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Christopher J. Chang,*†,§,D F. Dean Toste*,†,§ 
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‡Pitzer Center for Theoretical Chemistry, Department of Chemistry, University of California, Berkeley, California, 
U.S.A.  
DDepartment of Molecular and Cell Biology, University of California, Berkeley, California, U.S.A.  
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ABSTRACT: Electrocatalysis enables the construction of C‒C bonds under mild conditions via controlled formation of carbon-
centered radicals. For sequences initiated by alkyl halide reduction, coordinatively-unsaturated Ni complexes commonly serve as 
single electron transfer agents, giving rise to the foundational question of whether outer- or inner-sphere electron transfer oxidative 
addition prevails in redox mediation. Indeed, rational design of electrochemical processes requires the discrimination of these two 
electron transfer pathways, as they can have outsized effects on the rate of substrate bond activation and thus impact radical generation 
rates and downstream product selectivities. We present results from combined synthetic, electroanalytical, and computational studies 
that examine the mechanistic differences of single electron transfer to alkyl halides imparted by Ni metal-ligand cooperativity. Elec-
trogenerated reduced Ni species, stabilized by delocalized spin density onto a redox-active tpyPY2Me polypyridyl ligand, activates 
alkyl iodides via outer-sphere electron transfer, allowing for the selective activation of alkyl iodide substrates over halogen atom 
donors and the controlled generation and sequestration of electrogenerated radicals. In contrast, the Ni complex possessing a redox-
innocent pentapyridine congener activates the substrates in an inner-sphere fashion owning to a purely metal-localized spin, thereby 
activating both substrates and halogen atom donors in an indiscriminate fashion, generating a high concentration of radicals and 
leading to unproductive dimerization. Our data establish that controlled electron transfer via Ni-ligand cooperativity can be used to 
limit undesired radical recombination products and promote selective radical processes in electrochemical environments, providing 
a generalizable framework for designing redox mediators with distinct rate and potential requirements.  

INTRODUCTION 
The controlled formation of carbon-centred radicals facilitates 

the construction of value-added products. While it is well-es-
tablished that these open-shell intermediates are readily ac-
cessed via halogen atom transfer from alkyl halide (RX) feed-
stocks,1–4 the toxicity of tin, silicon, or trialkylborane reagents 
traditionally employed to initiate this reactivity motivates the 
development of complementary synthetic methods with im-
proved sustainability. Among the numerous alternatives pur-
sued,5,6,7–14,15,16  strategies that enable RX activation via single 
electron transfer (SET) present an opportunity for radical gen-
eration to be interfaced with SET catalysts, where energy input 
from visible light17 or electricity18,19 enables turnover under 
mild conditions. RX reduction under photoredox conditions 
typically employ coordinatively-saturated Rh or Ir polypyridyl 
catalysts.8–10,12,20,21 In these systems, it is hypothesized that ini-
tial light sensitization steps form reductants that activate sub-
strates via outer-sphere electron transfer (OSET).22,23 Thus, the 
interaction of the starting material with the metal center, pro-
moting an inner-sphere electron transfer (ISET) event, or coor-
dination of the ensuing carbon-centred radical is not invoked. 
Hence, the photocatalyst ligand is tuned to optimize the redox 
potential necessary to facilitate the OSET step.8,9,12 In contrast, 

for electrosynthetic sequences initiated by RX reduction, coor-
dinatively unsaturated Ni complexes possessing diverse ligand 
scaffolds commonly serve as SET agents,24–26 giving rise to the 
question of whether OSET or ISET oxidative addition prevails 
in catalytic redox mediation. Moreover, the design of more 
complex electrochemical radical processes requires an under-
standing of the ligand design criteria necessary to direct outer-
sphere vs inner-sphere redox reactivity, as these distinct elec-
tron transfer reaction pathways are expected to lead to dramatic 
differences in the rate of RX bond activation near the electroac-
tive interface27 and thereby impact radical production rates and 
downstream product selectivity.  
Studies suggest that Ni ligand tuning directs both outer-sphere 

and inner-sphere electron transfer reactivity manifolds towards 
RX activation. Reported electrosynthetic reaction sequences 
imply that electrogenerated Ni(I) complexes reduce RX via 
OSET, thereby regenerating Ni(II) for subsequent turnover.28,29 
Indeed, ligand tuning by both redox-active and redox-inactive 
tetradentate ligands has been shown to alter the redox potential 
for Ni(II)/Ni(I) by over 1 V,24,25,28,29 and this sole property has 
been utilized to choose a suitable redox mediator for RX acti-
vation prior to direct substrate reduction at more negative po-
tentials.26 However, it has been shown that Ni complexes span-
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ning ~0.8 V can still mediate the reduction of the same RX sub-
strate,30,31 suggesting that select Ni-based redox mediators may 
operate, instead, via ISET mechanisms. Indeed, evidence sug-
gests that metal-centered reduction may facilitate ISET path-
ways towards RX activation. It has been shown that RX oxida-
tive addition processes at Ni(I) complexes bearing a strongly 
sigma-donating and redox-inactive ligand, i.e. bisphosphine,  
proceed via an inner-sphere pathway of metal-centered halogen 
atom abstraction.32 Similarly, Ni(I) cyclam or tetramethyl-
cyclam, a widely utilized redox mediator for RX reduction30,33–

36 bearing no redox-active ligand, has been shown to catalyze 
the electroreduction of RX at potential values ~ 1 V more posi-
tive than the direct reduction of the substrate, rendering an 
OSET mechanism unlikely37. Yet, the nature of the oxidative 
addition adduct, i.e. halogen atom transfer38 vs. two-electron 
oxidative insertion into the RX bond39,40, remain unresolved. In 
addition, Ni(II) Salen complexes with aliphatic imine bridges, 
exhibit metal-based SET reduction by EPR and UV-vis stud-
ies,41 and inner-sphere reactivity of the corresponding Ni(I) spe-
cies have been implicated towards RX reduction.37,42–44 Thus, 
despite the central role of SET processes in facilitating carbon-
centered radical formation in electrochemical environments, the 
diversity of explored Ni ligand platforms precludes systematic 
studies of metal-centered reduction on SET, limiting the ability 
to design more complex electrocatalytic radical processes.  
In order to isolate and study the effect of metal-centered re-

duction on SET to RX, and thereby electrocatalytic carbon-cen-
tered radical generation and downstream reactivity, we rea-
soned that an ideal ligand set requires: (1) a chelating ligand that 
favors one open metal coordination site to isolate single-elec-
tron reactivity over traditional three-centered concerted two-
electron oxidative addition pathways; and (2) fine-tuned control 
over the localization of spin density between the metal center 
and/or low-ligand ligand orbitals. In this context, recent studies 
on Fe complexes demonstrate that the incorporation of a penta-
dentate, redox-active pentapyridine ligand (tpyPY2Me = 6-

