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ABSTRACT: The merger of photocatalysis and transition-metal
catalysis has recently emerged as an adaptable platform for the
development of innovative and environmentally benign synthetic
methodologies. In contrast to classical transformation by Pd
complexes, photoredox Pd catalysis operates through a radical
pathway in the absence of a radical initiator. Using the synergistic
merger of photoredox and Pd catalysis, we have developed a highly
efficient, regioselective, and general meta-oxygenation protocol for
diverse arenes under mild reaction conditions. The protocol showcases the meta-oxygenation of phenylacetic acids and biphenyl
carboxylic acids/alcohols and is also amenable for a series of sulfonyls and phosphonyl-tethered arenes, irrespective of the nature and
position of the substituents. Unlike thermal C−H acetoxylation which operates through the PdII/PdIV catalytic cycle, this
metallaphotocatalytic C−H activation involves PdII/PdIII/PdIV intermediacy. The radical nature of the protocol is established
through radical quenching experiments and EPR analysis of the reaction mixture. Furthermore, the catalytic path of this
photoinduced transformation is established through control reactions, absorption spectroscopy, luminescence quenching, and kinetic
studies.
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In recent years, transition-metal-catalyzed C−H bond
functionalization gains tremendous expansion due to the

easy accessibility of C−H bonds in various molecular
systems.1−5 Among several C−H functionalization reactions,
the construction of the C−O bond attracted much attention in
organic synthesis due to its ability to induce polar nature and a
unique H-bond donor-accepting capacity. In particular, the
installation of the acetoxy group enhances antimicrobial and
herbicidal activities in many molecules and is also found in
many marketed drugs and natural products.6−11 As a
consequence, a number of acetoxylation reactions ranging
from proximal to distal C(sp2)−H bonds were developed
(Scheme 1a,b).12−25 However, most of these protocols suffer
from pitfalls such as the use of excess acetoxylating reagent,
high temperature, and use of acids (acetic acid or acetic
anhydride) as additives or solvents, which limit their
application in the substrates bearing sensitive functional
groups and complex moieties. Furthermore, distal C(sp2)−H
acetoxylation reactions are limited to the substrates with
toluene, benzoic acid, and aniline backbones (Scheme 1b). To
overcome these limitations, a sustainable protocol is required,
which operates under milder conditions and avoids super-
stoichiometric amounts of acetoxylating reagents and is
applicable for the substrates which are unexplored under
thermal conditions. The recent resurgence in photochemistry
has aided the development of numerous transformations in the
arena of organic chemistry which were previously inacces-
sible.26−43 Very recently, a unique class of photocatalysis
termed “photoredox catalysis” has gained momentum and has

been applied by the organic chemistry community worldwide.
Photoredox catalysis upon merger with a transition metal (Ni,
Pd, Cu, Co, and Au) has led to the accomplishment of prior
elusive transformations and received broad attention from
organic chemists.31,44−55 To be precise, the ability of a Pd-
catalyzed photoredox reaction to reroute the reaction
mechanism via alternative Pd/radical-mediated pathways led
to improvement in the reaction rate, substrate scope, and
functional group compatibility.47,51,56,57 In general, Pd-photo-
catalyzed reactions work in two different ways (Scheme 1c).
The first one is the synergetic cooperativity between a Pd
catalyst and a photosensitizer, where an external photocatalyst
is a sole light-absorbing species (Scheme 1c, left) and recently
gained substantial attention to functionalize a plethora of C−H
bonds under ambient conditions.26,44,51,58−68 In the second
mode of reaction, the Pd catalyst itself absorbs the photon
energy and catalyzes the reaction via a traditional or new type
of mechanism without the requirement of an exogenous
photocatalyst (Scheme 1c, right).52,69−72 This dual activity of
Pd was well documented in the literature by various
transformations.73−76 This catalytic transformation usually
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follows a single catalytic cycle in contrast to photoredox
catalysis.77

