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Abstract 

Coordination of the reactive phosphinitopyridylphenyl PONCPh ligand LH to 

NiBr2 initially yields paramagnetic brown NiBr2(LH) (1) but addition of 

triethylamine results in fast and facile cyclometalation at NiII, giving NiBr(κ3-

P,N,C-L) (2) as well-defined species. This is a rare example of direct 

cyclometalation at NiII from a C-H bond in a ligand structure other than 

encumbering ligands (e.g. ECE pincers). Diamagnetic yellow complex 2 reacts 

instantaneously with HBF4 to give purple [NiBr(κ3-P,N-LH)]BF4 (3). A very 

unusual anagostic Ni(CPh-H) interaction in the solid state structure of 3 was 

unequivocally demonstrated using single crystal X-ray crystallography and was 

interpret by DFT calculations (QTAIM and ELF analysis). These compounds may 

be viewed as models for key intermediates in the Ni-catalyzed C-H 

functionalization of arenes. 



 

 

Introduction 

 

Catalytic C-H activation is enjoying widespread attention as an efficient and selective 

methodology for the functionalization of hydrocarbons.1 Cyclometalation typically 

precedes the functionalization of aryl C(sp2)-H bonds, using the ligating effect of a 

neighbouring group to orient the C-H bond within the metal coordination sphere.2 

Pyridine has proven very efficient as a directing group, and a variety of second- and 

third-row metal based systems facilitate the selective C-H metalation of 

pyridylarenes. In stark contrast to its second-row congener Pd, Ni-based systems were 

very underdeveloped for selective C(sp2)-H functionalization until recently.3,4,5,6 For 

stoichiometric cyclometalation at Ni, the Ni-C bond is generally induced via oxidative 

addition of a carbon-halogen fragment (to Ni0; Scheme 1, A),7 decarboxylation (B)8 

or transmetalation from a lithiated derivative (C).9 Formation of a Ni-C bond from an 

unactivated C-H bond is only common for encumbering ligand structures that enforce 

the C-H bond in close proximity of the metal, such pincer-type ECE ligands and 

macrocyclic structures (D).10 For less restricting ligand structures, procedures 

involving direct C-H metalation pathways with nickel are rare, 11 despite the fact that 

the first reported cyclometalated complex ever reported involves the reaction of 

nickelocene with azobenzene.12  

 

The involvement of a nickelacycle was recently postulated as intermediate for the Ni-

catalyzed aromatic C-H bond functionalization, using a bidentate directing-group 

approach.3,4,13 Despite their intermediacy in various catalytic processes, including 



ethylene oligo- and polymerization,14 only few systematic reactivity studies of the Ni-

carbon bond in these entities are reported.10d,11b,11c Furthermore, very little 

information is available on agostic interactions in NiII complexes, for which the CAr-H 

bond interacts with the NiII center.15 While this type of bonding most likely precedes 

the actual C-H activation or metalation step and is therefore an interesting research 

topic, isolated complexes with agostic interactions are scarcely documented for first-

row TM pincer complexes.16,17    

 

 

Scheme 1. Well-defined routes A-D toward cyclometalated NiII species and new 
direction presented in this work, involving direct cyclometalation of an arene C-H 
bond. 

 

Motivated by our interest in reactive ligand systems,18 we recently introduced 

reversible cyclometalation as strategy for cooperative catalysis, using a strongly 

chelating P,N-ligand that featured a flanking phenyl arm.19 Expanding on these 

results, we set out to investigate the potential for cyclometalation and stabilization of 

an agostic M-(C-H) interaction using the versatile coordination chemistry displayed 

by ligands of this type.20 Herein we report the fast and facile cyclometalation of the 

related 2-phosphinito-6-phenyl-pyridine (PONCPh) ligand LH to NiII, leading to a 

complex bearing the cyclometalated phenyl group as a flanking entity. In contrast to 



the pivotal phenyl ring found in traditional pincer systems, this side-arm position is 

more accessible and susceptible to follow-up chemistry. Protonation of the Ni-C bond 

leads to an example of a structurally characterized Ni(CPh-H) complex. DFT 

calculations suggest the existence of a bona fide albeit weak Ni-(C-H) interaction. 

