetate (16.3 g, 210 mmol, 10 eq.) were suspended in glacial acetic acid (58 mL) and heated under reflux for 
30 min. After the addition of the Mannich adduct the mixture was further heated under refluxed for 22 h. 
After cooling to room temperature, the solvent was reduced as far as possible. The oily residue was diluted 
with 100 mL of chloroform and stirred with 100 mL of water. The precipitated black solid was filtered off 
and the organic layer was washed with 100 mL of a saturated sodium carbonate solution and afterwards two 
times with 100 mL of water. After drying over magnesium sulphate the solvent was evaporated and the oily 
raw product was purified by filtration over silica (cyclohexane/ethyl acetate 9/1). The product was dried in 
vacuum and was received as a bright brown powder. Yield: 54% (3.22 g, 13.86 mmol). 1H NMR (300 MHz, 
CDCl3) δ = 8.69 (d, 1H, JHH = 4.6 Hz), 8.64 (d, 1H, JHH = 8.0 Hz), 8.38 (d, 1H, JHH = 7.8 Hz), 8.15 (d, 1H, JHH = 7.8 
Hz), 7.97-7.75 (m, 3H), 7.53-7.41 (m, 3H), 7.31 (t, 1H, JHH = 6.1 Hz) ppm. 13C NMR: (75 MHz, CDCl3) δ = 156.6, 
156.5, 155.9, 149.2, 139.5, 137.8, 137.0, 129.1, 128.9, 127.1, 123.9, 121.4, 120.4, 119.4 ppm. Elemental analysis 
found (calc. for C16H12N2): C 82.71 (82.73); H 5.17 (5.16); N 11.92 (11.90)%. 
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General Information on the C‒H activation reactions (direct nickelation) 
Diethyl ether, toluene, and tetrahydrofuran (THF) were distilled over sodium benzophenone ketyl under a 
nitrogen atmosphere prior to use. NiBr2 was a reagent grade and used as received. To obtain anhydrous 
nickel(II) acetate, the tetrahydrate Ni(OAc)2.4H2O was dried at 150°C under vacuum for 20 h. The obtained 
materials were stored in a glovebox. Unless otherwise stated other chemicals and solvents were received 
from commercial suppliers and used without the purification. 1H and 1H-1H COSY NMR spectra were 
recorded on a Bruker Avance 400 spectrometer. Microanalysis was carried out at the analytical laboratory of 
the University of Eastern Finland. 
 
Details on the cyclonickelation using NiBr2  
 
Table S1. Parameters for the optimisation of the cyclonickelation of HPhbpy. 

a Method A: strictly direct cyclonickelation using NiBr2 or Ni(OAc)2. Method B: cyclonickelation via in-situ 
formation of [Ni(HPhbpy)Br2]2. Method C: starting from isolated [Ni(HPhbpy)Br2]2. b The target complex has 
a characteristic red colour and can be easily traced visually in the reaction solution by the naked eye. c 
Solvent evaporated in reflux. d Reagents were homogenised in CH2Cl2/MeOH. e Recrystallised from 
CH2Cl2/Et2O. f Recrystallised from CH2Cl2/Et2O and acetone/Et2O. g [Ni(Phbpy)(OAc)] was obtained. h Red 
material recrystallised from HOAc gave green-grey decomposed material. i Solid mixture heated while 
evaporated, trapped by NaCN in THF and recrystallised from CH2Cl2, yielding [Ni(Phbpy)(CN)]. k Yields as 
observed from UV-vis absorption measurements of the reaction solutions, based on the reported molar 

ent
ry 

met
ho
d a 

NiX2 base (eq.) solvent (conc.) time 
(h) 

T 
(°C) 

mode yield (%) analysis 

1 A NiBr2 no base toluene (20 
mM→solid) 

60 111 reflux c 0 visual b 

2 A NiBr2 NEt3 (11.5) toluene (20 mM) 48 111 reflux d 1.5 1H NMR  

3 A NiBr2 NaHCO3 (2) toluene/MeOH (5/2 
v/v; 3.6→5.6 mM) 

3 111 Dean-
Stark 

2.5 1H NMR 

4 A NiBr2 Na2CO3 (4) - 1 170 solid 0 visual b 

5 B NiBr2 Cs2CO3 (2) toluene 
(11.4 mM) 

66 111 reflux e trace 
(recryst.) 