Converging this alluring property of Pd catalysis and
photocatalysis, recently, our group reported a highly
regioselective C(sp2)−H olefination of arenes and hetero-
arenes, including distal C(sp2)−H olefination through the
directing group assistance (Scheme 1d).78 Inspired by our
earlier success, herein, we demonstrated photoredox Pd
catalysis for the meta-oxygenation of arenes (Scheme 1e).
This synergetic effect of photoredox and Pd catalysis aids to
perceive a new class of substrates like phenyl acetic acids, biaryl
acids, and alcohols which are not reported earlier. To
demonstrate the superiority of our protocol over thermal
conditions, parallel experiments under thermal conditions (at
80 °C) were performed, and results are tabulated in the
Supporting Information (see Section 11 and Table S8).
Notably, the present catalytic system obviates the use of
elevated temperature and a superstoichiometric acetylating
agent, which is known to play a pivotal role in the reaction
under thermal conditions, and afforded superior selectivity.
We commenced our study with the meta-acetoxylation of the

phenylacetic acid-bearing nitrile-based template under Pd-
photoredox catalysis. To start with our hypothesis, we have
taken phenylacetic acids as model substrates, as these variants
of acids are well abundant in commercially available drugs. The
meta-acetoxylation of phenylacetic acids is yet to be explored,
either in thermal or photochemical conditions. Here, we report
the meta-acetoxylation of phenylacetic acids under photoredox
conditions. Taking the idea from our previous report, we
performed sequential optimization of each reaction parameter
(see Supporting Information, Section 3) and found that the
use of Pd(OAc)2 (10 mol %), N-Cbz-Gly-OH (20 mol %),
eosin Y (3 mol %), and visible light (23 W) in HFIP solvent at
ambient temperature for 36 h provided the highest yield of
79% of the meta-acetoxylated product, with selectivity >25:1
(Table 1, entry 1). Experimentation with diverse directing
auxiliaries for the meta-functionalization suggests that only a
nitrile-based directing template is compatible and also that the

methoxy group-bearing template (at the para or meta position)
provides the best yield and selectivity (see Supporting
Information, Section 3 and Table S1). To testify the role of
Pd catalyst, light, and the photocatalyst in this meta-C(sp2)−H
acetoxylation reaction, parallel reactions were investigated in
the absence of these components (Table 1, entries 2−4).
Complete inhibition of the reaction justifies the role of the Pd
catalyst, light, and the photocatalyst in endorsing the
transformation. Furthermore, Pd catalysts other than Pd-

Scheme 1. Realm of Pd-Catalyzed Proximal and Distal C−H Activation Reactions

Table 1. Optimization of Photoinduced meta-Selective C−H
Oxygenation of Arenes

entry deviation from standard conditions
yield
(%)a selectivity

1 none 79 >25:1
2 no Pd(OAc)2 NR
3 no light NR
4 no eosin Y NR
5 Pd(TFA)2 instead of Pd(OAc)2 32 >25:1
6 PdCl2 instead of Pd(OAc)2 trace
7 Pd(PPh3)4 instead of Pd(OAc)2 NR
8 Pd(OAc)2 (20 mol %) 71 >25:1
9 fluorescein instead of eosin Y 47 >25:1
10 rhodamin B instead of eosin Y trace
11 N-Ac-Gly-OH instead of CBz-Gly-OH 41 16:1
12 Fmoc-Gly-OH instead of CBz-Gly-OH 40 17:1
13 N-Ac-4-hyrdoxy-L-proline instead of CBz-

Gly-OH
21 3:1

14 CBz-Gly-OH (10 mol %) 58 18:1
15 2-hydroxy pyridine instead of CBz-Gly-OH 18 2:1
16 DCE instead of HFIP NR
17 TFE instead of HFIP 14 20:1

aYield determined by 1HNMR using TMB (trimethoxy benzene) as
the internal standard. Yield given is the sum of the isomers.
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(OAc)2 were found to be inferior (Table 1, entries 5−8).
Photocatalysts other than eosin Y provide lower yields (Table
1, entries 9 and10). Among the different N-protected amino
acids and 2-hydroxy pyridine tested, N-Cbz-Gly-OH emerged
to be the best (Table 1, entries 11−15). Solvents other than
HFIP were found to be ineffective or less productive for this
transformation (Table 1, entries 16 and 17). Finally, after a
series of optimization, it was established that a catalytic
Pd(OAc)2/ligand/photocatalyst in HFIP solvent can perform
meta-acetoxylation under a household compact fluorescent
lamp (CFL) bulb (see Supporting Information, Section 3). It
was worth noting that the internal temperature of the reaction
was found to lie between 30 and 35 °C throughout the
reaction time.
With the suitable reaction conditions, the protocol was

