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Advances in transition metal-catalyzed C–H
amination strategies using anthranils
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Modern times have witnessed an uprise in the synthesis and derivatization of nitrogen-containing fused

heterocycles. Amination reactions involving nitrene chemistry have always been the most convenient

choice for the incorporation of a nitrogen atom in a molecule. The utilization of an open nitrene species

harnesses harsh conditions. Hence, transition metal-catalyzed C–H amination reactions using aminating

agents have been an attractive choice. Electrophilic aminating agents for C–H amination reactions are

well exploited due to their desirable reaction conditions. Out of all, anthranils have paved the way forward

due to their utility in simultaneously forming two new functional groups (amine and carbonyl). Amination

using anthranils follows a metal-nitrenoid pathway. Often, the amination has been followed by a Lewis

acid or transition metal-mediated intramolecular cyclization to directly produce fused heterocycles. This

review broadly demonstrates the utilization of anthranils as an aminating agent for transition metal-cata-

lyzed C–H amination reactions. The focus has been given to the scope, limitations, and mechanistic

understanding of using such an electrophilic aminating agent, anthranil, with transition metals.

1. Introduction

C–H activation/amination has emerged as an efficient tool for
organic transformations over time. C–H activation has further
promoted the concepts of green chemistry and reduced the

number of steps required for any transformation, even in
milder conditions.1 Such a concept has allowed researchers to
come up with a wide range of catalytic systems optimized for
carrying out a particular transformation. Synthetically, all the
transformations in organic chemistry involve C–H and C–C
bond-breaking or bond-making. Apart from the chemistry
involving C–H and C–C bonds, C–N bond formation is also of
high industrial importance due to its presence in a variety of
natural products and agrochemical moieties.2 Traditional
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approaches for the construction of a C–N bond include amin-
ation/annulation reactions and coupling reactions. Owing to
the high demands for the synthesis of N-heterocycles, the syn-
thetic community has developed catalytic systems for tran-
sition metal-catalyzed amination/annulation reactions with a
suitable directing group.3 The directing group directs an ami-
nating agent, through its nitrogen or oxygen atom, to a particu-
lar reaction site. This allows the functionalization of activated
as well as inert C–H bonds for C–N bond formation. Broadly,
aminating agents could be of two types: electrophilic or
nucleophilic. The charm of using electrophilic aminating
agents lies in their inherent reactivity with redox-neutral be-
havior. A variety of aminating agents, such as chloramines,4

N-nosyloxycarbamate,5 aryl oxycarbamates,6 organic azides,7

aryl nitroso,8 dioxazolones,9 anthranil,10 amidobenziodoxo-
lones,11 N-tosyloxyphthalimide,12 and N-methoxybenzamide,13

etc., have been developed (Fig. 1). Over time, anthranil as an
aminating agent has been particularly attractive in this
domain due to the incorporation of two functionalities (amine
and carbonyl) in a single transformation.

Anthranils, or 2,1-benzisoxazoles, are highly aromatic and
bench-stable compounds. In general, anthranils generate an
aryl nitrene species at a very high temperature. The utilization
of nitrene species has always been the top choice for organic
chemists for the incorporation of a nitrogen atom in a mole-
cule.14 However, the use of a sole nitrene species in a reaction
demands harsh conditions. The involvement of transition
metal catalysts with anthranils has tuned their reactivity in
terms of the requirement of milder conditions and the site-
selectivity of the product. Transition metal catalysts activate
the anthranil moiety and generate metal-nitrenoid species via
an electrocyclic ring-opening (Fig. 2). So far, transition metals

such as rhodium, iridium, copper, and cobalt have been suc-
cessfully merged with anthranils for amination reactions.
Interestingly, C–H activation strategies involving anthranils for
amination reactions follow a redox-neutral pathway. It is to be
believed that the requirement of no external oxidant is due to
the presence of a cleavable N–O bond in the upcoming coup-
ling partner, i.e., anthranil. Mostly, the amination with anthra-
nils follows an inner sphere mechanism,15 wherein the metal
catalyst forms a metallacycle with the substrate, and then the
coupling partner (anthranil) is directed towards a specific site.

The general mechanism of C–N bond formation with
anthranils (Fig. 2) as an aminating agent involves the for-
mation of a metallacycle with the assistance of a suitable
directing group. Next, with anthranil, a metal-nitrenoid inter-
mediate is generated, followed by the migratory insertion of
the coordinated anthranil into a metal–carbon bond to furnish
a tridentate metal-coordinated intermediate. The last step
includes protonolysis to furnish the aminated product. In
general, 3-substituted anthranils generate an aryl nitrene
species, whereas unsubstituted anthranils lead to aryl ketene
species at high temperatures (probably due to the electronic
effect), and the metal-catalyzed amination reactions using
anthranil lead to ortho C–H bond activation for C–N bond
formation.

However, few approaches have additionally utilized the
Lewis acidity of rhodium or cobalt catalysts for intramolecular
cyclization to unveil fused heterocycles such as acridines, indo-
loindolones, etc. Mostly, such reactivities of anthranils are gov-
erned by the substituent at its 3-position. Specifically, aliphatic
substituents at the 3-position of anthranils have promoted
such in situ cyclization as compared to the aryl substituents.
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Fig. 2 General reactivity of anthranils in the presence or absence of a
transition metal catalyst.

