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Functional group translocation: moving
functionalities without changing
molecular scaffolds

Eito Moriya and Junichiro Yamaguchi *

Functional group position plays a decisive role in molecular properties and function, with even subtle

positional changes leading to pronounced differences in biological activity, material performance, and

reactivity. Access to positional isomers is therefore central to drug discovery and materials chemistry, yet their

synthesis has traditionally required independent and often inefficient synthetic routes. Recent advances have

given rise to functional group translocation reactions, which enable the direct relocation of functional groups

within a molecular framework without altering the underlying scaffold. In this review, we use the term

functional group translocation in a narrow sense to describe transformations in which only the bonding

position of a functional group changes while the molecular framework and functional group identity remain

intact. Such processes offer a concise molecular editing strategy that enables direct access to positional

isomers from a common precursor. Enabled by developments in transition metal catalysis and photoredox

chemistry, functional group translocation has rapidly progressed beyond classical stoichiometric and substrate-

specific processes. This review defines functional group translocation, distinguishes it from traditional

rearrangement reactions and broader isomerization processes, and summarizes recent advances across

aromatic and aliphatic systems. By organizing the field according to molecular scaffold, functional group

identity, and migration distance, this review highlights current capabilities, remaining challenges, and future

opportunities in synthesis, drug discovery, and materials chemistry.

1. Introduction
1.1. Structural isomers

Structural isomers share an identical molecular formula but
differ in the connectivity or positional arrangement of their
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constituent atoms. Despite this formal similarity, even subtle
changes in substituent position can profoundly alter physicochem-
ical properties, reactivity, biological activity, and material perfor-
mance. In medicinal chemistry, systematic evaluation of positional

isomers remains central to structure–activity relationship studies,1

while in materials science, minor positional variations can drama-
tically influence molecular packing, electronic structure, and
macroscopic properties.2 Selected examples are shown in Fig. 1.

Fig. 1 Representative structural isomers showing how positional changes alter molecular properties. (A) Change target, (B) change potency, (C) change
pharmacological property, (D) change fluorescence wavelength, (E) change packing motifs, (F) change phosphorescent OLED properties.
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Even small positional changes can produce dramatic differ-
ences in biological activity (Fig. 1A). In biphenyl-based anti-
microbial peptide mimetics, compounds bearing an oxygen
substituent at the C1 and C2’ positions exhibit a fourfold
increase in activity against Acinetobacter baumannii (MIC = 4
mg mL�1).3 In contrast, the structural isomer substituted at the
C2 and C4’ positions shows a 4–8-fold enhancement in potency
against the Gram-negative pathogens Pseudomonas aeruginosa
and Escherichia coli (MIC = 2 mg mL�1). Thus, positional
isomerism directly modulates antibacterial selectivity and
potency.

Positional relocation can also markedly enhance intrinsic
activity (Fig. 1B). In aminopiperazine muscarinic agonists,
formal 1,2-migration of a methyl group improves activity from
IC50 = 170 000 nM to 550 nM.4 Similarly, in neuroactive steroids
acting as positive allosteric modulators of NMDA receptors,
conversion of a tertiary alcohol into a secondary alcohol via
formal 1,2-relocation enhances GluN2A potency from EC50

410 000 nM to 37 nM.5 A related trend is observed for
inhibitors of Streptomyces coelicolor type II dehydroquinase:
one derivative displays Ki = 45 � 5 mM, whereas its structural
isomer, in which the alcohol and ether side chain are formally
interchanged, exhibited Ki = 8 � 2 mM, corresponding to an
approximately sixfold increase in activity.

In some cases, positional isomerism alters not only potency
but also pharmacological profiles (Fig. 1C). Osthole exhibits
antiarrhythmic, antithrombotic, and anti-inflammatory activ-
ities, whereas its structural isomer suberosin displays anti-
inflammatory and anticoagulant effects,6 highlighting that
positional variation can reshape biological functions rather
than merely tune its magnitude.

The consequences of positional isomerism are equally pro-
nounced in materials science. In cyanostilbene derivatives
relocation of the cyano substituent from the para to the ortho
position significantly changes solid-state packing and fluores-
cence behavior (Fig. 1D).7 The ortho isomer emits green fluores-
cence at 488 nm, whereas the para isomer shows yellow
emission at 536 nm in both powder and crystalline forms.

Structural isomerism also impacts crystal packing in
triisopropylsilylethynyl-substituted pentacenes (Fig. 1E).8

Substitution at the 6,13-positions affords an efficient two-
dimensional p-stacking motif with enhanced intermolecular
orbital overlap and superior charge-transport properties,
whereas substitution at the 5,14-positions leads to a
herringbone-like packing arrangement with limited p-overlap
and inferior electronic characteristics. Device performance
further reflects positional sensitivity (Fig. 1F).9 In
dihydroindeno[1,2-b]fluorene derivatives, the para isomer
exhibits an external quantum efficiency (EQE) of 9.9%,
whereas the meta isomer achieves a significantly higher EQE
of 14.8%.

Collectively, these examples illustrate a fundamental princi-
ple: molecular function is highly sensitive to positional infor-
mation. The deliberate control of substituent location therefore
represents a powerful means of modulating molecular beha-
vior. However, efficient and general synthetic access to

positional isomers remains a longstanding challenge in organic
synthesis.

1.2. Efficient access to structural isomers

Traditionally, positional isomers are synthesized through de
novo preparation of distinct starting materials corresponding to
each target structure (Fig. 2A). Although this approach is
reliable and broadly applicable, it is inherently linear and often
inefficient, as each isomer requires an independent synthetic
sequence. Such strategies can significantly slow the exploration
of chemical space, particularly in medicinal chemistry and
materials development, where rapid access to multiple posi-
tional variants is highly desirable.

Regio-divergent synthesis has emerged as a conceptually
attractive alternative, enabling selective access to different
positional isomers from a common precursor by modulating
reaction conditions (Fig. 2B).10 Advances in catalyst
design, ligand development, and reaction engineering have
made selective divergence increasingly feasible, allowing con-
trol over regioselectivity through subtle changes in reaction
parameters.11 Nevertheless, identifying suitable conditions
typically demands extensive experimental screening and careful
optimization, and regio-divergent strategies are often limited to
specific substrate classes or reaction manifolds.

An alternative and conceptually distinct strategy is to relo-
cate an already installed functional group within a molecular
framework. If such relocation can be achieved without altering
the molecular formula, the identity of the functional group, or
the carbon scaffold, positional isomers could in principle be
accessed directly from a single precursor. This approach trans-
forms positional isomer synthesis from a problem of divergent
construction into one of controlled molecular editing. The

Fig. 2 Strategies for accessing structural isomers: (A) de novo synthesis;
(B) regio-divergent synthesis; and (C) functional group translocation.
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development of such transformations underlies what we define
here as functional group translocation (Fig. 2C).

1.3. Functional group translocation: challenges,
classification, and recent chronology

In this review, we define functional group translocation in a
narrow and operational sense as a transformation in which the
molecular formula, the identity of the functional group, and the
carbon framework remain unchanged, while only the bonding
position of the functional group is altered (Fig. 3A). By explicitly
requiring preservation of both scaffold and functionality, this
definition distinguishes translocation from broader rearrange-
ment or transposition reactions that involve skeletal reorgani-
zation or functional group interconversion. This conceptual
clarification is essential for recognizing translocation as a
distinct molecular editing strategy rather than a subset of
classical rearrangement chemistry.

Despite its apparent simplicity, functional group transloca-
tion presents substantial synthetic challenges (Fig. 3B). First,
the selective relocation of a functional group within a densely
functionalized molecule requires precise control over both site
and direction of migration. Thermodynamically, positional
isomers often differ only marginally in stability, rendering
selective and irreversible translocation difficult. From a kinetic
standpoint, discrimination among multiple similar C–H or C–C
bonds demands exceptional selectivity in bond activation.
Furthermore, control over migration distance—whether 1,2-,
1,3-, 1,4-, or longer-range shifts—remains a central issue.
Reversibility and product inhibition, arising from small energy
differences between isomers, must also be addressed. Histori-
cally, most examples relied on harsh acidic or basic conditions,
severely limiting functional group compatibility. The develop-
ment of catalytic, mild, and highly selective processes therefore
constitutes a formidable challenge in modern synthesis.

To rationalize recent advances, functional group transloca-
tion reactions can be classified along several orthogonal
dimensions (Fig. 3C): (i) the molecular scaffold, including
(hetero)aromatic systems, aliphatic frameworks involving sp2–
sp3 exchange, and fully aliphatic sp3–sp3 systems; (ii) the
identity of the migrating functional group, such as alkyl, aryl,
ester, amide, acyl (ketone), cyano, amine, hydroxy, halogen, and
silyl groups; and (iii) the migration distance, encompassing 1,2-
, 1,3-, 1,4-, 1,n-, and double translocation processes. Mechan-
istically, these transformations proceed through diverse path-
ways, including strong acid or base activation, transition-metal
catalysis, photoredox-induced radical processes, and related
relay strategies.

Historically, functional group translocation emerged from
classical stoichiometric processes operating under strongly
acidic or basic conditions (Fig. 3D, left). Early examples estab-
lished the feasibility of positional migration but were largely
confined to robust substituents and limited substrate classes.
Mechanistic studies in the mid-20th century clarified key
intermediates and thermodynamic convergence principles, yet
translocation chemistry remained fragmented and rarely con-
ceptualized as a unified strategy. What was once a mechanistic

curiosity has evolved into a powerful molecular editing strategy
(Fig. 3D, right, details are described in Section 2).

A decisive shift occurred around 2020, when advances in
transition-metal catalysis, photoredox activation, and radical
relay design enabled catalytic and selective translocation under
significantly milder conditions (details are shown in Sections
3–5). These developments dramatically broadened the range of
migratable functional groups, accessible scaffolds, and con-
trollable migration distances. As illustrated in Fig. 3D right,
functional group translocation has evolved from isolated stoi-
chiometric rearrangements into a coherent and rapidly expand-
ing platform for molecular editing.

1.4. Scope and exclusions

To clarify the scope of the term ‘‘translocation’’ as used in this
review, we present a flowchart that delineates related but
distinct reaction classes. Because these transformations involve
a change in substituent position, the term ‘‘transposition’’ can
broadly describe many of them (Fig. 4). Likewise, there is
substantial overlap with ‘‘rearrangement’’ chemistry. A key
distinction, however, lies in whether the molecular formula
changes. When the molecular formula changes, the process is
more appropriately described as a ‘‘transfer’’ reaction, which is
outside the scope of this review.12,13 When the molecular
formula remains unchanged, the transformation falls under
the broader category of ‘‘isomerization.’’ Within isomerization,
it is instructive to consider whether the bonding relationships
between atoms are altered. If the bonding positions do not
change, the process corresponds to stereochemical or confor-
mational isomerization, such as E/Z isomerization, epimeriza-
tion, or conformational interconversion, and is not considered
here.14,15 If bonding positions do change, but either the mole-
cular scaffold or the functional group identity is altered, such
reactions are classified as follows:

A. Rearrangement or scaffold alteration16,17

These are transposition-type processes in which the mole-
cular skeleton changes between starting material and product.
This represents the broadest sense of transposition. A recent
example is the photochemical conversion of isoxazoles to
oxazoles reported by Leonori and co-workers.18

B. Functional group alteration19,20

These are transposition-type processes in which the identity
of the functional group changes during migration. A recent
example includes transformations such as the conversion of
aldehydes to thioethers reported by Yamada.21

C. Unsaturated bond isomerization22,23

These involve positional changes of alkenes or alkynes.
Although formally a type of translocation, unsaturated bond
isomerization has been thoroughly summarized in several
recent and authoritative reviews.24 In view of these comprehen-
sive treatments, we do not discuss these processes further here,
and instead concentrate on underexplored classes of functional
group translocation. The breadth and maturity of this field,
exemplified by recent isomerization studies from groups such
as Kuniyil, Du, and Guo, place it outside the scope of this
review.25
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D. Metal-centered translocation26

These involve positional exchange or migration processes
centered on metal–ligand frameworks. Representative exam-
ples include exchange processes on iridium complexes reported

by Ihee, Kim, and Chang. Because this review focuses on
carbon–functional group relationships, such metal-centered
processes are excluded.27

E. Classical named rearrangements28

Fig. 3 Definition, challenges, classification, and chronology of development of functional group translocation. (A) General scheme, (B) challenges, (C)
classification, (D) chronology & table of contents.
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Certain classical named reactions contain translocation
elements, such as the Truce–Smiles rearrangement discussed
by Clayden and others.29 However, these are typically categor-
ized as rearrangements and often involve bond reorganization
beyond simple positional change. They are therefore not
treated here.

Accordingly, transformations in which either the molecular
scaffold or the identity of the functional group changes are
classified as A or B and are not considered translocation in the
context of this review. In contrast, reactions in which the
molecular scaffold and functional group identity are preserved
while only the position of the functional group changes fall
under the broad definition of translocation. However, cate-
gories C–E have already been comprehensively covered in
several excellent reviews and are therefore excluded from the
present discussion. This review focuses exclusively on func-
tional group translocation reactions outside those categories.

Operationally, the present review includes not only single-
step translocation reactions but also concise one-pot or sequen-
tial multi-step processes when they achieve direct positional
editing of a functional group without reconstruction of the
molecular scaffold. Accordingly, transformations involving stra-
tegically linked activation, migration, and deprotection or
hydrolysis steps are discussed when the overall process con-
ceptually corresponds to functional group translocation. In
contrast, lengthy synthetic sequences involving complete
removal and reinstallment of a functional group are considered
outside the scope of this review.

1.5. Organization of this review

To facilitate systematic comparison of recent advances, the
reactions discussed in Sections 2–5 are presented in a standar-
dized format (Fig. 5).

1. Identifies the corresponding author and year of
publication;

2. Briefly summarizes characteristic reagents, catalysts, or
reaction conditions associated with the transformation;

3. Classifies the transformation according to the migrating
functional group, translocation distance, and the molecular
scaffold;

Fig. 5 Standardized summary format used for reactions discussed in this
review.