subsequently explored to generalize the scope of the
transformation concerning arene substrates (Scheme 2). In

general, phenylacetic acid derivatives with different substitu-
tion patterns underwent meta-acetoxylation smoothly, afford-
ing products in moderate-to-good yield with excellent
selectivity (53−86%). Substitution of an electronically differ-
entiated group at the para-position does not hamper the
selectivity, although a moderate yield was observed for the
electron-withdrawing group (2−5) (Scheme 2). The presence
of a methyl group at the meta-position of phenylacetic acid (6)
delivered the highest yield and selectivity (86%, >25:1).
Furthermore, ortho-substituted phenylacetic acid produced
synthetically useful yield and selectivity (8−10) (Scheme 2).
Diphenylacetic acids (11 and 12) were also working well under
optimized conditions, affording meta-acetoxylated products in
good yield and exclusive selectivity (Scheme 2). Tethering of a
cyclopentyl group at the α-position of phenylacetic acid (13)
was also well tolerated. Inspired by the versatility of the
protocol, we desired to expand the protocol for the late-stage
functionalization of marketed drugs and agrochemicals
(Scheme 2). To this aim, ibuprofen (14), clofibric acid (15),
felbinac (16), and ketoprofen (17) were transformed to their
meta-acetoxylated derivatives in good yield and selectivity.
Increasing the chain length of the directing template decreased
the meta-selectivity of the protocol, as evident from the
outcome of 4-phenylbutanoic acid (18).

To further diversify the structural motifs which are yet to be
utilized for the meta-acetoxylation reaction, biphenyl carbox-
ylic acid and alcohols were tested under the optimized reaction
conditions (Scheme 3). It was worth noting that biphenyl
carboxylic acid showed similar reactivity as phenylacetic acid,
affording meta-acetoxylated products with good yield and
selectivity (19−29) (Scheme 3). The positional biases of the
substituents resulted in a similar reactivity pattern as
phenylacetic acid. Additionally, the incorporation of a
functional group at the arene ring tethering directing template
(28 and 29) also delivered synthetically acceptable yield and
selectivity. Furthermore, biphenyl alcohols were also found as
suitable substrates for photoinduced meta-acetoxylation using
2-carboxy benzonitrile as an effective directing template
(Scheme 3). Biphenyl alcohols (30−32) matched biphenyl
carboxylic acids, affording meta-acetoxylated products in good
yield (66−75%), except for a slightly lesser selectivity for
unsubstituted (30) and para-chloro (32) substrates. After the
successful photoinduced meta-acetoxylation of ester-linked
arenes, we turned our focus to check the feasibility of the
protocol for the sulfonyl-linked benzyl arenes (Scheme 4).
This will clearly set a platform to compare the thermal and
photochemical modes of reaction. The results obtained for the
various substituted sulfonyl-linked substrates (entries 33−46)
were satisfying and gave useful yields of the expected products
with excellent selectivity. A range of electron-donating and
electron-withdrawing substituents were compatible, irrespec-
tive of their position in the arene. It is important to mention
that the present photoredox condition delivered superior
selectivity for these classes of substrates over the thermal-
mediated C−H acetoxylation reaction. Furthermore, the
robustness of the protocol was demonstrated by the meta-
acetoxylation reaction of the phosphonyl-tethered arenes (47
and 48) (Scheme 4).

In order to check the feasibility of other acetoxylating
sources, PhI(TFA)2 was used, and it led to the formation of
the meta-hydroxylated compound as the only product (Scheme
5). The formation of hydroxylated products can be rationalized
due to the higher electrophilicity of trifluoroacetate ester