Fig. 1 Representative examples of electrophilic C–H aminating agents.
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The amination reactions with anthranils are assisted by either
strong nitrogen-atom-containing directing groups or weak
oxygen-/sulphur-containing directing groups. Apart from
cascade cyclization, the charm of anthranil also lies in the
installation of the carbonyl functionality along with the amino
group, which can be successfully implemented for diverse
modifications of the synthesized molecules.

Due to the presence of a cleavable N–O bond, anthranils are
also widely found in a variety of cross-coupling reactions, ring-
opening reactions, and dipolar additions, which are also sig-
nificantly important in the synthesis of N-heterocycles. This
could be found in the previous literature review by Hu et al.16

and Kapur et al.17 However, such reactions are beyond the
scope of this review and will not be discussed here. In this
review, we have critically summarized all the developments
made until August 2023 in the transition metal-catalyzed
amination reactions domain using anthranils as an aminating
agent. This review is mainly classified based on transition
metal catalysts, and the focus has been entirely given to the
accessibility, scope, failures, and mechanistic understanding
of the available amination strategies with anthranils. We have
also listed the various methods for the synthesis of anthranils
available in the literature.

2. Preparation of anthranils or 2,1-
benzisoxazoles

Anthranils, or 2,1-benzisoxazoles, have emerged as a privileged
structural motif in organic synthesis that can be synthesized
by several methods (Fig. 3). The initial report was from
Eckroth and co-workers in 1970, who prepared an anthranil
from 2-nitrophenylacetic acid in the presence of concentrated
sulfuric acid.18

Later in 1986, Phillips et al. developed a method for the syn-
thesis of anthranils by the reduction of ortho-nitrobenzalde-

hyde in the presence of stannous chloride in concentrated
hydrochloric acid.19 After this, Fletcher and co-workers devel-
oped a synthetic method by changing the reaction condition.20

Additionally, in 1997, Kim et al. reported that 2-bromo-2-nitro-
propane with zinc metal promoted the reductive cyclization of
2-nitrobenzaldehyde towards anthranils in a methanolic solu-
tion.21 Moreover, 3-substituted anthranils can be synthesized
by various methods. (i) Li and co-workers reported the 3-sub-
stituted anthranils via treatment of a stoichiometric amount of
PhI(OAc)2 with 2-aminophenyl ketones.22 (ii) Corma et al.
reported a reductive heterocyclization of 2-nitrophenyl ketones
using Pt-supported nanoparticles.23 (iii) Driver and co-workers
reported the Fe-catalyzed intramolecular heterocyclization of
2-azidophenyl ketones for the synthesis of 3-substituted
anthranils.24 (iv) Pizzini et al. reported the condensation of
acrylacetonitriles with substituted aromatic nitro compounds
in the presence of a base in a methanolic solution.25 (v)
Recently, Arcadi and co-authors reported a chemoselective oxi-
dation cyclization of 2-aminoacyl benzene with oxones for the
synthesis of 3-substituted anthranils.26

3. Transition metal-catalyzed C–H
amination using anthranils

In this section, we have summarized various C–H amination
protocols using anthranil as an aminating agent based on the
transition metal catalysts.

3.1. Rhodium catalysis

In 2016, Li and co-workers developed the first Cp*Rh(III)-cata-
lyzed amination strategy for sp2 and sp3 carbon centers using
anthranils as an aminating agent (Scheme 1).10 For amination
at the sp3 center, 8-methylquinoline 1 was used in the pres-
ence of PivOH additive in DCM solvent at 100 °C. The protocol
could tolerate a variety of alkyl 2b, aryl 2d, alkenyl 2e, and
halo-substituted quinolines 2c. Interestingly, the amination
could also be further extended to 8-ethylquinoline 2i as the
starting material. A variety of substituted anthranils (2j–2n)
could also furnish the desired aminated product in good
yields; however, electron-withdrawing coupling partners were
found to be more effective than electron-donating ones. In
addition, 3-substituted anthranils 2o gave expected products
with a ketonic group. The added advantage to this protocol
was its applicability for substrates with pyridine as the
directing group to furnish a wide range of desymmetric pro-
ducts (2p–2s). Apart from the sp3 methyl centers, the group
also extended the protocol to tertiary and quaternary centers
as well. Low yields were observed for 2-ethylpurines. The
driving force of the reaction could be aromatization, which is
well understood from the failure of a simple isoxazole as a
coupling partner.

For amination at the sp2 carbon center, a variety of
directing groups such as pyridine 2u, pyrimidine 2v, and
oxime ethers 2t on the arenes could be used. The protocol
required AgSbF6 salt, AgOAc base, and PivOH additive in DCEFig. 3 Synthetic approaches for anthranils or 2,1-benzisoxazoles.
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solvent at 100 °C. Upon modifying the reaction conditions
with the same rhodium catalyst, anthranils could also be used
as an aminating agent for the synthesis of indazoles (4a–4e). A
functionalizable –NH group is used to assist the reaction.
Lastly, the group has extended the protocol for the oxime
ether-directed late-stage amination of (−)-santonin 2w.

The proposed catalytic cycle (Scheme 2) began with the for-
mation of the active species A. Next, a five-membered metalla-
cycle intermediate B is generated with the assistance of pivalic
acid. The weak coordination of the nitrogen atom of anthranil
with the rhodium center gave intermediate C, which further
generated the rhodium-nitrenoid intermediate D. Next, the
migratory insertion of the nitrene into the Rh–C bond gave
intermediate E. Lastly, the aminated product 2v was furnished
with the assistance of pivalic acid. The entire cycle was
depicted on the basis of DFT calculations.

