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Roadmap to the Synthesis of Nickel Bisoxazoline Aryl Halide Com-
plexes 
Brennan D. McManus, Olivia R. Taylor, Nathan J. Coddington, Phillip Farias, Veronica Carta, and Ana Baha-
monde* 

Department of Chemistry, University of California, Riverside, California 92521, United States 
 

ABSTRACT: This manuscript discloses a synthetic route to a range of bisoxazoline-ligated Ni(II) aryl bromide and chloride complexes, which 
are widely proposed as key intermediates in Ni-catalyzed reactions. Structural characterization by NMR and X-ray crystallography confirms a 
distorted square planar geometry, while UV-Vis analysis reveals spectral variations influenced by the BOX ligand, aryl group, and halide identity. 
Given the challenges associated with synthesizing these complexes, our approach provides a practical and generalizable route to access them, 
facilitating their use in mechanistic studies. This work is expected to aid in distinguishing on-cycle and off-cycle species and in determining 
whether Ni(0) or Ni(I) pathways are operative in catalytic processes. 

INTRODUCTION  
The discovery of Ni-catalyzed enantioconvergent strategies, cross 
electrophile coupling, and Ni-photoredox strategies has attracted a 
lot of attention from the synthetic community and highlighted the 
potential of reactivity accessible via open shell Ni chemistries.1 Re-
ports detailing the development of these strategies are numerous 
and include both racemic and enantioselective protocols. Com-
monly, these reactions start with an oxidative addition step into an 
aryl, alkenyl, or alkyl halide which may take place from either Ni(0) 
and render a Ni(II) intermediate or from a Ni(I) intermediate and 
generate a Ni(III) complex. The differentiation between these two 
pathways is not trivial and thus, the mechanism of the oxidative ad-
dition and subsequent steps is often unclear. 
One possible approach to identifying the operative pathway is the 
isolation and reactivity study of the oxidative addition adducts. In 
this context, the isolation and characterization of the Ni(III) com-
plexes is challenging due to their high reactivity and has only been 
possible when using specialized ligands.2 In contrast, oxidative addi-
tion from Ni(0) leads to the formation of more thermodynamically 
and kinetically stable Ni(II) intermediates. Indeed, formation of 
Ni(II) intermediates has also been proposed to be accessible 
through the oxidative addition of C(sp2)–halides into Ni(I) com-
plexes followed by rapid comproportionation of the transiently gen-
erated Ni(III) and a Ni(I).1l, 3 Resultingly, reports describing the syn-
thesis of Ni(II) oxidative addition intermediates are more common. 
However, most examples describe the use of strong phosphine or 
pyridine-based ligands which allow the formation of stable and easy 
to handle Ni(0) and Ni(II) complexes.1n-p, 3a, 3d, 4 
In contrast, and despite the widespread use of oxazoline-based lig-
ands such as bisoxazoline (BOX), reports on the synthesis of oxida-
tive addition intermediates bearing these ligands remain scarce (Fig-
ure 1).1n-p, 3d, 4a, 4c-e The significance of synthesizing these intermedi-
ates extends beyond kinetic studies and reaction intermediate iden-
tification. Accessing these chiral complexes also enables valuable 
stoichiometric investigations to probe a system’s enantioselectivity-

determining step. This approach was recently showcased by our lab 
when four (BOX)Ni(II) oxidative addition complexes were synthe-
sized to study the mechanism of a Ni/Ir dual photoredox-catalyzed 
THF α-arylation reaction.3d 
In this paper we provide a roadmap to the synthesis of a variety of 
(BOX)Ni(II) aryl bromide and aryl chloride complexes.5 The syn-
thetic approaches detailed in this paper overcome the current lack of 
diversity of complexes that can be accessed. Specifically, previously 
known routes require the use of rigid ligands to allow for the oxida-
tive addition complex to precipitate upon formation and thus pre-
vent side reactions.1n, 1o As a result, only a small fraction of the highly 
tunable BOX scaffolds are amenable to those approaches.  

Figure 1: (BOX)Ni(II) oxidative addition complexes and related 
structures 

 

a) Previously reported (BOX)Ni(II) oxidative addition complexes. b) 
(BOX)Ni(II) oxidative addition complexes reported in this paper. 