(1,1-di(pyridin-2-yl)ethyl)-2,2′:6′,2′′-terpyridine) shifts elec-
tron density away from metal orbitals relative to complexes pos-
sessing a redox-innocent pentapyridine congener (PY5Me2 = 
2,6-bis(1,1-bis(2-pyridyl)ethyl)pyridine) and can be exploited 
for electrocatalysis.45 Thus, the tpyPY2Me and PY5Me2 ligand 
platforms present an ideal pair to interrogate (1) and (2). Trans-
lation of these design elements towards the study of electrocat-
alyzed RX activation, however, requires the preparation of Ni 
complexes as the Fe variants are not sufficiently reducing45 to 
act as SET redox mediators towards RX reduction.  
Here, we report the synthesis and characterization of Ni com-

plexes of tpyPY2Me and PY5Me2 and compare their electro-
catalytic performance for RX activation. We combine electro-
kinetic and bulk electrolysis studies with structural insight from 
DFT calculations to formulate a mechanistic model that de-
scribes the structure of the electroactive reduced complexes and 
the rate-limiting alkyl iodide (RI) activation processes for both. 
We find that electrogenerated reduced Ni species, stabilized by 
delocalized spin density onto the redox-active tpyPY2Me lig-
and, activates RI via OSET, followed by rapid sequestration of 
an ensuing radical to furnish an overall bimolecular oxidative 
addition step. In contrast, the redox-innocent ligand congener, 
with a purely metal-localized reduction, activates RI at 3-5 or-
ders of magnitude higher rate by ISET, thus leading to uncon-
trolled free radical formation. We exploit these divergent SET 
pathways for RI activation in the context of radical cyclization 
following carboiodination,46 showing that Ni-ligand coopera-
tivity limits undesired radical recombination products and pro-
motes a selective radical process. More broadly, these findings 
establish metal-ligand cooperativity as a design element that 
can be employed to control the rate of electrochemical radical 
generation and downstream radical reactivity. 

RESULTS AND DISCUSSION 
Synthesis and Characterization of Ni Complexes. The 

[Ni(tpyPY2Me)(MeCN)]2+, [Ni-1]2+, complex was synthesized 

Figure 1. Structures and crystal structures of [Ni-1]2+ (a) and [Ni-2]2+
 determined by single crystal x-ray diffraction (b). Thermal ellipsoids 

are plotted at 50% and 75% probability level for [Ni-1]2+ and [Ni-2]2+, respectively. Turquoise, dark blue, and gray ellipsoids signify Ni, 
N, and C atoms, respectively. Noncoordinating solvent and anions omitted for clarity. Cyclic voltammogram (CV) of 1.8 mM [Ni-1]2+ (c) 
and 1.4 mM [Ni-2]2+ (d) at 100 mV s‒1 taken in 0.1 M TBAPF6 in DMF, where CV scans were initiated cathodically from the open circuit 
potential (‒0.68 V vs Fc/Fc+).  



 3 

by adopting slight modifications to the literature-reported meth-
ods for the analogous iron complex  (experimental methods pro-
vided in the Supporting Information).45 In order to elucidate the 
role of the redox-active tpyPY2Me ligand on redox mediation, 
the redox-inactive congener, [Ni(PY5Me2)(MeCN)]2+, [Ni-
2]2+, was prepared by modifying literature-reported methods for 
the syntheses of metal complexes bearing the PY5Me2 ligand 
47–52. The solid-state structures of both complexes were charac-
terized by single-crystal x-ray diffraction. In the primary coor-
dination sphere, both [Ni-1]2+ (Figure 1a and Table S1) and 
[Ni-2]2+ (Figure 1b and Table S2) adopt a pseudo-octahedral 
structure. The enhanced rigidity of the tpyPY2Me framework 
gives rise to increased distortion away from an idealized octa-
hedral symmetry relative to the PY5Me2, consistent with ob-
servations using Fe.45 Definitive determination of the structure 
in solution is precluded by the observation of broad 1H NMR 
signals, suggesting that both Ni(II) complexes are paramag-
netic. Measurements of the effective magnetic moment by the 
Evans Method confirm this hypothesis; values of 3.2 and 3.0 μB 
(S = 1) are estimated for [Ni-1]2+ and [Ni-2]2+, respectively, Fig-
ures S1 and S2. Together, these data evince the formation of 
the desired Ni(II) complexes in which the two high-lying d or-
bitals, dx2-y2 and dz2, are singularly occupied in the ground state.  
The [Ni-1]2+ complex exhibit two redox features while [Ni-

2]2+ exhibits a single feature over the same potential range. Fig-
ure 1c shows the cyclic voltammogram (CV) of [Ni-1]2+ taken 
in 0.1 M TBAPF6 in DMF at 100 mV s‒1 initiated at the open 
circuit potential (‒0.68 V). Two redox features are observed at 
E1/2 values of ‒1.92 V (all potentials quoted vs Fc/Fc+) and ‒
1.04 V. Scan-rate dependent CV measurements, Figure S3, re-
veal that the observed 60 mV separation (ΔEp) between the peak 
potential of the anodic and cathodic features persists for both 
redox events. This observation is characteristic of Nernstian 
SETs to solution-dissolved reactants,53 supporting the reversi-
bility, and thus fast ET kinetics, of the redox events associated 
with [Ni-1]2+ reduction. Bulk electrolysis measurements of [Ni-
1]2+ conducted at ‒2.04 V consume 2 F mol‒1, Figure S4, are in 
line with the assignment of two redox events, i.e. sequential for-
mation of [Ni-1]+ and [Ni-1], accessible at this potential. In con-
trast, the [Ni-2]2+ complex exhibits a single redox feature with 
slower ET kinetics. Figure 1d displays the CV of [Ni-2]2+ taken 
over a similar potential range as [Ni-1]2+. A redox feature is ob-
served at an E1/2 value equalling ‒1.75 V (Figure 1d). As the 
scan rate is increased, the peak-to-peak separation between the 
anodic and cathodic features increases, (Figure S5), revealing 
that redox event is influenced by the kinetics of the electron 
transfer process.1,3  Determination of the diffusion coefficient 
of [Ni-2]2+ (5×10‒6 cm2 s‒1) by electroanalytical methods (Fig-
ure S5) allows for the estimation of the electron transfer rate 
constant, ks, [Ni-2]2+  = 1.1×10‒2 cm s‒1, for forming the reduced 
[Ni-2]+ species, in contrast to the Nernstian behaviour observed 
for [Ni-1]2+. The voltammetry results demonstrate that reduced 
[Ni-1], and [Ni-2]+ complexes are accessible within 170 mV of 
one another.  
Single-Electron Activation of Alkyl Iodide Substrates by 