 

Results and Discussion 

Synthesis of nickel complexes 1 and 2. Reaction of the novel ligand LH with 

NiBr2(DME) at r.t. yielded the brown paramagnetic species NiBr2(κ2-P,N-LH) 1 

(Scheme 2), showing a magnetic moment μeff of 3.29 μB (Evans method).21 Species 1 

was characterized by single crystal X-ray crystallography (Figure 1, left). The pseudo-

tetrahedral geometry around Ni is distorted due to the flanking Ph ring, with ∠N1-Ni1-

Br1 at 95.71(7)° and ∠N1-Ni1-Br2 at 144.27(7)°. The closest Ni-CPh contact is ±3.0 Å. 

Comparable (P^N)NiX2 complexes show less distortion from tetrahedral geometry 

and usually give lower values for μeff. Our value for μeff corresponds more to values 

found for bimetallic trigonal bipyramidal structures with bridging chlorides.22 

However, magnetic properties for NiII complexes are highly dependent on the ligand 

field and large deviations can be found due to structural equilibria in solution. 

 

 

Scheme 2. Coordination of ligand LH to NiIIBr2(DME) to paramagnetic 1 and 
subsequent cyclometalation to complex 2. 

 



Addition of 10 equiv. of triethylamine to a toluene solution of 1 at 50 °C led to a 

gradual color change from brown to yellow within 30 minutes, concomitant with 

appearance of well-defined NMR spectral features for a new species 2, suggesting a 

diamagnetic product. The 31P NMR chemical shift at δ 187 ppm (free LH: 153 ppm) 

and a doublet at δ 156 ppm in the 13C NMR spectrum with a 2JCP coupling constant of 

101 Hz are suggestive of a cyclometalated species. The molecular structure for 2 

(Figure 1, right) confirms the selective C-H metalation of the phenyl side-arm of LH 

to give NiBr(κ3-P,N,C-L). The Ni1-C1 bond length of 1.9265(49) Å is similar to that 

observed for other nickelacycles with a flanking phenyl ring, which all fall in the 

range 1.91-1.95 Å.7-9,11 The Ni-C bond in 2 is longer in comparison to related 

(POCN)NiBr complexes, which have the phenyl ring in the pivotal position and have 

Ni-C bond lengths of 1.85-1.86 Å.23 The difference in Ni-C bond lengths indicates the 

impact of encumbering ligands. The angle ∠P1-Ni1-C1 of 166.28(12)° combined with 

the mutual trans disposition of the σ-donating phenyl-fragment and the phosphinite 

donor might potentially impose enhanced reactivity to the Ni-C fragment. 

 
Figure 1. Displacement ellipsoid plots (50% probability level) for 1 (left) and 2 
(right) Selected bond lengths (Å) and angles (°), for 1: Ni1-P1 2.2859(9); Ni1-N1 
2.075(3); Ni1-Br1 2.3535(5); Ni1-Br2 2.3555(5); Ni1···C1 3.039; P1-Ni1-N1 82.25(9); 
P1-Ni1-Br1 113.66(4); P1-Ni1-Br2 105.71(3); N1-Ni1-Br1 95.71(7); N1-Ni1-Br2 
144.27(7); Br1-Ni1-Br2 111.73(2). For 2: Ni1-P1 2.2046(11); Ni1-N1 1.875(3); Ni1-C1 



1.923(4); Ni1-Br1 2.3023(6); P1-Ni1-N1 82.99(10); P1-Ni1-Br1 97.25(3); P1-Ni1-C1 
166.28(12); N1-Ni1-C1 83.91(15); N1-Ni1-Br1 178.58(10). 
 