1H NMR 

6 B NiBr2 Na2CO3 (3) toluene 
(10mM→100mM ) 

90 111 reflux g 19 (crude)  
2 (recryst.) 

1H NMR 

7 C [Ni(HPhbpy)Br2]2 NaOtBu (1) diethyl ether 16 23 stirring 0 1H NMR 
8 C [Ni(HPhbpy)Br2]2 KOAc (2) 

K2CO3 (4) 
toluene (4 mM) 16 111 Dean-

Stark 
6 (recryst.) 1H NMR 

9 C [Ni(HPhbpy)Br2]2 KOAc (2) 
K2CO3 (4) 

toluene (3.5 mM) 62 111 Dean-
Stark 

28 
(recryst.) 

1H NMR 

10 A Ni(OAc)2.4H2O - toluene/EtOH/DME 
(1:1.3:8 v/v/v, 3.2 mM) 

15 111 Dean-
Stark 

5 (recryst.) 
g 

XRD 

11 A Ni(OAc)2 dried - - 1 250 solid 0 h visual b 
12 A Ni(OAc)2.dried - - 1 180 solid 4 i XRD 
13 C [Ni(HPhbpy)Br2]2 KOAc (2) 

K2CO3 (4) 
toluene 72 120 Dean-

Stark 
43 UV-vis k 

14 C [Ni(HPhbpy)Br2]2 KOAc (2) 
K2CO3 (4) 

chlorobenzene 64 160 Dean-
Stark 

91 UV-vis k 

15 C [Ni(HPhbpy)Br2]2 KOAc (2) 
K2CO3 (4) 

1,2-dichlorobenzene 25 190 Dean-
Stark 

98 UV-vis k 

16 C [Ni(HPhbpy)Br2]2 KOAc (2) 
K2CO3 (4) 

p-xylene 25 180 Dean-
Stark 

100 UV-vis k 

17 C [Ni(HPhbpy)Br2]2 KOAc (2) 
K2CO3 (4) 

benzonitrile 20 / 
60 

200 Dean-
Stark 

0 UV-vis k 

18 B NiBr2 KOAc (1) 
K2CO3 (2) 

p-xylene 25 180 Dean-
Stark 

100 UV-vis k 

19 C [Ni(HPhbpy)Br2]2 no base 1,2-dichlorobenzene 64 190 Dean-
Stark 

15 UV-vis k 
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extinction coefficients of the long-wavelength maximum of the target complex [Ni(Phbpy)Br] at around 510 
nm. 
 
Entry 1. NiBr2 (110 mg, 0.50 mmol) and HPhbpy (123 mg, 0.53 mmol) were put into a Schlenk flask and the 
mixture was evacuated for 30 min at ca. 50°C and filled with nitrogen. Then, distilled toluene (ca. 25 mL) 
was added and the mixture was heated under reflux for 60 h. The solvent completely evaporated during this 
time giving a green-yellow product mixture and no indication for the red cyclometalated product. 
 
Entry 2. The procedure is performed as a modified version of ref.[8] NiBr2 (219 mg, 1 mmol) in CH3OH (16 
mL) was added to the solution of HPhbpy (223 mg, 0.96 mmol) in CH2Cl2/CH3OH mixture (20 mL, 1:1 v/v). 
Distilled toluene (ca. 50 mL) was added and the mixture was stirred for 16 h at ambient temperature. The 
solvents were evaporated; the grey-green solid was suspended in nitrogen-purged toluene (50 mL) and 
triethylamine (1.6 mL, 1161 mg, 11.5 mmol). The mixture was heated under reflux for 48 h. A red solution is 
formed. Filtration and evaporation of the solution gave a red solid which was washed using pentane (2 x 4 
mL). Yield: 5.3 mg (1.5%). 1H NMR (Figure S1) corresponds to the targeted complex [Ni(Phbpy)Br].6 In 
CD3OD solution the compound slowly hydrolysed with a colour change from red to green and the 1H NMR 
spectrum shows markedly broadened signals. 
 