[Ni-1]. To investigate the electrocatalytic reactivity of synthe-
sized [Ni-1]2+ and [Ni-2]2+, we screened various alkyl halide 
substrates to identify variants that were electrochemically acti-
vated by both complexes and gave rise to mechanistically dis-
tinguishable reactivity. We found that both an activated RI sub-
strate, dimethyl 2-butyl-2-(iodomethyl)malonate (3), and less 
activated RI substrated, cycloiodohexane (CyI), fit this criteria. 

With these substrates in hand, we studied the catalysts’ mecha-
nism of action by employing electroanalytical studies to track 
the in-situ formation and consumption of the reduced forms of 
[Ni-1]2+ and [Ni-2]2+ and combining these insights with bulk 
electrolysis reactivity studies.  
The electrogenerated [Ni-1] complex activates 3 in a bimolec-

ular fashion. Figure 2a depicts the CV of 1.1 mM [Ni-1]2+ taken 
in 0.1 M TBAPF6 in DMF in the absence (black solid trace) and 
presence of 12 mM of 3 (red solid trace). Upon the addition of 
3, the wave corresponding to [Ni-1]+/[Ni-1] becomes irreversi-
ble and an increase in the cathodic peak current (jp) relative to 
the current in the absence of substrate (j0) is observed. The jp 
increases together with the concentration of added 3 up to two 
electrons (jp/j0 = 2), Figure S6a. This observation suggests that 
two equivalents of [Ni-1] are involved in activating 3. Bulk 
electrolysis measurements of equimolar [Ni-1]2+ and 3 con-
ducted at ‒2.08 V are consistent with this hypothesis; this pro-
cess consumes 3 F mol‒1 (Figure S7) in agreement with the as-
signment of the combined one-electron stoichiometry at the 
[Ni-1]2+/[Ni-1]+ wave and the two-electron stoichiometry at the 
[Ni-1]+/[Ni-1] wave in the presence of 3. Furthermore, electro-
chemical studies in the absence of added [Ni-1]2+ failed to acti-
vate 3 at the same potential, consistent with the assignment of 
[Ni-1] as the active redox mediator. The peak potential (Ep) for 
the direct reduction of 3 is ‒2.52 V (Figure S8a); a value that 
is 0.58 V more negative than the Ep of 3 activation in the pres-
ence of [Ni-1] (‒1.94 V; Figure 2a). This observation rules out 
competing direct reduction pathways of 3 since they are not 
electrochemically accessible at the potential values examined. 
A mechanistic sequence compatible with these observations is 
the following,  
 [Ni-1]2+ + e‒ ⇌ [Ni-1]+ (1) 

 [Ni-1]+ + e‒ ⇌ [Ni-1] (2)  

 [Ni-1] + RI 
!!→ R• + I‒ + [Ni-1]+  (3) 

 [Ni-1] + R• 
!"→ [(Ni-1)(R)] (4) 

where k1 is the rate constant of the homogeneous single electron 
transfer between [Ni-1] and 3 (denoted above as a general alkyl 
iodide, RI) and kr is the rate constant associated with rapid re-
bound of the resultant radical (R•)	to [Ni-1]. This proposed se-
quence captures the two redox features observed for [Ni-1]2+ 
(steps 1 and 2) and the two-electron stoichiometry at the [Ni-
1]+/[Ni-1] wave observed in the presence of 3 (steps 3 and 4). 
Electrochemical simulations provide further support of this hy-
pothesis. By assuming that step 1 does not play a role in sub-
strate activation other than accessing the redox potential neces-
sary to form [Ni-1]+, steps 2 to 4 can be described using the 
well-established theoretical framework of homogeneous redox 
catalysis in which a reactive intermediate (here, R•) rapidly 
adds to the catalyst active form (here, [Ni-1]) following a rate-
determining substrate activation event.54,55 This mechanistic 
framework permits the construction of working curves, which 
relate theoretical jp/j0 values to the ratio of the substrate and cat-
alyst concentration (here, CRI/C[Ni-1]2+).54,55 However, the elec-
trochemical response of  [Ni-1] in the presence of 3, is convo-
luted by the observation of a broad capacitive feature (E < ‒1.54 
V) and possible tail of an overlapping reductive feature (E < ‒
2.08 V) as the concentration of 3 increases (Figures 2a and 
S6a). For these reasons, incremental changes in jp/j0 are not suit-
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able observables to compare against theory. Therefore, theoret-
ical working curves depicting predicted shifts in Ep were con-
structed, see Figure S6c and the SI for the procedure, predicting 
an anodic shift in Ep as the kinetic parameter increases. Com-
parison of the experimental Ep values with the working curves 
established for varying CRI/C[Ni-1]2+ values (Figure S6c) leads to 
an estimation of k1 (log k1 = 2.841±0.007 [M‒1 s‒1]), Table S3 
and Figure 2c (labeled red circle). We observe agreement of k1 
values estimated at varying scan rates (Figure S6b and Table 
S3) providing further support of the proposed mechanistic se-
quence. This mechanism is in line with reports that expose the 
role of other one-electron reductants, e.g. KCo(CN)5

