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ABSTRACT: C—H activation of hydrocarbons is extremely challenging, W
especially in short-chain hydrocarbons like propane. In industry, propane is ( z
first converted to propylene mostly by steam cracking, which is only oxidized to

410 nm
acetone in the cumene process, yielding acetone and phenol. In this work, we

show that the simple FeCl; salt in acetonitrile photocatalyzes the oxidation of
propane to acetone at room temperature under aerobic conditions and visible- W
light irradiation. We achieved 100% conversion of propane with 67% selectivity
in acetone after 4 h of irradiation and TON up to 600. Mechanistic studies,
including electrospray ionization mass spectrometry, Mossbauer, and electro- L2 ad
paramagnetic resonance spectroscopy, concluded that the reaction is driven by

chlorine radicals generated by Fe—Cl bond photolysis. These results not only hold promise for the development of solar-based
oxidation of hydrocarbons but more importantly also disclose deeper insights into the largely overlooked photochemistry of FeCl,.

KEYWORDS: photocatalysis, propane, iron, radical, oxidation

B INTRODUCTION two years, now with significantly more attractive activities
C—H activation is an energy-demanding reaction, which allowed by powerful LEDs as irradiation sources.”™ '

usually requires harsh conditions and catalysts due to the Inspired by these works, we employed an organic solution of
high C—H bond dissociation energies between 300 and 480 kJ FeCl; to catalyze the oxidation of propane directly to acetone
mol™"." This is especially challenging in short-chain hydro- under visible-light irradiation in aerobic conditions. Propane

carbons like propane. For example, there is no industrial
process capable of converting propane into acetone directly. In
industry, propane is first converted to propylene mostly by
steam cracking, reacted with benzene leading to cumene, which

was completely oxidized, yielding up to 67% of acetone in 4 h.
Our detailed mechanism investigation revealed that the

oxidative catalysis cannot be attributed to Fe' or Fe" species.

is ﬁnally oxidized, yielding acetone and phenol (cumene Instead, Mdssbauer spectroscopy, mass spectrometry, DFT
process).” calculations, and careful catalytic tests suggested that
Functionalization of hydrocarbons is a fundamental chemical tetracoordinated Fe'" bonded to chlorine and acetonitrile are

process to synthesize added-value chemical feedstocks from
simple organic molecules generally extracted from oil. The
oxidation of alkanes is one of the most important processes
carried out in the petrochemical industry. Cyclohexanone and

the most likely active species. The reaction proceeds through
the formation of chlorine radicals (C1*) photocatalyzed by the
Fe'! active species and subsequent hydrogen atom transfer

cyclohexanol, a valuable mixture for the production of adipic (HAT) to generate alkyl radicals. Photocatalysis sustained by
acid, are produced at 160 °C and 15 bar O, in the presence of iron(III) chloride discloses a new paradigm of iron chemistry
cobalt salts Various metal complexes—including Cr,* Mn,’ and reveals a new route to convert propane into acetone under

and Cu’—proved to catalyze the oxidation of alkanes in
organic solvents. However, all these catalysts require high
temperatures and high pressures. Conversely, Shul’pin et al.”
verified that FeCl; could be photoactivated to promote alkane
oxidations. They demonstrated that for the conversion of
cyclohexane into cyclohexanone with quite modest yields (i.e.
< 10%). This very simple chemistry of FeCl; seems to have
been rediscovered recently. Some important examples of C—H
activations photocatalyzed by FeCl; were reported in the last

mild conditions.
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Table 1. Catalytic Screening and Controls”

entry catalyst” irradiation acid® oxidant? acetone (pmol) TON
1 FeCl, 410 nm H,S0, 0, 554.8 623
2 FeCl; 6H,0 410 nm H,SO, 0, 562.4 63.2
3 FeCl; 6H,0 none H,SO, 0, 4.8 0.5
4 FeCl, 6H,0 410 nm H,S0, H,0, 149 17
S FeCl; 6H,0 410 nm None 0, 5713 64.2
6 Fe,(SO,); xH,0 410 nm H,SO, 0, 7.0 0.8
7 none 410 nm H,SO, 0O, <1.0