During the same period, Wang and co-workers also demon-
strated the Cp*Rh(III)-catalyzed amination strategies using
anthranils (Scheme 3).27 The amination/annulation of indoles
5 to furnish indoloquinoline derivatives 6a–p was carried out

in the presence of AgSbF6 salt and NaOAc base in water as
solvent at 100 °C. A variety of functional groups (6a–6j), regard-
less of their substitution positions, furnished the product with
good yield. Interestingly, 2-(1H-pyrrol-1-yl)pyridine could also
be used to furnish pyrroloquinoline 6a as a product. The pro-
tocol could tolerate a variety of coupling partners (6k–6n),
though the reaction was dependent on the electronic nature of
the substituents.

Similar to Li’s report, electron-withdrawing coupling part-
ners were found to be more effective than electron-donating
ones. The reaction failed with benzo[c][1,2,5]oxadiazole 6p and
4,5,6,7-tetrahydrobenzo-[c]isoxazole 6o as the coupling
partners.

Furthermore, the group also synthesized open-chain pro-
ducts by employing 2-phenylpyridine or 2-(thiophene-2-yl)pyri-
dine as a starting material in modified reaction conditions.

Scheme 1 Cp*Rh(III)-catalyzed C–H amination of 8-methylquinoline
and arenes with anthranils (ref. 10).

Scheme 2 Proposed mechanism for Cp*Rh(III)-catalyzed C–H amin-
ation of 8-methylquinoline and arenes with anthranils.

Scheme 3 Cp*Rh(III)-catalyzed C–H amination/annulation of indoles
with anthranils for the synthesis of indoloquinolines (ref. 27).
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In the same year, Li reported another Cp*Rh(III)-catalyzed
amination strategy for the synthesis of quinoline-fused hetero-
cycles 8a–n (Scheme 4).28 The protocol required AgSbF6 salt
and PivOH additive in MeOH solvent at 120 °C for 20 h for the
amination/annulation of indoles. N-Pyrimidinylindoles with
both electron-donating and electron-withdrawing substituents
worked efficiently (8a–8k). A pyridyl group was also used as a
directing group for furnishing desired products from bromo-
and benzyl ether-substituted indoles. Notably, no aminated
product was observed for 3-methyl-1-(pyrimidin-2-yl)-1H-
indole 7o. The scope of anthranils as a coupling partner was
vast, as both electron-donating 8m and electron-withdrawing
groups 8n on the anthranil furnished the desired products.
The group also reported rhodium-catalyzed amination/annula-
tion of 2-pyridones under modified conditions, i.e., AgSbF6
salt and PivOH additive in DCE solvent at 120 °C for 20 h. The
protocol could be used for the synthesis of benzo[b][1,8]
naphthyridin-2-ones. A wide range of electron-donating substi-
tuents at various positions of the 2-pyridone derivatives (10a
and 10b) could also furnish the product with good yields. The
substrate scope could be extended to isoquinolones to furnish
a highly conjugated heterocycle. Like the previous case, the
scope of anthranil (10e and 10f ) was broad.

Similarly, Jiao and co-workers reported a Cp*Rh(III) amin-
ation strategy for the amination of 8-methylquinoline 1 using
anthranils (Scheme 5).29 The protocol required AgSbF6 salt

and PivOH additive in DCE solvent at 80 °C. The protocol
could tolerate a variety of sensitive functional groups (11a–11l)
on 8-methylquinoline. Few products, so formed, could be used
in cross-coupling reactions such as Suzuki–Miyaura coupling,
Buchwald–Hartwig coupling, and Heck coupling. Multi-substi-
tuted substrates such as 5,8-dimethyl-3-phenylquinoline and
7,8-dimethyl-3-phenylquinoline also worked smoothly. Apart
from unactivated primary sp3 carbon centers, the protocol
even worked for secondary sp3 carbon centers as in 8-ethylqui-
noline 11r; however, the protocol failed for tertiary sp3 carbon
centers as in 8-isopropylquinoline. The scope of anthranil
(11m–11p) in this protocol was also very broad. Interestingly,
methyl-substituted anthranil led to the formation of the o-ami-
noacetophenone fragment 11s.

The proposed catalytic cycle (Scheme 6) began with the for-
mation of active rhodium species, which, on metalation, gave
five-membered rhodacycle intermediate A. The weak coordi-
nation of anthranil with the rhodium atom gave intermediate
B. Next, the breakage of the N–O bond resulted in the
rhodium–nitrene species C. Following, the insertion of nitrene
into the Rh–C bond gave amido-rhodium complex D. Lastly,
the aminated product 11a is furnished by a protodemetalation
process along with the regeneration of active rhodium species.

The same group also reported a Cp*Rh(III)-catalyzed amin-
ation strategy for the synthesis of 2-acyl diarylamines 13a–p,
starting from acetophenone O-methyl oxime 12, which consti-
tutes various bioactive compounds (Scheme 7).30 The protocol
required AgNTf2 salt and PivOH additive in DCE solvent at
85 °C for 24 h. A variety of desired products (13a–13d) could be
furnished for electron-donating and electron-withdrawing sub-
stituted oximes. Halo-substituted substrates 13e also resulted
in the desired aminated products in good yield. The protocol
could also tolerate cyclic oxime ethers 13f and oxime ethers
derived from diaryl ketones 13g or phenyl alkyl ketones 13h.
Notably, halo-substituted anthranils (13i and 13j) could also
furnish unprotected 2-acyl diarylamine derivatives with moder-
ate yields. Also, N-heterocycles (13l–13p) such as quinoline,

Scheme 4 Cp*Rh(III)-catalyzed C–H amination/annulation of indoles
and 2-pyridones with anthranils (ref. 28).