3‒, 
KM(CO)5 (M = Mn, Re), and [Ni(1R,4R,8S,11S-tetramethyl-
cyclam)]+,38,56–58 in similarly facilitating bimolecular oxidative 
addition pathways of polar reagents. Together, these data sup-
port a bimolecular oxidative addition pathway of 3 by electro-
generated [Ni-1].  
The [Ni-1] complex activates CyI at a lower rate than 3. Fig-

ure 2b shows the CV of 1.1 mM [Ni-1]2+ in the absence (black 
solid trace) and presence of 11 mM of CyI (blue solid trace). 
We observe: (1) increased current density at the redox couple 
associated with [Ni-1] formation; (2) jp/j0 approaching a value 
of 2 as the CyI concentration is increased (Figure S9a); and (3) 
direct CyI reduction at E values 580 mV more negative than in 
the presence of [Ni-1], Figure S8b. Comparison of the experi-
mental Ep values with the identical working curve utilized to 
analyze the activation of 3 (vide supra) (Figure S9c) leads to 
an estimation of k1 (log k1 = 2.12±0.04 [M‒1 s‒1]), Table S3 and 
Figure 2c (labeled blue square). We observe agreement of k1 

values estimated at varying scan rates (Figure S9b and Table 
S3) providing further support of the mechanistic sequence, 
steps 2 through 4. Together, these data suggest that electrogen-
erated [Ni-1] activates CyI in a similar manner as 3, however, 
at a 5-fold slower rate. 
To distinguish the mechanism of the homogeneous ET step in-

volved in substrate activation by [Ni-1], i.e. step 3 in the pro-
posed sequence, we compared estimated k1 values with those 
obtained for 3 and CyI activation by a series of aromatic redox 
mediators (Ar). As there is no metal center on the electrogener-
ated aromatic radical anion (Ar•‒) to facilitate an inner-sphere 
interaction with the substrate, the experimentally determined 
rate of ET between Ar•‒ and RI (k1 in step 3 of the proposed 
sequence, where Ar•‒ replaces the Ni complex) represents val-
ues expected for a purely outer-sphere homogeneous electron 
transfer event (OSET). Thus, estimated k1 values are expected 
to be proportional to the activation free energy, which is low-
ered by increases in the driving force, i.e. the difference of E1/2 
of varying Ar from the fixed standard potential of RI/R• + I‒ 
couple (approximately ‒1.7 V for 1-iodobutane)55 by the Hush-
Marcus relationship.59–61 Establishing this relationship for the 
substrates examined in this study serves as a diagnostic 
method27,62,63 to identify if [Ni-1] similarly activates RI in an 
OSET fashion. The aromatic compounds, 4-10 in Figure 2c, 
were judiciously chosen as precursors for electrogenerated Ar•‒

. First, their E1/2 values span a 400 mV potential range that 
closely overlaps with that of [Ni-1]+/[Ni-1]. Second, after 
screening several literature-reported aromatic redox media-
tors,27,55 we narrowed the selection to 4-10 due to their well-

Figure 2. (a) CV of 1.1 mM [Ni-1]2+ in the absence (solid black) and presence (solid red) of 12 mM 3. CV of 0.9 mM [Ni-2]2+ in 
the absence (dashed black) and presence (dashed red) of 10 mM 3. (b) CV of 1.1 mM [Ni-1]2+ in the absence (solid black) and 
presence (solid blue) of 11 mM CyI. CV of 1.0 mM [Ni-2]2+ in the absence (dashed black) and presence (dashed blue) of 11 mM 
CyI. CVs collected at 100 mV s‒1 in 0.1 M TBAPF6/DMF, where CV scans were initiated in the cathodic direction. (c) Variation 
in the estimated rate constant of the rate-determining step of 3 (red) and CyI (blue) activation with the redox potential of investi-
gated Ni complexes or aromatic anions 4-10. Straight line by regression for 3 activation by 10 to [Ni-1], R2 = 0.995 and for CyI 
activation by 7 to [Ni-1], R2 = 0.998. The data points are larger than the error bars in estimated k.    
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defined CV responses in the presence of 3 and/or CyI. These 
aromatic redox mediators exhibited responses consistent with 
known limiting cases of two kinetic regimes (total catalysis or 
catalyst deactivation),54,64 allowing for the estimation of k1 in 
the absence of convoluting side reactions (see Figures S10-S17 
and SI for experimental and theoretical details). In short, these 
methods provided consistent values of k1 across varying exper-
imental conditions, supporting the proposed mechanism involv-
ing rate-limiting activation of RI by the examined Ar redox me-
diators. The k1 values found using this procedure are listed in 
Table S3 and graphically represented in Figure 2c. The values 
found for CyI agree with reported k1 values for the secondary 
alkyl iodide, 2-iodobutane,55 providing further support for the 
methods utilized herein. As anticipated for OSET processes in 
which the transfer coefficients do not significantly change with 
the driving force,53,59–61 an approximate log-linear relationship 
between the E1/2 and k1 is observed for RI activation by 4-10, 
Figure 2c. Importantly, we find that the measured k1 values for 
both 3 and CyI activation by [Ni-1] follows this approximate 
linear trend, providing strong evidence for OSET activation of 
3 and CyI by [Ni-1]. While we note the logk1-E1/2 relationships, 
in theory, are nonlinear,27,55,62 the slopes for the obtained linear 
fits, Figure 2 (for 3, ‒6.6±0.3, red and for CyI, ‒7.0±0.1, blue), 
allow us to estimate a transfer coefficient value of 0.4, con-
sistent with previous reports detailing homogeneous concerted 
dissociative electron transfers to similar alkyl halide sub-
strates27,55,62 by Ar redox mediators. The consistently observed 
~3-fold difference in rate between 3 and CyI suggests that the 
RI bond of 3 is indeed more activated than that of CyI, and thus 
more readily cleaved. The observed approximate log-linear re-
lationship of k1 with E1/2 for RI activation by [Ni-1] with various 
electrogenerated Ar•‒ further supports the hypothesized mecha-
nistic sequence invoked in steps 1-4 (vide supra) over an SN2-
type activation by [Ni-1] to directly form [(Ni-1)(R)]; the latter 
inner-sphere reaction sequence would lead to higher rates that 
would significantly deviate from the values obtained for Ar•‒, 
e.g. as has been observed for alkyl bromide activation by iron 
porphyrin systems.62 Together, these studies are consistent with 
a mechanism implicating dissociative OSET activation of RI by 
[Ni-1].  
To decipher the downstream reactivity of the hypothesized 