To address the limitations of current synthetic routes to these cata-
lytically ubiquitous intermediates, this paper presents a general strat-
egy accounting for the diversity of BOX ligands, aryl bromides, and 
chlorides to access a variety of (BOX)Ni(II) aryl halide complexes. 
A comprehensive characterization of these complexes through 
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improved NMR, UV-vis, and X-ray crystallographic analysis is also 
provided. 

RESULTS AND DISCUSSION  

OXIDATIVE ADDITION COMPLEX SYNTHESIS 
We initiated this project with the goal of synthesizing complex 1a, 
featuring ligand L1 with benzyl group substituents—providing 
some conformational flexibility without excessive steric bulk—and 
an ortho-trifluoromethylated aryl bromide. The fluorine substituent 
not only offers a useful handle for monitoring the reaction via ¹⁹F 
NMR but also helps mitigate potential bimolecular side reactions 
that will hamper the complex isolation (Scheme 1a). 
Our initial synthetic approach was a direct adaptation of  the proce-
dure reported by the Fu group, which had been successfully applied 
in the isolation of a (BOX)Ni(II) phenyl bromide complex bearing 
a tetraphenyl BOX ligand (Figure 1a).1o A mixture of L1 and 
Ni(COD)₂ was stirred in pentane, then remaining solids were fil-
tered off before the addition of the aryl bromide. After several hours 
of stirring, when using the tetraphenyl derivative, the (BOX)Ni(II) 
oxidative addition complex was reported to precipitate from solu-
tion. This allows for straightforward isolation via filtration through a 
fine frit. Final purification was achieved through a series of pentane 
washes.  

Scheme 1: Evolution of the strategies to synthesize (BOX)Ni(II) 
aryl bromide complexes  

 

Unfortunately, our efforts to synthesize complex 1a, by attempting 
to directly apply the procedure described by the Fu lab for related 
reactions, led to low purity and poor yields.1o 1H NMR analysis of the 
reaction mixture revealed residual unreacted L1 and Ni(COD)₂. 
Additionally, significant peak broadening was observed, making it 
difficult to determine whether the oxidative addition complex 1a 
had indeed formed and was paramagnetic or if the broadening was 
caused by paramagnetic impurities.  
To further assess the reaction outcome, the 19F NMR spectrum was 
analyzed. A peak corresponding to unreacted 2-bromobenzotrifluo-
ride was detected, along with a minor signal tentatively assigned to 
complex 1a. This assignment was based on comparison to a previ-
ously reported 19F NMR shift for a 4,4'-di-tert-butyl-2,2'-dipyridyl 
(dtbbpy) Ni oxidative addition complex with 2-bromobenzotrifluo-
ride.6 The observed shift for 1a at -57.3 ppm closely matched the 
dtbbpy analogue at -58.2 ppm. Using the 19F NMR data, we esti-
mated the product yield to be approximately 10%. Further pentane 
washes were unsuccessful at increasing the sample purity. 
We then explored an alternative approach by subjecting the corre-
sponding Ni(II) dihalides with aryl Grignard reagents, a method 
successfully demonstrated by the Diao group for synthesizing 

