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ABSTRACT: The use of alcohol feedstock as coupling partner in cross-coupling reactions offers an extraordinary potential for
the efficient synthesis of Csp3-rich complex molecular scaffolds. This prominent strategy relies on the generation of alkoxy
radicals, which can react via various radical pathways to give carbon-centered radicals that can be engaged in C—C bond for-
mation reactions. However, cross-coupling reactions involving catalytic generation of alkoxy radicals directly from native
alcohols is highly challenging and the scope of existing catalytic methods remains particularly limited. Moreover, a unified
strategy that can incorporate a broad range of alcohols in catalytic cross-coupling with aryl halides is currently unavailable.
Herein, we report a general photocatalytic platform that combines nickel and iron ligand-to-metal charge transfer (LMCT)
catalysis for the selective deconstructive Csp3-Csp? bond cleavage and arylation of various unactivated alcohols. This protocol
leverages the ability of photoinduced iron LMCT catalysis to generate radicals from diversely substituted alcohols, enabling
implementation of various C—C bond-forming manifolds. These include dehydroxymethylative arylation of aliphatic alcohols,
remote arylation of cyclic alcohols to yield alkyl ketones, and the methylation of aryl halides using tertiary alcohols as the
methyl radical source. This methodology offers a practical and unified strategy for engaging a large variety of commercially
available alcohols in cross-coupling reactions under mild conditions, using abundant nickel and iron catalysts. Mechanistic
studies, including stoichiometric organometallic chemistry and cyclic voltammetry, provide insights into the crucial role of
the ancillary ligand surrounding the iron catalyst in stabilizing both low- and high-valent iron catalytic intermediates.

1. Introduction

Bioactive compounds containing a high amount of Csp3
centers tend to feature highly improved properties com-
pared to more saturated analogues, e.g. better solubility
profile or fewer off-target effects, resulting in improved
pharmaco-kinetic and -dynamic profiles.! Recognizing this
trend, the organic chemistry community has rapidly devel-
oped novel synthetic routes to sp3-rich compounds. In par-
ticular, the renaissance of cross-couplings using first-row
transition metal catalysts and the subsequent rise of metal-
laphotoredox catalysis have led to some of the most impact-
ful methods in this field.? This radical-based approach has
been so successful that a wide range of carbon radical pre-
cursors have been explored, including alkyl halides, sili-
cates, trifluoroborates, carboxylates, redox-active esters or
Katrizky salts.?

While these precursors cover significant chemical space,
most are not “native” chemicals, reflected in their relatively

low commercial availability and often cumbersome synthe-
sis. In contrast, alcohols are ubiquitous both in natural and
commercial sources and exhibit exceptional structural di-
versity, making them highly attractive as carbon-based rad-
ical precursors for cross-coupling reactions.* However, con-
verting alcohols into carbon-based radicals is notoriously
difficult, typically requiring pre-activation of the alcohol fol-
lowed by homolytic cleavage of the resulting intermediate.5
Although generally straightforward, these methods gener-
ate unnecessary waste, reducing the overall sustainability
of the reaction and often limiting applicability to specific
classes of alcohols.

Recent advances in modern photoredox strategies have
enabled the catalytic generation of carbon-based radicals
from free alcohols under mild conditions.® These strategies
mainly rely on the photocatalytic formation of an alkoxy
radical from the alcohol either via proton-coupled electron
transfer (PCET) or ligand-to-metal charge transfer (LMCT)
mechanisms, followed by transposition to carbon-based



radical (Figure 1). Despite these breakthroughs, the cata-
lytic transformation of free alcohols into carbon-based rad-
icals remains extremely rare within the context of metal-
laphotoredox catalysis, with only two notable examples to
date. The group of Rueping achieved arylative ring opening

A. General pathways for photocatalytic C—C bond scission and arylation of alcohols

reactions from cyclic alkanols bearing electron-rich aro-
matic cores by combining PCET catalysis with nickel cataly-
sis.” Meanwhile, the group of Zuo employed a LMCT process
from cerium complexes to develop a photocatalytic dehy-
droxymethylative arylation of primary aliphatic alcohols.8?
These elegant examples highlight the synthetic versatility
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Figure 1. Cross-coupling reactions with native alcohols via radical C—C bond cleavage pathways (A) General pathway for
catalytic transposition of alcohols to carbon-based radical via the PCET or LMCT strategy. (B) This work: A general protocol

allowing the valorization of a broad range of alcohols.