[(Ni-1)(R)] species, i.e. step 4 in the proposed sequence, and the 

presence of free radical intermediates upon dissociative cleav-
age of RI, we examined the bulk electrolysis product distribu-
tion of [Ni-1]-catalyzed cyclization of 11. As the cyclization of 
5-hexenyl radical is expected to be fast and irreversible,65 we 
reasoned that interrogation of the bulk electrolysis reactivity of 
3 modified with an alkene would facilitate detection of cyclized 
products, indicative of free radical intermediates. First, to ob-
tain the baseline reactivity of 11 in the absence of [Ni-1]2+, con-
trolled-potential electrolysis (CPE) of 11 was conducted at ‒
2.73 V, corresponding to the potential associated with direct re-
duction (Figure S8a). This process gives rise to 12 following 
the passage of 2 C mol‒1 of charge, Figure 3, entry a. These data 
are consistent with the reported66 and observed, Figure S8a, 
two-electron CV waves associated with reduction of primary 
alkyl iodides, implicating that the reduction of 11 proceeds via 
the intermediacy of an electrogenerated carbanion. The ob-
served 1,2 ester shift67,68 of 12 further supports the presence of 
the carbanion intermediate. This reactivity lies in contrast to the 
high chemical yields observed for radical capture by alkenes for 
carbon-centered radicals electrogenerated from secondary hal-
ides,19  highlighting the utility of redox mediation for primary 
alkyl halide substrates to synthetize cyclized products, vide in-
fra, when direct reduction selectively forms the protodehalo-
genated product.69 We note the low chemical yields observed 
(<100% carbon balance) for the CPE experiments, shown in 
Figure 3, which can be explained by the known functionaliza-
tion of carbon surfaces under similar electrochemical condi-
tions63 and may be further exacerbated by the activated RI sub-
strate utilized in this work.  
CPE performed in the presence of catalytic amounts of [Ni-

1]2+ show product distributions consistent with the formation of 
radical intermediates produced via SET. In the presence of 10 
mol % [Ni-1]2+, CPE of 11 at ‒2.03 V, corresponding to the po-
tential associated with mediated reduction (Figure 2a) gives 
rise to 31% and 17% yield of cyclized products 13 and 14, re-
spectively, following the passage of 1 C mol‒1 of charge with 
respect to 11 (Figure 3, entry b). The observed electron stoichi-
ometry is in line with the 1 C mol‒1 value expected for the pro-
posed bimolecular activation of 3, vide supra. For 13, we pro-
pose that the cyclized radical is quenched by an H-atom donor 
present in solution, which we hypothesize is DMF.28,70 For 14, 
the cyclized radical is quenched by a halogen atom donor; we 

Figure 3. Controlled-potential electrolysis (CPE) reactivity data for 11 conducted in a divided electrochemical cell (0.044 mmol 11, 0.004 
mmol catalyst, 0.097 mmol additive in 5 mL catholyte). Charged passed until background current values observed and reported with 
respect to the amount of 11 added. In all cases, > 99% conversion of 11 observed. 1H NMR yields against 1-methyloxindole standard 
reported due to low concentration of substrates utilized to match electroanalytical conditions. *Isolated yields also reported. For entry c, 
CPE was first conducted on [Ni-1]2+ alone at 2 C mol‒1 to form electrogenerated [Ni-1] (e-[Ni-1]), after which the applied potential bias 
was removed and 11 was added; product distribution investigated after stirring at RT for approximately 5 hours.  
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postulate that an equivalent of unreacted 11 could serve as the 
donor via an atom transfer radical (ATR) cyclization path-
way.12,71,72 To rule out the predominance of a non-Faradaic ATR 
chain pathway on the observed reactivity for 14, we investi-
gated the reactivity of 11 in the presence of electrogenerated 
[Ni-1] in the absence of potential bias. [Ni-1] was electrogener-
ated in the absence of 11 until 2 C mol‒1 of charge with respect 
to [Ni-1]2+ was consumed, after which 4 was added and the po-
tential was turned off. Products were not detected in quantifia-
ble amounts (Figure 3, entry c) indicating that non-Faradaic 
chain processes do not predominate the observed reactivity. We 
repeated these experiments in the presence of triflate anions 
(OTf‒), which we observed redirects the product selectivity 
through a hypothesized coordination blocking mode. The pres-
ence of OTf‒ dramatically changes the product distribution, 
with the dimer, 15, being observed as the primary detectable 
product (Figure 3, entry d). These data suggest that OTf‒ inter-
acts with electrogenerated [Ni-1],73 suppressing formation of 
the hypothesized [(Ni-1)(R)] species thereby favoring dimeri-
zation of free radicals formed via steps 1-3. Thus, we postulate 
that the observed reactivity in Figure 3, entry b, is due to the 
propensity of [(Ni-1)(R)] to act as a reductant towards another 
equivalent of 11, thereby controlling the free radical behavior 
via the bimolecular oxidative addition pathway in steps 1-4. To-
gether, these reactivity studies evince the formation of [Ni-1]-
mediated free radical species and suggest the presence of a [(Ni-
1)(R)] intermediate in directing the product selectivity.   
Increased selectivity of radical processes is observed for [Ni-

1]-catalyzed 11 activation performed in the presence of a viable 
halogen donor, CyI. Results show that 75% of 14 formed and 
19% of 13 are formed (Figure 3, entry e). Importantly, only 1 
C mol‒1 charge is transferred, Figure S18a, indicative of selec-
tive activation of 11 over CyI and consistent with the discrimi-
nation in k1 observed between the two substrates given in Fig-
ure 2c. The observation of high selectivity for 14 after the pas-
sage of 1 C mol‒1 rules out the predominance of an ATR cy-
clization chain pathway,12,71,72 which would lead to a signifi-
cantly diminished and fractional electron equivalency as previ-
ously observed.28 Thus, CyI serves as a halogen atom donor to 
quench the radical cascade sequence. Together, these data 
demonstrate that [Ni-1] catalyzes a selective radical process in 
an electrochemical environment: [Ni-1] selectively activates 11 
over CyI in an OSET-initiated bimolecular event, the subse-
quent hypothesized [(Ni-1)(R)] further activates another equiv-
alent of 11, regenerating [Ni-1]+ and generating cyclized radi-
cals that are quenched by CyI.  
Single-Electron Activation of Alkyl Iodide Substrates by 

[Ni-2]+. In contrast to results obtained with [Ni-1]2+, corre-
sponding electroanalytical data collected for [Ni-2]2+ implicate 
inner-sphere electron transfer (ISET) activation of the sub-
strates examined, 3 and CyI. Figure 2b shows the CV of 0.9 
mM [Ni-2]2+ in the absence (black dotted trace) and presence of 
10 mM of 3 (red dotted trace). Upon the addition of 3, the wave 
corresponding to [Ni-2]2+/[Ni-2]+ becomes irreversible and a 
jp/j0 value equalling 8 is observed. This value increases mono-
tonically with added concentration of 3, Figure S19, suggesting 
that, unlike [Ni-1], activation of 3 by [Ni-2]+ involves the con-
tinuous catalytic regeneration of [Ni-2]2+ at an appreciable rate. 
Similar results are obtained for data collected using CyI as the 
substrate. Figure 2b shows the CV of 1 mM [Ni-1]2+ in the ab-
sence (black dotted trace) and presence of 11 mM of CyI (blue 
dotted trace). When CyI is added, a jp/j0 value equalling 16 is 
observed at the peak corresponding to [Ni-2]+ formation. This 

value also increases monotonically with added concentration of 
CyI (Figure S20). A mechanistic sequence consistent with 
these observations is:  
 