(BiOX)Ni(II) complexes.4c, 4d The higher solubility of Ni(II) pre-
catalysts compared to Ni(COD)₂ allowed for the use of a broader 
range of solvents. However, the subsequent transmetallation step 
proved challenging. We struggled to prevent double transmetalla-
tion of the Grignard reagent onto the Ni center, leading again to low 
yields of the desired product alongside significant formation of ho-
mocoupled biaryl side products, further complicating the isolation 
of the target complex. These byproducts were likely generated from 
reductive elimination from the putative Ni(II) biaryl intermediates 
Given these challenges, we decided to revisit the Ni(0)-initiated ap-
proach. Our focus shifted toward optimizing the COD displacement 
step to promote removal of excess ligand and unreacted Ni(COD)₂ 
before proceeding with oxidative addition. We hypothesized that 
once complex 1a was formed, any remaining aryl halide could be ef-
fectively removed through subsequent pentane washes, improving 
the overall yield and purity of the desired oxidative addition com-
plex. 
Multiple solvents were screened for the initial ligand displacement 
step between Ni(COD)2 and L1. Toluene, benzene, acetonitrile, 
and tetrahydrofuran quickly led to the formation of a black precipi-
tate, which was hypothesized to be Ni black, rendering the ligand ex-
change unsuccessful. Diethyl ether was found to be a suitable sol-
vent, but 1H NMR of the resulting Ni(0) complex showed remaining 
free COD that could not be completely removed via pentane washes.  
At this stage, we considered whether we could exploit the differing 
solubilities of the starting materials and reaction intermediates in 
pentane and diethyl ether to obtain a cleaner product. Depending on 
the ligand used (see SI for details), pentane or pentane-ether mix-
tures were employed to facilitate the initial COD displacement reac-
tion. This step led to the formation of an oily residue, which was sub-
sequently filtered off, effectively removing any unreacted COD and 
excess BOX ligand that was not coordinated to Ni. 
Following filtration, the solvent was evaporated, and the residue was 
redissolved in diethyl ether to eliminate any remaining unreacted 
Ni(COD)₂. This purification step was critical, it allow us to separate 
Ni(COD)₂ from the BOX ligated Ni(0). Residual Ni(COD)₂, 
which is commonly observed floating in solution, was efficiently re-
moved by filtration at this stage. This process ultimately yielded a 
high-purity BOX ligated Ni(0) complex, which was then suitable to 
be used in the oxidative addition step (Scheme 1b). 
The next step in the synthesis is the Ni(0) oxidative addition into the 
aryl bromide to form the (BOX)Ni(II) complexes. Pentane was 
identified as the optimal solvent for this transformation, necessitat-
ing a final solvent exchange. To achieve this, the ethereal solution 
was evaporated, and the residue was redissolved in pentane before 
the addition of the aryl bromide. The use of 10 equivalents of the 
electrophile was found to be optimal for ensuring high yields.  
The resulting (BOX)Ni(II) aryl bromide complexes highlighted in 
this paper are insoluble in pentane, leading to their precipitation di-
rectly from the reaction mixture, which facilitates isolation. The pre-
cipitate is collected by filtration over a frit and washed with pentane, 
requiring no additional purification steps. While this strategy is gen-
erally applicable, exceptions arise when working with highly rigid 
BOX ligands like those containing a dihydro-indene moiety (to 
eventually afford 3a), as the (BOX)Ni(0) adduct exhibits poor sol-
ubility in pentane. In such cases, the oxidative addition step can be 
carried out in diethyl ether, followed either by direct precipitation in 
ether or precipitation facilitated by pentane addition, to afford the 
final product as a solid. 

a) Fu, JACS 2019 approach leading to poor yields and low purity

b) This work

N

O

N

O

BnNiBn

Me Me

Br
CF3
1a

N

O

N

O

BnBn

Me Me

L1

1) n-pentane 
2) filter solids off+ Ni(COD)2

+ Ni(COD)2

3) ArBr (1.1 equiv)

N

O

N

O
Me Me

N

O

N

O

Ni

Me Me

Ar Br/Cl

1) n-pentane 
2) filter solids off, evaporate
3) redissolve in Et2O
4) filter solids off, evaporate

5) n-pentane, ArBr (10 equiv)
    or
    n-pentane, ArCl (20 equiv)



 