“Conditions: 2 mL CH;CN, 2.8 bar propane (1.1 mmol), 4 h, r.t. b16 mg FeCl; or 2.4 mg FeCl;-6H,0 or 2.1 mg Fe,(SO,);xH,0 (8.9 ymol, 0.8

mol %). °5 uL H,SO, 98% (91.9 umol). “3.4 bar O, or 80 uL H,0, 50% (1.7 mmol).
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Figure 1. Catalytic screening over different variations: (a) metal chlorides, (b) iron(III) halides, (c) iron(IIl) salts, (d) iron oxidation state.
Reaction conditions: 2 mL CH;CN, metal salt (17.8 ymol, 1.6 mol %), 3.4 bar O,, 2.8 bar propane (1.1 mmol), 410 nm (100 W), 1 h, r.t.

B RESULTS AND DISCUSSION

Catalytic Tests and Screening. Light-assisted oxidation
of propane was initially tested in an acidified solution of FeCl,
in a pressurized reactor filled with gaseous propane and excess
oxygen. Acetonitrile was chosen as a solvent for its inertness
under oxidative conditions and suitable dissolving properties
for organic substances. The reactor was irradiated in the violet
region of visible light (410 nm), where iron(IIl) chloride in
acetonitrile exhibits significant absorption (Figure S1). The
absorption of visible light is also clearly demonstrated by the
dark yellow color of FeCl; in acetonitrile. Acetone was initially
quantified by H NMR to follow the reaction’s progress. In
preliminary tests, FeCl; catalyzed >50% conversion of propane
to acetone in just 4 h (Table 1, entry 1). First, it was observed
that anhydrous and hexahydrate forms of the salt gave no
significant difference (entry 2), suggesting that the presence of
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water does not hamper iron(II) chloride. We then tested
whether the high activity might be attributed to a general acid
catalysis. However, no acetone was observed when light was
turned off (entry 3); this clearly indicated the involvement of
photons. When O, was replaced by H,0,, a much lower
amount of acetone was recovered (entry 4). This is a strong
evidence against a pure Fenton-like chemistry.'"'> Hydrogen
peroxide was thus ruled out as an intermediate in the process.
Given the acidic properties of iron(III), the addition of a
strong acid was considered unnecessary. When no external acid
was transferred in the reactor, the photooxidation occurred
slightly faster than in the presence of H,SO, (entry 5). To test
the effect of sulfate ions, iron(IlI) chloride was replaced with
the sulfate analogue Fe,(SO,); in equal molar amounts, and
nearly no acetone was produced (entry 6), indicating that
chloride ions have an important role in the reaction.

https://doi.org/10.1021/acscatal.3c02092
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Figure 2. (a) Reaction scheme, (b) composition of the liquid phase from the best result achieved, (c) kinetics of acetone synthesis, (d) acetone
synthesis as a function of FeCl;-6H,O concentration, Conditions: 2 mL CH;CN, 3.4 bar O,, 2.8 bar propane (1.1 mmol), 410 nm (100 W), r.t.,

(b,c) FeCl;-6H,0 (17.8 pmol, 1.6 mol %), 1 h.