Fig. 4 Scope and exclusions distinguishing translocation from related reaction classes. (A) Rearrangement/Scaffold alteration, (B) FG alteration, (C)
unsaturated bond isomerization, (D) metal-centered translocation, (E) classical named rearrangement.
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4. Provides a generalized reaction scheme, highlighting in
red the carbon bearing the functional group prior to transloca-
tion and in blue the new position after translocation, while
catalyst structures are shown for catalytic reactions; and

5. Summarizes representative substrate scope, the proposed
reaction mechanism, together with the key design feature that
enable functional group translocation.

This unified presentation is intended to clarify mechanistic
patterns, highlight conceptual relationships, and reveal emer-
ging principle across diverse reaction classes.

1.6. This review

While several excellent reviews have examined particular
aspects of functional group transposition chemistry,30 a com-
prehensive synthesis focused specifically on functional group
translocation as defined herein has not been reported. The
present review aims to provide such an account by integrating
classical and modern developments within a consistent con-
ceptual framework.

This review begins by revisiting classical transformations
that laid the conceptual foundations of functional group trans-
location (Section 2). We then examine major advances reported
since 2020, organized according to molecular scaffold and the
identity of the migrating functional group. Section 3 addresses
translocation on aromatic and heteroaromatic frameworks,
Section 4 focuses on sp3 carbon systems, and Section 5 dis-
cusses emerging examples of double functional group
translocation.

By framing recent developments within the unified concept
of functional group translocation, this review seeks to provide a
coherent overview of the field, delineate its current limitations,
and outline future directions in synthetic methodology, drug
discovery, and materials science.

2. Dawn of functional group
translocation

Before discussing recent advances, we first revisit classical
examples of functional group translocation on carbon frame-
works. These early transformations typically required harsh
conditions, including strong Brønsted or Lewis acids, strong
bases, or elevated temperatures or irradiation with high-
pressure mercury lamps rather than modern LED sources. As
a result, the migrating groups were largely limited to robust
substituents such as alkyl and aryl groups that could withstand
such environments. We also highlight the halogen dance reac-
tion, which has found important applications in natural pro-
duct synthesis and remains one of the most well-established
examples of positional functional group migration. In addition,
enzymatic 1,2-migration reactions of amino and hydroxy
groups are briefly described, as biologically evolved counter-
parts that operate under fundamentally different, mild
conditions.

2.1. Alkyl/aryl dance

The 1,n-translocation of alkyl groups on aromatic rings, com-
monly referred to as transalkylation, has long been recognized.
In the petrochemical industry, such reactions are widely
employed to convert low-value aromatic fractions into more
valuable aromatic products, often using zeolite catalysts.31

Historically, the phenomenon was first observed in 1877 as a
by-product in the discovery of the Friedel–Crafts alkylation
reaction.32 Subsequently, in 1886, Anschütz clearly described
this behavior in their paper entitled ‘‘On the action of alumi-
num chloride.’’33 For example, when toluene is treated with
aluminum chloride under appropriate conditions, not only is
toluene recovered, but xylenes and trimethylbenzenes are also
formed. This observation implies that methyl groups migrate
between benzene rings. The authors emphasized that this
process should not be regarded as simple elimination, but
rather as a translocation reaction in which a methyl group
transfers from one molecule to another.

With respect to 1,2-aryl translocation, one of the earliest
documented examples involves indole derivatives. In 1888,
Fischer and co-workers reported that 3-phenylindole (1), when
heated with ZnCl2 at 170 1C, underwent quantitative conversion
to the corresponding 2-phenyl isomer 2 (Scheme 1).34 This
study represents one of the earliest observations of intra-
molecular aryl migration on a heteroaromatic framework.

With regard to positional isomerization within a single
aromatic framework, a clear experimental demonstration
was later provided by Baddeley and co-workers in 1935
(Scheme 2).35 They reported that heating p-di-n-propylbenzene
(3) in the presence of aluminum chloride resulted in formation
of the corresponding meta isomer 4, thus establishing intra-
molecular alkyl migration on the aromatic ring. For this reason,
this type of alkyl 1,2-translocation is sometimes referred to as
the Baddeley isomerization.36

Although related studies were subsequently reported, the
reaction mechanism was not initially well understood.37 During

Scheme 1 ZnCl2-promoted 1,2-aryl translocation of 3-phenylindole to
2-phenylindole.

Scheme 2 AlCl3-promoted intramolecular alkyl 1,2-translocation of p-
diisopropylbenzene.
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the 1950s and 1960s, mechanistic investigations clarified the
process, including the proposal of ipso-arenium intermediates.38

Despite the harsh conditions required, this transformation has
since been applied in synthetic contexts for the preparation of
structurally reorganized aromatic compounds.39

In the 1950s, alkyl migration on indole frameworks was also
reported under strongly acidic conditions40 (For further details,
see ref. 41). More recently, it was shown that heating a chiral 3-
alkylindole bearing a stereogenic center at the benzylic 3-
position with TRIFLIC ACID (TfOH) affords the corresponding
chiral 2-alkylindole without erosion of enantioselectivity by
Nakashima and co-workers.42 This finding highlights that,
under appropriately controlled conditions, even acid-
promoted alkyl translocation on indoles can proceed with
preservation of stereochemical information.

In contrast, 1,2-aryl translocation on simple aromatic sys-
tems (as opposed to heteroarenes) was reported somewhat
later. In 1942, Allen and Pingert described such a transforma-
tion in the context of their studies on the synthesis of ortho-
terphenyl (Scheme 3).43 When the synthesized ortho-terphenyl
(5) was treated with AlCl3, formation of meta-terphenyl (6) was
observed. Later mechanistic studies suggested that these trans-
formations proceed through ipso-arenium ion intermediates
under strongly Lewis acidic conditions.44 In this mechanism,
coordination of AlCl3 generates an ipso-arenium ion intermedi-
ate A. Subsequent intramolecular attack of an adjacent benzene
ring leads to formation of a phenonium ion (Wheland-type)
intermediate B. Rearomatization produces a new ipso-arenium
ion C, ultimately affording meta-terphenyl. Formation of para-
terphenyl (7) could be rationalized through an analogous
pathway.

These transformations are particularly valuable for the
synthesis of polycyclic aromatic hydrocarbons that are other-
wise difficult to access through conventional functionalization
methods, and they continue to find applications in modern
synthetic studies.45,46

In addition to thermally or acid-promoted processes, photo-
chemical 1,2-aryl and alkyl migrations have also been reported
(Scheme 4). A pioneering example was disclosed in 1965 by
Wynberg and co-workers, who described the 1,2-aryl migration

of phenylthiophene.47 Irradiation of 2-phenylthiophene (8, X =
S, R = Ph) with a high-pressure mercury lamp afforded the
corresponding 3-phenylthiophene (9, X = S, R = Ph), albeit in
yields generally below 30%. Between the late 1960s and 1970,
Wynberg and Hiraoka expanded the scope of this transforma-
tion to various aryl substituents, alkyl groups, and related
heteroaromatic systems such as furans and pyrroles.48

Although conceptually intriguing and mechanistically insight-
ful, these early photochemical studies were conducted under
relatively harsh conditions using high-pressure mercury lamps,
which offered limited wavelength selectivity. In addition, pur-
ification techniques at the time were less advanced than those
available today. Consequently, most examples were obtained in
low to modest yields.

The reaction mechanism is highly complex, and the authors
discussed multiple possible pathways. One possibility involves
photoinduced cleavage of the C2–S bond to generate a thioal-
dehyde intermediate through a ring opening–ring closure pro-
cess. However, such a mechanism would be expected to
produce multiple isomerization pathways and therefore does
not readily account for the high selectivity observed for for-
mation of 3-arylthiophene. Alternatively, the authors proposed
that photoexcitation activates the thiophene ring to generate a
three-center hypervalent sulfur intermediate A through inter-
action of the sulfur 3d orbital with the C2–C3 p-bond. Con-
certed rearrangement of A then leads to re-aromatization with
exchange of the C2 and C3 positions, ultimately furnishing 3-
arylthiophene. The authors considered this mechanism to best
explain the observed positional selectivity and labeling
experiments.

Later studies further demonstrated that similar photoche-
mical translocations could occur on pyrrole or thiazole frame-
works, and that migrating groups were not limited to aryl
substituents but also included cyano, halogen, and silyl
groups.49,50

Photochemical alkyl migration was also observed in benzene
derivatives. In 1964, Burgstahler reported one of the earliest
examples of light-induced 1,2- and 1,3-tert-butyl migration on
aromatic systems (Scheme 5).51,52 Historically, this work was
inspired by the 1963 synthesis of Dewar benzene,53 which
stimulated intense interest in photochemical valence isomer-
ization of aromatic compounds. Upon ultraviolet irradiation

Scheme 3 Lewis acid-induced aryl 1,2-translocation in terphenyl systems
via arenium-type intermediates.

Scheme 4 Photochemical 1,2-aryl migration of heteroarenes.
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(254 nm), substrate 10 first undergoes valence isomerization to
generate Dewar benzene intermediate A1. Subsequent skeletal
reorganization through prismane-type intermediate B ulti-
mately furnishes products 11 and 12 via re-aromatization path-
ways involving intermediates A2 and A3. Although the detailed
bond reorganization process remains complex, these studies
established an early conceptual foundation for photochemical
positional translocation on aromatic systems.

Although the above studies mainly involved alkyl substitu-
ents, Pincock and co-workers later reported related photoche-
mical positional isomerization reactions of benzonitrile
derivatives. Under ultraviolet irradiation, methylbenzonitriles
underwent reversible positional isomerization through excited-
state rearrangement pathways involving highly strained inter-
mediates. Together, these studies established important con-
ceptual foundations for contemporary photochemical
translocation chemistry.

Together, these early studies established key conceptual
foundations for contemporary photochemical functional group
translocation chemistry.

2.2. Acyl migration

Among highly reactive functional groups, 1,2-acyl migration on
aromatic rings represents one of the early recognized examples
of positional functional group translocation. Although the
introduction of acyl groups onto aromatic systems via Frie-
del–Crafts acylation has long been established, the reversibility
of this transformation was not initially appreciated.

As early as 1927, Hayashi reported that ortho-benzoylbenzoic
acid undergoes acyl migration in concentrated sulfuric acid or
in the presence of phosphorus pentoxide, a transformation that
is still referred to as the Hayashi rearrangement.54 At the time,
however, such migrations were considered exceptional cases
restricted to specific substrates. The broader concept of rever-
sibility in Friedel–Crafts acylation was introduced in 1955 by
Gore, who proposed that ‘‘The Friedel–Crafts acylation reaction
of reactive aromatic hydrocarbons is a reversible process’’.55 In
contrast, Olah later stated in 1973 that ‘‘acylation differs from

alkylation in being virtually irreversible,’’ highlighting the lack
of consensus at that time.56

Clear experimental evidence for reversible acyl migration
first emerged clearly in heteroaromatic systems. In 1972, the
groups of Budylin, Kost, and co-workers reported acid-
promoted acyl migration reactions of indoles (Scheme 6).57

Under strongly Brønsted acidic conditions, 2-acylindoles 13
underwent migration of the acyl group to the C3 position to
afford 3-acylindoles 14. These studies established that acyl
groups on indole frameworks can undergo migration under
acidic conditions. Shortly thereafter, in 1974, Agranat and co-
workers demonstrated analogous behavior in simple aromatic
systems (Scheme 7).58 Heating 2-benzoylnaphthalene (15) in
polyphosphoric acid (PPA) at 140 1C resulted in migration of
the acyl group to the 3-position, affording isomer 16. Subse-
quent studies reported additional examples of aromatic acyl
migration.59 However, these transformations generally
required harsh acidic and thermal conditions. As a conse-
quence, substrates bearing sensitive functional groups were
generally incompatible, and the scope of such acyl transloca-
tions remained limited to relatively robust systems.

2.3. Halogen dance

The halogen dance reaction refers to a transformation in which
an arylmetal species, as well as related arylsodium or arylpo-
tassium species generated under basic conditions, exchanges
positions with a bromine or iodine substituent on an aromatic
ring.60 Historically, this reaction has also been described as
‘‘halogen scrambling’’ or ‘‘halogen isomerization’’. Halogen
migration itself had been observed earlier by Vaitiekunas and
Nord, who described the synthesis of tetrabromothiophene
from 2-bromothiophene.61 However, the concept of a positional
‘‘dance’’ involving translocation of a single halogen atom was
established later.62 The first report explicitly using the term
halogen dance was published in 1971 by Bunnett and co-workers
(Scheme 8).63

Mechanistically, the arylpotassium species A formed via
deprotonation is believed to undergo intermolecular halogen–

Scheme 5 Light-induced 1,2- and 1,3-tert-butyl migration in benzene
derivatives.

Scheme 6 1,2-acyl migration of 3-acylindoles to 2-acylindoles.

Scheme 7 1,2-acyl migration of 2-benzoylnaphthalene.
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metal exchange twice, thermodynamically most stable arylme-
tal species. However, when simple benzene derivatives are
employed, control over the product distribution is often diffi-
cult, leading to mixtures of regioisomers.

The halogen dance reaction is generally driven by formation
of the thermodynamically more stable aryllithium species. For
example, further lithiation of an aryl bromide already bearing
an ortho-lithium substituent is disfavored. Consequently, gen-
eration of a more readily lithiated bromoarene under the
reaction conditions can accelerate the halogen dance process
through rapid halogen–metal exchange. This concept was
demonstrated by Quéguiner and co-workers (Scheme 9).64 By
adding 3 mol% of bromine as a catalyst, they generated, within
the reaction mixture, a more easily lithiated tribromopyridine
species, which in turn acted as a catalyst to accelerate the
halogen dance reaction. Under these conditions, dibromopyr-
idine or bromochloropyridine 19 underwent efficient 1,2-
halogen translocation to afford the corresponding dihaloge-
nated product 20 in 75% yield (X = Cl) and 80% yield (X = Br).