Finally, to our delight aryl chlorides were also amenable to this syn-
thetic route. Due to their lower reactivity 20 equivalents and longer 
reaction times are required for the oxidative addition step.  
Following this procedure, we were able to access a range of com-
plexes (Figure 2). Complexes bearing the same L1 ligand with dif-
ferent aryl and halogen substitution were targeted to explore the ef-
fects of changes on the aryl and halogen groups on the synthesis and 
complex properties (1a-1c). For comparison with 1a and 1b, 2a and 
2b analogs bearing a more rigid phenyl-substituted ligand were also 
synthesized. Finally, given the ubiquity of dihydro-indene moiety 3a 
was also accessed.  
The complexes reported in this manuscript all bear ortho substitu-
ents to slow down transmetallation between two aryl halide Ni spe-
cies. For less sterically encumbered complexes, this is a fast side re-
action that hampers the complex isolation and quickly leads to the 
formation of biaryl species. It should be noted we have previously 
reported the synthesis of a (BOX)Ni(II) aryl halide complex with-
out ortho-substituents.3d To afford these reactive species, the oxida-
tive addition step must be run in pentane. This allows for the desired 
Ni(II) complex to precipitate upon formation and prevents side re-
actions. However, subsequent characterization of these complexes 
by NMR proved challenging, as fast decomposition via transmetal-
lation and biaryl formation readily occurs when these complexes are 
in solution. While the ortho-substituted Ni complexes reported here 
do present greater stability, we have observed significant decay in the 
first hour for Ni(II) aryl bromide and chloride complexes in both 
C6D6 solution (under N2) and in the solid-state under ambient con-
ditions (section 5 in the SI). 

Figure 2: (BOX)Ni(II) aryl halide complexes accessed through this 
synthetic pathway  

 
All reported values are yields of the isolated products. *Complexes charac-
terized by X-ray single crystal analysis. 

It was found that a limitation of this approach is accessing complexes 
with BOX ligands bearing alkyl chains, like the ubiquitous valine-de-
rived ligands. Following this procedure both ligand exchange with 
Ni(COD)2 and the oxidative addition are favorable. However, the 
high solubility of alkyl-substituted (BOX)Ni(II) complexes in pen-
tane hampers their isolation and purification from residual unbound 
ligand and unreactive aryl halide. The overall solubility of the Ni(II) 
complexes in pentane, which is key to identify a synthetic route was 
found to depend on aryl group, the halide nature, and BOX ligand 
used (see SI for more details).  
 
 

Characterization 
The structure of 1a and 3a was unambiguously established by X-ray 
single crystal diffraction.7 In line with the other Ni aryl halide com-
plexes,1n-p, 3a, 3d, 4, 8 the X-ray analysis revealed a distorted square pla-
nar geometry. To quantify the distortion of these complexes, the ge-
ometry indexes (τ4 and τ’4) were calculated (Table 1). The geometry 
indexes revealed a slight distortion from the square planar geometry 
(τ4 = 0 and τ’4 = 0). The geometry around the Ni center of complex 
was found to be in agreement with the indexes calculated from a pre-
viously reported bipyridine analogue bearing the same arene as 1b 8 
(entry 4). Finally, for comparison, the parameters calculated from a 
crystal structure of distorted tetrahedral (L1)NiBr2 complex are also 
depicted in Table 1, entry 5.9 
Table 1: Geometry indexes calculated for complexes that afforded a 
crystal structure. 

Entry Complex τ4 τ’4 
1 1a 0.098 0.085 
2 3a 0.110 0.099 
3 bpy analogue of 1b 0.046 0.041 
4 (L1)NiBr2 0.869 0.849 