Addition of an equimolar amount of ethereal HBF4 to a yellow toluene solution of 2 

(Scheme 3) led to instantaneous precipitation of a purple solid. ESI-MS suggested the 

formation of a mononuclear cationic species with a reprotonated ligand fragment. In 

dichloromethane, a band at λ 535 nm (ε 1485 L mol-1 cm-1) was observed in the 

visible region of the UV-vis spectrum, but NMR spectroscopy (31P, 1H or 13C) proved 

ineffective, suggestive of solution-state paramagnetism. Single crystal X-ray 

diffraction corroborated the solid-state structure of complex 3 to be formulated as 

[NiBr(κ3-P,N,(C-H)-LH)]BF4 (Figure 2, left). The molecular structure displays a 

slightly distorted square planar Ni-center, which has a coordinative interaction with 

an aromatic C-H bond ortho to the pyridine ring (the corresponding proton H1, which 

is actually found almost within the arene plane, could be localized in the difference 

Fourier contour map (Figure 2, right). This interaction was evidenced by the Ni1···H1 

distance of 2.02(9) Å and the Ni1···C1 distance of 2.355(8) Å, which is much shorter 

than the van der Waals radii (3.3 Å for Ni···C). Furthermore, H1 is tilted ~10° from 

the aromatic plane, which is more often observed for complexes with an M-(CH) 

interaction and can be as large as 35°.16,17,20a,24 The Ni1-P1, Ni1-N1 and Ni1-Br1 bonds 

are slightly contracted relative to 2. Addition of NEt3 to a suspension of 3 in toluene 

at room temperature led to almost instantaneous regeneration of 2, suggestive of facile 

deprotonation of the CPh-H bond in this cationic complex. The closest related 

structure is from a nickel benzoporphyrin, which shows a Ni···(CH) distance of ~2.4 

Å.16 

 



 

Scheme 3. Selective protonation of the Ni-C bond in 2 to generate the cationic 
derivative 3 with a coordinative Ni-(C-H) interaction. 

 

 
Figure 2. Left: Displacement ellipsoid plot (50% probability level) for the cationic 
part of 3. Selected bond lengths (Å) and angles (°) for 3: Ni1-P1 2.130(2); Ni1-N1 
1.876(6); Ni1-Br1 2.2555(12); Ni1···C1 2.355(8); Ni1···H1 2.02(9); P1-Ni1-N1 
84.75(19); P1-Ni1-Br1 97.34(7); P1-Ni1-C1 163.3(2); N1-Ni1-C1 80.6(3); N1-Ni1-Br1 
176.37(19); torsion ∠C1-C6-C7-N1 -29.7(10); ∠H1-C1-C2-C3 -169(6). Right: The 
difference Fourier contour map of complex 3, which shows the location of H1, the 
proton that contributes to the C1-H1-Ni1 interaction. 
 

 

Intrigued by the observation of the unusual Ni-(CPh-H) interaction in the solid state, 

we were motivated to understand the bonding in complex 3 by means of DFT 

calculations. Therefore, we analyzed the topology of electron density within the 

quantum theory of atoms in molecules (QTAIM) and the topology of electron 

localization function (ELF). These methods have recently been exploited to study the 



bonding between RhI and the CPh-H fragment of a protonated PCP-pincer.25 These 

investigations also complement computational work on the nature of intramolecular 

non-bonding interactions by some of us.26 The solid state structure of 3 is well-

reproduced by DFT calculations in the singlet state. The computed relevant metric 

parameters, i.e. the Ni···C1 and Ni···H1 distances (2.364 and 2.094 Å) and the tilting 

of H1 from the planar phenyl ring (~10°), are nearly identical to the solid state 

structure obtained from X-ray diffraction. The C1-H1 bond length is elongated with 

respect to that in the free ligand (from 1.085 to 1.099 Å) and the C1-H1 stretching 

frequency decreases relatively to LH (from 3233 to 3071 cm-1). These observations, 

along with the H1 tilting, are indicative of an interaction between nickel and the C-H 

bond. 

 

 

Figure 3. DFT calculated contour map of electron charge density, ρ(r), showing the 

bond critical point that links the Ni and C1 atom. 

 

Figure 3 shows the computed density map for a plane that contains Ni and the CPh-H 

fragment. One bond critical point (BCP) linking the Ni and C1 atoms was localized 



(indicated by a blue dot). According to QTAIM theory, a chemical bond exists if a 

line of locally maximum electron density links two neighboring atoms and also if 

along that line there is a BCP, evidencing in this case a Ni-(η1-C1) interaction. 