Entry 3. NiBr2 (110 mg, 0.50 mmol) and HPhbpy (123 mg, 0.53 mmol) in CH3OH (25 mL) were heated under 
reflux for 16 h resulting in a green solution. Freshly milled NaHCO3 (84 mg, 1 mmol) and CH3OH (15 mL) 
were added, the former is not completely dissolved. The mixture was transferred by cannula into distilled 
toluene (ca. 100 mL). Freshly milled NaHCO3 (42 mg, 0.5 mmol) was added and the mixture was heated to 
160°C. Solvents (90 mL) were collected into Dean-Stark trap in 30 min. Then the mixture was refluxed for 3 
h. The colour change of the suspension from yellow to red was observed. The solvents were completely 
evaporated in vacuo. Distilled THF (50 mL) was added. The mixture was stirred for 10 min, filtered over 
Celite, evaporated in the Schlenk flask. The solid was washed at air by pentane (3×4 mL), hexane (1×4 mL), 
n-pentane (1×4 mL). Yield: 5 mg (2,5%) of a red solid. The washings were evaporated yielding a white solid 
(120 mg). 1H NMR (CDCl3) corresponds to unreacted HPhbpy. 
 
Entry 4. (adopted from ref. [9] NiBr2 (109 mg, 0.50 mmol), HPhbpy (116 mg, 0.50 mmol) anhydrous Na2CO3 
(245 mg, 2.31 mmol) were milled in the mortar over 1 min. The pale-yellow powder was transferred (via 
funnel) to the 25-mL Schlenk flask. Under nitrogen the flask with the powder was immersed into oil bath at 
130°C. No colour change was noticed, and the oil bath was heated to 170 °C during 40 min. (ca. 10°C 
increment every 10 min). The colour changed to some green. The vacuum was applied, and the powder was 
kept at this temperature for 1.5 h. The final solid colour is beige (indicating the absence of cyclometalation). 
No red solution was observed upon the addition of CH2Cl2. 
 
Entry 5. Into a flame-dried 100 mL Schlenk flask NiBr2, (55 mg, 0.25 mmol) was charged and dissolved in 
THF (30 mL) under heating. The residual yellow solid was eliminated by filtration. To this violet/pink 
solution HPhbpy (58 mg, 0.25 mmol) in THF (20 mL) was added under stirring. Within one minute the 
yellow solid started to precipitate. The suspension was stirred for 30 min. The yellow solid was collected by 
cannula filtration and dried using a flow of nitrogen for 10 min and in vacuo for 30 min. A small amount (ca. 
3 mg) was taken for microanalysis. The intermediate yellow solid precipitated in THF and was shown to be 
[Ni(HPhbpy)Br2] by elemental analysis. Anal. calc. for C16H12Br2N2Ni: C, 42.63; H, 2.68; N, 6.21%. Found: C, 
42.67; H, 2.66; N, 6.24%. 
To the in situ generated [Ni(HPhbpy)Br2]2 freshly milled Cs2CO3 (123 mg, 0.5 mmol) and toluene (22 mL) 
were added. The mixture was refluxed for 66 h. The suspension turned to red. Upon cooling some yellow 
and white solids become visible. The solvent was evaporated in vacuo. The beige solid was suspended in 
THF (80 mL). THF red solution was obtained by filtration on Celite. After the evaporation in vacuo the 
reddish paste-like substance with some white inclusions was obtained. It was dissolved in CH2Cl2 (10 mL) 
and crystallised by vapour diffusion of Et2O at r.t. After 4 days red crystals were collected and washed by 
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Et2O (3 × 1 mL), quickly by CH3OH (2 × 1 mL; dissolves yellow powder), Et2O (2 × 1 mL). Yield: 2% (2.8 mg). 
1H NMR in CD2Cl2 shows the expected compound, but broad signals. Red blocks were crystallised over 2 
days by vapour diffusion of Et2O to this NMR sample at r.t. 
 
