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ABSTRACT: Aryl halides are very useful electrophiles for
synthesizing various substituted aromatic compounds via
metal-catalyzed cross-coupling reactions. Because of the high
cost associated with their synthesis and the stoichiometric
halide waste produced when using aryl halide feedstocks,
cheaper and more sustainable alternatives have been explored,
such as phenols. However, phenols have a very reactive
hydroxyl group and a C−O bond with high dissociation
energy. To overcome such challenges, earlier studies focused
on finding ways to reduce the energy of the C−O bond while
removing the active proton by transforming phenols into
phenol derivatives (e.g., sulfonates, esters, carbamates, ethers,
and metal salts). A greater ambition is to directly cross-couple
phenols with nucleophiles via C−O cleavage. In this Perspective, we briefly summarize efforts and accomplishments concerning
the cross-coupling of phenol derivatives and phenols.
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1. INTRODUCTION

Aromatics are fundamental structural units which are almost
ubiquitously present in pharmaceuticals, agrochemicals, elec-
tronics, and dyes.1 Given the importance of aromatic
compounds, numerous efforts have been made to synthesize
these compounds via transition-metal-catalyzed cross-coupling
reactions since the 1970s.2 In the early stages, aryl halides were
popular electrophilic coupling partners because of their high
reactivity. However, the additional steps necessary to
presynthesize aryl halides from naturally occurring aromatic
compounds, and the stoichiometric quantity of halide waste
generated from the cross-coupling reaction (Scheme 1a) limits
their application in industry. Undoubtedly, taking into account
growing concerns on the environment and the sustainability of
our society, the development of greener and more naturally
abundant alternatives as aromatic feedstocks is highly desirable.
To this end, phenols are good candidates because they are

both one of the most abundant aromatic feedstocks from the
coal-based chemical industry and one of the basic units of
lignin. Thus, they can be easily obtained from natural sources at
low costs. However, phenols have a very reactive acidic
hydroxyl group and a C−O bond with a high-dissociation-
energy due to p−π conjugation. Therefore, it is considered
necessary to transform phenols into phenol derivatives (e.g.,
sulfonates, esters, carbamates, ethers, and metal salts) in order

to overtake this challenge by removing the acidic proton and
lowering the energy of the C−O bond (Scheme 1b). In recent
years, C−O electrophiles have emerged as powerful alternatives
to aryl halides in the cross-coupling arena.3 The possibility of
directly coupling phenols with different nucleophiles has also
been explored (Scheme 1b). This Perspective briefly
summarizes some representative reports in the field of cross-
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Scheme 1. Cross-Coupling of Aryl Halides with Phenols and
Phenol Derivatives
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couplings with phenol derivatives and phenols via C−O bond
cleavage.

2. CROSS-COUPLING OF PHENOL DERIVATIVES
2.1. Cross-Coupling with Phenol Sulfonates. Triflates

and nonaflates generated from phenols are known to be the
most reactive phenol species, almost matching the reactivity of
aryl halides. Representative examples using triflates and
nonaflates include the Heck,4 Buchwald−Hartwig,5 Hiyama,6

Kumada,7 Ullmann,8 Negishi,9 Sonogashira,10 Stille,11 and
Suzuki−Miyaura12 cross couplings. Due to their high reactivity,
the use of these compounds as electrophiles has not been
included in this review (Scheme 2).3j,13 Some representative
examples using mesylates, tosylates, and sulphamates of
phenols are discussed in this section.

Badone reported the first alternative to aryl triflates using a
palladium catalyst to couple aryl 4-fluorobenzenesulfonates
with organo-stannanes in a Stille-type reaction (Scheme 3).14

The yields varied greatly depending on the nature of aryl
substitution: aryl benzenesulfonates substituted with electron-
donating groups gave very poor yields, whereas cross-coupling
was efficient for those bearing other substituents. The tolerated
nucleophiles included alkyl-, vinyl-, allyl-, and arylstannanes.
Many examples have been reported concerning the cross-

coupling of aryl tosylates, mesylates, and sulfamates with
different nucleophiles (Scheme 4). Representative examples
include homodimerizations15 and coupling with Grignard

reagents (catalyzed by Ni or Pd,16 Fe17), ketones and amines,18

boronic acids,19 terminal alkynes,20 potassium aryltrifluorobo-
rates,21 lithium organoborates,22 carbon dioxide,23 benzylic zinc
reagents,24 arylsilanes,25 aromatic carboxylate salts,26 and
sulfoximines.27