Under optimized conditions, the reactions were performed
using a 10 mM FeCl;-6 H,O (17.8 ymol, 2 mol %) solution in
acetonitrile pressurized with O, in a photoreactor, and the
product mixture was analyzed by GC—MS. Together with
acetone, other oxidation products were identified, namely—in
decreasing proportions—acetic acid, acetaldehyde, propional-
dehyde, isopropanol, and I1-propanol (Figure S2). To
investigate photoactive species, a thorough catalytic screening
involving different iron sources and metal chlorides was carried
out. When a list of available transition metal chlorides was
considered, only copper(II) chloride performed comparably
with iron(II) chloride (Figure la). This is consistent with
previous works discussing both FeCl; and CuCl,-2H,0 in
light-driven oxidation of alkanes.'”'* Propane was successfully
photooxidized when FeCl; was replaced by FeBr;, but to a
much lower extent (Figure 1b). The rate for acetone
production was respectively about and more than five times
lower for Fe(NO;);-9H,0 and Fe,(SO,);:«H,0 compared
with FeCl, (Figure 1c), stressing again the essential role of the
halide. Next, the oxidation state of iron was considered. In a
photoinduced scenario, iron(III) might be the precursor of an
active species generated under irradiation. Iron(III) is known
to undergo photoreduction to iron(II), also in natural
environments. '® To test whether iron(II) was the real active
species taking part in the process, FeCl, was used as a catalyst.
The ferrous salt did not outperform FeCl;-6H,0. Nevertheless,
the acetone quantified was not negligible (Figure 1d), once
iron(I) is predictably oxidized to iron(IIl) under aerobic
conditions.

In our best result, propane underwent 100% conversion with
67% selectivity in acetone in 4 h (Figure 2b,c). After this time,
the reaction reached a plateau, and no further improvements in
acetone selectivity were achieved. After 8 h, no further
conversion could occur since a complete drop of pressure was
observed in the reactor. By contrast, the quantification of
products in the liquid phase revealed a decrease in conversion
for longer times (Figure S3). This can be ascribed to the over-
oxidation of products to carbon dioxide, which was indeed
detected by GC—MS in the gas phase. Propane conversion to
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acetone increased linearly when iron concentration was varied
between 0.05 and 10 mM and slightly decreased with higher
amounts of the iron salt (Figure 2d). The turnover number
(TON)—calculated as the ratio of moles of acetone to moles
of FeCly—reached a high of over 600 when 0.05 mM FeCl;-
6H,0 (0.01 mol %) was used. Interestingly, a very similar
trend was previously reported in works on the photooxidation
of hydrocarbons catalyzed by homogeneous FeCl; as well as
heterogeneous TiO,.”'” This profile was interpreted as
evidence for the critical role of light. Indeed, for small
concentrations of the photoactive species, the absorbance is
defined by the Lambert—Beer equation: the higher the
concentration, the higher the number of photons absorbed.
Thus, yield is expected to increase with absorbance. Never-
theless, at very high concentrations, the absorption of photons
is saturated (see Supporting Information for a detailed
discussion).

The trend in acetone yield reproduced the UV—vis profile of
FeCl, in acetonitrile when the reaction was carried out under
different irradiation wavelengths, as shown in Figure S1. The
acetone yield decreased at longer wavelengths. Interestingly,
FeCl; in acetonitrile exhibits two major peaks at 313 and 360
nm. Optical transitions of iron hydroxides and chlorides in
aqueous solutions were previously thoroughly investigated, and
it was concluded that broad transitions between 270 and 400
nm are attributed to charge transfer states.'®'’ The
comparison between the absorption spectra of FeCl;-6H,O
in water and acetonitrile, as well as in other solvents, is
reported in Figure S4a—e.

Mechanistic Studies. First, the performance of photo-
oxidation was probed in the presence of additives as quenchers
(Figure 3a). In a semiconductor-like scenario, the excitation by
light is followed by charge separation, and reactivity is highly
affected by the presence of sacrificial reagents. In particular, a
photooxidation reaction is supposed to be enhanced by
sacrificial electron acceptors. The addition of potassium
persulfate (K,S,0;) resulted in a decrease in the rate of the
reaction. The same was observed when glycerin was added as a
sacrificial electron donor. In any case, the sacrificial reagents

https://doi.org/10.1021/acscatal.3c02092
ACS Catal. 2023, 13, 8662—8669
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Figure 3. (a) Quenching experiments to probe aerobic FeCls-
catalyzed propane photooxidation. Conditions: 2 mL CH;CN, FeCl;-
6H,0 (17.8 umol, 1.6 mol %), 3.4 bar O, 2.8 bar propane (1.1
mmol), 410 nm (100 W), 1 h, r.t, K,S,04 (100 gmol), Glycerin (100
umol), tBuOH (100 umol), DPPH (20 umol); (b) Chlorine radical
trapping by substitution reaction on DPPH.