Entry 6. NiBr2 (109 mg, 0.50 mmol) and HPhbpy (116 mg, 0.50 mmol) in THF (60 mL) were heated under 
reflux for 15 h. The yellow solid paste solid was filtered via cannula and dried in vacuo for 1 h. Milled 
anhydrous Na2CO3 (159 mg, 1.5 mmol) and toluene (50 mL) were added. The reaction was refluxed for 2 h. 
Further, it was refluxed using Dean-Stark head for 88 h. The first 3 mL of toluene was immediately collected. 
After 16 h and 40 h, 5 mL of toluene were collected each time. At the end of the reflux the mixture was 
concentrated to ca. 5 mL of the residual volume by distilling the solvent to Dean-Stark head. THF (50 mL) 
was added, stirred for 2 h. The yellow solid was eliminated by filtration over Celite 545 pad. The solution 
was evaporated yielding the crude red material. Yield: 70 mg (19%). 
The red solid (ca. 60 % of all material) was dissolved in CH2Cl2 (15 mL) and crystallised by vapour diffusion 
of Et2O at r.t. After 4 days, the red crystals were collected washed by Et2O (3×2 mL), quickly by CH3OH (2×2 
mL), Et2O (2×2 mL). Yield: 2.8 mg (1.5%). 1H NMR in CD2Cl2 shows the target compound. Anal. calc. for 
C16H11BrN2Ni: C, 51.96; H, 3.00; N, 7.57. Found: C, 51.69; H, 3.15; N, 7.64%. 
Another recrystallisation (acetone/ether) gave red crystals, which were washed quickly using CH3OH (2 × 
0.5 mL), Et2O (2 × 1 mL). Yield: 1 mg (1%). Combined yield (isolated recrystallised material): 4 mg (2%). 
1H (acetone-d6, 400 MHz): δ = 9.18 (br s, 1H, H6’), 8.29 (m, 1H, H3’), 8.22 (m, 1H, H4’), 8.11 (m, 1H, H4), 7.96 
(m, 1H, H3/5), 7.84 (m, 1H, Ha/d), 7.78 (m, 1H, H3/5), 7.72 (m, 1H, H5’) 7.44 (m, 1H, Ha/d), 7.08-6.90 (m, 2H, 
Hb, Hc) ppm. 
 
Cyclonickelation using [Ni(HPhbpy)Br2]2 
 
Entry 7. This is the modified version of the reported procedure (NaOtBu instead of KOtBu).10 
[Ni(HPhbpy)Br2]2 (66 mg, 0.146 mmol) and NaOtBu (28 mg, 0.292 mmol) were placed into 25-mL Schlenk 
flask. The flask was evacuated and back-filled with nitrogen for three times. Distilled Et2O (15 mL) was 
added under stirring and nitrogen. The mixture was stirred for 24 h at ambient temperature. Evaporation 
left a beige material. No indication for the formation of the product was found from 1H NMR, the starting 
material [Ni(HPhbpy)Br2]2 was recovered. 
 