offered by alkoxy radicals, as cycloalkanols lead to arylated
ketones through C—C bond functionalization, whereas linear
alcohols result in arylated alkyls through dehydroxymeth-
ylation. However, these protocols are limited to specific
classes of alcohols. PCET activation is inherently restricted
to oxidizable substrates, while LMCT from cerium com-
plexes does not accommodate sterically hindered alcohols

in this context. Considering the tremendous synthetic po-
tential offered by implementing alkoxy radicals in nickel
catalyzed radical cross-coupling reactions, we aimed to de-
velop a general catalytic platform capable of coupling a
broad range of alcohols. Achieving generality in metallapho-
toredox catalysis is particularly challenging, as the intricate
catalytic cycles must be kinetically matched to prevent the



accumulation and degradation of catalytic intermediates. In
this perspective, we aimed to explore the photoinduced
LMCT excitation strategy for several reasons: (i) LMCT cat-
alysts are based on abundant and inexpensive transition
metals such as copper, cerium, or iron, (i) these catalysts
operate through distinct photochemical pathways com-
pared to commonly used photoredox catalysts. While the
domain of photoredox catalysis is largely dominated by
photocatalysts operating via outer-sphere single electron
transfer processes, LMCT catalysts function through inner-
sphere pathways.1? Specifically, transition metals with
LMCT excited states commonly undergo visible light-in-
duced homolysis.!? This mode of reactivity enables the
transformation of nucleophilic entities into open-shell spe-
cies via inner-sphere processes involving coordination of
the substrate to the metal center, followed by photoinduced
bond homolysis to generate a formally reduced metal cen-
ter and a radical. This activation mode, proceeding through
coordination chemistry, offers extensive opportunities to
fine-tune the steric and electronic parameters governing
the alcohol coordination and alkoxy radical generation
steps. With these considerations in mind, we hypothesized
that an effective LMCT catalyst should possess a low coordi-
nation number, allowing for the indiscriminate coordina-
tion of various types of alcohols. This feature would ensure
continuous Kinetic matching between catalytic cycles, even
when the substrate classes change. We identified iron com-
plexes as particularly promising due to their reported pho-
toactivity in less crowded conformations.121314

Herein we report a unified and practical photocatalytic
strategy that enable various type of cross-coupling mani-
folds with primary and tertiary alcohols (Figure 1B). These
include: (i) dehydroxymethylative arylation of aliphatic al-
cohols, (ii) remote arylation of cyclic alcohols to yield alkyl
ketones, and (iii) the use of tertiary alcohols as methyl rad-
ical source for the methylation of aryl halides. The photo-
catalytic platform comprises a photoactive iron-LMCT cata-
lyst capable of generating alkoxy radicals from a broad
range of alcohols, and a nickel catalyst that promotes the ox-
idative addition of the aryl halide electrophilic partner, the
capture of the alkyl radical and C-C bond formation. Cata-
lytic turnover for both cycles is insured by an organophoto-
redox catalyst that acts as a redox shuttle between the two
catalytic cycles. Mechanistic investigations have validated
the role of each catalytic partner and provided key insights
into the crucial role of the ancillary ligand surrounding the
iron catalyst, which is essential for the efficient conversion
of a broad range of alcohols.