did not improve acetone production whatsoever. Despite a
mixture of FeCl; and H,0, did not photooxidize propane at
comparable rates as under aerobic conditions (Table 1, entry
4), a photo-assisted Fenton-like scenario was still under debate.
Therefore, the reaction was repeated introducing tert-butanol
(tBuOH), a standard quencher of hydroxyl radicals.”” No
difference was observed from optimized conditions, indicating
that hydroxyl radicals are not relevant species. Instead,
synthesized acetone dramatically decreased upon the addition
of 2,2-diphenyl-1-picrylhydrazyl (DPPH), a well-known
chlorine radical trap.” Moreover, two additional peaks were
detected in the GC—MS chromatograms after the reaction,
which were assigned to the different isomers resulting from the
radical substitution reaction to DPPH (Figures 3b, S6). The
result strongly indicates the generation of chlorine radicals in
solution.

Radicals in C—H activation usually occur together with
HAT. Thus, chlorine radicals might abstract hydrogen atoms
from propane, yielding alkyl radicals. If the C—H homolytic
cleavage occurs before or as part of the rate-determining step,
the reaction is expected to slow down by isotopic substitution
due to a primary kinetic isotope effect (KIE). To test this
hypothesis, cyclohexane was used as a model substrate under
the same aerobic conditions applied to propane photo-
oxidation. As shown in Figure S7a, a small KIE of 1.67 was
found. This is consistent with the result reported by Shul’pin et
al.” Conversely, KIEs higher than 10 are typical of C—H
activation from biomimetic iron(IV)-oxo species.””*> KIEs
below 4 are consistent with hydrogen atom abstraction on
hydrocarbons by photogenerated chlorine radicals.”*

In order to probe the formation of alkyl radical
intermediates, adamantane was used as a model hydrocarbon.
The higher stability of tertiary radicals should favor the
functionalization of adamantane at carbon 1. Adamantan-1-ol,
adamantan-2-ol, adamantanone, and 1-chloroadamantane were
detected after 1 h of irradiation (Figure S7b,c). The relative
ratio of 1-substituted to 2-substituted products, normalized per
the number of hydrogen atoms, was 1.14. The detection of the
tertiary 1-chloroadamantane supported the presence of
chlorine radicals and chlorination via the radical termination
pathway. Such a low value of 3°/2° substitution is typical of a
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radical-based rather than a Fe(IV) = O-based mechanism.
Typical normalized 3°/2° selectivity ratios for HO- and tBuO--
based radical chain autoxidation were reported to be 2 and 10,
respectively, while ratios higher than 15 are expected for
biomimetic oxo-metal-carbon interaction.” In situ generation
of chlorine radicals can be easily explained by photolysis of the
Fe—Cl bond (Fe™—Cl + hv — Fe + Cl.). Photolysis of Fe''—
OH and Fe™—-Cl bonds was observed previously and
thoroughly characterized via transient spectroscopy in aqueous
solution when irradiated under ultraviolet light.”® Detailed
UV—vis experiments indicated the conversion of Fe'" into Fe'
species (Figure S8a—c), suggesting the formation of Fe(II)
from Fe—Cl photolysis.

Further characterization was carried out to better identify
the active catalytic species. M0Ossbauer spectroscopy did not
detect any iron (IV) species in solution, suggesting that
biomimicking iron-oxo species are not relevant to the
mechanism in this work (Figure S9).