Two cross-coupling examples with aryl tosylates involving
C−H/C−O bond cleavage are illustrated in Scheme 5.28,29 One

comprises an ortho-directed ruthenium-catalyzed arylation
reaction with aryl tosylates via C−H bond activation,28 while
the other is a palladium-catalyzed direct arylation of
heteroarenes with tosylates and mesylates.29

2.2. Cross-Coupling with Phosphates of Phenols. In
1981, Kumada’s group reported the cross-coupling of aryl
phosphates with Grignard and organo-aluminum reagents
(Scheme 6).30 Aryl phosphates were converted into alkyl-,
alkenyl-, and arylbenzenes in high yields in the presence of
nickel catalysts. In 2009, Nakamura reported that hydrox-
yphosphine ligands greatly accelerated the nickel-catalyzed
cross-coupling reaction of Grignard reagents with aryl electro-
philes possessing low reacivity.31 Aryl halides such as fluorides,
chlorides, polyfluorides, and polychlorides, as well as phenol
derivatives such as carbamates and phosphates can be utilized in
this reaction.
The cross-coupling of phenol phosphates with arylboronic

acids32 and amines33 has been reported, as has the cross-
coupling of phenol phosphoramides with boronic acids.34

These reactions are summarized in Scheme 7.
In addition to transition-metal catalysis, Fagnoni and co-

workers reported metal-free cross-coupling reactions of aryl
phosphates and sulfonates through photoheterolysis of the
carbon−oxygen bond (Scheme 8),35 offering an appealing
method for the phenylation of alkenes and arenes substituted
with electron-donating groups.

Scheme 2. Relative Difficulty of Cross-Coupling with Phenol
and Phenol Derivatives

Scheme 3. Catalytic Cross-Coupling of Aryl Tosylates with
Organostannanes

Scheme 4. Cross-Coupling Reactions of Aryl Tosylates and
Mesylates with Other Nucleophiles

Scheme 5. Cross-Coupling Reactions of Aryl Tosylates and
Mesylates with Arenes and Heteroarenes via C−H Bond
Activation
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2.3. Cross-Coupling with Carbamates and Carbonates
of Phenols. In 1992, Snieckus reported the first Ni(0)-
catalyzed cross-coupling reaction of aryl O-carbamates and aryl
triflates with Grignard reagents (Scheme 9).36 A wide variety of
aromatic, fused aromatic, heterocyclic carbamates, and complex
polysubstituted aromatics were coupled efficiently using this
method. The cross-coupling of phenol carbamates and
carbonates with other nucleophiles has since been reported.
For example, the Ni-catalyzed borylation of aryl and alkenyl
carbamates with neopentylglycolborylates;37 the Fe-catalyzed
cross-coupling of alkenyl and aryl carboxylates with Grignard
reagents;38 nickel- and rhodium-catalyzed Suzuki−Miyaura
coupling of aryl carbamates, carbonates, and sulfamates;39

cobalt-catalyzed direct arylation and benzylation (via C−H/C−
O cleavage) with sulfamates, carbamates, and phosphates;40 and

nickel-catalyzed cross-coupling with amines,41 boroxines,42

aminoacetonitriles,43 arylsilanes,44 and polyfluorobenzenes
(via C−H/C−O cleavage)45 are summarized in Scheme 10.

2.4. Cross-Coupling of Phenol Esters. In 2008, the first
examples of cross-coupling using aryl pivalates catalyzed by
nickel were reported independently, almost simultaneously, by
the groups of Shi46 and Garg47 (Scheme 11). The pivalate and
acetate derivatives of substituted naphthols and phenols were
coupled effectively with phenylboroxines and phenylboronic
reagents in good to high yields. Subsequently, Shi’s group
reported a nickel-catalyzed cross-coupling of aryl and alkenyl
pivalates with organozinc reagents.48

In addition to the aforementioned examples, a variety of
other nucleophiles have proven advantageous for cross-
coupling reactions. Aryl carboxylates have been coupled

Scheme 6. Cross-Coupling of Aryl Phosphates with Grignard
Reagents

Scheme 7. Cross-Coupling of Aryl Phosphates with Various
Nucleophiles

Scheme 8. Metal-Free Cross-Coupling Reactions of Aryl
Phosphates with Arenes

Scheme 9. Cross-Coupling Reactions of Aryl Carbamates
and Carbonates with Grignard Reagents

Scheme 10. Cross-Coupling Reactions of Aryl Carbamates
and Carbonates with Different Nucleophiles
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successfully with a wide range of nucleophilic partners including
styrenes,49 ketones,50a,b esters and amides,50c silylboranes,51

carbon dioxide,52 secondary phosphine oxides, H-phosphinates,
phosphonates and phosphines,53 alkylboron compounds,54

intramolecular C−O/C−H cleavage,55 amines,56 intermolecu-
lar C−O/C−H cleavage,57 and bis(neopentylglycolato)-
diboron58 (Scheme 12).