2. Results and discussion

2.1. Optimization

Arylbromide 1a and alcohol 2a were selected as model sub-
strates for cross-coupling reactions using FeCls as the LMCT
catalyst, NiCleDME/dMeBpy (Lni1) as the cross-coupling
catalyst, 1,10-diphenylanthracene (DPA) photocatalyst as
the electron shuttle between the [Fe] and [Ni] cycles,
NazPOs as a base, in MeCN under 390 nm irradiation
(Scheme 1). Initial attempts under these conditions yielded

only trace amounts of the desired product, indicating ineffi-
cient alcohol activation. Given the significant impact of the
iron coordination sphere on the efficiency of Fe(III) LMCT
systems,!> we decided to focus our attention on anionic lig-
ands. Simple halides proved ineffective (<5% yield), but aryl
carboxylates, formed in situ from the corresponding free ac-
ids, significantly improved the yield (Scheme 1A), achieving
30% yield with simple benzoic acid (Lre1). Further investi-
gation of carboxylic acids with varying steric and electronic
profiles led to the selection of the sterically hindered car-
boxylate Lreo, which afforded a 70% yield.

Numerous reaction parameters were systematically ex-
plored, but none had an impact as significant as the iron lig-
and (see supporting information for details). Ultimately, the
following optimized conditions: FeClz (10 mol%), Lreo (30
mol%), NiClzeDME/Lnis (2.5 mol%/3 mol%), DPA (2.5
mol%), and K3PO4 (3.0 eq) in MeCN under 390 nm irradia-
tion, yielded product 3a in 78% isolated yield.

Scheme 1. Ni/Fe catalyzed arylation of linear alcohols: se-
lected optimization experiments.
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Lee (35 mol%)
NiCl,*DME (5 mol%)

LN| (6 mol%)
/@I Q/V DPA (5 mol%) FsC
NazPO4 (3 eq)
MeCN, 390 nm, rt, 24 h
(2.0 eq)
— A.Fe ligand®®
©/COZH @[COZH @[COZK ©:C02
No ligand nBu,Cl Mes CO,H
Lre1 Lrez \ Lres Lres
<5% <5% 30% 10% 1% 5%

iPr iPr
COM CKCOZH C[COZK
O R iPr R iPr

Lres R = iPr (Lreg) / MeO (Lge7) / CF3 (Lreg) R =iPr (Lreg) / CF3 (Lreto)
22% 66% 59% 70% 70% 62%

— B. Ni ligand®°

R R R=Me (Lyy):70%
tBu (Lnia) : 69%

N CF3 (Lnis) : 35% La:
N N MeO (Lyig) : 649 Nis
€0 (Lia) % <5%
Me Me
R R __ __
- — R=H (Lyg):61% Me—X /—\ pMe
N\ N MeO (Lyi7) : 64% N N
N N I Lnis

78%

a Reactions performed on 0.20 mmol scale. Yields were deter-
mined by GCMS using PhOCF3 as an internal standard.  Lni =
Lni1 for the screening of Fe ligand ¢ Lre = Lreo for the screening
of Ni ligands.

In addition to efficiently activating primary alcohols, we
were pleased to find that this catalytic system also success-
fully enabled the cross-coupling of more sterically hindered
tertiary cycloalkanols (Scheme 2). In contrast, a cerium
LMCT catalyst failed to produce any trace of the desired



product under the same conditions, thereby supporting our
initial hypothesis on the critical importance of the LMCT
catalyst's low coordination number.

Scheme 2. Catalytic system efficiency with sterically hin-
dered alcohols.
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2.2. Scope and limitations

With the optimized conditions in hand, we first validated
the ability of the Ni/Fe photocatalytic platform to enable the
dehydroxymethylative arylation of aliphatic alcohols using
arange of aryl bromides 1 and primary alcohols 2 (Table 1).
Pleasingly, the reaction proceeded well with a broad toler-
ance to the electronic properties of the aryl bromide, yield-
ing products in the range of 59% to 88% (3-10) irrespective
of whether the aryl ring was electron-rich or electron-poor.
Sensitive functionalities such as a cyano group (4, 88%) or
a chlorine atom (5, 56%) were well tolerated. Significantly,
biologically relevant heteroaryl bromides were compatible
with the reaction (11-14), including strongly coordinating
unsubstituted pyridine (12, 50%) and pyrimidine (13,
70%). Apart from aryl bromides, a vinyl bromide was also
successfully engaged, yielding the desired product 15 with
good efficiency, though with partial E/Z isomerization of the
double bond. Regarding the alcohol scope, good to excellent
yields were achieved with alcohols that form stabilized rad-
icals, including benzylic alcohols (16), primary or second-
ary heteroatom-stabilized alcohols (17-19), and allylic al-
cohols (20-21). Unfortunately, primary alcohols leading to
less stabilized radicals (e.g. 1-butanol, 2-cyclohexylethanol)
gave strongly diminished yields (<20%).