 [Ni-2]2+ + e‒         [Ni-2]+ (5)  

 [Ni-2]+ + RI 
!!→ R• + I‒ + [Ni-2]2+  (6) 

where ks is the heterogeneous electron transfer rate obtained in 
the absence of substrate, vide supra. This mechanism is in line 
with a redox catalysis scheme,64,74 where the homogeneous 
electron transfer step between electrogenerated catalyst (here, 
[Ni-2]+) and RI is rate-determining.27 Within this mechanistic 
framework, a lower limit on k1 can be estimated by constructing 
working curves, which depict theoretical jp/j0 values at varying 
CRI/C[Ni-2]2+ (see SI and Figures S19, S20 for details). Agree-
ment of the values across various substrate concentrations and 
scan rates were observed; average values of log k1 = 5.7±0.2 
[M‒1 s‒1] and log k1 = 7.1±0.2 [M‒1 s‒1] (Table S3 and Figure 
2c, labeled red circle and blue square) were obtained for 3 and 
CyI, respectively. Comparison of these rates with those ob-
tained for [Ni-1], Figure 2c, reveal that; (1) the k1 values do not 
scale with those observed for Ar and [Ni-1]-mediated RI acti-
vation; and (2) [Ni-2]+ exhibits roughly 10-fold and 100-fold 
higher rates of activation for 3 and CyI, respectively, as Ar•‒ 

and [Ni-1] with similar E1/2. These data delineate that, unlike 
[Ni-1], RI activation by [Ni-2]+ is inconsistent with an OSET 
mechanism to regenerate an oxidized Ni species, [Ni-2]2+. 
These data suggest that, instead, ISET-based activation prevails 
for [Ni-2]+-catalyzed RI activation, resulting in a [(Ni-2)(I)]+ 
intermediate in which the halogen atom is abstracted, i.e.   
 [Ni-2]+ + RI 

!!→ R• + [(Ni-2)(I)]+  (7) 

The existence of the proposed [(Ni-2)(I)]+ intermediate is sup-
ported by the observation that independently synthesized and 
characterized [Ni(PY5Me2)(I)]+ (see SI, Table S4, and Figure 
S21) exhibits similar electrochemical features to [Ni-2]2+. A 
single redox feature (E1/2 = ‒1.75 V) is observed, which falls 
within the potential range in which catalysis is detected for [Ni-
2]2+. Second, [Ni(PY5Me2)(I)]+  exhibits a significant catalytic 
current response in the presence of 3, consistent with the notion 
that catalysis can be initiated by entering the cycle from this 
intermediate. While the detailed structure of the substrate-[Ni-
2]+ association complex that may enable an inner-sphere inter-
action cannot be determined from these data, it is clear that [Ni-
2]+ does not activate RI via OSET.  
To probe the downstream reactivity of hypothesized free radi-

cal intermediates generated in step 6, CPE experiments of 11 
were performed in the presence of catalytic amounts of [Ni-2]2+. 
In the presence of 10 mol % of [Ni-2]2+, CPE of 11 at ‒ 1.91 V, 
corresponding to the potential associated with mediated reduc-
tion, Figure 2a, gives rise to 12% and 38% yield of cyclized 
products 13 and 15, respectively, following the passage of 1 C 
mol‒1 of charge with respect to 11, Figure 3, entry f.  These data 
suggest that the observed higher rates of radical formation for 
[Ni-2]+ vs [Ni-1]-catalyzed RI activation, Figure 2c, leads to a 
higher concentration that favors dimerization. To verify that di-
merized products are not a result of metal-mediated reductive 
elimination, we performed CPE of 11 in the presence of 10 
mol% of Ar, 8, and obtained exclusive formation of 15, sug-
gesting that dimerization is favored due to the high rates of sub-
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strate activation. The existence of the proposed [(Ni-2)(I)]+ in-
termediate, Equation 6, is further supported by the observation 
that CPE of 11 in the presence of 10 mol% of independently 
synthesized [Ni(PY5Me2)(I)]+ exhibits a similar product distri-
bution, favoring formation of 15, under electrocatalytic condi-
tions after the passage of 1 C mol‒1, Figure S21. In addition, 
[Ni(PY5Me2)(I)]+ exhibits a redox feature (E1/2 = ‒1.75 V) 
more positive than the potential utilized for CPE experiments in 
Figure 3 (‒1.91 V), demonstrating that reduced Ni species from 
the proposed [Ni(PY5Me2)(I)]+ can be accessed within the po-
tential value utilized for CPE.  This result demonstrates that the 
proposed [(Ni-2)(I)]+  intermediate is catalytically viable, and 
further supports the proposed ISET mechanism. Finally, in con-
trast to the reactivity observed for [Ni-1], increased selectivity 
for radical products are not observed when the reaction is con-
ducted in the presence of CyI (Figure 3, entry g). Instead, in-
discriminate activation of CyI and 11 are observed as evidenced 
by the 3 C mol‒1 charge consumption, Figure S18b, and ensu-
ing complex distribution of products, where only a small 
amount of 13 could be identified. These data are consistent with 
the high k1 observed for both substrates in Figure 2c, and thus 
simultaneous activation of both 11 and CyI are observed, result-
ing in unselective radical processes. Together, these data evince 
the formation of free radical intermediate species and demon-
strate that [Ni-2]+ catalyzes SET reductive activation of RI at 
higher rates than [Ni-1] owning to an inner-sphere interaction, 
manifesting in higher selectivity for the formation of unproduc-
tive dimerized products and indiscriminate activation of 11 and 
CyI.  
Computational Characterization of Reduced Electroactive 