Scheme 2. Scope of the Reaction with Phenylacetic Acid
Derivativesa

aReaction conditions: substrate (1 equiv), PhI(OAc)2 (2 equiv),
Pd(OAc)2 (10 mol %), N-Cbz-Gly-OH (20 mol %), eosin Y (3 mol
%), HFIP (1 mL), CFL (23 W), 30−35 °C, 36 h. Isolated yields are
reported.
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carbonyl, which is likely hydrolyzed in situ. This observation
was further confirmed experimentally, where an independently
synthesized trifluoro-acetoxylated substrate afforded the
hydroxylated product quantitatively when treated under
standard reaction conditions (see Supporting Information,
Section 5). A similar reactivity trend for meta-hydroxylation
was observed as for meta-acetoxylation (entries 49−54), and it
was demonstrated through representative examples of various
arenes (Scheme 5). The present photoinduced protocol could
also be scaled up (3 mmol) without altering the selectivity and
affording the meta-acetoxylation product in acceptable yield
(33, see Supporting Information, Section 4.F.).
Under thermal conditions, the Pd-catalyzed C(sp2)-H-

acetoxylation reaction followed a PdII/PdIV catalytic
cycle12−25 in contrast to photoredox catalysis, where two
catalytic cycles operate synergistically. The merger of photo-
catalysis with Pd catalysis can reroute the traditional Pd-
catalyzed reactions, thereby enabling the reaction development
through an entirely new mechanistic paradigm. To delve into
the possible reaction mechanism for this photoinduced Pd-
catalyzed meta-acetoxylation reaction, a series of experiments
were conducted. As discussed earlier, in the absence of light
(dark condition) and a photocatalyst (eosin Y), no desired
product formation was observed highlighting the role of light
and the photocatalyst in the transformation. In our previous
report, we demonstrated that light plays a significant role in the

C−H activation process. To further confirm the hypothesis,
when a model reaction was set up in the absence of
PhI(OAc)2, a homo-dimerized product was obtained through

Scheme 3. Scope of the Reaction with Biphenyl Acid/
Alcohol Derivativesa

aReaction conditions: substrate (1 equiv), PhI(OAc)2 (2 equiv),
Pd(OAc)2 (10 mol %), N-Cbz-Gly-OH (20 mol %), eosin Y (3 mol
%), HFIP (1 mL), CFL (23 W), 30−35 °C, 36 h. Isolated yields are
reported. DGm’ = 2-carboxy benzonitrile.

Scheme 4. Scope of the Reaction with Sulfonyl- and
Phosphonate-Linked Arenesa

aReaction conditions: substrate (1 equiv), PhI(OAc)2 (2 equiv),
Pd(OAc)2 (10 mol %), N-Cbz-Gly-OH (20 mol %), eosin Y (3 mol
%), HFIP (1 mL), CFL (23 W), 30−35 °C, 36 h. Isolated yields are
reported.

Scheme 5. Representative Examples for meta-Hydroxylation
of Various Arenesa

aReaction conditions: substrate (1 equiv), PhI(CO2CF3)2 (2 equiv),
Pd(OAc)2 (10 mol %), N-Cbz-Gly-OH (20 mol %), eosin Y (3 mol
%), HFIP (1 mL), CFL (23 W), 30−35 °C, 36 h. Isolated yields are
reported.
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cross-dehydrogenative coupling engaging the meta-C−H bond,
which remains unreactive at room temperature in dark
conditions (Scheme 6d). The requirement of light irradiation
for dimerization indicates that the threshold energy required
for the C−H activation step is fulfilled by photons. Apart from
this, the conversion profile of the reaction was supervised
through on/off experiments (see Supporting Information,
Section 6.V.). The meta-acetoxylated product formation ceased
when the CFL was switched off, signifying the requirement of
constant photoirradiation for an effective outcome. A UV−
visible study of individual reaction components and reaction
mixture was carried out, and a broad signal between 440 and
480 nm for the reaction mixture that falls in the visible region
is expected to be the light-absorbing species to favor the C−H
activation step (Scheme 6a). The role of light in the C−H
activation step is the key feature of this protocol. In order to
understand the photomediated C−H activation via the
intermediate C to D, luminescence quenching (Scheme 6b)
experiment was performed. Initially, we have taken the
palladium catalyst and the meta-scaffold, but the emission
profile suggests that there is no emission spectra for the
palladium catalyst. Hence, the luminescence quenching
experiment between the Pd catalyst and the scaffold cannot
be performed. This further strengthens our hypothesis that the
overall complex of the ligand, Pd catalyst, and meta-scaffold
undergoes C−H activation in the presence of visible light.
Therefore, we have performed another experiment, where an
equimolar mixture of the Pd catalyst−ligand was taken and
quenching experiment was performed in the presence of the
meta-scaffold. Interestingly, we observed the quenching
phenomenon for the Pd catalyst and ligand mixture (Scheme
6b, I). This observation further corroborated with our
hypothesis that light is compulsory and has an integral role
in the C−H activation step. Additionally, we have performed