2.4. Enzymatic dance

Enzymatic 1,2-functional group translocations have long been
known.65 In 1985, Halpern reported that coenzyme B12, the
biologically active form of vitamin B12, functions as a cofactor
in a variety of enzymatic reactions in which a substituent
exchanges position with an adjacent hydrogen atom
(Scheme 10).66 Homolytic cleavage of the Co–C bond generates
a carbon-centered radical, which abstracts a hydrogen atom
(HAT) from the carbon adjacent to the functional group, form-
ing radical intermediate A. A subsequent 1,2-shift of the func-
tional group is proposed to proceed via transition state B or

through a discrete radical intermediate, ultimately to generate
radical C. The hydrogen atom abstracted earlier is then
returned by the coenzyme, which acts as a hydrogen atom
donor and thereby completes the catalytic cycle. Such enzy-
matic transformations most commonly involve migrating
groups such as amino or hydroxy substituents. Although
radical-mediated 1,2-shift pathways have been proposed, the
detailed rearrangement mechanism remains unclear for several
substrate classes.

On the other hand, examples have also been reported in
which the use of hydrophobic vitamin B12 enables 1,2-
migration of carbon-based functional groups. In 1990, Mura-
kami and co-workers prepared a hydrophobic vitamin B12

derivative, [Cob(II)7C3ester]ClO4, incorporated into an octopus
cyclophane framework, and successfully applied it to promote
1,2-carbon skeletal migration reactions (Scheme 11).67

Although the yields were modest, 1,2-migration of acyl (24a),
ester (24b), and cyano (24c) groups was achieved.

The proposed mechanism follows a radical-based 1,2-shift
pathway similar to that described above. Notably, rendering the
vitamin B12 complex hydrophobic proved crucial for enabling
these carbon-centered functional group migrations, presum-
ably by allowing the reaction to proceed efficiently in nonpolar
organic media and thereby promoting productive radical
recombination within the solvent cage. These observations
highlight the importance of the reaction environment in con-
trolling reactivity.

2.5. 1,2-Ester translocation on sp3 carbons

Examples of functional group translocation on sp3 carbons
without the involvement of enzymes are rare. However, in
1985, Tou and co-workers reported a 1,2-ester translocation
(Scheme 12).68 They found that treatment of ester 25 with KH in

Scheme 8 Halogen dance reaction.

Scheme 9 Catalytic halogen dance promoted by in situ generation of a
more readily lithiated bromoarene.

Scheme 10 Coenzyme B12-mediated enzymatic 1,2-functional group
translocation via radical intermediates.
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1,2-dimethoxyethane (DME) afforded the corresponding pro-
duct 26 in which the ester group had undergone 1,2-migration.

The proposed mechanism begins with deprotonation at the
a-position of the ester to generate intermediate A. A
Dieckmann-type cyclization then forms cyclopropane inter-
mediate B. Intermediates A and B are in equilibrium, and ring
opening of the cyclopropane from the opposite side produces
diester anion C. Subsequent proton transfer furnishes doubly
stabilized anionic intermediate D, which is proposed to play a
key role in rendering the process effectively irreversible and
thereby driving the reaction forward. The existence of such an
anionic intermediate was supported in the original study by
trapping experiments with MeI. It was demonstrated that
diesters undergo migration to give diester 26a, and that cyano
esters similarly furnish diesters 26b and 26c, indicating that
ester translocation proceeds under these strongly basic
conditions.

Collectively, these classical studies established key concep-
tual foundations for modern functional group translocation
chemistry. Although most early examples required harsh acidic,
basic, thermal, or photochemical conditions and were limited
to relatively robust functional groups, they revealed important
mechanistic principles, including thermodynamic positional
exchange, radical-mediated rearrangement, photochemical
skeletal reorganization, and organometallic-driven migration
processes.

3. Translocation on the aryl ring
3.1. Halogen group (halogen dance)

As discussed in Section 2, halogen dance reactions constitute
one of the most widely utilized classes of functional group
translocation in organic synthesis.69 Conventional protocols,
however, typically rely on strong bases and cryogenic
conditions, which limit functional group tolerance and practi-
cal applicability. The development of milder catalytic
approaches to halogen translocation and isomerization would
therefore significantly enhance the synthetic utility of these
transformations.

In 2020, Bandar and co-workers reported an exploratory
study toward catalytic halogen dance reactions (Scheme 13).70

They proposed that non-nucleophilic superbases could pro-
mote reversible HX elimination, generating aryne intermediate
that undergoes subsequent HX readdition at a different posi-
tion, thereby enabling halogen isomerization. Consistent with
this hypothesis, treatment of bromoarene 27 with the organic
superbase P4-tBu at 80 1C,71 resulted in halogen translocation,
albeit in modest yields, affording regioisomers 28 and 29. For
example, bromoarene 27a furnished isomer 28a in 20% yield,
together with the further isomerized product 29a in 10% yield.
Similar reactivity was observed for other bromoarenes, includ-
ing conversion of 27b to 28b, thiophene 27c to 28c, and
pyridine 27d to 28d. Although the efficiencies were limited,
these results demonstrated that halogen dance reactivity can be
induced without stoichiometric lithium amide bases.

Importantly, regioselective trapping of the translocated iso-
mers was achieved by exploiting intrinsic differences in

Scheme 12 Base-promoted 1,2-ester translocation on sp3 carbons via
cyclopropane intermediates.

Scheme 11 Hydrophobic vitamin B12-enabled radical 1,2-carbon func-
tional group translocation.
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nucleophilic aromatic substitution reactivity. For instance,
treatment of 3-bromopyridine (27d) with KOH/KBr in the
presence of 18-crown-6 selectively afforded C4-functionalized
products 31da (1.6 g scale), 31db, and with more complex
nucleophile 31dc (dr = 410 : 1). This selectivity reflects the
inherent preference for substitution at the C4 position of the
pyridine ring. While not yet a fully developed catalytic halogen
dance process, this study established a valuable proof of con-
cept for halogen isomerization mediated by reversible HX
elimination under comparatively mild conditions.

On the other hand, intriguing examples have emerged in
which halogen dance reactivity is markedly accelerated by a
specific catalyst, even though strong bases remain necessary. In
2023, the groups of Hirano, Uchiyama, and Okano reported a
catalytic halogen dance reaction mediated by lithium aryltri-
fluoroborates (Scheme 14).72 When dibromopyridine 33a was
treated with BF3�OEt2, followed by a stoichiometric amount of
LDA, migration of the bromo group from the C3 to the C4
position occurred, affording the dance product 34a together
with the starting material 33a in 70 : 28 ratio. From these
observations, the authors proposed that deprotonation of 33a,
followed by reaction with BF3�OEt2, generates a lithium aryltri-
fluoroborate species B which serves as the active catalyst. To

substantiate this hypothesis, independently prepared 35 was
introduced in 10 mol%, resulting in exclusive formation of 34a
in 89% yield. The scope was further demonstrated by varying
the substituent on the pyridine framework; styryl (34b), alkynyl
(34c), and cyclopropyl (34d) derivatives all underwent efficient
halogen translocation under the optimized conditions.

Mechanistically, deprotonation of dibromopyridine 33 gen-
erates a pyridyllithium intermediate A, which undergoes first
lithium-halogen exchange with catalyst B to form tribromopyr-
idine C and lithium aryltrifluoroborate D. A second lithium–
halogen exchange between C and D then furnishes the thermo-
dynamically favored pyridyllithium species E while regenerat-
ing catalyst B, and completing the catalytic cycle. In this
scenario, the C–BF3Li unit functions as a transient halogen
shuttle, and stabilizing F–Li interactions are proposed to lower
energy of key transition states. As a consequence, the intrinsic
substrate-controlled regioselectivity of halogen dance chemis-
try can be modulated, leading to substantial rate acceleration.

Although the process still relies on strong base, this study
provides the first clear example of catalyst-enabled acceleration
of halogen dance reactivity. It thus represents a significant
conceptual advance and suggests a viable path toward more
general and efficient catalytic halogen translocation reactions.

Accordingly, even after 2020, the development of truly
catalytic and highly selective halogen dance reactions with high
selectivity had remained elusive. Very recently, however,
advances toward this goal have begun to appear. In 2025, Liu

Scheme 13 Catalytic halogen dance reaction.

Scheme 14 Lithium aryltrifluoroborate acts as an organocatalyst for the
halogen dance reaction.
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and co-workers reported a migratory cross-coupling reaction of
aryl chlorides (Scheme 15).73 They found that a Pd catalyst
bearing the bulky AdBrettPhos ligand,74 in combination with
CsF as an additive, promoted partial migration of a para-
positioned chloro group to the meta position. Mechanistically,
oxidative addition of the aryl chloride 36 generates intermedi-
ate A, which undergoes b-hydride elimination to form a Pd–
benzyne intermediate B.75 This step is proposed to be reversi-
ble. Re-insertion of the palladium species into the benzyne
moiety, followed by protonation, affords intermediate C. Sub-
sequent reductive elimination from C preferentially furnishes
the thermodynamically more stable meta-substituted product
37, thereby regenerating the palladium catalyst. DFT calcula-
tions supported this proposal, indicating a minimal energy
difference of only 0.5 kcal mol�1 between the para- and meta-
substituted benzyne intermediates (B1 and B3). The observed

regioselectivity is likely governed by thermodynamic equili-
bration between the isomeric aryl halides under the reaction
conditions.

Moreover, under Buchwald–Hartwig-type cross-coupling
conditions, the meta isomer was found to react slightly faster
than the corresponding the para isomer. This kinetic prefer-
ence enabled selective formation of the meta-coupled product
38a–38c. Although migratory cross-coupling reactions have
previously been described for bromoarenes,76 extension of this
strategy to chloroarenes represents a significant and previously
unexplored advance in catalytic translocation chemistry.

3.2. Ester group (ester dance reaction)

Beyond alkyl, aryl, halogen, acyl, and silyl groups, 1,2-
translocation of other functional groups on the aromatic ring
had remained unexplored, and catalytic implementations were
entirely absent. In 2020, Yamaguchi and co-workers reported the
ester dance reaction, enabling 1,2-transposition of an ester group
on an aromatic framework (Scheme 16).77 This transformation was
discovered during investigations on the decarbonylation of aryl
phenyl esters78 where use of a Pd catalyst in combination with the
dcypt (3,4-bis(dicyclohexylphosphino)thiophene) ligand led to
unexpected ester migration.79 For example, treatment of phenyl
1-naphthoate (40a) under the optimized conditions afforded the
transposed product 41a in 86% yield with high regioselectivity.

The scope of the reaction proved broad. Variation of sub-
stituents on the phenyl moiety of the ester was tolerated (41b),
and heteroaromatic substrates were likewise compatible. In
pyridine-derived ester 40c, the ester group migrated selectively
from the C4 to the C3 position (41c). Pyrene derivatives also
underwent smooth translocation. Notably, phenyl ester 40d,
readily prepared from pyrene-1-carboxylic acid ($112/g, Sigma-
Aldrich, May 2026), was converted into the corresponding
pyrene-2-carboxylic acid phenyl ester 41d. Subsequent hydro-
lysis provided the corresponding pyrene-2-carboxylic acid
($1001/g, Sigma-Aldrich, May 2026), highlighting the practical
utility of ester dance for accessing otherwise difficult positional
isomers from simple feedstock materials.

Mechanistically, oxidative addition of ester 40 to Pd/dcypt
catalyst generates intermediate A, followed by concerted depro-
tonation to form a Pd–aryne-type intermediate B. Subsequent
protonation, carbonylation, and reductive elimination deliver
the transposed ester 41. The reaction operates under thermo-
dynamic control, as supported by calculated Gibbs free
energies. For example, product 41a was calculated to be
3.73 kcal mol�1 more stable than 40a, consistent with the
observed equilibrium distribution.

Importantly, the authors demonstrated that ester dance can
be combined with a decarbonylative coupling to achieve formal
cine-coupling outcomes.80,81 In contrast to thermodynamically
governed translocation step, the selectivity of the subsequent
coupling step is determined by nucleophile reactivity. For
instance, coupling of phenyl thiophene-3-carboxylate (40e) with
thiazole 42a furnished 43ea preferentially. Although 40e does
not undergo ester dance under the reaction conditions due to
near isoenergetic ester isomers, coupling proceeds via the more

Scheme 15 Pd-catalyzed chloro 1,2-translocation and migratory aryl
cross-coupling.
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reactive position effectively overriding thermodynamic prefer-
ences. Similarly, coupling of phenyl nicotinate (41c) with
diphenylamine (42b) afforded the C4-arylated product 43cb,
selectively, despite the minimal (0.5 kcal mol�1) thermody-
namic bias between positional isomers (40c and 41c).

These studies illustrate that integration of ester dance with
downstream decarbonylative coupling enables access to sub-
stitution patterns unattainable by either process alone. This

contrast between thermodynamically controlled translocation
and kinetically controlled coupling selectivity underscores the
mechanistic diversity possible within functional group translo-
cation chemistry.

3.3. Silyl group

In 2021, Tobisu and co-workers reported a Ru-catalyzed 1,2-
and 1,3-translocation of silyl groups on aromatic and hetero-
aromatic frameworks (Scheme 17).82 Although thermal or
strongly acid-promoted silyl migration had been documented
previously,83 this study constituted the first example of silyl
group translocation enabled by transition metal catalysis.

When ortho-silylaniline derivative 45a was heated in toluene
at 180 1C in the presence of a [RuCl2(p-cymene)]2, BINAP, and
Cu(OAc)2, efficient 1,3-migration occurred to afford the para-
silylated product 46a in high yield. The reaction exhibited
broad substrate compatibility; even substrates bearing a
triethylsilyl group (SiEt3) underwent translocation, albeit in
diminished yield, to give 46b. Naphthylamine and pyridylamine
derivatives also underwent 1,3-translocation to give products
46b–46d. In contrast, substrates bearing silyl groups at the 2-
position of indole or pyrrole preferentially underwent 1,2-
migration. In these cases, the reactions preferentially under-
went 1,2-migration under identical conditions, furnishing the

Scheme 17 Ru-catalyzed silyl translocation on aromatic and heteroaro-
matic frameworks.

Scheme 16 Pd-catalyzed ester dance reaction.
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corresponding 3-silylated indole 46e and pyrrole 46f (Notably,
photoinduced 1,2-silyl migration in pyrroles has also been
reported).49b These results indicate that the migration distance
is highly dependent on the heteroaromatic scaffold, under-
scoring the distinctive reactivity patterns enabled by metal–
catalyzed silyl translocation.