Additionally, electrospray ionization mass spectrometry
(ESI-MS) was performed to detect iron complexes in
acetonitrile. When operated in positive mode, the mass
spectrum exhibited a peak at 207.9255 m/z, which is consistent
with the tetrahedral complex [Fe(CH;CN),Cl,]*. The isotopic
distribution matched very well the theoretical prediction
(Figure S10a). In order to confirm the attribution, a MS/MS
spectrum was recorded. Daughter ions at 166.898S, 131.9295,
and 125.8716 m/z, corresponding to the loss of fragments
(FeCH,CN)*, (FeCH;CNCIl)*, and [(Fe(CH;CN),]* (Figure
S10b) were observed. A further peak at 172.9574 m/z might
be attributed to the iron(II) counterpart [Fe(CH;CN),CI]*
(Figure S10c). When the instrument was operated in negative
mode, a sharp peak at 197.8083 m/z appeared. This was
attributed to the well-known tetrahedral complex FeCl,”. Two
peaks at 162.8397 and 160.847 m/z, corresponding respec-
tively to the loss of **Cl and *Cl, were detected in the
corresponding MS/MS spectrum (Figure S10d).

Dai et al. observed the photocatalytic activity of a mixture of
FeCl;/HCl in C—H activation and proposed that FeCl,” can
generate chlorine radicals when irradiated by violet light
through a LMCT excitation.® Tetrahedral species of iron (III),
such as [Fe(CH;CN),ClL,]*, which appeared to be the most
abundant, also can undergo the photolysis of the Fe—Cl bond,
generating chlorine radicals. Our data suggest that acetonitrile
might be non-innocent. Indeed, the absorbance spectrum of
FeCl; is highly dependent on the solvent (Figure S4d). The
presence of solvent molecules in the first coordination sphere
of Fe complexes is expected to dramatically affect the
electronic states and, consequently, optical properties. LMCT
or MLCT transitions provided by the interaction between
acetonitrile and the metal center might actually cause the
outstanding observed photoactivity. To demonstrate that the
absorbance does not originate from FeCl,” itself, we also
recorded UV—vis spectra of 1-butyl-3-methylimidazolium
tetrachloroferrate ([bmim][FeCl,]) in acetonitrile and differ-
ent solvents (Figure SS). The spectrum in acetonitrile
presented the same features of a FeCl; solution, while a
great variability was observed again in other solvents.

Our DFT calculations also pointed to the formation of
relevant iron complexes. The ground state energy of the PBEh-
3c optimized FeCl;, its dimeric species Fe,Cl;, and the
[FeCl,] [FeCl,(CH;CN),]* and [FeCl,] [FeCl,(CH,CN),]*
salts”” (Figure S10e,f) were compared, including the solvent
effects of MeCN, using the CPCM model. To compare the
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Figure 4. (a) Energy difference between the single point energy of the PBEh-3c geometry optimized species related to 2 X FeCl; + 4 X MeCN. (b)
TD-DFT simulated UV—vis spectra of [FeCl,]~ [FeCl,(CH,CN),]* and [FeCl,]” [FeCl,(CH;CN),]" and its ionic components in acetonitrile
(CPCM); (c) EPR irradiated spectra over time of 1 mM FeCl, acetonitrile solution under argon and (d) oxygen atmosphere; (e) experimental and

simulated spectra of the argon system after the 4 min of irradiation.