At this stage we focused on analyzing if the geometry of the complex 
in solution, analyzed by NMR, matched the distorted square planar 
geometry observed in the solid state. A significant broadening was 
observed for the 1H NMR signals of these complexes which may be 
related to an equilibrium between a diamagnetic and paramagnetic 
species or the presence of paramagnetic impurities. The possible 
presence of Ni(I) impurities was assessed by EPR spectroscopy, 
which showed no detectable signals for frozen benzene solutions at 
77 K, suggesting that Ni(I) species, if present, are not formed in ap-
preciable concentrations. Another potential impurity that would 
lead to broadening is tetrahedral complex (L1)NiBr2, which could 
also be formed during the synthesis of the complexes. To discard 
that the broadening was due to the presence of (L1)NiBr2, this com-
plex was synthesized following a reported procedure.9 This 
Ni(II)Br2 complex presents a characteristic peak ~20 ppm which 
was not observed in the spectra of the isolated complexes (see broad 
1H NMR spectra for the complexes in the SI) suggesting that the 
peak broadening is intrinsic of the aryl halide complexes. Addition-
ally, the 1H NMR of (L1)NiBr2 displays significant shifts in some sig-
nals. These shifts are characteristic of paramagnetic species and are 
not observed for the 1H NMR of aryl halide complexes described in 
this paper. 
A magnetic susceptibility of 2.78 × 10-9 m3mol-1 was calculated using 
Evans method for complex 1b, which equates to an effective mag-
netic moment (μeff) of 0.72 μB and less than 1 unpaired spins.10 This 
non-zero small magnetic moment is consistent with a ground state 
square planar diamagnetic complex which is in equilibrium with a 
high-spin tetrahedral complex.11 This observation is also in line with 
the slightly distorted square planar geometry observed in the crystal 
structures. 
Finally, the absorption spectra of complexes 1a, 1b, 1c, and 2a was 
collected to investigate the effect of aryl group, halide, and BOX lig-
and on the spectral properties (Figure S5). The X-type ligands were 
observed to have the largest effect on the absorption spectra. Switch-
ing the halogen from Br to Cl led to a red shift the λmax with 1c λmax = 
460 nm (see purple spectrum) compared to the bromide analogue 
1b  λmax = 420 nm (see green spectrum). A smaller but significant 
shift was also observed when changing the aryl moiety with λmax = 
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420 nm vs λmax = 430 nm from 1b and 1a (see green and blue spectra, 
respectively). Finally changing the ligand from benzyl- to phenyl-
substituted had little effect on the absorption spectra (see green and 
orange spectra for 1b and 2b, respectively). 

CONCLUSIONS 
The development of a synthetic route to a series of (BOX)Ni(II) 
aryl halide complexes is described. The structures of three of these 
complexes were determined by X-ray single-crystal analysis, reveal-
ing a distorted square planar geometry. NMR analysis suggests that 
this geometry is also predominant in solution. Additionally, the UV-
Vis absorption spectra exhibited a dependence on the nature of the 
halogen and aryl moiety, while the effect of the BOX ligand was com-
paratively milder. 
These Ni(II) aryl halide complexes are frequently proposed as key 
intermediates in Ni-catalyzed reactions.1 Therefore, establishing a 
straightforward synthetic route to access them is expected to facili-
tate their study. This work provides a valuable tool for the mechanis-
tic elucidation of Ni-catalyzed reactions enabling stoichiometric ex-
periments that are expected to simplify the identification of on-cycle 
and off-cycle species and aid in the distinction between Ni(0)- and 
Ni(I)-mediated processes. 

ASSOCIATED CONTENT  

Supporting Information 
The supporting information containing all synthetic procedures, char-
acterization of the Ni complexes, and summary for the X-ray diffraction 
study of 1a and 3a is available free of charge on…  
CCDC deposition numbers for 1a and 3a 2430045 and 2430046, 
respectively. 

Corresponding Author 
*ana.bahamonde@ucr.edu 

Author Contributions 
The manuscript was written through contributions of all authors. The 
authors declare no competing financial interests. 

ACKNOWLEDGMENTS  
This work was supported by the NSF (CHE-2235778) and the Univer-
sity of California, Riverside. We thank Dr. W. Hill Harman for helpful 
discussions. 

REFERENCES 
1. (a) Diccianni, J. B.; Diao, T., Mechanisms of nickel-catalyzed cross-
coupling reactions. Trends in Chemistry 2019, 1, 830-844; (b) Milligan, 
J. A.; Phelan, J. P.; Badir, S. O.; Molander, G. A., Alkyl Carbon–Carbon 
Bond Formation by Nickel/Photoredox Cross‐Coupling. Angew. Chem. 
Int. Ed. 2019, 58, 6152-6163; (c) Zhu, C.; Yue, H.; Jia, J.; Rueping, M., 
Nickel-Catalyzed C-Heteroatom Cross-Coupling Reactions under Mild 
Conditions via Facilitated Reductive Elimination. Angew. Chem. 2021, 
133, 17954-17975; (d) Tasker, S. Z.; Standley, E. A.; Jamison, T. F., 
Recent advances in homogeneous nickel catalysis. Nature 2014, 509, 
299-309; (e) Terrett, J. A.; Cuthbertson, J. D.; Shurtleff, V. W.; 
MacMillan, D. W., Switching on elusive organometallic mechanisms 
with photoredox catalysis. Nature 2015, 524, 330-334; (f) Lucas, E. L.; 
Jarvo, E. R., Stereospecific and stereoconvergent cross-couplings 
between alkyl electrophiles. Nat. Rev. Chem. 2017, 1, 0065; (g) Capaldo, 
L.; Ravelli, D., The dark side of photocatalysis: One thousand ways to 
close the cycle. Eur. J. Org. Chem. 2020, 2020, 2783-2806; (h) Bismuto, 