Entry 8. In the glovebox [Ni(HPhbpy)Br2]2 (104 mg, 0.23 mmol), KOAc (45 mg, 0.46 mmol), and K2CO3 (190 
mg, 1.38 mmol) were placed in a 100 mL Schlenk flask. The flask was sealed and taken outside of the 
glovebox, distilled toluene (ca. 50 mL) was added under nitrogen. The mixture was refluxed using a Dean-
Stark head under nitrogen for 15 h. Initially yellow suspension turned to intense red. Toluene (40 mL) was 
evaporated to Dean-Stark trap in the final hour of the reflux. The rest of the solvent was evaporated under 
vacuum. The yellow/brown solid was dissolved in CH2Cl2 (10 mL). The red solution was obtained after the 
filtration on Celite in air. The material was crystallised by the vapour diffusion of diethyl ether at room 
temperature. After 4 days, the red crystals with yellow, white, and green powders were obtained. The 
material was washed with diethyl ether (2 × 1 mL), methanol (quickly, 3 × 1 mL), and diethyl ether (2 × 1 
mL). Red crystals were obtained. Yield: 6% (5 mg). 
 
Entry 9. In the glovebox [Ni(HPhbpy)Br2]2 (65 mg, 0.14 mmol), KOAc (28 mg, 0.28 mmol), and K2CO3 (116 
mg, 0.84 mmol) were placed into the 100 mL Schlenk flask. The flask was sealed and taken outside of the 
glovebox, distilled toluene (ca. 40 ml) was added under nitrogen. The mixture was refluxed with Dean-Stark 
head under nitrogen for 62 h. The initially yellow suspension turned to intense red. Toluene (15 mL) was 
evaporated to Dean-Stark trap in the final hour of the reflux. The rest of the solvent was evaporated under 
vacuum. The dark red solid was dissolved in CH2Cl2 (15 mL). The red solution was obtained after the 
filtration on Celite in air. The material was crystallised by the vapour diffusion of diethyl ether at room 
temperature. After 3 days, the red needle-like crystals were obtained. The material was washed with diethyl 
ether (2×1 mL), methanol (quickly, 1 × 1 mL), and diethyl ether (3 × 1 mL). Yield: 28% (15 mg). 



 5

 
Cyclonickelation using nickel(II) acetate 
 
Entry 10. Ni(OAc)2.4H2O (129 mg, 0.520 mmol) was dissolved in ethanol (15 mL) and DME (20 mL) was 
added. The nitrogen-purged solution was added to the solution of HPhbpy (120 mg, 0.517 mmol) in distilled 
toluene (ca. 120 mL). The mixture was put into the oil bath (145°C), during 1 h low-boiling solvents (110 mL) 
were evaporated and eliminated using a Dean-Stark head. The mixture was stirred overnight for 15 h, the 
rest of the solvents evaporated during this time. There were red-black residues at the bottom and white solid 
on the walls of the flask. The crude material was washed by distilled toluene (1 × 20 mL). The toluene 
washings were concentrated giving white and red solid (89 mg) containing mainly the HPhbpy. The washed 
crude solid was suspended in distilled THF (ca. 50 mL), stirred for 30 min, filtered via cannula and 
concentrated. Crystallisation (THF/pentane, nitrogen, ‒20°C) gave red blocks of [Ni(Phbpy)(OAc)] suitable 
for XRD (see below) as well as side-off black and white material. The attempt to measure 1H NMR spectrum 
of red crystals in either CD2Cl2 was unsuccessful. Red crystals degraded on air and in CH2Cl2 preventing 
further purification. 
 
Entry 11. Anhydrous Ni(OAc)2 (125 mg, 0.706 mmol) and HPhbpy (164 mg, 1 mmol) were heated using a 
heat gun under nitrogen (~250°C). After HPhbpy had melted, the colour started to change to red and turned 
to intense red in a few minutes. The addition of AcOH (10 mL) produced a green-yellow solution. The 
mixture in acetic acid was heated under reflux for 65 h then the solvent was evaporated leaving a green-grey 
product. The targeted complex [Ni(Phbpy)(OAc)] was not obtained. 
 