Scheme 5 Cp*Rh(III)-catalyzed C–H amination of 8-methylquinoline
with anthranils (ref. 29).
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pyridine, purine, and pyrazole could also be used as the
directing groups for the amination reaction.

Furthermore, the group also demonstrated the synthesis of
polycyclic aza-aromatic compounds by the reaction of the ami-
nated product(s) with ethyl diazoacetate or using In(OTf)3 cata-
lysis, etc.

In 2017, Kim and co-workers reported Cp*Rh(III)-catalyzed
direct amination of indolines 14 at the C7 position with
anthranils as an aminating agent (Scheme 8).31 The protocol
required AgSbF6 additive in DCE solvent at 120 °C for 24 h.
This amination strategy was highly specific with pyridine 15a
or pyrimidine (15b and 15c) as the directing group, as the strat-
egy failed with other carbonyl (15n–15p) or carbamoyl
directing groups 15q. A wide range of C2-, C3-, C4-, and C5-
substituted indolines furnished the desired product in good to

excellent yields; however, only a low yield was found for fluoro-
substituted indoline at the C6-position. Interestingly, the
amination strategy worked for tetrahydroquinoline 15c but
failed for N-methyl aniline 15r. The anthranil scope was found
to be diverse, with substituted aryl rings at the C3-position
(15d and 15e) furnishing desired products in high yields.
Moderate-to-good yields were also found for C5- and C6-substi-
tuted anthranils. Notably, the unsubstituted anthranil furn-
ished 2-formyl aniline derivatives 15k in good yield.

During the same period, Xu and Yang also reported a
similar Cp*Rh(III)-catalyzed direct amination of indolines 14 at
the C7 position with anthranils as an aminating agent
(Scheme 9).32

The protocol required AgSbF6 salt and MesCO2H additive in
THF solvent at 90 °C for 24 h. The substrate scope and coup-
ling partner scope are very broad. Halo-substituted indolines
furnished the desired products (16d and 16e) in moderate
yields. Methyl-substituted C2-, C3-, C4-, and C5-indolines also
furnished the desired product. A low yield was found for –NO2-
substituted indolines at the C5-position. Similarly, halo-substi-
tuted anthranils also furnished the desired product (16i–16n)
in good yield. The group also demonstrated the amination of
9-(pyrimidin-2-yl)-9H-carbazole, which has a similar structural
motif to indoline; only a mono-aminated product was found
for the carbazole derivative in low yield. The protocol fails with
an acetyl-directing group.

The catalytic cycle (Scheme 10) was proposed to begin with
the formation of a cationic Rh(III) species. Then it reacted with
the indoline 14 to form a six-membered rhodacycle intermedi-
ate A, followed by the formation of anthranil-coordinated inter-
mediate B. After this, intermediate C was formed by the

Scheme 6 Proposed mechanism for Cp*Rh(III)-catalyzed C–H amin-
ation of 8-methylquinoline with anthranils.

Scheme 7 Cp*Rh(III)-catalyzed C–H amination of acetophenone
O-methyl oxime with anthranils (ref. 30).

Scheme 8 Cp*Rh(III)-catalyzed C–H amination at the C7 position of
indolines with anthranils (ref. 31).
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migratory insertion of anthranil into the Rh–C bond, followed
by the cleavage of the N–O bond of anthranil. Finally, protono-
lysis resulted in the formation of the product 16a, along with
the regeneration of the Cp*Rh(III) catalyst.

In 2017, Maji and co-workers reported a Cp*Rh(III)-catalyzed
C–H amination of N-sulfonyl-2-aminobenzaldehyde 17 using
anthranils as an aminating agent (Scheme 11).33 The protocol
required AgSbF6 salt and CsOAc additive in DCE solvent at
80 °C for 6 h. The substrate scope was very broad, with halo-
substituted substrates (18a and 18b) furnishing desired pro-
ducts in good yield. Apart from aromatic sulfonyl chlorides,
amine-protected aliphatic sulfonyl chlorides (18c–18e) also
worked in this protocol. The substrate scope could be extended
to other aryls (18f and 18g) and heteroarenes 18h. The reaction
failed upon using other amine-protecting groups such as
acetate, pivaloyl, or t-butoxycarbonyl. The protocol worked
with anthranils containing alkyl 18i, aryl (18j and 18k), and
alkenyl substituents (18n and 18o) in good to excellent yields.

Substituents such as pyridine 18l and thiophene substituents
18m on anthranils also furnished the desired product. Under
the same conditions, the group also successfully demonstrated
the C–H amination of 2-hydroxyarenecarbaldehydes (18p–18r)
through o-hydroxy group assistance. Furthermore, the scope
could also be extended to aldehydes containing quinoline
units 18s.

In 2017, Kim and Mishra reported a site-selective Cp*Rh
(III)-catalyzed C–H amination of 7-azaindoles 19 to furnish
pharmaceutically valuable heterocycles (Scheme 12).34

Scheme 10 Proposed mechanism for Cp*Rh(III)-catalyzed C–H amin-
ation at the C7 position of indolines with anthranils.