Noteworthy is the curving of the bond path toward H1, which indicates that two 

charge density maxima, corresponding to the Ni···H1 and Ni···C1 BCPs, and a 

minimum, corresponding to the ring critical point (RCP), were very closely situated 

and have collapsed into one maximum. At the BCP, the low value of the electronic 

charge density, (ρ(r) = 0.037) and the low and positive values of the Laplacian of the 

charge density, (∇2ρ(r) = 0.167) are indicative of closed shell-type interaction. Table 

1 summarizes the main geometric and spectroscopic parameters, and the results of 

QTAIM and ELF analysis for complex 3. Moreover, a direct comparison using the 

same computational level is made between 3 and [Rh(CO)(PCHP)]+, for which a Rh-

(η1-CPh) interaction with a concomitant agostic η2-(C,H) interaction was proposed.25  

 

Table 1. Geometric, spectroscopic, energetic, QTAIM and ELF parameters for the M-
(C-H) interaction in complex 3 [NiBr(κ3-P,N,(C-H)-LH)]+ and the previously reported 
[Rh(CO)(P(C-H)P)]+ complex.25 

 

 

 

 

 

 

  
 

Distances in Å, angles in deg, and distance ratio 

d(C···M) 2.364 2.289  

d(H···M) 2.094 2.006  

d(C-H) 1.099 1.122  

C-H out-of-plane bending 12.6º 14.7º  

d(C-H) / d(H···M) 0.52 0.56  



 

With ELF analysis a disynaptic V(M,C) attractor was found between nickel and 

aromatic carbon C1, indicating an electron-sharing interaction between those atoms 

(Figure 4). This topology is analogous to that reported for [Rh(CO)(PCHP)]+,25 

however, the population of the V(M,C) basin in 3 (0.16 e) is lower than in cationic 

[Rh(CO)(PCHP)]+ (0.31 e), suggesting that the bonding situation in 3 is closer to the 

anagostic η1-C interaction. 

 

 
Figure 4. ELF localization domains (ELF = 0.81) for 3 and the disynaptic V(M,C) 
attractor with a populated basin of 0.16 e. 
 

The procedure to evaluate this type of intramolecular bond strengths is not 

straightforward. One way to estimate it is by calculating the energy difference of the 

Vibrational frequencies in cm-1, and frequency ratio 

ν(C-H)  3071    2807  

ν(C-H) / ν(C-Hfree L) 0.95 0.88  

Electron density, ρ, and Laplacian, ∇2ρ, at the BCP’s in a.u.; and ρBCP ratio 

ρBCP, ∇2ρBCP (C···M) 0.037, 0.167 0.062, 0.215  

ρBCP, ∇2ρBCP (C-H) 0.272, -0.919 0.254, -0.779  

ρBCP(C-H) / ρBCP(C-Hfree L ) 0.95 0.90  

ELF population of valence basins in a.u. 

V(C,M) 0.16 0.31  

V(C,Hagostic) 2.20 2.18  



structure displaying a Ni-(C-H) interaction and a configuration lacking this binding 

motif. In this case, we determined the transition state for aryl rotation, in whose 

structure the aryl ring is perpendicular to the pyridine ring and the its C-H bonds are 

far away from the Ni. The computed free energy barrier is very low at 4.8 kcal.mol-1, 

indicating that the (C-H)···Ni interaction is even weaker. This is in agreement with 

our previous observation for a related Rh-(CPh-H) complex, showing fast rotation 

around CPh-CPy even at -90 ºC.21a Alikhani et al. recently proposed several criteria 

based on geometric, spectroscopic and QTAIM parameters to classify the strength of 

agostic bonding as anagostic, weak-to-medium agostic, medium-to-strong agostic or 

pre-hydride.27 Table 1 includes the three QTAIM normalized parameters that consist 

of the ratio between the C-Hagostic distance and the Hagostic···M distance, the ratio 

between the stretching frequency of C-Hagostic bond in the complex and in the free 

ligand, and the ratio between the electron density at the BCP, ρBCP, in the complex 

and in the free ligand. The computed values for complex 3 provide a mixed situation. 