Table 1. Scope for the dehydroxymethylative arylation of
linear alcohols.?

NiCl,-DME (2.5 mol%), Lnig (3 mol%) Alk

N Bf+ Py FeCl, (10 mol%), Lreg (35 mol%) R A
R Ak” ™ OH T
— DPA (2.5 mol%), K3POy (3 eq)
1 2 MeCN, rt, 390 nm 321
(2.0 eq)

— A. Scope of (hetero)aryl bromides

R = CF; (3): 87%

CN (4): 88%
CI (5): 56%
Ph (6): 85% F
R F tBu (7): 70%

MeO (8): 59% 10: 68%
SO,Me (9): 65%

X X N
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19:51% 20: 50% 21:56%

N
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F3C

3

aReactions performed on a 0.4 mmol scale. Isolated yields. PDe-
termined by 1H NMR.

Having demonstrated the efficient generation and coupling
of carbon-based radicals from primary alcohols in the dehy-
droxymethylative arylation protocol, we next focused on
the more challenging sterically hindered cycloalkanols (Ta-
ble 2A). Activating C-C bonds in this widely available sub-
strate family is highly desirable as it provides a direct route
to remotely arylated ketones. However, the difficulty asso-
ciated with activating these substrates has made this trans-
formation elusive, typically limited to cycloalkanols with
oxidizable aromatic rings.” Therefore, we were pleased to
find that cycloalkanols of various ring sizes yielded the cor-
responding ketones (22-25) in good to excellent yields. Ad-
ditionally, heteroatom-containing and benzo-fused cycloal-
kanols proved to be suitable substrates, enabling the syn-
thesis of complex ketones (26-28), and the use of cycloaka-
nols bearing a phenyl substituent (29) or a longer alkyl
chain substituent (30) was tolerated as well. Similarly to the
dehydroxymethylative arylation, this remote arylation pro-
tocol exhibited excellent functional group compatibility, ac-
commodating electron-withdrawing and electron-donating
groups, as well as sensitive functionalities and nitrogen-
containing heterocycles (31-38). Importantly, high selectiv-
ity of the f-scission toward ring opening was observed in all
cases, with only minutes amounts of by-products originat-
ing from alternative f-scission sites. In terms of limitations,
secondary cyclic alcohols systematically led to low yields.
Encouraged by these results, we explored whether acyclic
tertiary alcohols could also serve as radical sources (Table



2B). We hypothesized that both enthalpic factors (i.e., for-
mation of a substituted C=0 bond) and entropic factors (i.e.,
increased conformational freedom) would be preserved be-
tween cycloalkanols and acyclic alcohols, making the reac-
tion thermodynamically feasible. This transformation
would be highly significant, enabling the generation of un-
stabilized radicals from readily available, non-toxic rea-
gents. In particular, achieving the challenging methylative
cross-coupling would be exceptionally impactful due to its
broad utility in the synthesis of bioactive molecules.1¢ De-
spite being a very active research area, current methylation
protocols are often hampered by issues of toxicity, func-
tional group compatibility, and atom efficiency.'” Given

these considerations, we tested the simplest tertiary alco-
hol, tert-butanol, under our benchmark conditions, which
unfortunately resulted in low yields (34%). However, the
inexpensive, non-toxic, and easy-to-handle a-cumyl alcohol
proved to be much more efficient, yielding the correspond-
ing methylated products in good to average yields (39-47).
The reaction again showed tolerance for sensitive function-
alities, such as -BPin or -SOzMe groups (41-42), and biolog-
ically relevant heterocycles (43-46). Additionally, other un-
stabilized alkyl radicals were selectively generated, as
demonstrated by the incorporation of a cyclohexyl moiety
(47). However, tertiary alkyl radicals did not lead to signif-
icant amounts of cross-coupling, which is a classical limita-
tion of nickel/photoredox manifolds.18



Table 2. Scope for the arylation with tertiary alcohols.
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aReactions performed on a 0.4 mmol scale. Isolated yields. b Yields determined by 'H or 19F NMR.