Species [Ni-1] and [Ni-2]+. Computational analysis provide in-
sight into the molecular orbital composition and occupancies of 
the electroactive Ni species responsible for SET activation of 
RI. Tables S5-S7 show the coordinates for optimized structures 

for [Ni-1]2+, [Ni-1]+, and [Ni-1] obtained using DFT calcula-
tions employing wB97X-D functionals and DMF as the solvent. 
The computed redox potentials (E0 = ‒1.27 V and ‒2.06 V), and 
the spin state (S = 1) for [Ni-1]2+ are consistent with experimen-
tally determined values (Figures S22a and b). DFT calculations 
predict that the first reduction of [Ni-1]2+ to [Ni-1]+ is accom-
panied by the loss of the axial solvent molecule and the popula-
tion of a low-lying mixed metal-ligand (π* + dz2, 35% Ni-d) or-
bital, resulting in a doublet ground state (S = 1/2), Figure 4a, 
left and middle. The spin density plot for [Ni-1]+ (Figure 4a 
right) suggests that the excess spin is delocalized between the 
ligand and the metal. This molecular description of reduced tpy 
ligand over a purely metal-based reduction is in agreement with: 
(1) EPR and computational studies of [Ni(tpy)(CH3)]+, which 
describe the complex as (Ni(II)-CH3)+ bound to a one-electron-
reduced π radical monoanion (tpy•)‒;75 (2) computational stud-
ies on the structurally analogous [Fe(tpyPY2Me)(MeCN)]+,45 
which describe the complex as Fe(II) bound to (tpyPY2Me•)‒; 
and (3) spectroscopic and computational studies,76 describing 
reduced [Cr(tpy)2]2+ as Cr(III) bound to (tpy•)‒ in addition to the 
neutral parent ligand, (tpy0). DFT calculations predict that the 
second reduction of [Ni-1]+ to [Ni-1] is associated with the pop-
ulation of a primarily ligand-based orbital (π*) to form a triplet 
ground state (S = 1), Figure 4b, left and middle. This second 
reduction is also accompanied by a rearrangement of the π* + 
dz2 orbital, occupied by the first excess electron, to form a more 
metal-based orbital (π* + dz2, 48% Ni-d), Figure S23. The spin 
density plots for [Ni-1] reveal that the excess spin is delocalized 
between the ligand and the metal, Figure 4b, right. Thus, the 
computational data suggest that electroactive [Ni-1] species can 
be described by a resonance form of the following: (1) a reduced 
Ni(I) center bound to (tpyPY2Me•)‒; and (2) an unreduced 
Ni(II) center bound to   (tpyPY2Me••)2‒. Together, these data 
suggest that the two observed redox events for [Ni-1]2+ occur in 
a delocalized fashion onto both the Ni center and the tpyPY2Me 
ligand, and that this spin delocalized [Ni-1] complex is respon-
sible for the observed RI activation reactivity.  
In contrast, DFT analyses for [Ni-2]2+ are consistent with a 

purely metal-based reduction event. Tables S8 and S9 show the 
coordinates obtained for optimized structures of [Ni-2]2+ and 
[Ni-2]+, respectively. The computed redox potential (E0 = ‒1.77 
V), and the spin state (S = 1) for [Ni-2]2+ are in line with exper-
imentally determined values (Figures S21c and d). DFT calcu-
lations predict that the reduction of [Ni-2]2+ to [Ni-2]+ is accom-
panied by the loss of the axial solvent molecule and the popula-
tion of a purely metal-based (dz2) orbital, resulting in a doublet 
ground state (S = 1/2) (Figure 4c, left and middle) and the for-
mation of a Ni(I) species. The spin density plot for [Ni-1]+ given 
in Figure 4c (right) similarly suggests that the excess spin is 
localized on the metal. Metal-localized reduction and concomi-
tant nuclear reconfiguration offer a possible explanation for the 
sluggishness of the electron transfer rate (ks) observed by CV 
studies, vide supra.77 Together, these data establish that unlike 
[Ni-1]2+, [Ni-2]2+ reduction proceeds solely at the Ni center, 
strongly implicating that a metal localized [Ni-1]+ system is re-
sponsible for the observed RI activation reactivity.  
Mechanistic Model for Controlled Single Electron Trans-

fer Manipulated via Metal-Ligand Cooperativity. The com-
bined insights from electroanalytical, electrosynthetic, and 
computational studies point to a model where the extent of the 
Ni metal-centered reduction alters the mechanism for SET acti-
vation of RI substrates. For electrogenerated [Ni-1], Figure 5, 

Figure 4. DFT analysis of electrochemically accessible reduced spe-
cies, [Ni-1]+ (a), [Ni-1] (b), and [Ni-2]+ (c). For each species the 
following are shown: (1) simplified, qualitative molecular orbital di-
agram (left) consistent with DFT calculations, where newly added 
electron (relative to unreduced state) is highlighted in red; (2) rele-
vant calculated MO  (middle red box); and (3) the calculated spin 
density plot (right black box). Molecular orbitals not to scale.  
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right, computational results describe the electroactive reduced 
complex as one where the excess spin is delocalized throughout 
the π system, Figure 4b. Electroanalytical data are consistent 
with a purely OSET activation manifold of investigated model 
substrates 3 and CyI by the spin delocalized [Ni-1], where rate-
limiting RI bond cleavage rates scale with those obtained for 
metal-free redox mediators, Figure 2c. Electroanalytical data 
are also in line with an electron stoichiometry whereby the en-
suing alkyl radical rapidly recombines with another equivalent 
of [Ni-1] to enable an overall bimolecular oxidative addition 
pathway (Figures 2a, 2b, S6, S7, and S9). While obtaining de-
finitive structural evidence for the postulated in-situ formed 
[LNi(R)] has remained challenging due to its reactive nature, 
the present data rule out the alternative mechanism of an OSET 
pathway that does not involve alkyl rebound. This alternative 
mechanism would result in an electrocatalytic wave that mono-
tonically increases as a function of the substrate concentration. 
Instead, we demonstrate that the presence of RI substrates leads 
to a two-fold current enhancement that does not increase with 
further addition of RI. In addition, if such a pathway were op-
erative, product distributions following CPE conducted under 
catalytic conditions would remain unaffected by changes in the 
counteranion. However, we observe that the presence of OTf‒ 
induces the formation of unproductive dimerization of cyclized 
products from substrate 11 whereas its absence disfavors dimer-
ization. Thus, these studies are consistent with the hypothesis 
that free radical species (R•) are formed that interact with [Ni-
1] under electrocatalytic conditions.   
These insights enable us to build the mechanistic model shown 