The geometric parameters fulfill the criteria set for a weak-to-medium agostic C-H 

interaction (ratio range: 0.5-0.7), but the spectroscopic and topological parameters do 

not, showing values typical of anagostic bonding (ratio range ≥ 0.90 for both). We 

therefore tend to favor the description of a Ni-(CPh-H) interaction in the solid state 

with predominant Ni-(η1-CPh) character. 

 

 

Conclusions 

In conclusion, we have reported the facile base-induced cyclometalation of a pendant 

phenyl ring within the novel ligand LH to convert NiBr2(κ2-P,N-LH) (1) into NiBr(κ3-

P,N,C-L) (2). This is a rare example of unrestricted C-H metalation at NiII under mild 



conditions. The PONCPh framework can thus act as flexidentate ligand in the 

coordination sphere of NiII, switching between bi- and tridentate coordination 

depending on the reaction conditions. The nickel-carbon bond proved to be 

susceptible to reprotonation with HBF4, generating the structurally characterized 

species [NiBr(κ3-P,N,(C-H)-LH)]BF4 (3). The nature of the Ni-(CPh-H) bond was 

computationally shown to be a bona fide albeit weak (an)agostic coordinative 

interaction, with predominant Ni-(η1-CPh) character. Compounds 2 and 3 may be 

viewed as models for key intermediates in the Ni-catalyzed C-H functionalization of 

arenes. 

 

Experimental Section 

General methods. All reactions were carried out under an atmosphere of nitrogen 

using standard Schlenk techniques. Reagents were purchased from commercial 

suppliers and used without further purification. 6-penyl-2-pyridone was ordered from 

TCI. THF, pentane, hexane and Et2O were distilled from sodium benzophenone ketyl. 

CH2Cl2 was distilled from CaH2, toluene from sodium under nitrogen. NMR spectra 

(1H, 1H{31P}, 31P, 31P{1H},31P-1H and 13C{1H}) were measured on a Bruker DRX500 

MHz, a Bruker AV400 or a Bruker AV300 MHz spectrometer. IR spectra (ATR) 

were recorded with a Bruker Alpha-p FT-IR spectrometer. High resolution mass 

spectra were recorded on or JMS-T100GCV mass spectrometer using field desorption 

(FD) or JEOL AccuTOF LC, JMS-T100LP mass spectrometer. 

 

Synthesis and characterization of new compounds 

Ligand LH. To a solution of 6-phenyl-2-pyridone (0.64 g, 3.7 mmol), N,N,N’,N’-

tetramethylethylenediamine (1.1 mL, 7.4 mmol, 2 equiv.) and NEt3 (1.6 mL, 11.1 



mmol, 3 equiv.) in THF (30 mL) was added di-tert-butylchlorophosphine (0.74 mL, 

3.9 mmol) dropwise after which the mixture was refluxed for 1 week. The solvent 

was evaporated and the product was extracted with toluene (20 mL), filtered and 

evaporated to dryness to yield the product as a white oil (1.10 g, 94%). 1H NMR 

(CDCl3, 298 K, 300 MHz, ppm): δ 8.08 – 8.01 (m, 2H), 7.65 (t, J = 7.8 Hz, 1H), 

7.48–7.33 (m, 4H), 6.83 (d, J = 8.1 Hz, 1H), 1.25 (d, 3JHP = 11.6 Hz, 18H). 31P NMR 

(CDCl3, 298 K, 121 MHz, ppm): δ 152.72. 13C NMR (CDCl3, 298 K, 75 MHz, ppm): 

δ 164.54 (d, 2JCP = 7.6 Hz, Py-C), 155.62(s, Py-C), 139.58(s, Py-CH), 139.03 (s, Ph-

C), 128.90 (s, Ph-CH), 128.68 (s, 2C, Ph-CH), 127.01 (s, 2C, Ph-CH), 113.94 (s, Py-

CH), 110.80 (d, 3JCP = 3.2 Hz, Py-CH), 35.72 (d, 1JCP = 27.0 Hz, PC(CH3)3), 27.79 (d, 

2JCP = 15.7 Hz, PC(CH3)3). HR-MS (ESI): m/z calcd. for C19H26NOP: 316.1830 

[M+H]+; found: 316.1827. 