A plausible reaction mechanism was proposed. Cu(OAc)2

oxidizes the Ru(II) precatalyst, to generate active Ru(III) species,
which coordinates to the aniline nitrogen to form complex A.
Electrophilic attack at the ipso carbon bearing the silyl group
produces intermediate B. Subsequent migration of the silyl
group, driven in part by relief of steric congestion, affords
intermediate C. Rearomatization then furnishes intermediate
D, and regeneration of the catalytically active Ru species occurs
via protodemetalation with HX, delivering the transposed pro-
duct 46, and completing the catalytic cycle. Electron-donating
substituents such as NMe2, act as directing groups to facilitate
the initial electrophilic activation step. Notably, the size of the
silyl group proved critical: small groups such as trimethylsilyl
(TMS) were ineffective, whereas bulkier substituents including
t-butyldimethylsilyl (TBS) and triisopropylsilyl (TIPS) enabled
efficient migration. Electron-rich aromatic systems were also
found to promote the process, by stabilizing key cationic
intermediates.

3.4. Aryl group

As discussed in Section 2, aryl migration reactions have been
recognized for over a century. Related behavior has also been
observed for heteroaromatic systems, where aryl migration
from the C3 position to the C2 position of indoles, benzothio-
phenes, and related scaffolds was reported under strongly
acidic or otherwise forcing conditions.84 However, these early
studies did not establish broad substrate scope, and, impor-
tantly, migration in the reverse direction (C2 to C3) had not
been reported.

In 2022, Yamaguchi and co-workers reported an AlCl3-
mediated 1,2-aryl translocation reaction of aryl heteroarenes
that established both broad substrate generality and bidirec-
tional migration on heteroaromatic frameworks (Scheme 18).85

A range of C3-aryl-substituted benzothiophenes 47, indoles,
and thiophenes underwent efficient C3-to-C2 migration to
furnish products 48a–48c. Notably, the previously unreported
C2-to-C3 migration was realized in benzothiophene derivatives
bearing electron-donating substituents at the C6 position (e.g.
47d and 47e). In these cases, Zn(OTf)2 proved crucial as an
effective additive to suppress undesired demethylation of meth-
oxy groups under Lewis acidic conditions, thereby enabling
productive aryl translocation.

A mechanistic pathway consistent with these observations
was proposed. Under Lewis acidic conditions, electrophilic
activation occurs preferentially at the more nucleophilic C3
position to generate acid adduct A, which evolves into Wheland
intermediate B. Rearomatization, facilitated by lone-pair dona-
tion from heteroatom, and subsequent acid dissociation
affords the C2-arylated product 48. In contrast, when an
electron-donating substituent is present at the C6 position,

electronic activation of the C2 position enables formation of
adduct A0. This intermediate proceeds through a related
Wheland-type species B0, ultimately furnishing the C3-
arylated product 47. These results demonstrate that the direc-
tionality of aryl translocation on the heteroaromatic system can
be electronically controlled with the migration pathway gov-
erned by differential stabilization of key cationic intermediates.

Very recently, Liu and co-workers reported an exceptionally
distinctive example of 1,2-aryl translocation on an aromatic
framework in the context of 1,2-azaborines (Scheme 19).86 1,2-
Azaborines, in which one C–C bond of benzene is replaced by
an isoelectronic B–N unit, are widely regarded as benzene
analogues.87 During investigation into their synthesis and
functionalization, the authors discovered a photochemical
strategy that enables formal 1,2-aryl migration, thereby provid-
ing flexible access to diverse substitution patterns. Upon blue-
light irradiation in the presence of the photocatalyst 4CzIPN,88

5-arylated 1,2-azaborines 49, underwent selective migration of
the aryl group from the C5 to C4 position to afford 50. Likewise,
3-aryl-5-substituted derivatives 51 furnished product 52, in
which the aryl groups initially located at the 3- and 5-
positions relocated to the 5- and 4-positions, respectively.

The reaction exhibits broad tolerance toward both electron-
rich and electron-deficient aryl substituents (50a and 50b), and
accommodate heteroaryl units such as pyrimidine (50c) as well
as complex motifs including caffeine (50d). Notably, related
azaborine-type substrates (51) also undergo analogous translo-
cation processes. In these systems, migration can occur

Scheme 18 Aryl dance reaction.
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between an aryl group and a boryl substituent (52a), or between
an aryl group and a trimethylsilyl (TMS) group (52b). Impor-
tantly, the process can be viewed not merely as aryl migration,
but in certain cases as an exchange between an aryl group and
hydrogen. or even between an aryl group and boron, under-
scoring the distinctive reactivity of the azaborine scaffold.

Mechanistically, irradiation first induces 4p-electro-
cyclization of 49 or 51 to generate a 1,2-BN-Dewar benzene
intermediate A. Further photoexcitation promotes homolytic

cleavage to form biradical B, followed by a 1,2-radical boron
shift to give intermediate C and subsequent radical recombina-
tion to afford 1,2-BN-benzvalene D. These steps are consistent
with the groups’ earlier studies.89 The crucial innovation arises
under visible-light photoredox conditions; oxidation of D by
4CzIPN generates radical cation [BN-benzvalene]�+ E, rendering
the central C5–C6 s bond highly labile. Bond cleavage leads to
a prefulvene-like intermediate F, which undergoes further bond
reorganization to produce a rearranged radical cation X.

Finally, reduction by the photocatalyst (Ir(II) or PC�) restores
aromaticity and furnishes the translocated products 50 or 52.

Although mechanistically unique, this study establishes a
fundamentally new mode of 1,2-aryl translocation on an aro-
matic framework. Moreover, the authors demonstrated that
product 52 (R = Me) can serve as a versatile intermediate for
the synthesis of fully substituted 1,2-azaborines, highlighting
the broader synthetic potential of this transformation. Very
recently, Liu and co-workers further demonstrated that BN-
benzvalene intermediates can undergo catalyst-controlled
divergent rearomatization to furnish either C3- or C5-
functionalized 1,2-azaborines, thereby expanding the concept
of positional editing on BN-aromatic frameworks.90

Building on these recent advances in aryl translocation
chemistry, Chiba and co-workers reported a photoredox-
catalyzed 1,2-aryl translocation on pyridine frameworks
(Scheme 20).91 Under irradiation with 427 nm light, treatment
of C4-arylpyridines 53 with the organic photocatalyst
3DPAFIPN92 in the presence of potassium formate, Cs2CO3,
and HFIP in DMSO promoted migration of the aryl group from
the C4 position to the adjacent C5 position, affording translo-
cated pyridines 54. Under related conditions, 2,4-
diarylpyridines 55 underwent selective C4-to-C3 aryl transloca-
tion to furnish pyridines 56. Interestingly, addition of MeOH
altered the reaction pathway, enabling C2-to-C3 translocation
of the aryl group to give products 57. The reaction showed
moderate substrate generality. For the C4-to-C5 translocation
manifold, amide-containing aryl groups and pyridine-
containing aryl substituents were tolerated, affording products
54a and 54b. In the C4-to-C3 translocation, products such as
56a and 56b were obtained efficiently. In the C2-to-C3 migra-
tion pathway, the presence of a para-methoxyphenyl (PMP)
group at the C4 position proved crucial for efficient transloca-
tion (57a and 57b). On the other hand, because the reaction
operates under relatively reducing conditions, functionalities
such as ketones and other readily reducible groups were not
compatible.

A plausible reaction mechanism of C4-to-C5 translocation
was proposed as follows. First, photoexcited 3DPAFIPN
together with formate-derived reductants promotes sequential
single-electron reduction and protonation of pyridine 53 to
generate intermediate A. Further reduction and protonation
convert the aromatic pyridine ring into the corresponding 1,4-
dihydropyridine intermediate B. The authors proposed that
this process occurs through an ECEC (electrochemical–
chemical–electrochemical–chemical) sequence. Subsequent
single-electron oxidation of B generates an azacyclohexadienyl

Scheme 19 1,2-Aryl translocation of 1,2-azaborines.
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radical intermediate C. In this species, the radical center is
positioned adjacent to the aryl substituent, enabling intra-
molecular radical addition onto the aryl ring to form spiro
radical intermediate D. Because this spiro intermediate is
highly unstable, rearomatization accompanied by C–C bond
reorganization proceeds readily, resulting in 1,2-translocation
of the aryl group and formation of a new azacyclohexadienyl

radical intermediate E. Subsequent single-electron transfer
then furnishes the translocated pyridine product 54. The key
feature enabling this transformation is that temporary dearo-
matization generates an azacyclohexadienyl radical manifold
capable of reversible aryl migration, while the overall selectivity
is governed by the relative thermodynamic stability and redox
properties of the resulting isomers. In the C4-to-C5 transloca-
tion pathway, the activation barrier for formation of spiro
radical intermediate was calculated to be 25.2 kcal mol�1,
and the resulting C5 radical was found to be 0.3 kcal mol�1

more stable than the corresponding C4 radical. The reduction
potentials of the starting C4-arylpyridine 53 and the C5-
translocated product 54 were measured as Ep/2 = �1.73 V and
�1.80 V vs. SCE, respectively. In the C4-to-C3 translocation
pathway, formation of the corresponding spiro radical proceeds
through a lower activation barrier of 22.0 kcal mol�1, and the
resulting E intermediate was calculated to be 5.7 kcal mol�1

more stable than C. Correspondingly, the reduction potentials
of 2,4-diarylpyridine 55 and the translocated 2,3-diarylpyridine
56 were measured as Ep/2 = �1.82 V and �2.10 V vs. SCE,
respectively. Thus, photoredox-induced temporary dearomati-
zation creates a reversible radical translocation manifold that
enables positional editing of aryl groups on pyridine
frameworks.

3.5. Hydroxy group (Phenolic OH)

Alkyl group translocation reactions on phenolic aromatic sys-
tems had long been known under Friedel–Crafts conditions.
Bolton and co-workers reported positional isomerization of tert-
butylphenols, while Jacquesy and co-workers later disclosed
intramolecular 1,2-bromine shift reactions of bromophenols
under superacidic conditions.93 In contrast, from the perspec-
tive of late-stage functionalization of complex molecules, ortho-
and para-hydroxylation of aromatic rings can often be achieved
through C–H functionalization strategies.94 However, selective
installation of a hydroxy group at the meta position has
remained a longstanding synthetic challenge. To address this
limitation, Lumb and co-workers reported in 2024 a formal 1,2-
hydroxy translocation from the para to the meta position of
phenols (Scheme 21).95

In this approach, para-substituted phenol 58 is first
oxidized with 2-iodoxybenzoic acid (IBX) to generate the corres-
ponding ortho-quinone A. Subsequent treatment with 2,4,6-
triisopropylbenzenesulfonyl hydrazide (TPSH) enables selective
diazotization, forming diazo intermediate B. A following Cu-
mediated reduction of B completed the sequence, ultimately
delivering the meta-phenol 59. The bulky triisopropylbenzene
unit of TPSH plays a dual role: it promotes a-elimination and
suppresses undesired sulfonylation of intermediate A.

Regarding substrate scope (e.g. 59a–c), efficient conversion
requires initial oxidation to the ortho-quinone, and phenols
bearing electron-donating substituents generally provide
higher yields. Although this strategy proceeds through multiple
discrete steps and therefore does not meet the strict definition
of a single-step, catalytic 1,2-functional group translocation
emphasized in this review, purification is required only at the

Scheme 20 Photoredox-catalyzed aryl translocation on pyridine
frameworks.
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final stage. Consequently, this method represents practical and
conceptually noteworthy solution for positional relocation of
hydroxy groups on aromatic rings, particularly in late-stage
molecular editing.

Although the phenolic 1,2-hydroxy translocation reported by
Lumb and co-workers provides an effective solution, it is
subject to several limitations. Most notably, the method
requires an electron-donating substituent at the para position
of the starting phenol, and consequently the hydroxy migration
is restricted to formal para-to-meta translocation. These struc-
tural constraints limit both the generality and positional flex-
ibility of the strategy.

In 2025, Dong and co-workers disclosed a complementary
approach that overcomes these restrictions (Scheme 22).96

Although their protocol also proceeds through multiple steps,
it enables hydroxy migration without requiring a para-
substituent on the starting phenol. In this sequence, phenol
60 is first converted into the corresponding nonaflate (ONf) A,
which undergoes a Pd-catalyzed norbornene-mediated Catel-
lani reaction.97 This transformation effects ortho methoxylation
in conjunction with ipso hydrogenation. Subsequent demethy-
lation of intermediate B furnishes the transposed phenol 61.
Under these conditions, meta-naphthol 61a was obtained in
moderate yield. Importantly, substrates lacking a para substi-
tuent were well tolerated, as illustrated by 61b, and phenols
bearing a phenyl substituent also underwent efficient translo-
cation to afford 61c. In the case of benzofuran-derived substrate
60d, a single 1,2-hydroxy translocation delivered 61d, while
iterative application of the sequence enabled further positional
relocation to give 61e. Collectively, these results demonstrate
that the Catellani manifold provides a versatile platform for
controlled hydroxy translocation on aromatic frameworks.

3.6. Alkyl group

As discussed in Sections 2, 1,2- and 1,3-migration of alkyl
groups has been known for many decades, typically under
strongly acidic or thermal conditions. In 2025, Leonori and
co-workers reported a conceptually distinct photochemical
strategy that enables controlled 1,2- and 1,3-methyl migration
to generate positional isomers of phenols (Scheme 23).98 Using
meta-cresol (62a) as a model substrate, treatment with AlBr3

followed by irradiation at 310 nm afforded para-cresol (63a) in
68% yield. In contrast, switching the light source to 390 nm
selectively delivered ortho-cresol (64a) in 64% yield. Thus,
simple modulation of the irradiation wavelength reverses the
positional selectivity of alkyl migration.