Scheme 11 Cp*Rh(III)-catalyzed C–H amination of N-sulfonyl-2-ami-
nobenzaldehyde with anthranils (ref. 33).

Scheme 9 Cp*Rh(III)-catalyzed C7 amination of indolines with anthra-
nils (ref. 32).

Scheme 12 Cp*Rh(III)-catalyzed C–H amination of 7-azaindoles with
anthranils (ref. 34).
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The protocol required AgSbF6 additive in TFE solvent at
120 °C for 24 h. A wide range of electron-donating and elec-
tron-withdrawing groups on the ortho-substituted substrates
furnished the desired product in good yield. A single regio-
isomer is obtained for meta-OMe-substituted substrate 20a,
which was further confirmed by 1H–1H TOCSY analysis. The
reaction failed for sterically hindered substrates. The protocol
also works with C3-substituted azaindoles (20e–20g) and
N-aryl-α-carboline 20h. The electron-donating substituents 20j
on anthranils furnished the desired product in a higher yield
as compared to the electron-withdrawing ones (20k and 20l).
The protocol was also compatible with anthranil-containing
pyridinyl and naphthyl groups. A low yield was observed for
the unsubstituted and C3-substituted anthranils (20m–20p).
To depict the site-selectivity of the protocol, the group demon-
strated the synthesis of azaindoloquinoline derivatives 22 start-
ing from N-pyridinyl azaindole 21. The formation of a single
product in high yield could be probably due to the bidentate
chelation by the N-atoms on the pyridinyl group and 7-azain-
dole, resisting the formation of a simple five-membered
rhodacycle.

In the same year, Li and Wang reported a Cp*Rh(III)-cata-
lyzed amination/annulation strategy of arenes 23 with anthra-
nils (Scheme 13).35

The protocol worked with N-benzoylpyrrolidines/isoquino-
lone derivatives in the presence of Zn(OAc)2 additive in DCB

solvent at 120 °C for 36 h. A wide range of para-substituted
benzamides (24a–24e) furnished products in good yield.
However, slightly lower yields were observed for the electron-
withdrawing groups (24c–24e) at the para-position. The amin-
ation reaction was also feasible with meta-substituted sub-
strates (24f–24h). However, a 2 : 1 regioisomeric ratio was
found for meta-flouro-substituted benzamides 24h, probably
due to the secondary interactions. The substrate scope was
further extended to heterocyclic amides such as that of thio-
phene 24s. Upon changing the substrate to N-methyl 24o or
N-ethylisoquinolones, the amination took place at the C8 posi-
tion. Interestingly, an amination–annulation reaction took
place for N-cyclopentyl 24p, N-isopropyl 24q, and N-benzyl-sub-
stituted isoquinolones 24r. The stark difference in product for-
mation is due to the steric and electronic effects of the substi-
tuted N-atom. A strong electron-donating substituent on the
N-atom furnished fused acridines (24p–24r) via cyclization.
The protocol worked with a variety of anthranils with both
N-benzoylpyrrolidines and isoquinolone derivatives. The pres-
ence of a free halogen-atom was beneficial for further trans-
formation (25–27).

In 2018, Kim et al. reported a cationic Rh(III)-catalyzed coup-
ling of benzaldehydes 28 with anthranils to furnish 2-acyl acri-
dines 29a–o (Scheme 14).36 The protocol required AgSbF6 salt
with AcOH additive in DCE solvent at 110 °C for 24 h and uti-
lized anthranils as both an aminating agent and a transient
directing group. para-Substituted benzaldehydes (29a–29d)
furnished the desired products in good yield. The structure of
2-acyl acridine was confirmed by X-ray crystallography.
However, the lower yield of 4-carbomethoxybenzaldehydes in
this protocol could be because of the ineffective ortho-bond
activation owing to its electron-withdrawing nature.

The substrate scope was further extended to highly conju-
gated benzaldehydes 29g and fluorene-2-carboxaldehyde 29h.

Scheme 13 Cp*Rh(III)-catalyzed C–H amination/annulation of weakly
coordinating amides with anthranils (ref. 35).

Scheme 14 Cp*Rh(III)-catalyzed C–H amination/annulation of benzal-
dehydes with anthranils (ref. 36).
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The vast coupling scope of anthranils was examined with
o-tolualdehyde. C3-substituted anthranils (29i–29k) readily
furnished the desired products in good yield. Notably,
6-chloro-3-phenylbenzo[c]isoxazole could be efficiently utilized
as a coupling partner in this strategy. The group also reported
the synthesis of dibenzoazocinones (29n and 29o), starting
from ortho-substituted benzaldehydes and C3-methyl-substi-
tuted anthranils under the same conditions. The formation of
an 8-membered ring rather than 2-acetyl acridines could be
explained by the intramolecular aldol condensation between
the aldehyde group and the free acetyl group of the aminated
product.

The catalytic cycle (Scheme 15) began with the formation of
aldimine from aldehyde 28m and 2-benzoylaniline under
acidic conditions. Then, a 5-membered rhodaycle intermediate
A was formed upon C–H activation. Furthermore, the coordi-
nation of the N-atom of the anthranil with the rhodium center
furnished intermediate B. A migratory insertion furnished
intermediate C, which, upon protonolysis, gave the active cata-
lyst back with intermediate D. Finally, the intramolecular elec-
trophilic cyclization followed by rearomatization furnished
2-acyl acridine 29m as the product with 2-benzoylaniline,
which continued the catalytic cycle.