2.5. Cross-Coupling of Phenol Ethers. In 1979, Wenkert
and co-workers reported the pioneering work of transforming
enol and aryl ethers into olefins and biaryls, respectively. Cross-
coupling of enol ethers with aromatic Grignard reagents
proceeded effectively using nickel catalysis (Scheme 13).59

Unfortunately, synthetically useful yields of the desired biaryl
products were limited to the more reactive 1- and 2-
methoxynaphthalene derivatives. Almost 30 years later,
Dankwardt’s group optimized this reaction. When using PCy3
as a ligand and glyme as a solvent they achieved moderate to
excellent yields of the cross-coupling products (Scheme 14).60

The method can tolerate a wide range of functional groups on
the aryl ether, such as alcohols, phenols, amines, enamines, and
N-heterocycles. Various biaryl compounds can be synthesized
by this method. Many studies have emerged since with respect
to the coupling of aromatic alkyl ethers with different
nucleophiles via C−O bond cleavage (Scheme 15). These
include couplings with boronic esters,61 alkyl Grignard
reagents,62 amines,63 organozinc reagents,64 lithium reagents,65

boron reagents,66 alkynyl Grignard reagents,67 alkyl aluminum
reagents,68 and homocoupling.69

Although nickel-catalyzed processes predominate for C−O
bond cleavage of aromatic alkyl ethers, ruthenium- and
chromium-catalyzed variants have also been reported but
generally require a directing group at the ortho-position
(Scheme 16). In 2004, Kakiuchi’s group reported a chelation-
assisted, ruthenium-catalyzed cross-coupling of aromatic ethers
with organoboron compounds via C−O bond cleavage.70

Boronic esters can be coupled with aromatic alkyl ethers
through amide-assisted chelation, as reported by Snieckus’s
group in 2014.71 Furthermore, in 2015, Zeng’s group reported a
related cross-coupling reaction with Grignard reagents through
imine chelation.72

Iranpoor’s group reported a nickel-catalyzed formal direct
amination of phenols via C−O bond activation using 2,4,6-
trichloro-1,3,5-triazine (TCT) as the activating reagent
(Scheme 17).73 In this process, phenols were first transformed

Scheme 11. Cross-Coupling Reactions of Aryl Pivalates with
Boroxines

Scheme 12. Cross-Coupling of Aryl Esters with Various
Nucleophiles

Scheme 13. Cross-Coupling Reactions of Aryl and Enol
Ethers with Grignard Reagents

Scheme 14. Improved Cross-Coupling of Aryl Ethers with
Grignard Reagents
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into aromatic ether intermediates, which were then coupled
with amines via nickel-catalyzed cleavage of the C−O bond.

2.6. Cross-Coupling of Phenolic Salts. Because phenols
have a reactive, acidic hydroxyl group, they are prevented from
reacting with nucleophiles during catalytic processes. One
approach to overcome this challenge is to transform phenols
into the corresponding phenolic salt. Shi’s group reported the
first example of such a cross-coupling reaction using
magnesium 2-naphthalenolate with Grignard reagents to
construct biaryl scaffolds (Scheme 18).74 Subsequently, the
same group went on to report the cross-coupling of sodium 2-
naphthalenolate with arylboroxine via direct cleavage of the C−
O bond (Scheme 19).75 However, only one simple phenol
derivative was obtained in low yield. Thus, further investigation
is necessary for the development of this reaction.

An elegant example of harnessing the reactivity differences
between aryl tosylates, pivalates, and methyl ethers in synthesis
via selective C−O bond activations is shown in Scheme 20.54

First, the highly reactive tosylate C−O bond was coupled with a
boronic acid under palladium-catalyzed, Suzuki−Miyaura cross-
coupling conditions; this was followed by a nickel-catalyzed
cross-coupling of the less reactive pivalate C−O bond; while
the least reactive methyl ether C−O bond was cross-coupled
with a lithium reagent catalyzed by nickel.
Undoubtedly, the development of a direct cross-coupling

reaction with no prior activation of phenols would be highly
desirable due to convenience, reduced costs and waste
generation, and improved step-economy. Efforts toward this
aim are summarized in the following section.