Entry 12. Ni(OAc)2.4H2O (ca. 140 mg, 0.565 mmol) was dried at 90°C in vacuo for 15 h. HPhbpy (131 mg, 
0.565 mmol, 1 eq) was added. The mixture was stirred at 180°C for 60 min under nitrogen: the colour 
changed from white-green to dark red and some black precipitate formed. The volatiles were evaporated in 
vacuo at 180°C. The solid was extracted using distilled THF (3 × 10 mL; and filtered (cannula, black 
precipitate separated) to the flask with NaCN (27 mg) in distilled THF (20 mL). The mixture was stirred for 2 
h. NaCN was not dissolved by that time. Water (ca. 20 mL) was added to obtain a homogeneous solution. 
After 15 h agitation at ambient temperature the red colour of the solution was still present and the solvents 
were evaporated. The red crystals suitable for X-ray diffraction were obtained by vapour diffusion of diethyl 
ether to the CH2Cl2 solution. Yield: a few red crystals of [Ni(Phbpy)(CN)] (~4 mg). 
 
Entry 13-17. In the glovebox [Ni(HPhbpy)Br2]2 (65 mg, 0.14 mmol), KOAc (28 mg, 0.28 mmol), and K2CO3 (39 
mg, 0.54 mmol) were placed into a 100 mL Schlenk flask. The flask was sealed, taken outside of the glovebox 
and 40 mL distilled solvents were added under nitrogen. The mixture was heated under reflux using a 
Dean-Stark head under nitrogen for 64 h. The initially yellow suspension turned to intense red. From time to 
time samples were taken from the reaction vessel and UV-vis absorption spectra allowed to calculate the 
yield. 
 
Entry 18. In the glovebox anhydrous NiBr2 (30 mg, 0.14 mmol), HPhbpy, (33 mg, 0.14 mmol), KOAc (14 mg, 
0.14 mmol), and K2CO3 (39 mg, 0.28 mmol) were placed into a 100 mL Schlenk flask. The flask was sealed 
and taken outside of the glovebox, 40 mL distilled p-xylene were added under nitrogen. The mixture was 
heated under reflux using a Dean-Stark head under nitrogen for 64 h. The initially yellow suspension turned 
to intense red. From time to time samples were taken from the reaction vessel and UV-vis absorption spectra 
allowed to calculate the yield. 
 
Entry 19. In the glovebox [Ni(HPhbpy)Br2]2 (65 mg, 0.14 mmol) were placed into a 100 mL Schlenk flask. The 
flask was sealed and taken outside of the glovebox, 40 mL distilled 1,2-dichlorobenzene was added under 
nitrogen and the mixture was heated under reflux using a Dean-Stark head under nitrogen for 64 h. The 
initially yellow suspension turned slowly to red. From time to time samples were taken from the reaction 
vessel and UV-vis absorption spectra allowed to calculate the yield. 
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2. SUPPORTING FIGURES AND TABLES 
 

 
Figure S1. 600 MHz 1H NMR spectrum of [Ni(Phbpy)Br] in CD2Cl2. 
 

 
Figure S2. 400 MHz 1H NMR spectrum of [Ni(Phbpy)Br] in CD2Cl2. 
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Figure S3. 400 MHz 1H NMR spectrum of [Ni(Phbpy)Br] in acetone-d6. 
 

 
Figure S4. 400 MHz 1H-1H COSY spectrum of [Ni(Phbpy)Br] in acetone-d6. 
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Figure S5. UV-vis absorption spectra recorded during the reaction of [Ni(HPhbpy)Br2]2 in p-xylene in the 
presence of KOAc/K2CO3, the spectra represent 0, 20, 80 and 100% yield. 
 

  
Figure S6. Molecular structure of [Ni(Phbpy)(CN)] (left) and crystal structure viewed along the a axis (right). 
Note that the structure could not be solved satisfactorily. These plots show only preliminary results. 
 