A.; Finkelstein, P.; Müller, P.; Morandi, B., The Journey of Ni (I) 
Chemistry. Helvetica Chimica Acta 2021, 104, e2100177; (i) Chan, A. 
Y.; Perry, I. B.; Bissonnette, N. B.; Buksh, B. F.; Edwards, G. A.; Frye, L. 
I.; Garry, O. L.; Lavagnino, M. N.; Li, B. X.; Liang, Y., 
Metallaphotoredox: the merger of photoredox and transition metal 
catalysis. Chem. Rev. 2021, 122, 1485-1542; (j) Yuan, M.; Gutierrez, O., 
Mechanisms, challenges, and opportunities of dual Ni/photoredox‐
catalyzed C (sp2)–C (sp3) cross‐couplings. Wiley Interdisciplinary 
Reviews: Computational Molecular Science 2022, 12, e1573; (k) Dawson, 
G. A.; Spielvogel, E. H.; Diao, T., Nickel-catalyzed radical mechanisms: 
informing cross-coupling for synthesizing non-canonical biomolecules. 
Acc. Chem. Res. 2023, 56, 3640-3653; (l) Day, C. S.; Martin, R., 
Comproportionation and disproportionation in nickel and copper 
complexes. Chem. Soc. Rev. 2023, 52, 6601-6616; (m) Chen, L.-M.; 
Reisman, S. E., Enantioselective C (sp2)–C (sp3) Bond Construction 
by Ni Catalysis. Acc. Chem. Res. 2024, 7442-7445; (n) Wang, Z.; Yin, H.; 
Fu, G. C., Catalytic enantioconvergent coupling of secondary and 
tertiary electrophiles with olefins. Nature 2018, 563, 379-383; (o) Yin, 
H.; Fu, G. C., Mechanistic Investigation of Enantioconvergent Kumada 
Reactions of Racemic α-Bromoketones Catalyzed by a 
Nickel/Bis(oxazoline) Complex. Journal of the American Chemical 
Society 2019, 141, 15433-15440; (p) Tong, X.; Schneck, F.; Fu, G. C., 
Catalytic Enantioselective α-Alkylation of Amides by Unactivated Alkyl 
Electrophiles. J. Am. Chem. Soc. 2022, 144, 14856-14863; (q) Lou, S.; 
Fu, G. C., Nickel/bis (oxazoline)-catalyzed asymmetric Kumada 
reactions of alkyl electrophiles: cross-couplings of racemic α-
bromoketones. J. Am. Chem. Soc. 2010, 132, 1264-1266; (r) Do, H.-Q.; 
Chandrashekar, E.; Fu, G. C., Nickel/bis (oxazoline)-catalyzed 
asymmetric Negishi arylations of racemic secondary benzylic 
electrophiles to generate enantioenriched 1, 1-diarylalkanes. J. Am. 
Chem. Soc. 2013, 135, 16288-16291. 
2. (a) Griego, L.; Chae, J. B.; Mirica, L. M., A bulky 1,4,7-
triazacyclononane and acetonitrile, a Goldilocks system for probing the 
role of NiIII and NiI centers in cross-coupling catalysis. Chem 2024, 10, 
867-881; (b) Watson, M. B.; Rath, N. P.; Mirica, L. M., Oxidative C–C 
Bond Formation Reactivity of Organometallic Ni(II), Ni(III), and 
Ni(IV) Complexes. J. Am. Chem. Soc. 2017, 139, 35-38; (c) Smith, S. 
M.; Rath, N. P.; Mirica, L. M., Axial Donor Effects on Oxidatively 
Induced Ethane Formation from Nickel–Dimethyl Complexes. 
Organometallics 2019, 38, 3602-3609; (d) Schultz, J. W.; Fuchigami, K.; 
Zheng, B.; Rath, N. P.; Mirica, L. M., Isolated Organometallic 
Nickel(III) and Nickel(IV) Complexes Relevant to Carbon–Carbon 
Bond Formation Reactions. J. Am. Chem. Soc. 2016, 138, 12928-12934; 
(e) Zheng, B.; Tang, F.; Luo, J.; Schultz, J. W.; Rath, N. P.; Mirica, L. M., 
Organometallic Nickel(III) Complexes Relevant to Cross-Coupling 
and Carbon–Heteroatom Bond Formation Reactions. J. Am. Chem. Soc. 
2014, 136, 6499-6504; (f) Bour, J. R.; Ferguson, D. M.; McClain, E. J.; 
Kampf, J. W.; Sanford, M. S., Connecting Organometallic Ni(III) and 
Ni(IV): Reactions of Carbon-Centered Radicals with High-Valent 
Organonickel Complexes. J. Am. Chem. Soc. 2019, 141, 8914-8920; (g) 
Roberts, C. C.; Camasso, N. M.; Bowes, E. G.; Sanford, M. S., Impact of 
oxidation state on reactivity and selectivity differences between nickel 
(III) and nickel (IV) alkyl complexes. Angew. Chem. Int. Ed. 2019, 58, 
9104-9108; (h) Bour, J. R.; Camasso, N. M.; Meucci, E. A.; Kampf, J. 
W.; Canty, A. J.; Sanford, M. S., Carbon–Carbon Bond-Forming 
Reductive Elimination from Isolated Nickel(III) Complexes. J. Am. 
Chem. Soc. 2016, 138, 16105-16111. 
3. (a) Ting, S. I.; Williams, W. L.; Doyle, A. G., Oxidative addition of 
aryl halides to a Ni (I)-bipyridine complex. J. Am. Chem. Soc. 2022, 144, 
5575-5582; (b) Newman-Stonebraker, S. H.; Raab, T. J.; Roshandel, H.; 
Doyle, A. G., Synthesis of Nickel (I)–Bromide Complexes via Oxidation 
and Ligand Displacement: Evaluation of Ligand Effects on Speciation 
and Reactivity. J. Am. Chem. Soc. 2023, 145, 19368-19377; (c) 
Cusumano, A. Q.; Chaffin, B. C.; Doyle, A. G., Mechanism of Ni-