the quenching experiment for the photocatalyst and PhI-
(OAc)2. The result fits with our mechanistic postulate as the
interaction of the photocatalyst and PhI(OAc)2 was observed
by the quenching experiment (Scheme 6b, II). To understand
the nature of the reaction mechanism, radical quenching
experiments were performed with 3 equiv of 2,2,6,6-
tetramethylpiperidin-1-oxyl (TEMPO), phenyl N-tert-butylni-
trone (PNB), and butylated hydroxytoluene (BHT), respec-
tively (see Supporting Information, Section 6.VIII.). A omplete
inhibition of the product formation suggests the generation of
radical species in the reaction. The photo-irradiated generation
of radical species from PhI(OAc)2 is documented in the
literature;79−81 however, the intriguing aspect of the protocol is
how the Pd substrate cooperativity enables the meta-oxygen-
ation of arenes by engaging the in situ-generated acetoxy
radical. In order to gain an insight into the aforesaid aspect,
EPR study of the eosin Y and PhI(OAc)2 mixture under light
at different time intervals was conducted and was found to be
active. On the contrary, in the absence of either eosin Y or
light, it was found to be EPR-silent, amplifying their role in the
generation of acetoxy radicals. Furthermore, a prominent EPR
signal was also observed for the standard reaction, indicating
the formation of a radical species in the reaction medium
(Scheme 6c). Also, quantitative iodobenzene formation was
observed when an equimolar mixture of eosin Y and
PhI(OAc)2 was irradiated with light for 6 h (see Supporting
Information, Section 6.VI.). To get further insights into the
complexity of the reaction mechanism, the coordination
affinity of Pd with the ligand and substrate was monitored
through 1H NMR. It was observed that the acetic acid (-CH3)
peak intensified when the substrate was added to the
stoichiometric Pd(OAc)2−ligand mixture (see Supporting
Information, Section 10.A.). The phenomenon of the photo-
induced C−H palladation step was also monitored through the

Scheme 6. Understanding the Mechanism for Pd-Catalyzed Photoredox meta-Acetoxylation of Arenesa

aMechanistic investigations: (a) UV−vis absorption spectroscopy studies of the reaction components and reaction mixture. (b) Luminescence
quenching experiments. (c) EPR spectroscopy for the detection of radical species. (I) eosin Y, PhI(OAc)2 in HFIP at 100 K (g = 1.993), (II)
scaffold, ligand, Pd(OAc)2, eosin Y, PhI(OAc)2 in HFIP at 100 K (g = 2.001). (d) Role of visible light in C−H activation. (e) Kinetic isotope effect
studies.
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1H NMR of reaction mixtures at room temperature in dark and
under visible light. When the reaction mixture was kept under
dark conditions, no shift in the peak of the 1H NMR signal was
observed, while the reaction kept under visible light showed a
significant shift in signal (see Supporting Information, Section
10.B.). This observation further strengthens our hypothesis on
the role of visible light in the C−H activation step. The
presence of the C−H-palladated intermediate was also
supported by the ESI-MS studies of the reaction mixture in
the absence of PhI(OAc)2, while in dark condition, no C−H-
activated complex mass was observed (see Supporting
Information, Section 10.C.). All these observations further
strengthen the hypothesis on the role of visible light in the C−
H activation step. The isotope-labeling experiment carried out
between nondeuterated and deuterated substrates showed a
high value of the kinetic isotope effect (kH/kD = 2.5) (see
Supporting Information, Section 7) (Scheme 6e). The high
value of KIE explicitly establishes that the C−H activation step
is likely to be the rate-limiting step in the overall trans-
formation. Furthermore, the kinetic study showed the first-
order rate dependency for the substrate, ligand, and palladium
catalyst, confirming their participation in the rate-limiting step
(see Supporting Information, Section 8). Relying on these
observations and literature precedence, an intuitive mecha-
nistic cycle is proposed involving PdII/PdIII/PdIV intermediates
(Scheme 7). The weak coordination of palladium with the
nitrile group brings the Pd−ligand complex in close proximity
to the meta-C−H bond, which activates the C−H bond
through photoexcitation to form a large palladacyclic
intermediate D. Next, the acetoxy radical formed through
eosin Y-assisted reduction of PhI(OAc)2 coordinates with