3. DIRECT CROSS-COUPLING OF PHENOLS
3.1. Direct Cross-Coupling of Phenols in Gas Phase.

Reactions in the gas phase using phenols have been mostly
developed for amminolysis. However, some efforts toward
thiolation reactions have also been reported. Reactions often
proceed in continuous flow reactors capable of handling high

Scheme 15. Cross-Coupling of Aryl Ethers with Different
Nucleophiles

Scheme 16. Ortho-Directed Cross-Coupling of Aryl Ethers
with Different Nucleophiles via C−O Activation

Scheme 17. Formal Cross-Coupling Reactions of Phenols
with Amines

Scheme 18. Cross-Coupling of Phenolic Salts with Grignard
Reagents

Scheme 19. Cross-Coupling of Aryl Salts with Boronic Esters

Scheme 20. An Example Illustrating the Reactivity
Difference among Different C−O Bonds
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temperatures and pressures. A summary of relevant gas-phase
cross-couplings of phenol is presented below.
The first process for the amination of phenol in the gas phase

was published in 1966 by the Halcon International Inc.76

Previously, aniline had been synthetically prepared by nitration
of benzene, followed by reduction of the nitro moiety over
various metal catalysts.77 The reaction is reported to take place
in the presence of ammonia when using one of the following
Lewis-acidic catalysts: SiO2−Al2O3, TiO2−Al2O3, ZrO2−Al2O3,
H3PO4 or WO3. The reaction is in equilibrium and is pushed to
the aniline products by using high ammonia concentrations,
temperatures between 350 and 500 °C and high pressures.
Catalysts require regeneration afterward due to the formation
of carbonaceous deposits and is facilitated by incorporating
metals or metal oxides from cerium, vanadium, or tungsten into
the catalyst. Conversions and reaction yields for certain
phenolic compounds under the reported conditions are
summarized in Table 1. Phenol is first vaporized, mixed with

fresh and recycled ammonia, and then fed into the reactor
containing the catalyst at the indicated temperature. Gas
products leaving the reactor are cooled down and purified by
distillation.78

Byproducts of the reaction include 1−2 mol % of
diphenylamine and 0.1 mol % of carbazoles. The constitution
of the SiO2−Al2O3 catalyst plays an important role, as it
becomes more strongly acidic when the amount of Al2O3
present is between 10−20 wt %, which increases product
yields. When the reaction temperature was decreased to 350
°C, the yield dropped to less than 25%, highlighting the
temperature dependence of the reaction. Using TiO2−Al2O3
gives similar results as those shown in entry 1, while γ-Al2O3
only gave a 45% yield of aniline even when the temperature is
increased to 475 °C. The process was industrialized with the
first plant being opened in Japan in 1970,79 producing 20 000 t
of aniline per year, followed by a second plant in the United
States in 1980.78 In 1975, Halcon published a different type of
Al2O3 catalyst system for the ammonolysis of phenol, consisting
of alumina derived from a precipitated gel form containing less
than 1.0 wt % of an alkali metal.80 Using this method, the
operational temperature required was decreased from 425 to
365 °C. Conversion was reported to be >99% with a 99%
selectivity for aniline, a wide range of phenolic compounds can
be used in the reaction.
In 1981, Ono and Ishida published the first amination of

phenol using palladium supported on alumina as the catalyst.81

The reaction was developed guided by the hypothesis that
hydrogenation of phenol gives cyclohexanone using an effective
hydrogenation catalyst, and subsequent attack on the ketone by
an amine would give the aminated product. Moving from
traditional acidic catalysts used by industry to a palladium

catalyst allowed the reaction to take place at lower temperatures
than those previously reported. The best reaction conditions
and proposed reaction mechanism are shown in Scheme 21.