As previously underlined, very few dual-catalyzed methods

2.3. Mechanistic investigations involving LMCT activation of metal-alkoxides have been de-



scribed to date.8%1* Consequently, the parameters govern-
ing the reactivity and the mechanistic subtleties of this class
of reactions remain essentially unknown, thus hampering
its broader application to unexplored substrate classes. Key
mechanistic questions include the role of the iron coordina-
tion sphere and the actual involvement of iron alkoxide
within the catalytic cycle. To provide some mechanistic in-
sights, we conducted a series of cyclic voltammetry (CV)
studies and stoichiometric experiments.

We first sought to analyze the influence of the carboxylate
ligand on the redox behavior of iron species. To this end, we
examined the cyclic voltammogram of FeClz in MeCN (0.1 M
TBAPFs; GC WE; Pt CE; Ag/AgNO:s ref), in the absence and
presence of the carboxylate ligand Lreo (Figure 24, left).
Upon anodic scanning, the CV of FeCl: exhibited a broad
quasi-reversible oxidation peak (01 =+0.01 V; R1 =-0.10 V)
corresponding to the Fe(II)/Fe(IlI) couple, along with sev-
eral irreversible reduction peaks at lower potentials (Rz = -
1.24 V; R3 =-1.62 V). The shape of these latter peaks is char-
acteristic of electrodeposition, presumably of Fe(0) films,!?
and was associated with an intense stripping peak upon re-
verse oxidative scanning (02). The addition of 3 eq of Lres to
this solution led to a marked cathodic shift of the Fe(II) to
Fe(III) oxidation (0’1 =-0.08 V) and a loss of reversibility of
the Fe(Il)/Fe(1II) couple. Specifically, the return reduction
peak R’1 was considerably broadened and dramatically
shifted to -1.08 V, suggesting an evolution of the iron coor-
dination sphere upon oxidation. Notably, the newly formed
species did not display any additional reduction peaks until
-2.05V (R’2).

Next, we examined the effect of alcohol 2a and K3POs on
these solutions. For FeClz (Figure 2A, middle), no significant
change was observed in the Fe(Il)/Fe(IIl) redox peaks 0”1
and R”1. Reduction to low valent iron remained observable
at relatively high potential (R”z = -1.43 V). In contrast, the
addition of 2a and KsPO4to the solution of FeClzand Lreo re-
sulted in significant modifications in the cyclic voltammo-
gram (Figure 2A, right). The Fe(II) to Fe(III) oxidation peak
was anodically shifted (0”1 = +0.34 V), the return wave was
cathodically shifted (R”1=-1.60 V) and other reductive fea-
tures at lower potential disappeared.

These observations highlight three beneficial effects of Lreo
on the iron catalytic system: (i) it provides enhanced stabil-
ity to Fe(IlII) species, as evidenced by the large cathodic shift
of the Fe(IIl) reduction peak R’s; (ii) it protects low valent
iron species from degradation to Fe(0) particles by shifting
the corresponding reductive waves outside of the reduction
range of the photocatalyst; (iii) it enhances interaction of
iron complexes with alcohols, as suggested by the shifts in
the redox waves in the presence of alcohol.

While these experiments demonstrate the ability of carbox-
ylate Lreo to interact with FeCl: and highlight its potential
impact on catalytic efficiency, the precise nature of the re-
sulting species remains unclear. To get further structural in-
sights, we attempted to isolate and characterize the iron
carboxylate species formed from the reaction of FeCl: with
various amounts of Lres (1 to 3 eq).? Although copious
amounts of chloride salts precipitated in all cases, the 1:2
FeClz/Lreo mixture successfully yielded X-Ray suitable crys-
tals (Figure 2B). The molecular structure of I is composed of

an oxo-bridged Fes3O trimer core,?! which is surrounded by
six bridging carboxylates and three acetonitrile molecules.
Thus, each iron center sits in octahedral coordination geom-
etry. Overall, the trimer complex closely resembles previ-
ously reported Fel-Fell-Fell mixed-valence complex.22 The
Fe atoms in I featured two distinct sets of bond lengths with
surrounding atoms, consistent with the ranges observed in
related complexes.2?