Single crystal structure analysis (XRD) of [Ni(HPhbpy)Br2]2, [Ni(Phbpy)(OAc)], and [Ni(Phbpy)(CN)] 
The red block crystals were obtained by diffusion of ether into a CH2Cl2 complex solution ([Ni(HPhbpy)Br2]2) 
or by gas phase diffusion of pentane to THF solution at −20 °C for [Ni(Phbpy)(OAc)] and [Ni(Phbpy)(CN)] 
and collected crystals were immersed in cryo-oil and mounted in a Nylon loop. Measurement of 
[Ni(HPhbpy)Br2]2 was performed at 170(2) K using an IPDS IIT (STOE and Cie.) diffractometer, with Mo-Kα 
radiation (λ = 0.71073 Å) employing -φ-2 scan technique. The structure was solved by direct methods 
using SIR 201411 and refinement was carried out with SHELXL 2018 employing full-matrix least-squares 
methods on F02  2σ(F02).12 The numerical absorption corrections (X-RED V1.22; Stoe & Cie, 2001) were 
performed after optimising the crystal shapes using X-SHAPE V1.06 (Stoe & Cie, 1999). The non-hydrogen 
atoms were refined with anisotropic displacement parameters without any constraints. The hydrogen atoms 
were included by using appropriate riding models. Data of the structure solutions and refinements can be 
obtained free of charge at https://summary.ccdc.cam.ac.uk/structure-summary-form or from the Cambridge 
Crystallographic Data Centre, 12 Union Road, Cambridge, CB2 1EZ UK (fax: +44-1223 336033 or e-mail: 
deposit@ccdc.cam.ac.uk). For [Ni(Phbpy)(OAc)] and [Ni(Phbpy)(CN)] the X-ray diffraction data were 
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collected at 150(2) K with Bruker Kappa Apex-II diffractometer, using Mo-Kα radiation (λ = 0.71073 Å). The 
APEX213 program package was used for cell refinements and data reduction. Using Olex2,14 the structures 
were solved with the SHELXS program using direct methods and refined with the ShelXL refinement 
package using least squares minimisation.15 A numerical absorption correction (SADABS)16 was applied to 
all data. For [Ni(Phbpy)(OAc)] the non-hydrogen atoms were refined with anisotropic displacement 
parameters without any constraints. All H atoms were positioned geometrically and constrained to ride on 
their parent atoms, with C−H = 0.95−0.99 Å and Uiso = 1.2−1.5Ueq (parent atom). The crystallographic details 
are summarised in Table S4. In contrast to this, the solution and refinement for [Ni(Phbpy)(CN)] remains 
preliminary, which is due to very low quality of the crystals (Table S5). At the same time, the crystalline 
material gave EI-MS showing the expected molecular footprint with an m/z of 316 corresponding to [M+H]+. 
 
Table S2. Crystal and refinement parameters of the complex [Ni(HPhbpy)Br2]2 and important structure 
parameters 
Empirical formula C16H12Br2N2Ni1 bond lengths / Å  
Formula weight/g/mol 450.08 N1–Ni1 2.040(7) 
Temperature/K 170(2) N2–Ni1 2.040(7) 
Crystal system monoclinic Ni1–Br1 2.604(1) 
Space group P21/c Ni1–Br2 2.441(1) 
a/Å 7.8572(5) Ni1–(µ)Br1 2.483(1) 
b/Å 19.136(2) H1–Ni1 2.478(1) 
c/Å 10.5205(7) H1–Br1 2.886(1) 
β/° 106.066(5) C6–C20 1.47(1) 
Volume/Å3   /   Z 1520.0(2)   /   2 C24–C30 1.47(1) 
ρcalcg/cm3 1.970 angles / °  
µ/mm-1 6.526 N1–Ni1–N2 81.5(3) 
F(000) 880 Br1–Ni1–Br2 167.16(5) 
Crystal size/mm3 0.1 x 0.1 x 0.1 N1–Ni1-Br1 87.8(2) 
Radiation MoKα (λ = 0.71073) N2–Ni1–Br1 90.72 
2Θ range for data collection/° 2.129 to 26.824 N1–Ni1-Br2 93.8(2) 
Index ranges –9 ≤ h ≤ 9, –24 ≤ k ≤ 24, –13 ≤ l ≤ 12 N2–Ni1-Br2 102.1(2) 
Reflections collected 34159 N1–Ni1–(µ)Br1 170.0(2) 
Independent reflections 3230 [Rint = 0.1991] N2–Ni1–(µ)Br1 103.5(2) 
Data/restraints/parameters 3230 / 0 / 191 N1–C30–C20–C1 149(1) 
Goodness-of-fit on F2 0.929 N1–C24–C30–N2 4(1) 
Final R indexes [I>=2σ (I)] R1 = 0.0559, wR2 = 0.1317   
Final R indexes [all data] R1 = 0.1025, wR2 = 0.1538   
Largest diff. peak/hole / e Å‒3 0.996 / –1.065   
CCDC 1956740   
 