This wavelength-dependent selectivity can be rationalized by
the proposed mechanism. Under acidic conditions, 62a is
converted into protonated arenium ions A and A0. Upon photo-
excitation, these species undergo 4p electrocyclization to gen-
erate bicyclic cation intermediates B and B0. Intermediate B
undergoes a 1,2-methylene shift to give C, followed by rear-
omatization through arenium ion D to furnish para-cresol
(63a). In contrast, B0 proceeds via an analogous pathway
through C0, and arenium ion D0 to afford ortho-cresol (64a).
Although multiple arenium ions can be formed under the
reaction conditions, each exhibits a distinct absorption
maximum. Irradiation at 310 nm99 selectively excites the
C4-protonated arenium ion A, directing the reaction toward

Scheme 21 Hydroxy group 1,2-translocation of phenols.

Scheme 22 Phenolic OH group 1,2-translocation by Pd/NBE cooperative
catalysis.
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para-cresol (63a), whereas irradiation at 390 nm preferentially excites
the C2-protonated arenium ion A0, leading to ortho-cresol (64a).

The generality of the wavelength-controlled strategy was
demonstrated across several substrates. Products 63b and 63c
from simple natural products were obtained with high posi-
tional selectivity, and in the case of amyl-meta-cresol (62d),
irradiation at 310 nm furnished 63d in 42% yield, while 390 nm
irradiation provided 64d in 86% yield.

The success of this approach relies on advances in LED
technology, which enable precise wavelength selection, as well
as on the ability to predict absorption properties of reactive
intermediates computationally. Together, these features sug-
gest that selective excitation of specific intermediates may
emerge as a powerful design principle for controlling func-
tional group translocation in aromatic systems.

Very recently, Grant and co-workers reported a conceptually
distinct strategy for 1,2-translocation of substituents on phe-
nolic aromatic systems (Scheme 24).100 In this approach,
phenols 65 were first oxidized with PIFA ([bis(trifluoro-
acetoxy)iodo]benzene) to generate dienone intermediate A.
Subsequent photochemical rearrangement followed by treat-
ment with Zn/AcOH furnished meta-substituted phenols 66
through formal para-to-meta translocation of the substituent. In
the case of ortho-substituted phenols 67, oxidation with lead
tetraacetate generated the corresponding ortho-dienones A, which
upon irradiation and subsequent photoredox-mediated rearomati-
zation similarly afforded meta-substituted phenols 68.

Mechanistically, photoexcitation of dienone A induces a di-
p-methane rearrangement to generate bicyclo[3.1.0]hexenone
intermediate B.101 Under reductive conditions, these intermedi-
ates initially form cyclopropyl ketyl radicals. However, b-
scission of these radicals was found to be relatively slow,
allowing further two-electron reduction to occur. The resulting
anionic intermediate then undergoes concerted rearomatiza-
tion, selectively furnishing the meta-substituted products. Sub-
strates bearing cyclopropyl or aryl substituents at the para
position were compatible, giving the corresponding meta-
substituted phenols 66a and 66b. Phenols bearing ortho tert-
butyl or benzyl substituents also underwent efficient transloca-
tion to afford products 68a and 68b in moderate yields.

Collectively, Sections 3.5 and 3.6 highlight several funda-
mentally distinct modes of translocation chemistry on phenolic
aromatic systems. Whereas the methods developed by Lumb
and Dong involve peripheral editing through positional reloca-
tion of hydroxy groups, the photochemical translocation
reported by Leonori proceeds through arenium-ion-mediated
alkyl migration. In contrast, Grant’s strategy operates through
skeletal editing of the aromatic framework itself via photoche-
mical valence rearrangement and rearomatization. These exam-
ples illustrate how superficially similar ‘‘translocation’’
reactions can proceed through fundamentally different mecha-
nistic and conceptual manifolds.

3.7. Acyl group

As described in Sections 2, 1,2-acyl migration reactions are well
established, but traditionally require forcing conditions,
including high temperatures and strong Brønsted or
Lewis acids.

Scheme 23 1,2- or 1,3-Methylene shift of cresol.

Scheme 24 Photochemical translocation of substituents on phenols via
skeletal editing.
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In 2021, Yang and co-workers discovered that 1,2-acyl migra-
tion on indoles can be markedly promoted by the addition of a
Pd catalyst (Scheme 25).102 When C3-acylated indole 69 was
heated at 100 1C in HFIP/TFA in the presence of catalytic
Pd(OAc)2, complete migration of the acyl group to the C2
position was observed, affording product 70 in high yield.
Mechanistically, acid-mediated isomerization of 69 is proposed
to generate intermediate A. Nucleophilic attack of trifluoroace-
tate at the acyl group then induces cleavage to give indole B and
a mixed anhydride. The Pd(TFA)2 species formed in situ subse-
quently activates the mixed anhydride, facilitating nucleophilic
acylation of the indole to form intermediate C, which under-
goes rearomatization to furnish the C2-acylated product 70.
Importantly, the reaction is dependent on substitution at the
C5 position of the indole. Indoles bearing an aryl group at C5
afforded the corresponding C2-acylated products in high yield
(e.g., 70a, 89%), and a methyl substituent was also tolerated
(70b), In contrast, unsubstituted indoles failed to undergo acyl
migration (70c), and no reaction occurred in the absence of
Pd(OAc)2.

Although the positional outcome remains confined to C3-to-
C2 migration, the ability to promote acyl translocation under
comparatively milder and catalyst-assisted conditions repre-
sents a meaningful conceptual advance beyond classical, purely
acid driven rearrangements.

4. Translocation on sp3(sp2) to sp3

Before discussing recent catalytic and photochemical translo-
cation reactions on sp3 carbon centers, it is worth noting that

related radical-mediated acyl and cyano migrations were
already explored by Beckwith and co-workers in the late
1980s.103 Although these studies were originally viewed as
radical rearrangements, they established the key addition/b-
scission logic that underlies many modern radical-mediated
translocation reactions. Recent advances in photoredox and
HAT catalysis have enabled these concepts to evolve into more
general and selective translocation processes.

4.1. Carbonyl group

Carbonyl groups are among the most versatile functional
handles in synthetic organic chemistry. The ability to reposi-
tion a carbonyl group to a site amenable to subsequent
functionalization would provide a powerful platform for mod-
ular molecular editing. In practice, however, formal 1,2-
translocation of a carbonyl group typically requires multistep
sequences,104 often involving three to five discrete operations,
which limits efficiency.

In 2021, Dong and co-workers reported a one-pot or two-step
strategy for formal 1,2-carbonyl translocation (Scheme 26).105

In this approach, carbonyl compound 71 is first converted into
the corresponding enol triflate, either directly in a one-pot
operation or as a discrete intermediate. A subsequent Pd-
catalyzed Catellani-type reaction employing ligand L1 trans-
forms the enol triflate into an enamine, which upon hydrolysis
furnishes the carbonyl group at the adjacent position, thereby
achieving streamlined 1,2-carbonyl relocation to give 72. For
example, a-tetralone was converted to b-tetralone (72a) in 72%
yield. The method is applicable to six-membered rings as well
as five-membered cyclic ketones 72b and bicyclic systems 72c.
As a synthetic application, the authors demonstrated access to
compound 72d bearing a g-stereogenic center, a motif difficult
to construct. Following enantioselective 1,4-addition of a
Grignard reagent to furnish 71d,106 application of the carbonyl
translocation sequence enabled efficient conversion to 72d,
demonstrating the utility of this strategy for complex molecule
construction.

A plausible mechanism begins with oxidative addition of the
C–O bond of the enol triflate A to Pd, generating intermediate
B. Subsequent norbornene (NBE) insertion affords complex C,
and formation of palladacycle D follows. Use of a specifically
designed NBE derivative was critical to suppress formation of
an undesired byproduct X.107 Insertion of the amine source and
b-carbon elimination regenerate NBE and deliver intermediate
F. Decarboxylation generates a Pd–H species G, which under-
goes reductive elimination to afford enamine H. Final hydro-
lysis of H furnishes product 72, corresponding to formal
carbonyl 1,2-migration. This study represents an elegant exten-
sion of Catellani-type chemistry to carbonyl editing, demon-
strating how strategic relay process reorganization of carbonyl
group within an sp3 framework.

Building upon these studies, Dong and co-workers further
expanded the concept of carbonyl editing to atom-swapping
reactions. In 2026, they reported a transformation converting
cyclic ketones into cyclic amines through a formal CO-to-N
atom swap process.108 Using the specially designed NAHA-G2

Scheme 25 Acyl 1,2-translocation of indoles.
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reagent, ketone substrates first form prearomatic intermediate
A. Subsequent radical fragmentation induces sequential C–C
bond cleavage to generate an alkyl radical, which adds to p-
tosyldiazene (TsN2Ph) B to form the first C–N bond. A second
radical generation and C–C bond cleavage then occur, enabling
formation of the second C–N bond at the opposite carbon
terminus. Final cyclization and hydrogen-transfer processes
furnish the corresponding piperidine skeleton.

Particularly interestingly, Dong and co-workers demon-
strated that this atom-swap chemistry could be integrated with
their previously developed carbonyl translocation strategy.
Thus, cyclohexanone derivative 71e was first converted into
the transposed ketone 72e through 1,2-carbonyl translocation,
followed by CO-to-N atom swap to furnish amine 71e. Although
direct CO-to-N atom swap of 71e also provided amine 73e, the
combined translocation/atom-swap sequence enabled selective
access to the distinct positional isomer 74e. These studies

elegantly illustrate how functional group translocation and
atom-swapping reactions can be merged to achieve program-
mable skeletal editing of cyclic molecules.

While the strategy developed by Dong and co-workers repre-
sents a powerful, kinetically controlled and irreversible
approach to carbonyl translocation, a fundamentally different
concept was reported in 2023 by Bhawal, Morandi, and co-
workers. They disclosed a reversible, transition-metal-free and
thermodynamically controlled 1,2-translocation of carbonyl
groups (Scheme 27).109

This work was inspired by the classical Willgerodt–Kindler
reaction,110 in which the carbonyl group of a ketone is formally
shifted to the adjacent carbon atom and converted into an
amide. In the present study, cyclic ketones 75 were treated with
catalytic pyrrolidine and elemental sulfur (S8) in isopropyl
alcohol with added water. Heating under these conditions
enabled formal 1,2-migration of the carbonyl group, furnishing

Scheme 26 Pd-catalyzed 1,2-carbonyl translocation and CO-to-N atom swap of cyclic ketones.
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rearranged cyclic ketones 76. For example, a cyclohexanone
derivative was converted to the corresponding 1,2-transposed
ketone 76a in 63% yield. Bicyclic substrates (76b and 76c), as
well as the tetracyclic steroid androstenedione, were also com-
patible, affording product 76d. Notably, in substrates bearing
two carbonyl groups, the reaction proceeds with high selectivity
for one site. Because the transformation operates under ther-
modynamic control, mixtures of starting materials and further
rearranged products arising from additional 1,3-migration can
be observed, which may complicate isolation. Nevertheless, this
equilibrium-driven process represents a compelling example of
reinterpreting a classical transformation in the context of
modern molecular editing.

Mechanistically, cyclohexanone 75 first forms enamine A
upon reaction with pyrrolidine. Nucleophilic attack of this
enamine on S8 generates polysulfide anion B, which then
intramolecularly attacks the corresponding iminium ion to
form cyclic disulfide intermediate C. Although not explicitly
proposed by the original authors, a plausible sequence invol-
ving reversible elimination and readdition of pyrrolidine can be
considered to establish an equilibrium among intermediates C,
D, and E. The thermodynamically more stable intermediate E
preferentially reverts to iminium species F, followed by sulfide
extrusion to regenerate enamine G. Hydrolysis of G then
furnishes the 1,2-transposed cyclohexanone 76. The driving

force for this equilibrium lies in conformational effects within
the cyclohexanone framework. Specifically, product 76a, bear-
ing only one 1,3-diaxial interaction, is calculated to be
2.8 kJ mol�1 more stable than isomer 75a, which contains
two such interactions. Consideration of these subtle steric
effects enables rational prediction of the direction and outcome
of the carbonyl migration.

Notably, in 2026, Huang and co-workers demonstrated an
elegant application of this carbonyl 1,2-translocation strategy in
the total synthesis of pentacyclic homoproaporphine
alkaloids.111 In their synthesis, the stereochemistry of the spiro
center was introduced at a late stage through a desymmetrizing
ketone transposition strategy. Specifically, condensation of
chiral sulfinamide 77 with meso aldehyde 78 followed by
cyclization afforded tetracyclic intermediate 79. Conversion of
the methyl ester 79 into the corresponding redox-active ester 80
and subsequent photoredox-catalyzed arylation furnished spir-
ocyclic ketone 81. Importantly, although the spiro center in 81
itself is not stereogenic, subsequent carbonyl 1,2-translocation
converted 81 into desymmetrized ketone 82 possessing the
desired stereochemical arrangement. During this process,
undesired regioisomeric products arising from alternative car-
bonyl migration were also formed; however, resubjection of
these isomers to the reaction conditions partially converted
them into 82 under thermodynamic control. Using 82 as a

Scheme 27 Transition-metal-free, and thermodynamically controlled 1,2-translocation of carbonyl groups and its application to total synthesis.
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common intermediate, they accomplished the total synthesis of
four pentacyclic homoproaporphine alkaloids in only 10–12
steps. This study nicely illustrates how late-stage conversion of
a symmetrical ketone into a desymmetrized ketone through
carbonyl translocation can streamline complex molecule synth-
esis, representing a particularly sophisticated application of
modern molecular editing concepts in total synthesis.

Following these advances in 1,2-carbonyl translocation, Wu
and co-workers reported in 2025 a notably simple, transition-
metal-free strategy for formal 1,2-carbonyl translocation
(Scheme 28).112 In this approach, ketone 83 is treated with
NaHMDS and Commins’ reagent (PhNTf2), and subsequent
acidic workup furnishes the corresponding 1,2-migrated carbo-
nyl compounds 84 in good yields.