ground-state energy of the same number of atoms, also the
energy of gas phase MeCN molecules was calculated and
added (Figure 4a). Especially both salts show a dramatic
increase in terms of stability. Based on this evidence, the UV—
vis transitions of the two in total neutral species and their ionic
components were calculated (Figure 4b). The calculated
spectra of both salts fit the experimental spectrum and
reproduce the two bands at 360 and 313 nm. For
[FeCl,] [FeCl,(CH;CN),]*, the low energy signal at around
375 nm in the calculated spectra can be attributed to an
LMCT process from the MeCN ligand to the Fe center of the
cationic species [FeCl,(CH;CN),]*, whereas the higher
energy signal at around 325 nm stems from an LMCT process
at the [FeCl,]™. This also becomes visible when the calculated
spectra of both separated ions are compared since the cation
has a larger impact on the low energy band and the anion on
the high energy band. For [FeCl,] [FeCl,(CH;CN),]*, an
additional weak band at 450 nm appears, reproducing the
shallow sloping of the 360 nm band in the experiment.
Although some authors proposed FeCl,” as photoactive
species,”””” we claim that other iron complexes should be
considered. To test this hypothesis, results from catalytic tests
performed in excess sulfuric acid and hydrochloric acid were
compared. We observed 77% decrease in activity when H,SO,,
was replaced with HCI under the same conditions (Figure
S11). Similarly, very poor catalytic activity was obtained by
replacing FeCl; with a tetrachloroferrate salt (Figure S12).
This finding indicates that the photoactivity should not be
attributed to FeCl,™ ions, given that the equilibrium shifts to

8666

the formation of this species when HCI is added to the
solution (a larger concentration of CI7).

Figure 4c,d shows the electroparamagnetic resonance (EPR)
measurements of the FeCl; acetonitrile solution in argon and
oxygen atmospheres, respectively. Before switching on the
light, a sharp transition line at g ~ 2.01 was detected. This is
characteristic of isotropic non-ferromagnetic Fe'l ie, these
species are not aggregate or in a cluster shape. During the
irradiation of the argon system, the signal decreased as a
function of time, losing about 90% of the initial area after 4
min. This loss was not reversible and can be associated with
the conversion of Fe'" to Fe' through the production of the
chlorine radical (Fe—Cl + hv — Fe'' + Cl.). Furthermore, a
paramagnetic signal (g = 1.91) was also detected when the
main Fe'! transition line dropped, and this was stable under
39S nm irradiation over time (Figure 4e). The same signal was
also observed when the solution was diluted ten times (0.1
mM), which means it is not a transient species. Based on the
light stability, we propose that this hidden transition line
comes from FeCl,". To investigate this hypothesis, an EPR
spectrum of [bmim][FeCl,] was recorded at room temper-
ature in acetonitrile. The signal at g = 1.91 was clearly visible,
along with two more at g = 4.31 and g = 2.01 (Figure S13).
Usually transition lines around g ~ 4.3 are associated with Fe®*
in tetrahedral coordination, while those close to g ~ 2.0 are
assigned to octahedral chemical environments.”"”** The
existence of more than one signal suggests a mixture of
complexes in our system, which is consistent with the co-
presence of FeCl,” and other tetrahedral Fe species like those
identified by ESI-MS and DFT calculations.
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The spin trapping tests under argon yielded a spin adduct
with six transition lines, with the hyperfine constants of 13.5
and 10.0 G (Figure S14a). Normally, this type of spectrum is
due to the DMPO degradation, which is reasonable, since the
chlorine adduct is not stable.”>** Interestingly, no signal was
observed when this same measurement was performed in O,.
However, when cyclohexane was added, a six-line signal was
detected with the hyperfine values of 13.1 and 8.5 G (Figure
S14b), which are related to organic per0x1de In Figure Sl4c,
it is easy to distinguish the features of these simulated spin
adducts and see that with oxygen and in the absence of
cyclohexane, no radical was detected.