The reaction rate is first order with respect to the partial
pressure of hydrogen below 0.3 atm and does not depend on
the partial pressure of ammonia between 0.15 and 0.45 atm,
indicating that the rate-determining step corresponds to the
hydrogenation of phenol to cyclohexanone.
Several metals were tested for the transformation under the

standard reaction conditions using a 0.5 wt % loading of the
catalyst. Metals tested included Pd, Pt, Rh, Ru, Cu, Co, Ni, and
Fe. Palladium was shown to be the best catalyst, giving a
selectivity of 70% and an aniline yield of 30%. Platinum and
rhodium worked moderately, giving aniline yields of 28% and
10%, respectively. The other metals showed no activity for the
desired transformation. With regards to the solid support used,
the following activity order was reported, and the number in
parentheses indicates aniline yield:

> >

> − > ‐

Al O (44%) carbon (12%) SiO (3%)

SiO Al O (2%) Y zeolite (0%)
2 3 2

2 2 3

Product formation was only observed when hydrogen was
present in the reaction. Reaction selectivity was dependent on
the temperature; aniline forms at temperatures above 230 °C.
Lower temperatures (140−200 °C) gave dicyclohexylamine
and cyclohexylamine as the main products, whereas temper-
atures above 250 °C favored phenol hydrocracking and the
aldolic condensation of cyclohexanone. Other phenolic
compounds were also tested for the reaction and the product
yield decreased in the following order: phenol > o-cresol > m-
cresol > p-cresol >2,4-dimethylaniline. These results are in
accordance with the ease of hydrogenation of the correspond-
ing aromatic compounds. The activity of the palladium catalyst
was further improved by making an alloy with gold, attributed
to better palladium dispersion in the reaction. When using Pd−
Au−Al2O3 as the catalyst, aniline was obtained in 50% yield
with 60% selectivity and conversion. This catalyst also proved
to be more stable over a longer period.
Chang and co-workers reported in 1983 the first phenol

ammonolysis using ZSM-5 type zeolites.82 This procedure
improved the Halcon process by suppressing or eliminating
byproducts such as diphenylamine and carbazole. This was
attributed to the shape selectivity of the zeolite itself. Although
the conversion is reported to be as high as 92.4% with a

Table 1. Amination of Phenols

entry phenols product yield (%)

1 phenol aniline 89
2 m-cresol m-toluidine 95
3 p-cresol p-toluidine 92

Scheme 21. Gas-Phase Amination of Phenol
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selectivity for aniline of 99.6%, the only specific example
provided (Scheme 22) generated 3% of byproducts in addition

to the desired product. A subsequent publication during the
same year provided a more detailed analysis of the other
byproducts, showing that 2-methylpyridine was the main
impurity formed.83 Some advantages of using ZSM-5 type
zeolites include the fact that they are capable of retaining their
crystallinity for long periods of time despite high temperatures.
Additionally, they possess a very low coke-forming capability,
which allows for long usage periods before catalyst regeneration
is necessary.
In 1991, the Mitsui Petrochemical Industries used mildly

acidic γ-alumina catalysts (pKa = 3.3 to 6.8) to successfully
aminate phenolic compounds at 380 °C with a phenol
conversion of 99.8% and an aniline selectivity of 98.9%.84

Activity of the catalyst was maintained after 180 days of
continuous process. Other catalysts patented for the
ammonolysis of phenol include niobium catalysts on alumina
(Al2O3−Nb2O5) that give a 96% yield of aniline at 380 °C.85 In
2005, a catalyst containing Pd (0.5 wt %)−La (0.1 wt %)−
Al2O3 was reported to facilitate the amination of 2,6-
diisopropylphenol at 220 °C and 25 atm; the corresponding
aminated product was obtained in 83.8% yield.86 Finally,
bentonite-based palladium-catalysts were patented in 2013,
which can facilitate the reaction at temperatures below 210
°C.87

The first patent describing the thiolation of alcohols and
ethers was published in 1962.88 The described process
transformed aliphatic starting materials into thiolated products
in good to moderate yields. However, when the reaction was
attempted using aromatic alcohols, only low yields of the
desired products were observed (Table 2, entry 1).

A second patent published in 1980 converted phenols or
naphthols into their respective aromatic thiols with hydrogen
sulfide, at temperatures ranging from 400 to 600 °C, using SiO2
or TiO2 catalysts (Table 2, entry 2).89 Phenol conversion was
equal to 50%, and some of the byproducts observed included
diphenyl sulfide and diphenyl disulfide.
In 2011, the thiolation of phenol was reported to occur with

excess hydrogen sulfide (2−10 equiv) in the presence of a
composite metal oxide. Best conditions were obtained with
TiO2−ZrO2 with a TiO2 content of 30 to 60 mol %.90 When

using ZrO2−TiO2 as the catalyst at 500 °C, thiophenol was
obtained in 86% yield with an 88% conversion (Table 2, entry
3).