In 2018, Ku and Kim reported a similar strategy for the syn-
thesis of 2-acyl acridines 31a–t via Cp*Rh(III)-catalyzed coup-
ling of aldimines 30 with anthranils (Scheme 16).37 The proto-
col required AgSbF6 salt with PivOH additive in DMF solvent at
120 °C for 6 h. para- (31a–31d), meta- (31e and 31f ), and ortho-
substituted aldimines (31j and 31k) furnished products in
good yield. However, the less sterically hindered product was
furnished for meta-substituted aldimines. The reaction could
also tolerate highly conjugated 31g and fused polycyclic aldi-
mines 31h. The coupling partner scope was broad. A variety of
substituted and highly conjugated anthranils (31l–31o) could

be utilized in this strategy. Many of the synthesized com-
pounds were successfully screened for their anti-cancer
activity.

In the same year, Zhou et al. reported a Cp*Rh(III)-catalyzed
amination strategy of azobenzenes 32 with anthranils as an
aminating agent (Scheme 17).38

The protocol required AgSbF6 salt with PivOH additive in
DCE solvent at 120 °C for 24 h. The substrate scope was broad,
and the protocol was highly compatible with para- (33a–33d),
meta- (33e–33h), and ortho-substituted substrates (33i and 33j).
A variety of substituted anthranils (33k–33q) were also compa-
tible with this protocol. Interestingly, the group could also
isolate the five-membered rhodacycle 34 under the standard
reaction conditions.

In 2019, Samanta et al. illustrated the development of an
economically novel methodology for the synthesis of benzo-
phenanthroline derivatives 36a–p via Cp*Rh(III)-catalyzed aryl
amination followed by annulation (Scheme 18).39

Commercially available starting materials, such as quinoline
N-oxide and anthranils, were used. The protocol required
AgNTf2 salt with NaOAc additive in DCE solvent at 110 °C for
24 h. However, TFA and PCl3 were used to enhance the yield of
the reaction. The substrate scope (36a–36h) revealed that elec-
tron-donating, electron-withdrawing, and halo-substituted qui-
noline N-oxide, furnished products in moderate-to-good yields.
The substituted anthranils gave a better yield compared to the
unsubstituted ones. Furthermore, the group also demon-
strated the synthesis of benzophenanthrolinone 37a–g under
standard reaction conditions.

However, rather than TFA and PCl3, Zn and TBHP were
used to promote deoxygenation, followed by oxidative coup-

Scheme 15 Proposed mechanism for Cp*Rh(III)-catalyzed C–H amin-
ation/annulation of benzaldehydes with anthranils.

Scheme 16 Cp*Rh(III)-catalyzed C–H amination/annulation of aldi-
mines with anthranils (ref. 37).
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ling. Late-stage functionalization (36o and 36p) was also
carried out on more complex bioactive scaffolds.

The plausible mechanism (Scheme 19) began with the for-
mation of active catalytic species A, which, upon C–H acti-
vation, furnished five-membered rhodacycle intermediate B.
Next, the coordination of anthranil via its N-atom with the
metal center furnished intermediate C. A ring-opening
process, followed by metal-nitrenoid insertion into the Rh–C
bond, furnished intermediate D, which, on protodemetalla-
tion, furnished the annulated product E and regenerated the
active catalytic species. In one case, TFA-assisted annulation
followed by PCl3-assisted deoxygenation led to the formation
of benzophenanthroline 36a, whereas in the other case, Zn-
mediated deoxygenation, followed by TBHP-assisted oxidative
coupling, led to the formation of benzophenanthrolinone 37.

In 2019, Cui and co-workers reported the synthesis of benzi-
midazoles via a Cp*Rh(III)-catalyzed C–H amination/annula-
tion of N-phenylpivalimidamide 38 with anthranils as both an
aminating agent and an internal oxidant (Scheme 20).40 The
protocol required AgNTf2 salt with LiOAc additive in trifluoro-
toluene solvent at 110 °C for 24 h. A variety of substituted
N-arylimidamide and anthranils were compatible with this
protocol, including 39a–m and 40a–f. From the mechanistic
study, it was revealed that N-methyl-N-phenylpivalimidamide
could not yield the desired product 38′a, suggesting that the
amine group of N-phenylpivalimidamide might assist the C–H
amination process. Furthermore, the authors also conducted
synthetic utility and photo-physical studies that revealed dual
fluorescence spectra for substituted benzimidazole products,
which could be used in biosensors and OLEDs 41a–c.

In the same year, Cheng and co-workers reported a Cp*Rh
(III)-catalyzed synthesis of indoloindolones 43a–o, starting
from aroyl sulfoxonium ylides 42 and anthranils via ortho C–H
amination/annulation (Scheme 21).41 The protocol required
AgSbF6 salt with AcOH additive in DCE solvent at 110 °C for
2 h under inert conditions. Most substrates smoothly furn-

Scheme 17 Cp*Rh(III)-catalyzed C–H amination/annulation of azoben-
zenes with anthranils (ref. 38).

Scheme 18 Cp*Rh(III)-catalyzed C–H amination/annulation of quino-
line N-oxide with anthranils (ref. 39).

Scheme 19 Proposed mechanism for Cp*Rh(III)-catalyzed C–H amin-
ation/annulation of quinoline N-oxide with anthranils.
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ished the desired product (43a–43g) in moderate-to-good
yields.