Mechanistically, reaction of the ketone with one equivalent
of NaHMDS and Commins’ reagent generates enol triflate A.
Upon warming to 60 1C, a second equivalent of NaHMDS
promotes elimination to form a highly strained cycloalkyne
intermediate B. Nucleophilic attack by HMDS� or the Ph2N�

anion derived from Commins’ reagent occurs preferentially
from the less hindered face of the cycloalkyne, affording
enamine intermediate C, which upon hydrolysis delivers the
product corresponding to formal 1,2-carbonyl migration. The
role of NaHMDS is crucial, as these nucleophiles efficiently trap
the transient cycloalkyne, which would otherwise undergo
oligomerization due to its high instability. Support for the
intermediacy of B was obtained by conducting the reaction in
the presence of diphenylisobenzofuran, leading to formation of
a cycloaddition-derived product in low yield.

Although the reaction can proceed at room temperature,
excessive heating diminished the yield. A related reaction was
reported by Wang and co-workers in 2021;113 however, differ-
ences in base selection, nucleophile identity, and the absence
of enamine hydrolysis, mean that the reaction was not inter-
preted as carbonyl migration. The present study therefore
represents a distinct contribution by explicitly framing the
transformation as 1,2-carbonyl translocation.

Steric congestion at the a-position is a key determinant of
selectivity. Cyclopentenone derivatives smoothly afforded 84a,
and substrates bearing coordinating groups such as pyridines
were also tolerated (84b). Six-membered rings underwent the
transformation efficiently (84c), whereas seven-membered rings
gave lower yields (84d), consistent with the reliance on ring
strain to drive formation and capture of the cycloalkyne inter-
mediate. Notably, even when the a-position is not a quaternary
carbon, sufficiently bulky substituents enable selective carbonyl
migration, as exemplified by product 84e.

Overall, this strain-driven, metal-free protocol represents a
particularly practical example of carbonyl translocation, pro-
ceeding cleanly without recovery of starting material, and
avoiding the use of precious catalysts. It highlights the power
of transient high-energy intermediates as design elements in
functional group translocation chemistry.

In 2026, Yamaguchi and co-workers reported a nickel-
catalyzed formal 1,2-carbonyl translocation of tetralone deriva-
tives (Scheme 29).114 Treatment of a-tetralone derivative 85 with
K3PO4 and pivalic anhydride (Piv2O), followed by reaction with
a Ni catalyst bearing the dcype ligand and N-methylaniline,
enabled selective formation of b-tetralone derivatives 86.
Quenching the reaction mixture with silica gel led to hydrolysis
of the intermediate enamine, affording b-tetralone products
86a–86c in good yields and with high positional selectivity.
Notably, this transformation is currently limited to tetralone
frameworks and has not yet been generalized to other carbonyl
systems.

Mechanistically, a-tetralone (85a) is first converted into the
corresponding enol pivalate A. Oxidative addition of its C–O
bond to Ni(0) generates complex B, which undergoes a char-
acteristic 1,2-migration of the nickel center to form intermedi-
ate C. Subsequent ligand exchange with the amine nucleophile
affords complex D, and reductive elimination yields enamine
intermediate E with regeneration of the nickel catalyst. Hydro-
lysis of E during silica workup then delivers b-tetralone 86a.
The proposed 1,2-migration of the nickel complex is strongly
supported by prior studies from the same group.115 In earlier
cine-substitution coupling reactions of tetralones using an
analogous catalytic system, intermediate B was isolated and
its conversion to C was confirmed by NMR analysis. Moreover,
related substrates subjected to comparable conditions were
shown to form intermediate C in similar yields. Conceptually,
the present transformation builds directly on this cine-
substitution platform, replacing the carbon nucleophile with
an amine inspired by related work from Dong and co-
workers,105 while introducing nickel catalysis in place of palla-
dium as a defining mechanistic distinction.

Scheme 28 Transition-metal-free strategy for formal 1,2-carbonyl
translocation.
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4.2. Cyano group

In 2023, Yan Xu and co-workers reported a 1,4-translocation of
cyano groups on sp3 carbon centers (Scheme 30).116 Under
irradiation with 365 nm LEDs, a tungsten photocatalyst
(sodium decatungstate, NaDT)117 in combination with a cata-
lytic amount of aryl thiol (TRIPSH) enabled efficient 1,4-cyano
migration. Benzylic dinitrile substrates underwent selective
migration of one cyano group via a 1,4-shift, irrespective of
the length of the intervening carbon chain (88a–88d).

Importantly, a benzylic position is not required, as simple
aliphatic dinitriles also participate smoothly. Functional
groups such as halides and tertiary alcohols are well tolerated
(88e and 88f). Notably, even in substrates containing a tertiary
carbon center, migration can proceed selectively at a secondary
position (88g). Furthermore, cyano migration proceeds effi-
ciently when one of the two cyano groups is replaced by an
ester (88h). The reaction is applicable to both acyclic and cyclic
substrates; in the latter case (88i), product formation is
proposed to proceed via a bridged radical intermediate.

Mechanistic studies support a radical relay pathway. Upon
irradiation with 365 nm light, photoexcited NaDT* abstracts a
hydrogen atom from substrate 87, generating a pool of carbon
centered radicals through a largely unselective and reversible
HAT process. TRIPSH functions as a hydrogen-atom donation
catalyst, enabling radical equilibration (radical sampling)
among different positions. Selectivity arises in the subsequent

Scheme 30 1,4-Translocation of cyano groups on sp3 carbon centers.

Scheme 29 Carbonyl 1,2-translocation of tetralones.
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intramolecular cyclization step. Radicals capable of forming a
five-membered ring undergo rapid cyclization, which deter-
mines the migration site under kinetic control. Even in sub-
strates bearing tertiary C–H bonds, migration proceeds via
secondary radical pathways when cyclization is faster. The
resulting cyclic radical undergoes b-scission to effect 1,4-
cyano translocation, followed by hydrogen atom transfer to
furnish the rearranged product 88. In cyclic systems, the
reaction proceeds via a bridged radical intermediate prior to
fragmentation.

From a synthetic perspective, this transformation is parti-
cularly valuable because it enables selective functionalization
of internal C–H bonds by first installing a cyano group at a
terminal position and subsequently relocating it through a 1,4-
shift. In this way, molecular architectures that are difficult to
access by direct C–H functionalization can be efficiently con-
structed via cyano translocation.

4.3. Acyl and ester

As discussed in Section 2, acyl translocation on heteroaromatic
rings has long been known; however, example of controlled 1,2-
migration of acyl groups on sp3 carbon centers remain rare118

and are typically limited to specific rearrangement manifolds
rather than deliberate translocation strategies. In 2025, Sar-
pong and co-workers disclosed an unusual example of sp3 acyl
1,2-translocation in the highly specific context of dihydroben-
zofuran frameworks (Scheme 31).119 Encouraged by related
precedents,120 the authors hypothesized that photoirradiation
might enable such migration through a sequence involving
reductive activation and C–O bond cleavage.

Specifically, acid-activated ketones 89 were proposed to
undergo single-electron reduction under photochemical condi-
tions, triggering C–O bond cleavage concomitant with intra-
molecular arene attack to generate a spirocyclic intermediate A.
Subsequent ring opening of the cyclopropane moiety by the
counteranion of the acid affords intermediate B, which then
undergoes an intramolecular SN2-type displacement to deliver
the product 90 arising from formal 1,2-acyl migration.

The reaction conditions are notably simple. Treatment of 2-
acyl dihydrobenzofurans 89 with hydrochloric acid, followed by
irradiation at 370 nm in iPrOH/H2O and subsequent addition of
triethylamine as a base (Conditions A), or alternatively with LiI
in acetone/H2O under 370 nm irradiation (Conditions B),
furnishes 3-acyl dihydrobenzofurans 90. Both light irradiation
and protic solvents are essential: no reaction occurs in the
absence of light, while decomposition predominates without a
protic solvent. With respect to substrate scope, benzoyl (90a,
and 90b) and heteroaroyl (90c) groups are compatible. Dihy-
drobenzofuran substrates bearing electron-withdrawing substi-
tuents at the C5 position generally afford higher yields,
presumably due to facilitated ring opening (90d and 90e).
Moreover, switching the irradiation wavelength to 310 nm
enables single-electron reduction of ester (90f), carboxylic acid
(90g), and amide (90h) functionalities as well. Although the
substrate scope remains limited, this study represents a com-
pelling example of ‘‘new reactivity from old ideas’’ and

illustrates how renewed interest in functional group transloca-
tion has brought such transformations into sharper focus.

In 2025, Wendlandt and co-workers reported an alternative
photocatalytic strategy to the 1,4-translocation of ketone func-
tionalities in cyclic systems (Scheme 32).121 The reaction con-
ditions and overall mechanistic logic resemble those developed
by Xu and co-workers,116 for cyano migration, with ketones
employed in place of nitrile-containing substrates.

Although the current scope is largely limited to seven-
membered rings and the reaction typically affords mixtures of
diastereomers—thereby reducing its intermediate synthetic
practicality—the transformation tolerates a range of substitu-
ents at the ketone site, including fluoro (92a), acetate (92b),
unsubstituted (92c), and ester-functionalized derivatives (92d).
Mechanistically, photoinduced generation of an alkyl radical A
from substrate 91 initiates the process. Favorable 5-exo-trig
cyclization leads to intermediate B, which accounts for the
observed 1,4-selectivity. Subsequent b-scission (C) and
hydrogen-atom transfer (HAT) steps then furnish the ketone
product 92.

One year later, Palani and co-workers reported an even more
sophisticated aroyl translocation strategy on saturated carbon
frameworks (Scheme 33).122 The earlier study by Wendlandt
and co-workers relied on formation of a kinetically favored
bicyclic radical intermediate through radical cyclization, fol-
lowed by radical fragmentation to achieve remote acyl migra-
tion. In contrast, Palani and co-workers introduced a
conceptually distinct strategy in which the ‘‘cyclization phase’’
and the ‘‘cleavage phase’’ were decoupled. As a result, the
migration process was no longer governed primarily by the
stability of radical intermediates, enabling transannular 1,3-
translocation that had previously been difficult to achieve.

Specifically, irradiation of ketone 93 in tBuOH at 370 nm followed
by treatment with Mn(OAc)3, 1,10-phen (1,10-phenanthroline), and

Scheme 31 sp3 Acyl 1,2-translocation.
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AdSH (adamantanethiol) afforded aroyl-translocated product
94 through formal 1,3-migration of the aroyl group. Mechan-
istically, photoexcitation of ketone 93 generates a triplet excited
state A, and the resulting oxygen-centered radical undergoes
Norrish–Yang-type 1,5-hydrogen atom transfer (1,5-HAT) from
the g-position. The resulting biradical intermediate B subse-
quently recombines to generate strained bicyclo[3.1.1] inter-
mediate C. This sequence constitutes the cyclization phase of
the reaction. In the subsequent cleavage phase, Mn(OAc)3

promotes single-electron oxidation of the cyclobutanol moiety
to generate alkoxy radical D. This radical undergoes b-scission
to cleave the C–C bond, furnishing tertiary radical E in which
the aroyl group has effectively migrated to a new position.
Finally, hydrogen atom transfer from AdSH affords the 1,3-
translocated ketone product 94.

Thus, by decoupling cyclization and cleavage processes, the
authors succeeded in enabling transannular 1,3-aroyl migra-
tion that had previously been difficult to access through con-
ventional radical translocation strategies. The reaction was also
demonstrated on gram scale, affording product 94a with high
diastereoselectivity. Bicyclic substrates similarly underwent
efficient 1,3-translocation to furnish 94b, and nitrogen-
containing heteroaromatic aroyl groups were also compatible,
as illustrated by 94c. Furthermore, this strategy enabled unu-
sual skeletal editing processes, including conversion of spiro-
cyclic substrate 93d into macrocyclic ketone 94d. Migration of

aroyl groups located at the a-position of ketones was also
achieved, enabling transposition to the C4 position as shown
in 94e.

Although both the Wendlandt and Palani studies address
carbonyl/aroyl translocation on saturated carbon frameworks,
they differ fundamentally in conceptual design, mechanism,
and accessible migration topology. In this sense, the work by
Palani and co-workers can be regarded as a significant con-
ceptual advance beyond the earlier Wendlandt strategy.

4.4. Boryl group

Organoboron compounds are versatile synthetic precursors
that can be transformed into a wide range of functional groups.
Consequently, numerous borylation methods have been devel-
oped, including borylation of olefins, halides, carbonyl com-
pounds, and C–H bonds.

If readily accessible organoboron compounds could be con-
verted into other organoboron isomers through boron migra-
tion, thereby transforming one or more C–H bonds into C–B
bonds, this would provide a powerful entry to further

Scheme 32 The 1,4-translocation of Acyl functionalities on cyclic
systems.

Scheme 33 Decoupled cyclization/cleavage strategy for transannular
1,3-aroyl translocation.
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functionalization. However, such transformations are inher-
ently challenging. This challenge was addressed by Xu, Qi

and co-workers (Scheme 34).123 Drawing on their previous
studies of 1,4-cyano migration,116 they hypothesized that gen-
eration of alkyl radicals under tungsten photocatalysis might
enable net boron migration. Indeed, using a tungsten photo-
catalyst, 4(PnBu4)DT, in combination with a catalytic amount of
a sterically hindered thiol under 365 nm LED irradiation, they
observed 1,2-boron translocation.

Substrates bearing tertiary C–B bonds underwent 1,2-
translocation to adjacent cyclic methylene positions, affording
product 96a in 62% yield. Although only modest diastereos-
electivity was observed, with a ratio of 1.7 : 1, the regioselectivity
was excellent and exceeded 20 : 1. Cyclohexanone derivatives
(96b), tetrahydrofuran derivatives (96c), and bicyclic systems
(96d) were also compatible, furnishing the corresponding 1,2-
migrated products. Importantly, the transformation was not
limited to cyclic systems, as acyclic substrates also underwent
1,2-migration efficiently (96e). Boronic acids such as B(OH)2

and Bneo derivatives were likewise tolerated, although yields
for these boronic acid derivatives were somewhat lower (96f and
96g). Under optimized conditions, the endo isomer 96h was
obtained preferentially; however, under more intense irradia-
tion conditions, selective methyl borylation led predominantly
to the exo isomer (96h_exo).