Interestingly, independent analysis of complex I by 'TH NMR
and cyclic voltammetry revealed similar features than spe-
cies formed in-situ by mixing FeClz and 2 eq of Lres (Figure
2C and 2D). However, introducing an additional equivalent
of Lreo led to significant spectral differences compared to I,
suggesting that trimeric structures like I evolve further in
solution when 3 eq of Lres are present. Addition of alcohol
2aand KsPOa4 to I led to strong shift of the paramagnetic sig-
nals in 'H NMR, as well as a shift of the protons in a position
of the alcohol (A = 0.45ppm).

To further probe the nature of these complexes, we con-
ducted a set of DOSY NMR experiments on catalytically rel-
evant complexes (see spectra in Supporting Information).
While DOSY is commonly used to evaluate the size of dia-
magnetic organometallic complexes,?3 characterizing para-
magnetic complexes is significantly more challenging due to
peak broadness and rapid T1 relaxation.2* Nevertheless, we
successfully obtained exploitable signals, presenting rare
results from paramagnetic DOSY experiments. First, com-
plex I showed a low diffusion coefficient D = 8.65 x
10-10m?/s, corresponding to a hydrodynamic radius ru of
7.03 A. This result is consistent with the diameter of com-
plexI (14.4 A), as determined from the X-Ray structure. This
experiment not only demonstrates that complex I retains an
oligomeric structure in solution but also serves as a useful
benchmark for evaluating the nuclearity of other in-situ
generated complexes. For instance, the species formed in-
situ from FeCl2 + 3 eq Lreo also exhibited a low diffusion co-
efficient D = 6.6 x 10-1°m?/s, corresponding to a hydrody-
namic radius ri of 9.21 A, consistent with retention of an ol-
igomeric structure. Finally, DOSY analysis of a mixture of
FeCl2 + 3 eq Lreo + 5 eq of alcohol 2a + 7.5 eq K3POs revealed
signals attributable to 2a with a diffusion coefficient D =
1.85 x 102m?/s. Crucially, this coefficient is significantly
lower than that of the free alcohol (D =2.70 x 10-m?/s),
providing clear evidence of alcohol interaction with a much
larger molecule.

To consolidate the relevance of these complexes, the ability
of complex I to generate alkoxy radicals from alcohol was
confirmed by reaction with 2a in the presence of K3sP0Osand
Lreo under irradiation, resulting in good yields of the corre-
sponding dimer (calculated vs the number of Fe atoms, Fig-
ure 2E). Complex I was also shown to be catalytically active,
although with decreased yields compared to the benchmark
conditions. However, similar yields were observed upon the
addition of 10 mol% of Lres (Figure 2F, entries 1 and 2). Fur-
thermore, complex I demonstrated catalytic activity in the
complete absence of chloride anions (Figure 2F entry 3),
which further support the involvement of iron alkoxide as
the LMCT-active species.?>



= FeCly + 3 eq Lgeg

Carboxylate Lgeg enhances the stabilization
of Iron species towards reduction
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Figure 2. Mechanistic investigations into the iron catalytic cycle. (A) Cyclic voltammetry of differently ligated FeClz; (B) Syn-
thesis and isolation of oxo-bridged trimer I; (C) 'H NMR analysis of [Fe] complexes; (D) Comparison of cyclic voltammetry of

I and of in-situ formed complexes; (E) Stoichiometric LMCT ac
tions.