in Figure 5, right. The OSET mechanism contrasts with related 
RI activation processes catalyzed by [Ni(tpy)(CH3)]+; it has 
been hypothesized78 and computed79 to proceed via rate-limit-
ing halogen atom transfer followed by radical formation and re-
bound. We propose that the OSET pathway found here is fa-
vored due to the spin delocalization in both [Ni-1] and [Ni-1]+ 
imparted by the redox-active, rigid, pentadentate tpyPY2Me 
scaffold because: (1) spin delocalization imparts reduced inter-
action with σ* of the RI substrates; and (2) the tpyPY2Me 
serves to stabilize these redox states as evidenced by their Nern-
stian CV behavior. We postulate that the OSET mechanism al-
lows for the discrimination in k1 observed for CyI vs 3, giving 
rise to selective activation of 11 in the presence of the halogen 
atom donor, CyI. We hypothesize that the [LNi(R)] species can 
either: (1) reduce another equivalent of RI; and/or (2) release 
products by protodemetallation. The former mechanism is con-
sistent with the observation of 1 C mol‒1 of RI charge consump-
tion, and therefore, we depict this model in Figure 5. Thus, this 

mechanistic model proposes that RI activation via [Ni-1] ena-
bles the controlled electrogeneration and sequestration of R•, 
facilitating selective free radical reactivity in an electrochemi-
cal environment.  
Our combined data are consistent with a contrasting mecha-

nistic pathway for RI activation by [Ni-2]+ bearing the redox-
inactive PY5Me2 ligand. For electrogenerated [Ni-2]+, Figure 
5, left, computational studies are in line with the expected 
purely metal-localized reduction, Figure 4c. Electroanalytical 
data are inconsistent with an OSET manifold for activating 3 
and CyI, Figure 2c. Thus, we postulate that an electrocatalytic 
ISET activation pathway is favored due to an enhanced interac-
tion of the σ* of the RI substrates with the localized reduced 
metal center, leading to a formal halogen atom abstraction past 
the rate-limiting RI bond cleavage step to form[(Ni-2)(I)]+ . As 
such, [Ni-2]+ activates both CyI and 3 at much higher rates than 
[Ni-1] at comparable applied potentials, precluding the selec-
tive activation of one substrate over another, Figure 2c and Fig-
ure 3. In addition, this mechanistic postulate explains the dis-
crimination in k1 observed for 3 vs. CyI activation by [Ni-2]+, 
Figure 2c, the more sterically encumbered substrate 3 exhibits 
lower rates than CyI within experimental error. Electrosynthetic 
studies are consistent with the high rate of formation for free 
radical species following electrocatalytic RI activation; higher 
selectivity for unproductive dimerization of cyclized products 
are obtained from 11, Figure 3, in comparison to that obtained 
using [Ni-1]. Finally, we provide additional support for the pro-
posed [(Ni-2)(I)]+ intermediate by demonstrating that catalysis 
can be initiated by entering the cycle from this species. We in-
dependently synthesized the compound and revealed that it ex-
hibited electrocatalytic features in the presence of the substrate 
and high selectivity towards unproductive dimerization, similar 
to what we observe for catalysis by [Ni-2]+. Figure 5, left, sum-
marizes the proposed mechanism of RI activation by [Ni-2]+.  
Comparison of this proposal with the mechanistic model for 

[Ni-1]-mediated RI activation, Figure 5 demonstrates that the 
rate of electrocatalytic radical generation, and thus selectivity 
of downstream radical products, can be controlled via ligand-
directed manipulation of the single electron transfer mecha-
nism. As increased rates of SET RI activation would result in 
increased concentration of R•, the model shows that ISET acti-
vation by [Ni-2]+ generates a high R• concentration for both 3 
and CyI while [Ni-1] allows for controlled radical generation 
dictated by the potential difference of E1/2 of [Ni-1]+ and the 
standard potential for RI reduction. Taken together, these mech-
anistic studies highlight how tuning the extent of metal-centered 
reduction via metal-ligand cooperativity directs OSET vs ISET 

Figure 5. Mechanistic model for alkyl radical generation by [Ni(PY5Me2)]+ (left) and [Ni(tpyPY2Me)] (right).  
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pathways for electrocatalyzed alkyl halide activation, thereby 
establishing a generalizable molecular design principle for the 
development of selective free radical-based catalytic sequences 
in an electrochemical environment.  

CONCLUSION 
In this work, we report the synthesis, electrochemical charac-

terization, reactivity for single electron transfer activation of al-
kyl iodides, and electronic structure calculations of Ni com-
plexes that differ in the ligand manifold by the presence and 
absence of a redox-active terpyridine moiety. We combine elec-
troanalytical studies and bulk electrolysis reactivity data to for-
mulate the mechanistic basis for the divergent selectivity to-
ward redox-mediated radical reactivity we observe for the two 
complexes. We identify that Ni-ligand cooperativity enables 
control over the single electron transfer substrate activation 
pathway, limiting undesired radical recombination products and 
promoting a selective model radical process. These studies re-
veal that tuning the extent of metal-centered reduction can be 
used to control the electron transfer mechanism, and thereby, 
radical-based electroorganic reaction selectivity.  
At a fundamental level, our studies establish distinct rate and 

potential requirements for redox mediator design compared to 
those typically pursued in formulating molecular electrocatalyst 
design principles. For applications in energy conversion cataly-
sis, for example, molecular electrocatalysts with the highest 
turnover frequencies at the lowest applied potentials are tar-
geted; as they enable the most efficient fuel-formation.80 In con-
trast, we find that in order to achieve selective free radical reac-
tivity in an electrochemical environment, molecular electrocat-
alysts operative at the highest rates at low potentials, in this case 
[Ni-2]+, are not the ideal catalysts as unproductive dimerization 
outcompetes the desired reactivity and indiscriminate activation 
of various substrates is observed. Instead, we demonstrate that 
catalysts with fine-tuned and lower rates of activation at low 
potentials, [Ni-1], exhibit higher selectivities for cyclized prod-
ucts. These results highlight how fine-tuned rates may be more 
applicable criteria to target when developing new catalysts for 
electroorganic applications involving free radical intermediates. 
Furthermore, while we note that these findings cannot be ex-
trapolated to electrocatalytic systems beyond Ni-catalyzed alkyl 
iodide activation at this time, our findings lie in contrast to the 
contemporary view that the electron distribution plays a minor 
role for reactions proceeding via outer sphere electron transfer 
and a major role for those proceeding via inner-sphere path-
ways.81 For reactions where all-organic redox mediators are 
readily deactivated, as is the case for mediated primary alkyl 
radical generation, we show that metal-ligand cooperativity en-
ables sustained outers-sphere electron transfer to proceed in 
cases where inner-sphere pathways yields substrate activation 
rates that are intractable for selective radical reactions. To-
gether, this work serves to demonstrate how electrocatalyst lig-
and design coupled with electroanalysis serve as powerful tools 
towards establishing molecular level insights that underpin 
electroorganic reaction selectivity in complex electrochemical 
environments. 
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