 

Complex 1, Ni(Br)2(κ2-P,N-LH). Ligand LH (0.45 g, 1.40 mmol) was dissolved in 

CH2Cl2 (10 mL) and NiBr2(DME) (0.42 g, 1.36 mmol) was added. After stirring for 

30 min, the solvent was evaporated and the remaining solids are washed with pentane 

(10 mL). Slow evaporation of a CH2Cl2/pentane solution yielded the brown product 

(0.54 g, 74%) and crystals suitable for X-ray analysis. Effective magnetic 

susceptibility µeff = 3.29 µB (Evans method). HR-MS (ESI): m/z calcd. for 

C19H26BrNNiOP: 454.0263 [M-Br]+; found: 454.0245. UV-Vis (CH2Cl2, nm): λ 294 

(ε = 1.3×104 L·mol–1·cm–1), λ 344 (ε = 3.6×103 L·mol–1·cm–1), λ 400 (ε = 1.6×103 

L·mol–1·cm–1), λ 513 (ε = 1.9×102 L·mol–1·cm–1). Elemental analysis (%): calcd for 

C19H26Br2NNiOP: C 42.74, H 4.91, N 2.62; found C 42.75, H 4.89, N 2.59. 

 



Complex 2, Ni(κ3-P,N,C-L)(Br). Ligand LH (0.57 g, 1.8 mmol) was dissolved in 

CH2Cl2 (6 mL) and NiBr2(DME) (0.53 g, 1.7 mmol) was added. After stirring for 30 

min, the solvent was evaporated and the remaining solids are washed with pentane 

(10 mL). Toluene (30 ml) and NEt3 (2.4 mL, 17 mmol, 10 equiv.) are added and the 

mixture is stirred at 50 ºC for 1 hour. After cooling, toluene is evaporated and the 

yellow product is extracted with Et2O (60 ml) to yield analytically pure 2 (0.59 g, 

72%). Crystals suitable for X-ray diffraction were grown by layering with 

THF/pentane. 1H NMR (MeCN-d3, 298 K, 300 MHz, ppm): δ 7.90 (ddd, J = 8.4, 7.8, 

0.8 Hz, 1H, Py-CH), 7.80 (m, 1H, Ph-CH), 7.44 (m, 1H, Ph-CH), 7.36 (dd, J = 7.7, 

1.0 Hz, 1H, Py-CH), 7.20–7.08 (m, 2H, Ph-CH), 6.85 (dd, J = 8.2, 1.0 Hz, 1H, Py-

CH), 1.56 (d, 3JHP = 14.2 Hz, 18H). 31P NMR (MeCN-d3, 298 K, 121 MHz, ppm): δ 

187.05. 13C NMR (MeCN-d3, 298 K, 75 MHz, ppm): δ 166.42 (d, JCP =  4.6 Hz, Py-

C), 164.84 (d, JCP =  9.9 Hz, Py-C), 155.94 (d, 2JCP =  101.0 Hz, Ni-C), 147.67 (s, Ph-

C), 142.79 (s, Py-CH), 137.04 (s, Ph-CH), 129.70 (d, JCP =  6.0 Hz, Ph-CH), 125.29 

(s, Ph-CH), 122.25 (d, JCP =  4.0 Hz, Ph-CH), 111.72 (s, Py-CH), 107.27 (d, 3JCP =  

4.0 Hz, Py-CH), 38.65 (d, 1JCP =  3.2 Hz, PC(CH3)3), 26.73 (d, 2JCP =  6.0 Hz, 

PC(CH3)3). HR-MS (FD): m/z calcd for C19H25
81BrNNiOP:  453.01901 [M]+; found: 

453.01918. UV-Vis (MeCN, nm): λ 241 (ε = 2.2×104 L·mol–1·cm–1),  λ 270 (ε = 

3.3×104 L·mol–1·cm–1), λ 399 (ε = 9.1×103 L·mol–1·cm–1). Elemental analysis (%): 

calcd for C19H25BrNNiOP: C 50.38, H 5.56, N 3.09; found C 50.58, H 5.79, N 3.01. 