Having clarified the behavior of the iron catalytic cycle, we
turned our attention to the nickel catalytic cycle. First, we
recorded the cyclic voltammogram of (Lnig)NiClz (formed in-
situ from NiClzeDME and Lnis) (Figure 3A and Figure S9).
Upon cathodic scanning, two well-defined reduction waves
R1(-1.39 V) and Rz (-1.82 V) were observed, each associated
with a main return wave, O1 (-0.19 V) and Oz (-1.12 V), re-
spectively. When aryl bromide 1a (5 eq) is added to the 1:1
mixture of NiClzeDME/Lnis an increase of the current is ob-
served at the second reduction peak R’z, along with the loss
of the return oxidation peak Oz (Figure 3A). Intriguingly, the
first reduction peak R’1 and the associated return oxidation

tivity of I; (F) Catalytic relevance of I and chloride-free condi-

peak 0’1 remained unchanged. This indicates that the spe-
cies associated with Rz do not originate from R’1 (eg.
Ni"/Ni' reduction followed by Ni'/Ni® reduction). Instead,
R’z and R’1 were attributed to the reduction of two differ-
ently speciated Ni" species.?¢ Although the exact nature of
these species and the number of electrons associated with
R’1 and R’z remain to be clarified, the magnitude of the cur-
rent increase between Rz and R’z (from -103 pA to -260 pA)
is consistent with an initial one electron reduction from Ni"!
to Ni! followed by oxidative addition to Ni'! and subsequent
two electrons reduction to Ni! (Figure 3A). Moreover, a new



return oxidation wave O’s was also observed at (-0.19 V),
suggesting the oxidation of new nickel species.

To gain further insights into the formation and electro-
chemical behavior of nickel intermediates resulting from
the addition of ArBr to the 1:1 mixture of NiCl2.DME/Lnis,
we independently prepared the corresponding oxidative
addition complex II (Figure 3B). The cyclic voltammogram
of complex II displays a reduction peak at -1.48 V and a re-
turn oxidation wave at +0.20 V that compares well with the
oxidation peak 0’s. This corroborates that the oxidative ad-
dition complex Il is formed as an intermediate upon electro-
reduction of NiCl.eDME/Lnis in the presence of aryl bromide
1a. Furthermore, we confirmed that complex Il is able to in-
tercept carbon-based radicals generated from Fe-LMCT,
thus leading to cross-coupled product 3 in 57% yield, and

that it is a catalytically active species under standard reac-
tion conditions (Figure 3B).

Taken together, the above experiments support the cata-
lytic cycle depicted in Figure 4. First, a carboxylate-ligated
Fell complex A (EPox = -0.08 V) gets oxidized by DPA*
(E/2(DPA*/DPA) = +0.95 V vs. Ag/AgNO03)?7 to Fe!l complex
B, followed by alcohol complexation.?® The ensuing species
C can then undergo LMCT excitation, resulting in Fe!l-O
bond homolysis and regeneration of A. The nickel catalytic
cycle is initiated from a Ni! complex E, which undergoes ox-
idative addition with ArBr to give high-valent Ni'! complex
F, which is immediately reduced to Ni'' G (EPox(G/F) = +0.20
V) by DPA—* (E¥/2(DPA/DPA—") = -2.24 V).2° Capture of rad-
ical R* by G and reductive elimination complete the catalytic
cycle.
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3. Conclusions

In summary, we have developed a versatile cross-coupling
methodology between a wide range of commercially availa-
ble alcohols and Csp?-halides under mild conditions, using
abundant nickel and iron catalysts. This unified strategy en-
ables various transformations: (i) dehydroxymethylative
arylation of aliphatic alcohols, (ii) remote arylation of cyclic
alcohols to yield alkyl ketones, and (iii) the use of tertiary
alcohols as methyl radical source for the methylation of aryl
halides. From a broader perspective, this work showcases
the efficient implementation of iron LMCT catalysis in the
area of nickel/photoredox catalysis, thereby expanding the
mechanistic landscape of cross-coupling reactions. Mecha-
nistic studies have shed light on key features of this catalytic
system, particularly the role of carboxylate ligands in stabi-
lizing both low- and high-valent iron catalytic species
against undesired reduction, thereby favoring the desired
[Fe-OR] LMCT pathway. This key insight should prove de-
cisive in the future development of related dual catalytic
systems. Overall, this work paves the way for a large appli-
cation of dual catalytic systems involving LMCT activation
of alcohols, a field of tremendous potential poised to unlock
vast areas of chemical space.

MATERIALS AND METHODS

All details pertaining to materials and methods are reported
in the supporting information.
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