intermediate D to afford the PdIII intermediate E (Scheme 7).
One electron oxidation of intermediate E by oxidized eosin Y
results in the regeneration of eosin Y and PdIV intermediate F,
which undergoes reductive elimination to deliver the meta-
acetoxylated product and restore the PdII catalyst.

The meta-acetoxylated product (33) was utilized for further
functionalization to deliver synthetically versatile compounds
(Scheme 8). The olefination reaction of meta-acetoxylated
product delivered the meta-selective olefinated compound (55)
in good yield (75%) and excellent selectivity. Similarly, meta-
selective hydroxylation of the product (33) resulted in the
formation of a potential resveratrol precursor (56) in moderate
yield and excellent selectivity. Furthermore, the sulfonyl linker
of the benzylsulfonyl ester scaffold can be easily cleaved
through modified Julia olefination conditions (Scheme 8).
When meta-acetoxylated products reacted with aldehydes
under modified Julia olefination conditions, meta-hydroxylated
alkenes (57 and 58) with a phase II “quinone reductase” (QR)
activity inducer (58) were obtained in good yields.
Subsequently, the isolated meta-hydroxylated alkene (57)
was easily masked with triflate (59), which was then
transformed into synthetically useful molecules via alkynylation
(60) and arylation (61) reactions (Scheme 8).

In summary, using the synergistic merger of photocatalysis
and Pd catalysis, we have developed a highly efficient and
selective photoinduced meta-oxygenation of a variety of arene
systems. The reaction features a high level of regioselectivity at
ambient temperature and is compatible for a series of
functional groups. In the present protocol, light energy is
involved in C−H activation as well as acetoxy radical
generation. The control experiments suggest the formation of

Scheme 7. Plausible Mechanism for meta-Acetoxylation of Arenes
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radical species in the reaction and the involvement of PdII/
PdIII/PdIV species in the catalytic cycle. The significance of the
present transformation has been illustrated through the
synthesis of the resveratrol precursor and the phase II QR
activity inducer.

■ METHODS

General Procedure for meta-Acetoxylation of Phenylacetic
Acid Derivatives
In an oven-dried screw-capped reaction tube charged with a magnetic
stir bar, the corresponding ester of phenyl acetic acid (0.1 mmol),
Pd(OAc)2 (10 mol %), N-Cbz-Gly-OH (20 mol %), eosin Y (3 mol
%), and PhI(OAc)2 (0.2 mmol, 2 equiv) in 1 mL of 1,1,1,3,3,3-
hexafluoro-2-propanol (HFIP) were added. The reaction tube was
capped and placed 3 cm away from four 23 W household CFL bulbs
under stirring (1500 rpm) at room temperature for 36 h. The
temperature was maintained at approximately 30−35 °C through
cooling with a fan. Upon completion, the mixture was diluted with
ethyl acetate and filtered through a celite pad. The filtrate was
evaporated under reduced pressure, and the crude mixture was
purified by column chromatography using silica (100−200 mesh size)
and petroleum ether/ethyl acetate as the eluent.
General Procedure for meta-Acetoxylation of Biphenyl
Ester/Alcohol Derivatives
In an oven-dried screw-capped reaction tube charged with a magnetic
stir bar, the corresponding biphenyl ester/alcohol (0.1 mmol),
Pd(OAc)2 (10 mol %), N-Cbz-Gly-OH (20 mol %), eosin Y (3 mol
%), and PhI(OAc)2 (0.2 mmol, 2 equiv) in 1 mL of 1,1,1,3,3,3-
hexafluoro-2-propanol (HFIP) were added. The reaction tube was
capped and placed 3 cm away from four 23 W household CFL bulbs
under stirring (1500 rpm) at room temperature for 36 h. The
temperature was maintained at approximately 30−35 °C through
cooling with a fan. Upon completion, the mixture was diluted with
ethyl acetate and filtered through a celite pad. The filtrate was
evaporated under reduced pressure, and the crude mixture was
purified by column chromatography using silica (100−200 mesh size)
and petroleum ether/ethyl acetate as the eluent.