A variety of halo-substituted anthranils (43h–43i and 43l–
43m) were compatible in this protocol. Anthranils substituted
with protected hydroxy (43j and 43k) and unsaturated func-
tional groups 43o also furnished the desired products in good
yield.

Furthermore, the X-ray crystallography results demonstrated
that the carbonyl group in the final product was derived from
the sulfoxonium ylide rather than anthranils.

In 2019, another report from Samanta and co-workers
demonstrated the synthesis of indoloquinoline derivatives
45a–v via Cp*Rh(III)-catalyzed C4-arylamination/annulation of
indole derivatives 44 (Scheme 22).42 The protocol required
AgSbF6 salt with PivOH additive in DCE solvent at 115 °C for
16–20 h under a nitrogen atmosphere. The protocol could
furnish a variety of indoloquinolines from substituted anthra-
nils and different derivatives of indoles. A wide range of
indoles, irrespective of substituents in either of the rings (45a–
45n), could be tolerated in this protocol. The reactions with
bis-indole aldoximines 45o furnished mono-annulated pro-
ducts. Phenyl and halo-substituted anthranils 45u furnished
the desired product in good yield. Electron-withdrawing substi-
tuents on the anthranil (45q–45s) could also be tolerated in
this protocol. A controlled study revealed that azacycle was
crucial in the formation of cyano functionality. Lastly, the
group also studied the photophysical properties of the syn-
thesized indoloquinoline moieties.

During the same period, Wu and co-workers reported
Cp*Rh(III)-catalyzed C4-arylamination/annulation of imida-
mides 46 for the synthesis of benzimidazo[1,2-a]quinolines
47a–t (Scheme 23).43 The protocol did not require any addi-
tives. 1-Butyl-3-methylimidazolium tetrafluoroborate solvent
was used at 140 °C for 24 h. A wide range of N-arylimidamides,
irrespective of the distinct substituents present on the phenyl
ring (47a–47k), could be tolerated in this protocol. However,
only a corresponding benzimidazole was found when employ-

Scheme 20 Cp*Rh(III)-catalyzed C–H amination/annulation of
N-phenylpivalimidamide with anthranils (ref. 40).

Scheme 21 Cp*Rh(III)-catalyzed C–H amination/annulation of aroyl
sulfoxonium ylides with anthranils (ref. 41).

Scheme 22 Cp*Rh(III)-catalyzed C4-arylamination/annulation of indole
aldoximines with anthranils (ref. 42).
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ing N-(p-tolyl)benzimidamide as a substrate. This could prob-
ably be due to the unavailability of the α-H atom of the imine
groups, accounting for no intramolecular Knoevenegal con-
densation. Similarly, various substituted anthranils (47p–47t)
also furnished the desired products with good yield.

The proposed catalytic cycle (Scheme 24) began with the
formation of active rhodium species A via the [BMIM] BF4-
assisted anion-exchange step from the commercially available
Cp*Rh(III)-catalyst.

The ortho C–H bond activation furnished the six-membered
rhodacycle intermediate B. Next, the anthranil coordinated
with the rhodium center and formed nitrene species C. The
insertion of nitrene into the Rh–C bond gave intermediate D.

Further migratory insertion of the Rh–N bond into the CvN
bond gave amido intermediate E. Subsequently, the loss of an
ammonia molecule generated the active catalyst back with
intermediate F, which furnished the fused product 47c via an
intramolecular Knoevenagel condensation.

In 2020, Gao et al. reported a Cp*Rh(III)-catalyzed synthesis
of polysubstituted quinolines 49a–s via C–H amination/annu-
lation of acrylic acids 48 with anthranils as an aminating agent
(Scheme 25).44 The protocol utilized carboxylic acid as a
weakly coordinating directing group, which could be easily
removed in situ for cyclization.

The protocol required K2CO3 salt in DCM solvent at 80 °C
for 8 h. However, in some cases, AgOAc as an additive in HFIP
solvent at 100 °C for 8 h also served as a better reaction con-
dition. Both cyclic (49a–49f ) and acyclic acrylic acids (49g–49k)
demonstrated compatibility under standard reaction con-
ditions. Similarly, different substituted anthranil analogues
(49l–49r) were well tolerated under the optimized reaction con-
ditions. Moreover, the group also demonstrated the potential
application of the protocol. The control experiments revealed
the importance of the –COOH group since the reaction did not
proceed with changing the directing group to the ester 50 or
carboxamide group 51.

In 2020, the same group reported a Cp*Rh(III)-catalyzed
C(sp2)–H amination strategy for the synthesis of anthranilic
acid derivatives 53a–o, starting from the substituted benzoic
acids 52 with anthranils (Scheme 26).45 The protocol utilized a
weakly coordinating carboxylic acid group as a directing group
for ortho C–H amination. The protocol required [Cp*Rh
(MeCN)3(SbF6)2]2 catalyst with K2CO3 salt in DCE solvent at
100 °C for 18 h. The product obtained was an esterification
product due to the involvement of the solvent as an electro-
phile. A variety of desired products (53a–53g) could be

Scheme 23 Cp*Rh(III)-catalyzed C–H amination/annulation of imida-
mides with anthranils (ref. 43).

Scheme 24 Proposed mechanism for Cp*Rh(III)-catalyzed arylamina-
tion/annulation of imidamides with anthranils.