 

Catalyzed Photochemical Halogen Atom-Mediated C (sp3)–H 
Arylation. J. Am. Chem. Soc. 2024, 146, 15331-15344; (d) McManus, B. 
D.; Hung, L. C.; Taylor, O. R.; Nguyen, P. Q.; Cedeño, A. L.; Arriola, K.; 
Bradley, R. D.; Saucedo, P. J.; Hannan, R. J.; Luna, Y. A., Mechanistic 
Interrogation of Photochemical Nickel-Catalyzed Tetrahydrofuran 
Arylation Leveraging Enantioinduction Data. J. Am. Chem. Soc. 2024, 
146, 32135-32146. 
4. (a) Dawson, G. A.; Lin, Q.; Neary, M. C.; Diao, T., Ligand Redox 
Activity of Organonickel Radical Complexes Governed by the 
Geometry. J. Am. Chem. Soc. 2023, 145, 20551-20561; (b) Pierson, C. 
N.; Hartwig, J. F., Mapping the mechanisms of oxidative addition in 
cross-coupling reactions catalysed by phosphine-ligated Ni (0). Nat. 
Chem. 2024, 1-8; (c) Ju, L.; Lin, Q.; LiBretto, N. J.; Wagner, C. L.; Hu, 
C. T.; Miller, J. T.; Diao, T., Reactivity of (bi-Oxazoline)organonickel 
Complexes and Revision of a Catalytic Mechanism. J. Am. Chem. Soc. 
2021, 143, 14458-14463; (d) Ju, L.; Hu, C. T.; Diao, T., Strategies for 
Promoting Reductive Elimination of Bi-and Bis-Oxazoline Ligated 
Organonickel Complexes. Organometallics 2022, 41, 1748-1753; (e) 
Dong, Y.; Lund, C. J.; Porter, G. J.; Clarke, R. M.; Zheng, S.-L.; Cundari, 
T. R.; Betley, T. A., Enantioselective C–H amination catalyzed by nickel 
iminyl complexes supported by anionic bisoxazoline (BOX) ligands. J. 
Am. Chem. Soc. 2021, 143, 817-829. 
5. McManus, B.; Farias, P.; Carta, V.; Bahamonde, A., Roadmap to the 
Synthesis of Nickel Bisoxazoline Aryl Halide Complexes. ChemRxiv 
2025, doi:10.26434/chemrxiv-2025-6k1m0. 
6. Bradley, R. D.; McManus, B. D.; Yam, J. G.; Carta, V.; Bahamonde, 
A., Mechanistic evidence of a Ni (0/II/III) cycle for nickel photoredox 
amide arylation. Angew. Chem. Int. Ed. 2023, 62, e202310753. 
7. Deposition numbers 2430045, 2430046 (for 1a and 3a, 
respectively) contain the supplementary crystallographic data for this 
paper. These data are provided free of charge by the joint Cambridge 
Crystallographic Data Centre and Fachinformationszentrum Karlsruhe 
Access Structures service.  