General Procedure for meta-Acetoxylation of
Sulfonyl/Phosphonyl Ester Derivatives
In an oven-dried screw-capped reaction tube charged with a magnetic
stir bar, the corresponding sulfonyl/phosphonyl ester (0.1 mmol),
Pd(OAc)2 (10 mol %), N-Cbz-Gly-OH (20 mol %), eosin Y (3 mol
%), and PhI(OAc)2 (0.2 mmol, 2 equiv) in 1 mL of 1,1,1,3,3,3-
hexafluoro-2-propanol (HFIP) were added. The reaction tube was
capped and placed 3 cm away from four 23 W household CFL bulbs
under stirring (1500 rpm) at room temperature for 36 h. The
temperature was maintained at approximately 30−35 °C through
cooling with a fan. Upon completion, the mixture was diluted with
ethyl acetate and filtered through a celite pad. The filtrate was
evaporated under reduced pressure, and the crude mixture was
purified by column chromatography using silica (100−200 mesh size)
and petroleum ether/ethyl acetate as the eluent.
General Procedure for meta-Hydroxylation of Various
Arene Derivatives
In an oven-dried screw-capped reaction tube charged with a magnetic
stir bar, the corresponding sulfonyl/phosphonyl ester (0.1 mmol),
Pd(OAc)2 (10 mol %), N-Cbz-Gly-OH (20 mol %), eosin Y (3 mol
%), and PhI(OCOCF3)2 (0.2 mmol, 2 equiv) in 1 mL of 1,1,1,3,3,3-
hexafluoro-2-propanol (HFIP) were added. The reaction tube was
capped and placed 3 cm away from four 23 W household CFL bulbs
under stirring (1500 rpm) at room temperature for 36 h. The
temperature was maintained at approximately 30−35 °C through
cooling with a fan. Upon completion, the mixture was diluted with
ethyl acetate and filtered through a celite pad. The filtrate was
evaporated under reduced pressure, and the crude mixture was
purified by column chromatography using silica (100−200 mesh size)
and petroleum ether/ethyl acetate as the eluent.
General Procedure for meta−meta Homocoupling
In an oven-dried screw-capped reaction tube charged with a magnetic
stir bar, the corresponding sulfonic ester (0.1 mmol), Pd(OAc)2 (10
mol %), N-CBz-Gly-OH (20 mol %), and eosin Y (3 mol %) in 1 mL
of 1,1,1,3,3,3-hexafluoro-2-propanol (HFIP) were added. The
reaction tube was capped and placed 3 cm away from four 23 W
household CFL bulbs under stirring (1500 rpm) at room temperature
for 36 h. The temperature was maintained at approximately 30−35 °C
through cooling with a fan. Upon completion, the mixture was diluted
with ethyl acetate and filtered through a celite pad. The filtrate was
evaporated under reduced pressure, and the yield was monitored
using the 1H NMR signal in the presence of 1,3,5-trimethoxybenzene
as the internal standard.
General Procedure for Scale-Up Reaction
In an oven-dried screw-capped reaction tube charged with a magnetic
stir bar, the corresponding sulfonyl ester (3.0 mmol), Pd(OAc)2 (10
mol %), N-Cbz-Gly-OH (20 mol %), eosin Y (3 mol %), and
PhI(OAc)2 (6.0 mmol, 2 equiv) in 10 mL of 1,1,1,3,3,3-hexafluoro-2-
propanol (HFIP) were added. The reaction tube was capped and
placed 3 cm away from four 23 W household CFL bulbs under
stirring (1500 rpm) at room temperature for 36 h. The temperature
was maintained at approximately 30−35 °C through cooling with a
fan. Upon completion, the mixture was diluted with ethyl acetate and
filtered through a celite pad. The filtrate was evaporated under
reduced pressure, and the crude mixture was purified by column
chromatography using silica (100−200 mesh size) and petroleum
ether/ethyl acetate as the eluent.
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