Mechanism Proposal. Data collected in this work strongly
suggest that the direct photocatalytic conversion of propane in
acetone presented is governed by a radical-based mechanism.
In particular, this system fits in very well with the mechanism
proposed by Shul'pin et al.” The catalytic cycle is initiated by
photolysis of the Fe—Cl bond. Then, a typical radical chain
follows (Scheme 1). In general, the reaction is initiated by a

Scheme 1. Mechanism Proposal of FeCl;-Catalyzed Propane
Photooxidation

‘ itiati hv
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_____________ ) 0O,

suitable hydrogen atom-abstracting species (in most cases, a
free radical), which generates an alkyl radical. Molecular
dioxygen swiftly combines with it, yielding an alkyl peroxyl
radical. This species can subsequently abstract hydrogen atoms
from other alkane molecules, forming alkyl hydroperoxides and
propagating the reaction. Two main termination steps can be
considered. The alkyl peroxyl radical can either dimerize and
decompose to an alcohol, a ketone, and dioxygen or receive an
electron from a donating spec1es and undergo protonation to
yield an alkyl hydroperoxide.*® The former pathway is also
known as the Russell termination step, named after Glen A.
Russell, who first proposed the decomposition of a dimer of
alkyl peroxyl radicals via reverse cycloaddition.””

A Russell termination step is characterized by an alcohol/
ketone ratio not higher than one (A/K < 1). Indeed, even if
alcohols and ketones are produced in a 1:1 ratio, alcohols can
be further oxidized due to the presence of oxidant species, such
as Cl radical. Table S2 summarizes the A/K ratios observed in
the photooxidation of different hydrocarbons. In all cases, A/K
was below 1, which is consistent with a Russell termination
step. The very low ratio obtained for propane can be explained
with a very fast oxidation of isopropanol to acetone under
aerobic conditions. 1-propanol and 2-propanol were detected
in very low amounts in catalytic tests (Figure 2c). Moreover, 2-
propanol (isopropanol) oxidation under the same catalytic
conditions was investigated. Isopropanol was oxidized at a
slightly faster rate than propane at the same molar amount
(Figure S15). This result supports the hypothesis of a Russell
termination step and is consistent with the low A/K ratio
observed for propane. As soon as isopropanol is generated in
this step, it is swiftly converted to acetone. In order to close the
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catalytic cycle, the active Fe'' active species must be
regenerated. The most likely species able to promote the Fe''
oxidation back to Fe' are the propyl peroxyl radicals. In turn,
they get reduced and protonated to alkyl hydroperoxides, that
might subsequently decompose to ketones (Scheme 1). In the
proposed mechanism, O, is also responsible for the
regeneration of Fe' species, as demonstrated by the EPR
data (Figure 4).

B CONCLUSIONS

A facile method for aerobic propane photooxidation into
acetone was successfully developed, employing as a homoge-
neous photocatalyst a simple FeCl; solution in acetonitrile. In
the best outcome, 100% conversion of propane with 69%
selectivity in acetone was achieved after 4 h of irradiation
under violet light. A thorough catalytic screening confirmed
that both iron(III) and chloride anions are needed in order to
promote the catalysis. Multiple mechanistic studies support a
radical-based mechanism involving the generation of chlorine
radicals resulting from Fe—Cl photolysis and subsequent HAT.
KIE (1.67), the 3°/2° functionalization ratio of adamantane
(1.14), and the alcohol-to-ketone (A/K) synthesis ratio (<1)
were consistent with a radical process rather than a bio-
mimicking, Fe(IV)-based one. The coordinating ability of the
solvent may play a major role to favor the Fe—Cl bond
cleavage upon irradiation or to stabilize the photoactive
species. ESI-MS combined with Mossbauer spectroscopy and
DFT calculations identified [Fe(CH;CN),CL]* as the likely
active species. Our mechanism investigation shed light on this
interesting reaction, demonstrating that FeCl,” species were
not the most active species for C—H oxidation.

Opverall, this work seems to confirm the reputation of iron-
based C—H activation as a “holy grail” of modern chemistry.
We strongly believe that the synthesis of valuable chemical
feedstocks, including acetone and acetic acid, under very mild
conditions holds promise for the development of sustainable
industrial conversions of hydrocarbons.
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