8. Chen, M. Y.; Charvet, S.; Payard, P. A.; Perrin, M. E. L.; Vantourout, 
J. C., Electrochemically Driven Nickel‐Catalyzed Halogenation of 
Unsaturated Halide and Triflate Derivatives. Angew. Chem. Int. Ed. 
2024, 63, e202311165. 
9. Lee, C.; Kim, M.; Han, S.; Kim, D.; Hong, S., Nickel-Catalyzed 
Hydrofluorination in Unactivated Alkenes: Regio-and Enantioselective 
C–F Bond Formation. J. Am. Chem. Soc. 2024, 146, 9375-9384. 
10. (a) Evans, D., The determination of the paramagnetic susceptibility 
of substances in solution by nuclear magnetic resonance. J. Chem. Soc. 
1959, 2003-2005; (b) Schubert, E. M., Utilizing the Evans method with 
a superconducting NMR spectrometer in the undergraduate laboratory. 
J. Chem. Educ. 1992, 69, 62. 
11. (a) Celaje, J. A.; Pennington-Boggio, M. K.; Flaig, R. W.; Richmond, 
M. G.; Williams, T. J., Synthesis and Characterization of Dimethylbis (2-
pyridyl) borate Nickel (II) Complexes: Unimolecular Square-Planar to 
Square-Planar Rotation around Nickel (II). Organometallics 2014, 33, 
2019-2026; (b) Eaton, D.; Phillips, W.; Caldwell, D., Configurations 
and magnetic properties of the nickel (II) aminotroponeimineates. J. 
Am. Chem. Soc. 1963, 85, 397-406; (c) Gerlach, D.; Holm, R., Relative 
stereochemical and electronic effects of oxygen and sulfur donor atoms 
in planar and tetrahedral complexes of nickel (II). J. Am. Chem. Soc. 
1969, 91, 3457-3467; (d) La Mar, G. N.; Sherman, E. O., Proton nuclear 
magnetic resonance investigation of the kinetics of tetrahedral= planar 
isomerization of bis (n-alkyldiphenylphosphine) nickel (II) dihalides. J. 
Am. Chem. Soc. 1970, 92, 2691-2699; (e) Que Jr, L.; Pignolet, L., Proton 
magnetic resonance study of the stereochemistry of four-coordinate 
nickel (II) complexes. Dihalobis (tertiary phosphine) nickel (II) 
complexes. Inorg Chem 1973, 12, 156-163. 
 
 



 

 

6 

 

N

O

N

O
Me Me

N

O

N

O

Ni

Me Me

Ar Br/Cl

 Ni(COD)2
 ArBr or ArCl

Rigid & flexible ligands

Variety of aryl groups
Br & Cl variants