Mechanistically, the reaction begins with generation of an
alkyl radical from the organoboron substrate under tungsten
photocatalysis. From 95h, several radical intermediates can
form, but only radicals A and A’, generated at adjacent carbon
atoms, undergo 1,2-boron migration to give intermediates B
and B’. Subsequent hydrogen atom transfer furnishes either
96h_endo or 96h_exo. Although a tertiary radical can in prin-
ciple be regenerated from these products, steric congestion
suppresses further boron translocation, rendering the process
effectively irreversible. The observed regio- and stereoselectivity
between the endo and exo products can be rationalized by the
steric environment imposed by the thiol catalyst, which influ-
ences the hydrogen atom transfer step.

Although questions remain regarding the relative thermo-
dynamic stability of the starting and translocated boron iso-
mers, this study represents the first example of formal 1,2-
translocation of an sp3-bound boron substituent. As such, it
constitutes an important conceptual advance in functional
group translocation chemistry.

Almost simultaneously, Xi and co-workers reported a closely
related 1,2-boryl taranslocation (Scheme 35).124 As in Xu’s
study, tertiary boronic esters were employed as readily acces-
sible starting materials. Treatment of these substrates 95 with
catalytic nBu4NFeCl4 and the disulfide (Trip2S2) under 390 nm
LED irradiation afforded the 1,2-boryl-translocated products 96
preferentially. Mechanistically, the reaction is initiated by gen-
eration of a chlorine radical from the iron catalyst.125 This
chlorine radical abstracts a hydrogen atom from the substrate
to form an alkyl radical, after which the process proceeds
analogously to that proposed by Xu and co-workers, involving
1,2-boryl translocation followed by hydrogen atom transfer.

A range of substrates was tolerated. Seven-membered rings
(96i), heterocyclic six-membered rings (96j), sulfones (96k), and

Scheme 34 Tungsten-photocatalyzed radical 1,2-boryl translocation of
tertiary organoboron compounds.
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other substrates bearing tertiary carbon centers (96l) all under-
went efficient 1,2-boryl translocation. Organoboron com-
pounds derived from complex, drug-like scaffolds were also
compatible, furnishing products 96m and 96n in good yields.
Moreover, when substrate 95o was subjected to the standard
conditions, product 96o was formed, and a second 1,2-boryl
shift could occur to give 96p. As noted at the outset, tertiary
boronic ester 95q can be readily prepared from halides such as
97a or from carboxylic acids such as 97b using established
methods.126 Subsequent 1,2-boryl migration of 95s, followed by
treatment with NBS, regenerates the corresponding halide 98a,
whereas reaction with carbon dioxide furnishes the carboxylic
acid 98b although these transformations proceed via a boron
intermediate, they formally constitute net halogen or carboxyl
group translocation. This study therefore highlights how a
boron relay strategy can be leveraged to achieve functional
group translocation beyond boron itself.

4.5. Hydroxy group (equivalent)

Up to this point, cyanide (Scheme 30), acyl (Schemes 31–33),
and boryl (Schemes 34 and 35) translocations mediated by
tungsten/thiol catalytic systems under photoirradiation have
been discussed. Around the same time, Xu and Wendlandt
independently reported 1,2-translocation of acyloxy groups
using closely related catalytic manifolds (Scheme 36).127 In
both cases, the reactions employ acyloxy groups, tungsten
photocatalysts (NaDT or TBPDT), and thiol-based hydrogen
atom donors, and the underlying mechanistic concepts are
fundamentally similar.

As in the previously described systems, the photoexcited
tungsten catalyst promotes reversible hydrogen atom abstrac-
tion (HAA) at multiple C–H bonds of 99, thereby establishing a
dynamic ‘‘C–H sampling’’ equilibrium among various carbon-
centered radicals. Among these transient radical intermediates,
only radical A generated at the b-position adjacent to the
acyloxy group undergoes rapid Surzur–Tanner-type 1,2-acyloxy
radical migration through highly charge-separated three-
membered (or five-membered) transition states B. Subsequent
hydrogen atom transfer from the thiol source to radical C
furnishes the translocated products 100.

Scheme 35 Chlorine radical-mediated 1,2-boryl translocation.

Scheme 36 Radical 1,2-acyloxy translocation via reversible C–H
sampling.
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In the Wendlandt system, addition of TMSOTf serves as a
convenient triflic acid precursor for in situ protonation of the
pyridyl ester auxiliary group. The resulting cationic pyridinium
species promotes proximity-enhanced hydrogen atom abstrac-
tion through ion-pairing interactions with the decatungstate
catalyst, thereby facilitating generation of the b-radical inter-
mediate required for the subsequent Surzur–Tanner-type acy-
loxy migration. In contrast, both the Xu and Wendlandt
systems employ electron-withdrawing oxamoyl auxiliaries,
which facilitate rapid 1,2-acyloxy radical migration by stabiliz-
ing the highly charge-separated transition states associated
with the Surzur–Tanner rearrangement.

Collectively, these studies demonstrate a fundamentally new
design principle for positional editing reactions. Rather than
relying on highly site-selective HAA processes, positional selec-
tivity is achieved through reversible radical sampling followed
by selective trapping through rapid translocation. The rapid
expansion of this concept from cyanide, acyl, and boryl groups
to acyloxy groups suggests that reversible radical translocation
chemistry is emerging as a general strategy for late-stage
positional editing on saturated carbon frameworks.

4.6. Translocation on sp2 to sp3

Thus far, we have described functional group translocations
from an sp3 carbon to an sp3 carbon. Net translocations from
an sp3 carbon to an sp2 carbon remain exceedingly rare, with
only two examples reported to date. In both cases, the indivi-
dual elementary steps formally involve sp3-to-sp3 processes, the
overall outcome corresponds to formal functional group migra-
tion from an sp3 carbon center to an sp2 carbon.

The first example was reported in 2025 by Pan Xu and co-
workers. Inspired by the 1,4-cyano translocation developed by
Yan Xu and co-workers, they extended this concept to achieve
cyano migration from sp3 carbon to sp2 carbon (Scheme 37).128

Under blue LED irradiation, the use of 4CzIPN as a photoredox
catalyst, together with catalytic amounts of quinuclidine deri-
vative and 20 mol% of (TripS)2, afforded the 1,4-translocated
product 102. In addition to benzylic dinitriles (102a and 102b),
substrates bearing simple aliphatic substituents (102c) or a
combination of cyano and ester groups (102d) underwent
efficient translocation. Even substrates with a shortened carbon
chain delivered the corresponding 1,4-migrated product 102e.
Notably, complex molecules containing additional functional
groups, including indomethacin derivatives, were also compa-
tible (102f).

Mechanistically, photoexcitation of 4CzIPN in the presence
of the amine additive initiates single-electron transfer to gen-
erate a radical ion pair consisting of an anion radical and a
cation radical A. The nitrogen-centered radical then adds to the
olefin, forming an alkyl radical intermediate B. As in the work
by Yan Xu and co-workers, this radical undergoes a favorable
5-exo-dig cyclization to give intermediate C, followed by b-
scission that effects 1,4-cyano translocation and generates
cation radical D. Subsequent electron transfer from the reduced
photocatalyst affords an anionic intermediate E, which under-
goes proton transfer and elimination to furnish the final

product. Thus, although the key difference lies in the genera-
tion of alkyl radicals via amine radical addition, the overall
translocation logic closely parallels that of the earlier Xu
system.

Importantly, this study demonstrates that careful substrate
design enables, for the first time, a 1,4-functional group trans-
location that is net from an sp3 carbon to an sp2 carbon. This
finding significantly expands the conceptual framework and
structural scope of functional group translocation chemistry.

Almost simultaneously with the report by Xu and co-
workers, Zhen and Shu independently disclosed a closely
related transformation (Scheme 38).129 In their study, a sodium
sulfonyl salt was employed as the additive in place of an amine.
Remarkably, the substrate scope closely mirrors that reported
by Xu and co-workers, and essentially identical substrates

Scheme 37 Photoredox-catalyzed net sp3-to-sp2 1,4-cyano
translocation.
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undergo efficient 1,4-functional group transposition to afford
the corresponding products 102a, 102c, 102e, and 102g–102i.

Mechanistically, the reaction proceeds through the same
fundamental pathway as the Xu system, with the sole difference
being the involvement of a sulfonyl radical instead of an aminyl
radical. This parallel development further underscores the
generality of radical relay strategies for achieving net sp3-to-
sp2 functional group translocation.

5. Double functional group
translocation

While the preceding sections addressed functional group
translocations involving exchange with hydrogen, this section
highlights emerging examples of double functional group
translocation, in which two functional groups are
interchanged.

5.1. Iodo/boryl exchange

In 2025, Chen and co-workers reported a double functional
group translocation reaction in which an iodine atom on an

aromatic ring is exchanged with a boron substituent on an sp3

carbon (Scheme 39).130 Irradiation of iodinated boryl substrate
103 with 450 nm LEDs in the presence of Pd(OAc)2/DPEPhos
and potassium phosphate afforded the exchanged product 104.

Mechanistic studies suggest the involvement of photoex-
cited palladium species. Upon light irradiation, the excited
palladium complex engages the aryl iodide to generate an aryl
radical A. This radical subsequently reacts with the boron
substituent positioned at the 4-position, triggering a 1,4-
migration of the boryl group via transiton state B to form alkyl
radical intermediate C. The greater thermodynamic stability of
alkyl radicals relative to aryl radicals likely serves as a driving
force for this translocation process. The resulting alkyl radical
then abstracts iodine from the palladium center, delivering
product 104 and regenerating the palladium catalyst.

The substrate scope is currently limited to systems bearing
an alkyl chain at the ortho position of an iodoarene and a Bpin
group at the C4-position. Nevertheless, the transformation
tolerates a range of additional functional groups, including
chloro (104a), diboryl (104b), fluoro (104c), naphthyl (104d),
and olefin-containing substrates (104e), affording the
exchanged products in moderate yields. Although the immedi-
ate synthetic utility of this transformation is limited, it repre-
sents an intriguing example of intermolecular exchange
between two reactive functional groups. Because this transfor-
mation involves functional groups located on sp2 and sp3

carbon centers, it is also discussed in Section 4.5.

5.2. Aryl/alkyl or amino group exchange

In 2024, the groups of Ruffoni and Leonori reported photo-
chemical atom permutation and apparent functional group
translocation reactions of thiazoles, isoxazoles, and other
azoles, which they termed photochemical permutation
(Scheme 40).18 For example, irradiation of 1-phenylthiazole
(105) with 310 nm LED light in the presence of triethylamine

Scheme 38 Photoredox-catalyzed net sp3-to-sp2 1,4-cyano
translocation.

Scheme 39 Double functional group translocation reaction.
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(Et3N) and MeOH affords 2-phenylisothiazole (106). In contrast,
irradiation at 310 nm in DCE results in a 1,3-aryl migration to
give 4-phenylthiazole (107). In both cases, photoexcitation
triggers a 4p electrocyclization to form intermediate A; subse-
quent sulfur atom migration (‘‘S-atom walk’’) via B leads to C to
give 106, whereas arrest at B furnishes 107. The divergence
between these pathways is governed by the solvent and addi-
tives such as Et3N, which modulate the reaction trajectory.
Inpotantly, these transformations do not involve chassic step-
wise functional group migration but rather proceeds through a
sequence of pericyclic and rearrangement process that give the
apperance of functional group translocation.

When thiazoles bearing two substituents are empolyed, the
reaction appears as an exchange of substituents. For instance,
irradiation of 105a in 1,4-dioxane gives the exchanged product
107a in 57% yield. Similarly, 105b undergoes apparent
exchange of methyl and phenyl groups to give 107b. Even more
complex substrate 105c furnishes 107c in HFIP.

Although azoles are known to undergo various translocation
reactions,49d examples in which light, solvent, and simple
additives alone enable such clean and switchable control are
rare. Given the mild conditions and high selectivity, this
photochemical permutation represents a synthetically valuable
transformation.

5.3. Aryl/aryl exchange

Finally, we highlight a conceptually simple transformation in
which two aryl groups are exchanged within a single molecule.

In 2025, Venkatakrishnan and co-workers reported aryl migra-
tion reactions of diaryl(benzo)heteroles (Scheme 41).131 These
transformations rely on classical aryl rearrangements promoted
by TfOH and proceed under thermodynamic control. Conse-
quently, the selectivity is not perfect but reflects the relative
stability of the isomeric products.

For example, prolonged treatment of a diaryl thiophene 108a
under these conditions affords the aryl-exchanged product 109a
together with recovered 108a in a 75 : 10 ratio. Benzofuran
derivatives are also amenable; diaryl benzofuran 108b under-
goes efficient aryl exchange to give 109b with a product ratio of
18 : 82. Although the reaction conditions themselves are not
novel, the clean intramolecular exchange of two aryl groups is
noteworthy. From materials science perspective, such transfor-
mations are particularly attractive, as they enable access to
alternative substitution patterns without the need for de novo
synthesis of the molecular framework.

6. Miscellaneous

The following examples do not strictly fall within the definition
of functional group translocation adopted in this review, parti-
cularly because some involve formal functional group inter-
conversion corresponding to Group B discussed in Section 1.
Nevertheless, they are included here because of their close
conceptual relationship to recent translocation chemistry and
because many of these studies explicitly build upon or cite the
contemporary translocation literature discussed above. Impor-
tantly, the present review does not distinguish between intra-
and intermolecular processes in its operational definition, nor
does it require late-stage applicability as a defining criterion.
Rather, the review aims to comprehensively summarize

Scheme 40 Photochemical permutation of azoles enabling solvent-
controlled apparent aryl translocation.

Scheme 41 TfOH-promoted thermodynamic aryl–aryl exchange in diaryl
heteroarenes.
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reactions that formally achieve positional editing of functional
groups within the conceptual framework outlined in this
review. Owing to their substrate-specific nature or partial
deviation from the strict translocation definition, the following
studies are grouped together as miscellaneous examples.

6.1. Amine (equivalent)

This example does not strictly meet the definition of functional
group translocation, as the functional group undergoes

transformation following the migration event. Nevertheless, it
is included here because it constitutes a formal 1,2-relocation
of a nitrogen source within an aromatic framework.