 

Complex 3, [Ni(κ3-P,N,(C-H)-LH)(Br)]BF4. Complex 2 (30 mg, 0.066 mmol) was 

dissolved in Et2O (5 mL) and 1 equiv. of HBF4 . Et2O (9 µL, 0.066 mmol) was added 

slowly. The purple product precipitates directly and the remaining Et2O is removed by 

syringe. The product is washed with Et2O (3 mL) and is crystallized by layering with 



CD2Cl2/pentane. Despite several attempts the product could never be obtained as pure 

bulk material, due to the unstable nature of the product (even in crystalline form). 

However, some pure crystalline material could be separated by hand picking; this 

material was used for X-ray crystallographic analysis, MS analysis and UV-Vis 

spectroscopy. HR-MS (ESI): m/z calcd for C19H26
81BrNNiOP: 454.02684 [M]+, 

found: 454.02973. UV-Vis (CH2Cl2, nm): λ 243 (ε = 2.2×104 L·mol–1·cm–1),  λ 297 (ε 

= 1.3×104 L·mol–1·cm–1), λ 535 (ε = 1.5×103 L·mol–1·cm–1). Elemental analysis (%): 

calcd for for C19H26BBrF4NNiOP: C 42.20, H 4.85, N 2.59; found C 41.15, H 5.08, N 

2.34. Despite several attempts, this was the most accurate value found for complex 3, 

due to the unstable nature of the crystalline material.  

 

DFT calculations and QTAIM/ELF analysis 

Geometry optimizations and wave function generation for analysis were performed 

with Gaussian09 series of programs.28 We optimized [NiBr(κ3-P,N,(C-H)-LH)]+ 

structure, and for comparison we computed a Rh(I)-P(CH)P pincer complex 

exhibiting a Rh-η1-C bonding with concomitant α-agostic η2(C,H) bonding at the 

same level of Ni complex (see Table S1). The nature of the minima and transition 

state stationary points encountered was characterized by means of harmonic 

vibrational frequencies analysis. Full quantum mechanical calculations were 

performed within the framework of Density Functional Theory (DFT)29 by using the 

B3PW91 functional.30 The basis set for Ni, Rh, Br and P atoms was that associated 

with a pseudopotential,31 with a standard double-ξ LANL2DZ contraction, and the 

basis set was supplemented by f and d shells, respectively.32 The rest of atoms were 

described with a standard 6-31G(d,p) basis set.33 The MULTIWFN software34 was 

used for the topological analysis of electron density within the quantum theory atoms 



in molecules (QTAIM),35 and for the topological analysis of the electron localization 

function (ELF).36 In the theory of QTAIM, the value of the electron density (ρbcp) and 

the Laplacian of electron density (▽2ρBCP) are used to define the interactions 

presented in the molecules. For covalent interactions, the ρBCP and ▽2ρBCP are high 

and negative at the BCP, while for the closed-shell interactions own a small value of 

ρBCP and a positive ▽2ρBCP. 

 

CCDC 1455563-1455565 contain the supplementary crystallographic data for this 

paper. These data can be obtained free of charge from The Cambridge 

Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_ request/cif. See SI for 

crystallographic details. 
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Facile direct cyclometalation of a C(sp2)-H bond of a flanking phenyl group in a novel pyridine-
phosphinite ligand at NiII generates a reactive tridentate PONCPh ligand. Protonation of the nickel-
carbon bond affords a Ni-(CPh-H) interaction in the solid state. The bonding situation is investigated 
using DFT computations with both QTAIM and ELF methods. Both the nickelacyclic precursor and 
the Ni-(CPh-H) species can be considered models for key intermediates in Ni-catalyzed C-H 
functionalization of arenes. 
  
 
  

 
 