Table S3. Crystal data and structure refinement for [Ni(Phbpy)(OAc)]. 
Empirical formula C18H14N2NiO2 Bond lengths / Å  
Formula weight/g/mol 349.02 C1–Ni1 1.90(1) 
Temperature/K 150(2) N1–Ni1 1.84(1) 
Crystal system monoclinic N2–Ni1 1.97(1) 
Space group P21/n O1–Ni1 1.87(1) 
a/Å 12.9903(5) C6–C7 1.461(2) 
b/Å 7.8619(3) C11–C12 1.469(2) 
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c/Å 14.7616(5)   
β/° 94.376(1) angles / °  
Volume/Å3   /   Z 1503.2(1)   /   4 C1–Ni1–N1 83.9(6) 
ρcalcg/cm3 1.542 N1–Ni1–N2 82.21(5) 
µ/mm-1 1.301 N2–Ni1–O1 99.72(5) 
F(000) 720.0 O1–Ni1–C1 94.18(6) 
Crystal size/mm3 0.537 × 0.339 × 0.264 C1–C6–C7–N1 0.4(2) 
Radiation MoKα (λ = 0.71073) N1–C11–C12–N2 2.7(2) 
2Θ range for data collection/° 5.536 to 64   
Index ranges ‒18 ≤ h ≤ 19, ‒10 ≤ k ≤ 11, ‒21 ≤ l ≤ 22   
Reflections collected 34651   
Independent reflections 5199 [Rint = 0.0306, Rsigma = 0.0210]   
Data/restraints/parameters 5199/0/209   
Goodness-of-fit on F2 1.013   
Final R indexes [I>=2σ (I)] R1 = 0.0313, wR2 = 0.0807   
Final R indexes [all data] R1 = 0.0431, wR2 = 0.0866   
Largest diff. peak/hole / e Å‒3 0.84 / ‒0.24   
CCDC 1956739   
 
Table S4. Crystal data and structure refinement for [Ni(Phbpy)(CN)]. 
Empirical formula C17H11N3Ni 
Formula weight/g/mol 315.99 
Temperature/K 150(2) 
Crystal system monoclinic 
Space group C2/c 
a/Å 13.157(3) 
b/Å 11.317(3) 
c/Å 18.175(6) 
β/° 97.582(6) 
Volume/Å3   /   Z 2682(1)   /   8 
ρcalcg/cm3 1.496 
µ/mm-1 1.434 
F(000) 1202 
Crystal size/mm3 0.1 x 0.1 x 0.1 
Radiation MoKα (λ = 0.71073) 
2Θ range for data collection/° 2.261 to 28.135 
Index ranges –17 ≤ h ≤ 16, –14 ≤ k ≤ 14, –21 ≤ l ≤ 23 
Reflections collected 14809 
Independent reflections 3149 [Rint = 0.5471] 
Data/restraints/parameters 3149 / 0 / 90 
Goodness-of-fit on F2 1.105 
Final R indexes [I>=2σ (I)] R1 = 0.3643, wR2 = 0.6713 
Final R indexes [all data] R1 = 0.4414, wR2 = 0.7011 
Largest diff. peak/hole / e Å‒3 0.996 / –1.065 
CCDC Not submitted 
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