In 2025, Leonori, Ruffoni and co-workers reported a strategy
for the synthesis of anilines 110 via formal 1,2-migration of a
nitrogen source from aryl azides 111 (Scheme 42).132 The
transformation proceeds through a three-step sequence. First,
aryl azide 110 is irradiated with 390 nm in the presence of an
aryl thiol and then addition of trifluoroacetic anhydride (TFAA).
This is followed by treatment with N-chlorosuccinimide (NCS)
and Bi(OTf)3, and finally by addition of Cs2CO3 with a second
irradiation at 390 nm. Each stage requires purification, render-
ing the process multistep in nature.

Mechanistically, photoexcitation of 110 generates a singlet
nitrene A, which rearranges to an azirine B and subsequently
undergoes 6p-electrocyclization to give ketimine C. Nucleophi-
lic attack of the arylthiol affords azepine D, which upon
activation with TFAA forms intermediate E. A second 6p-
electrocyclization (F) followed by rearomatization furnishes
ortho-aminothiophenol G. In the second stage, NCS and
Bi(OTf)3 converts the amine into an aminothiolium salt H,
which undergoes C–S bond cleavage under basic conditions
to deliver TFA-protected aniline 111.

Despite the multistep character, the reaction tolerates
diverse substituents, including t-butyl (110a), Bpin (110b),
methoxy (110c), and imide (110d, derived from aminoglutethi-
mide), affording the corresponding products 111a–111d in
moderate yields. Importantly, the transformation proceeds
with high positional selectivity, consistently delivering the
ortho-aminated products, reflecting a well-defined rearrange-
ment manifold rather than a statistical redistribution of nitro-
gen functionality. Although the focus here is the formal 1,2-
nitrogen relocation, the sulfonium intermediates formed in the
sequence provide opportunities for further diversification.133

Accordingly, this method offers a versatile platform for acces-
sing structurally varied aniline derivatives through a formal
nitrogen transposition manifold.

6.2. Cyanide group (intermolecular)

Very recently, Yamaguchi and co-workers reported a nickel-
catalyzed aryl group interconversion between aromatic nitriles
and aromatic esters (Scheme 43).134 While nickel-catalyzed aryl
interconversions had previously been developed by Morandi,
Yamaguchi, and others,135 combinations involving cyano
groups and esters had not been explored. As an application of
this chemistry, the authors demonstrated that a quinoline-
based nitrile 112 undergo exchange with a series of aryl esters
113, formally delivering products that correspond to 1,n-cyano
translocation. For example, reaction of 112 with ester 113a
afforded product 114a, which can be regarded as arising from a
formal 1,2-cyano migration. Similarly, coupling with 113b–113e
furnished products 114b–114e, corresponding to formal
1,3-, 1,4-, 1,5-, and 1,6-cyano migration, respectively. In each
case, diaryl ether 115 was obtained as the complementary
product of the exchange process.

Scheme 42 Aromatic nitrogen ortho-isomerization.
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Mechanistically, oxidative addition of the C–CN bond of
nitrile 112 and the acyl C–O bond of ester 113 to the nickel
catalyst, Ni(dcype)(CO)2 (dcype = 1,2-bis(dicyclohexylphosphino)-
ethane),136 generates complexes A and B. Subsequent exchange of
the anionic ligands, namely �CN and �OPh, furnishes complexes C
and D, from which reductive elimination provides the diaryl ether
115 and quinoline products 114 bearing the cyano group at
different positions. Although the cyano group does not migrate
intramolecularly within a single molecule, NMR experiments con-
firmed the occurrence of ligand exchange at the metal center,
supporting the proposed mechanism. This transformation

therefore represents a formal, rather than literal, cyano transloca-
tion. By exploiting intermolecular aryl exchange on a common
scaffold, the strategy cleverly creates the net appearance of posi-
tional cyano migration. Conceptually, this work highlights how
functional group interconversion chemistry can be leveraged to
achieve positional diversification that mimics a translocation pro-
cess, thereby expanding the design space of functional group
editing.

6.3. Carbonyl (amide)

In a related but conceptually distinct example that formally
combines functional group interconversion and positional
editing, Dixon and co-workers reported in 2023 a method for
formal 1,2-translocation of an amide-derived carbonyl group by
integrating reduction, isomerization, and oxidation in a single

Scheme 43 Formal 1,n-cyano translocation by Ni catalysis.

Scheme 44 Carbonyl 1,2-translocation from amides to ketones.

Scheme 45 Base-promoted 1,2-amide translocation.
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reaction sequence (Scheme 44).137 Their approach builds on
the group’s established expertise in reductive amide activation
using Vaska’s complex to generate iminium intermediate A,138

which undergoes nucleophilic addition. Subsequent deproto-
nation furnishes enamine B, and in situ oxidation with m-CPBA
delivers ketone 117, corresponding to formal 1,2-migration of
the carbonyl functionality.

Although the functional group identity changes from
an amide to a ketone during the sequence, the positional
shift of the carbonyl unit clearly constitutes a formal 1,2-
carbonyl translocation and is therefore included in this
review. The method is applicable to several substrate classes:

eight-membered lactams afforded the corresponding
ketones (e.g. 117a) and aryl iodide substituents, often incom-
patible with transition-metal-catalyzed processes, were well
tolerated (117b). Additional eight-membered lactams under-
went efficient conversion (117c), and even acyclic amides
furnished the desired ketones 117d, albeit in more modest
yields.

While currently limited to amide substrates, this work
provides an elegant demonstration of carbonyl relocation in a
one-pot sequence through orchestrated redox manipulation
and skeletal isomerization, thereby broadening the conceptual
framework of carbonyl translocation chemistry.

Fig. 6 Overview of functional group translocation reactions.
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6.4. Amide

In 2025, Tobisu and co-workers reported a formal 1,2-
translocation of an amide group that was identified as a side
reaction during studies aimed at the synthesis of compound
119 (Scheme 45).139 Upon treatment of amide 118 with NaOtBu,
deprotonation occurs at the benzylic position to generate an
anionic intermediate A. This species undergoes intramolecular
nucleophilic attack at the ipso carbon of the aromatic C–N bond
via transition structure B, forming a Meisenheimer-type inter-
mediate C. Subsequent C–N bond cleavage results in deamida-
tion to generate intermediate D, ultimately affording ketone
119. Mechanistically, this sequence closely resembles a Truce–
Smiles rearrangement.

Interestingly, the reaction outcome depends strongly on the
ring size of the starting ketone. With five-membered ring
substrates, the above pathway predominates.140 In contrast,
for six-membered ring systems, nucleophilic attack preferen-
tially occurs at the amide carbonyl group from intermediate A,
generating tetrahedral intermediate E. This alternative pathway
leads to a retro-Claisen-type fragmentation to give intermediate
F, which upon protonation of F furnishes compound 120 (cis/
trans = 12 : 1). Although this amide 1,2-translocation was not
the primary focus of the original study, it represents an intri-
guing transformation that could prove valuable if its scope and
generality can be further developed.

7. Conclusions and outlook

In this review, we have surveyed recent advances in functional
group translocation, defined in a strict sense as transforma-
tions that preserve the molecular formula, the identity of the
functional group, and the carbon framework, while altering
only its position. By organizing the field according to scaffold
type, functional group identity, and migration distance, we
sought to provide a unified framework for a rapidly expanding
yet conceptually diverse research area.

Over the past several years, functional group translocation
has evolved from isolated and often harsh transformations into
a catalytically enabled molecular editing strategy. Transition
metal catalysis, photoredox activation, and radical relay pro-
cesses have significantly broadened the accessible reaction
space. Migrating groups now include halogens, aryl and alkyl
substituents, acyl and ester units, cyano and boryl groups,
together with a variety of heteroatom-containing functionalities
such as amino, sulfonyl, and alkoxy groups. Translocations
have been demonstrated across (hetero)aromatic frameworks,
sp2–sp3 systems, and fully aliphatic sp3–sp3 manifolds, and
select cases even in double functional group exchange
processes.

To provide a systematic overview, we compiled a summary
table correlating scaffold type and migrating functional group
(Fig. 6). This overview reveals that, despite impressive progress,
the landscape remains highly uneven. Aromatic systems are
comparatively well explored, whereas fully aliphatic systems
remain underdeveloped. Short-range 1,2-migrations dominate

the field, while predictable long-range (1,n) translocations are
still rare. Certain functional groups, such as cyano and boryl
units, have recently emerged as versatile handles, yet many
other functional group classes remain largely unexplored in a
translocation context. These gaps highlight substantial oppor-
tunities for future development.

Several key challenges define the outlook of the field. First,
achieving predictable site-selectivity in molecules containing
multiple similar bonds remains intrinsically difficult. Second,
controlling migration distance and directionality, particularly
when thermodynamic differences between isomers are small,
requires deeper mechanistic understanding. Third, reversibility
and product inhibition, often rooted in subtle energy land-
scapes, must be addressed to ensure synthetic practicality.
Finally, expanding translocation chemistry to complex, densely
functionalized molecules will be essential for broader adoption
in medicinal chemistry and materials science.

Looking ahead, the maturation of functional group translo-
cation will likely depend on the development of general design
principles that transcend individual reaction classes. Integra-
tion with C–H functionalization, skeletal editing, and late-stage
diversification strategies may ultimately enable the controlled
repositioning of functional groups within complex molecular
architectures. If such principles can be established, functional
group translocation has the potential to become a foundational
tool for positional molecular design rather than a collection of
isolated transformations. The field remains far from saturated.
Its most compelling advances may still lie ahead.
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K. Mislow, J. Organomet. Chem., 1979, 179, 323–329;
(d) R. Sooriyakumaran and P. Boudjouk, Organometallics,
1982, 1, 218–219.

84 (a) C. D. Jones, M. G. Jevnikar, A. J. Pike, M. K. Peters,
L. J. Black, A. R. Thompson, J. F. Falcone and J. A. Clemens,
J. Med. Chem., 1984, 27, 1057–1066; (b) S. Kim, J. Yang and
F. DiNinno, Tetrahedron Lett., 1999, 40, 2909–2912;
(c) M. Nakazaki, Bull. Chem. Soc. Jpn., 2006, 33, 461–465.

85 H. Nakahara and J. Yamaguchi, Org. Lett., 2022, 24,
8083–8087.

86 T. Ozaki, S. Diamandis, N. Rybansky, X. Yang, F. Bai, B. Li,
J. Huang and S.-Y. Liu, J. Am. Chem. Soc., 2026, 148,
3820–3829.

87 P. G. Campbell, A. J. V. Marwitz and S. Liu, Angew. Chem.,
Int. Ed., 2012, 51, 6074–6092.

88 J. Luo and J. Zhang, ACS Catal., 2016, 6, 873–877; Correc-
tion: J. Luo and J. Zhang, ACS Catal., 2020, 10, 14302–
14303.

89 T. Ozaki, S. K. Bentley, N. Rybansky, B. Li and S.-Y. Liu,
J. Am. Chem. Soc., 2024, 146, 24748–24753.

90 T. Ozaki, Y. Dai, B. Li, K. Miqueu and S.-Y. Liu, J. Am. Chem.
Soc., 2026, 148, 11205–11214.

91 E. Y. K. Tan, T.-Y. Peng, T. Wakabayashi and S. Chiba, Nat.
Synth., 2026, DOI: 10.1038/s44160-026-01023-6.

92 S. Yadav, P. P. Singh, Y. Murti, P. Purohit, P. K. Singh and
V. Srivastava, Tetrahedron, 2024, 163, 134138.

93 (a) A. P. Bolton, M. A. Lanewala and P. E. Pickert, J. Org.
Chem., 1968, 33, 3415–3418; (b) J.-C. Jacquesy and
M.-P. Jouannetaud, Tetrahedron Lett., 1982, 23, 1673–1676.

94 (a) C. Yuan, Y. Liang, T. Hernandez, A. Berriochoa,
K. N. Houk and D. Siegel, Nature, 2013, 499, 192–196;
(b) R. Sang, S. E. Korkis, W. Su, F. Ye, P. S. Engl, F. Berger
and T. Ritter, Angew. Chem., Int. Ed., 2019, 58,
16161–16166; (c) Z. Li, Z. Wang, N. Chekshin, S. Qian,
J. X. Qiao, P. T. Cheng, K.-S. Yeung, W. R. Ewing and J.-
Q. Yu, Science, 2021, 372, 1452–1457.

95 S. Edelmann and J.-P. Lumb, Nat. Chem., 2024, 16, 1193–1199.
96 Q. Zhu, J. M. Taylor, X. Liu and G. Dong, J. Am. Chem. Soc.,

2025, 147, 43098–43104.
97 X. Liu, Y. Fu, Z. Chen, P. Liu and G. Dong, Nat. Chem.,

2023, 15, 1391–1399.
98 M. Alonso, G. Lonardi, E. M. Arpa, B. Roure, A. Ruffoni and

D. Leonori, Nat. Commun., 2025, 16, 7502.
99 R. F. Childs and B. E. George, Can. J. Chem., 1988, 66,

1343–1349.
100 S. Malik, S. N. Ullal, J. D. Hart, M. Sodoor, P. A. Hume and

P. S. Grant, J. Am. Chem. Soc., 2026, 148, 12217–12226.
101 H. E. Zimmerman and D. Armesto, Chem. Rev., 1996, 96,

3065–3112.
102 Y. Cheng, S. Yu, Y. He, G. An, G. Li and Z. Yang, Chem. Sci.,

2021, 12, 3216–3225.
103 (a) A. L. J. Beckwith, D. M. O’Shea, S. Gerba and

S. W. Westwood, J. Chem. Soc., Chem. Commun., 1987,
666–667; (b) A. L. J. Beckwith, D. M. O’Shea and
S. W. Westwood, J. Am. Chem. Soc., 1988, 110, 2565–2575.

104 D. G. Morris, Chem. Soc. Rev., 1982, 11, 397–434.
105 Z. Wu, X. Xu, J. Wang and G. Dong, Science, 2021, 374,

734–740.
106 Y. Guo and S. R. Harutyunyan, Angew. Chem., Int. Ed., 2019,

58, 12950–12954.
107 J. Wang, Z. Dong, C. Yang and G. Dong, Nat. Chem., 2019,

11, 1106–1112.
108 Z. Zhang, Z. Liang, R. Ye and G. Dong, Science, 2026, 392,

536–542.
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