3.2. Direct Cross-Coupling of Phenols in Liquid Phase.
The gas phase cross-coupling of phenols usually requires high
temperatures (>250 °C), a carefully designed heterogeneous
catalyst, and special operational equipment. Furthermore, the
scope is mostly limited to simple phenols and to the
ammonolysis reaction.
The earliest example of phenol cross-coupling in the liquid

phase was reported by the Wakabayashi group in 1985 (Scheme
23).91 By employing cyclohexanol as the hydrogen transfer

reagent, phenol and cyclohexanol can be coaminated to
cyclohexylamine using ammonia, followed by further dehydro-
genation to aniline over Pd/C. However, this transformation
still requires high temperatures (250 °C), and the reaction
scope is limited to phenol (due to the requirement of
cyclohexanol) and ammonia.
In 2012, our group developed a catalytic oxidative/

dehydrogenative aromatization process to construct C−O and
C−N bonds catalyzed by Cu or Pd in the presence of oxygen
(Scheme 24).92 In this process, cyclohexanone or cyclo-
hexenone condenses with alcohols or amines in situ, followed
by further dehydrogenation to form aromatic ethers or anilines.

One year later, in 2013, the Lemaire group reported an
alternative Pd/C-catalyzed dehydrogenative aromatization
reaction to generate aryl ethers or amines under neat (solvent
free) conditions (Scheme 25).93 By employing a hydrogen

Scheme 22. Ammonolysis of Phenol

Table 2. Thiolation of Phenol

entry catalysts temperature (°C) yield (%)

1 2% K3PO4(WO3)12 on Al2O3 350 15
2 SiO2 400 20
3 TiO2−ZrO2 (40 Wt% TiO2) 500 86

Scheme 23. Early Example of Phenol Cross-Coupling in the
Liquid Phase

Scheme 24. Oxidative Catalytic Dehydrogenative
Aromatization

Scheme 25. Pd/C-Catalyzed Dehydrogenative Aromatization
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acceptor, such as 1-octenene, a nitroarene, or oxygen (open air
reaction), the reaction proceeds with high efficiency. It is worth
noting that the reaction can also be run under argon without a
hydrogen acceptor, but a temperature of 150 °C is required and
lower yields are obtained. Notable related studies have also
been reported by Deng, Yoshikai, and Stahl.94

In 2015, our group developed a mild and highly efficient
method to directly couple phenol with amines using sodium
formate as the hydride source and Pd/C as the catalyst in the
presence of catalytic amounts of TFA. This transformation
proceeded through a catalytic reductive dearomatization−
condensation−rearomatization (or “hydrogen-borrowing”)
strategy (Scheme 26).95 The reaction tolerates a broad scope

of phenols, catechols, and naphthols with primary, secondary,
aliphatic, and aromatic amines as nucleophiles. When the
quantity of sodium formate was increased to 6 equiv,
cyclohexylamines were obtained in high yields,96 and in a
later study, the reaction was successfully carried out in a flow
reactor.97

In 2016, a transition-metal-free oxidative dearomatization−
condensation−rearomatization process to synthesize aniline
was reported by the Alaniz group (Scheme 27).98 A “one-pot-
two-step” method was applied in this reaction, in which the
phenol was first oxidatively dearomatized by a stoichiometric

quantiny of PIDA, then condensed with glycine ethyl ester and
further rearomatized to form aniline. The reaction worked well
with electron rich phenols and gram scale syntheses can
achieved. In addition, the reduction (deoxygenation) of phenols
using nickel catalysis was also reported by Shi and Nakao.99

4. CONCLUSIONS AND OUTLOOK
In conclusion, we have explored the cross-coupling of phenol
derivatives and phenols with different nucleophiles via C−O
bond cleavage. In order to find more sustainable alternatives to
aryl halides, significant developments have been made toward
using phenol derivatives (e.g., sulfonates, carbamates, carbo-
nates, phosphates, esters, ethers, and metal salts) and phenols
for cross-coupling reactions. Although some recent advances
have been made in the direct cross-coupling of phenols with
amines, further studies are needed to develop the direct
coupling of phenols with a wide range of coupling partners.
Exciting developments in this field can be expected in the near
future.
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