Scheme 25 Cp*Rh(III)-catalyzed C–H amination/annulation acrylic
acids with anthranils (ref. 44).
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obtained for the electron-donating and electron-withdrawing
substituted benzoic acids.

Halo-substituted (53i and 53j) and fused substrates 53h
also furnished the desired aminated products in moderate-to-
high yield.

However, the protocol failed for heterocyclic carboxylic
acids. Interestingly, this three-component strategy for C–H
amination was also applicable to the different electrophiles
(54–57). Furthermore, the group also demonstrated the syn-
thetic utility of the synthesized moieties. The reaction mecha-
nism followed a concerted pathway: first C–H amination then
electrophilic substitution occurred.

The proposed catalytic cycle (Scheme 27) began with the
reaction of potassium-benzoate with Cp*Rh(III) catalyst to form
the five-membered rhodacycle species A through ortho-selec-
tive C–H metalation. Next, the anthranil-coordinated inter-
mediate B was formed. After this, rhodium nitrenoid inter-
mediate C was formed by the cleavage of the N–O bond of
anthranil. Lastly, the insertion of the nitrogen atom of anthra-
nil into the Rh–C bond furnished intermediate D. Protonolysis
resulted in the regeneration of the active Cp*Rh(III) catalyst,
along with the formation of the final product 53a, through
electrophilic substitution.

In 2021, Wu et al. reported a Cp*Rh(III)-catalyzed ortho C–H
amination of ketoximes 58 with anthranils as an aminating
agent. The protocol required AgSbF6 salt with Piv2O promoter
in DCE solvent at 80 °C for 10 h (Scheme 28).46 The protocol
could tolerate a wide range of substituted ketoximes (59e–59j).

Pyrole-containing oximes 59k also furnished the desired
product in good yield. The scope of anthranil in this protocol
was vast (59a–59d). Apart from halo-substituted anthranils,
dioxolane-fused anthranils were also tolerated in this protocol.

In 2021, Zhang et al. reported a unique amination strategy
of arenes 60 using anthranils as an aminating agent via Cp*Rh
(III) catalysis (Scheme 29).47 The uniqueness of the protocol
lies in the utilization of the thioether group as the directing
group. The protocol required AgSbF6 salt with CsOAc additive
in HFIP solvent at 50 °C for 12 h. para-Substituted arenes
(61a–61d) furnished the desired product in good yield;
however, the reaction was sluggish for electron-withdrawing

Scheme 26 Cp*Rh(III)-catalyzed C–H amination of benzoic acid with
anthranils (ref. 45).

Scheme 27 Proposed mechanism for Cp*Rh(III)-catalyzed C–H amin-
ation of benzoic acid with anthranils.

Scheme 28 Cp*Rh(III)-catalyzed C–H amination of ketoximes with
anthranils (ref. 46).
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substituents (61c and 61d). Less sterically hindered products
61e were obtained for meta-substituted substrates.
Interestingly, amination followed by annulation to furnish acri-
dines was observed for para-methyl-substituted substrates. A
variety of anthranils (62a–62c) could also be tolerated in this
protocol. The group could also successfully identify certain
unsuccessful thioether directing groups (63–68).

3.2. Cobalt catalysis

In 2016, Li et al. reported the synthesis of substituted 1H-inda-
zoles 70a–s from imidate esters 69 and anthranils as aminat-
ing agents as well as organic oxidants via a C–H activation
pathway under a synergistic cobalt/copper-catalyzed system in
the absence of a metal oxidant (Scheme 30).48 The amination/

annulation of imidate esters furnished 1H-indazole derivatives
by the [Cp*Co(MeCN)3(SbF6)2] cationic complex with Cu(OAc)2
in DCE solvent at 100 °C for 20 h. The para-substituted imi-
dates bearing both electron-donating (70a–70c) and electron-
withdrawing substituents (70d–70f ) were coupled in excellent
yield. For meta-substituted imidates (70g and 70h), C–H acti-
vation took place at the less hindered position in moderate-to-
good yields. Various 3-substituted anthranils (70p–70s) could
also furnish the desired aminated product in good yields;
however, the reaction was sluggish for non-substituted anthra-
nils 70m. The poor yields in amination with 2-azidobenzalde-
hyde 70m justified the intrinsic reactivity of the anthranils.
Based on control experiments, N–N bond formation was likely
to be involved in the nitrogen-radical species.

The proposed mechanism (Scheme 31) operated with two
simultaneous catalytic cycles. The cobalt-catalytic cycle began
with the formation of cobaltacycle intermediate A. Next, the
coordination of anthranil to the metal center generated inter-
mediate B, which led to the formation of cobalt-nitrene inter-
mediate C.

The migratory insertion of nitrene into the Co–C bond furn-
ished intermediate D. The coordination of an imidate, fol-
lowed by an activation step, furnished the mono-aminated
product along with the generation of cobalt catalyst. The
mono-aminated product underwent a sequential copper-cata-
lytic cycle coordinated with the copper(II) catalyst E to generate
intermediate F. Next, two simultaneous single electron transfer
processes occurred that furnished the indazole product 70a via
the nitrogen-radical species G. Probably, the copper(I) system

Scheme 29 Cp*Rh(III)-catalyzed C–H amination of arene with anthra-
nils using thioether as a directing group (ref. 47).

Scheme 31 Proposed mechanism for synergistic Co(III)/Cu(II)-catalyzed
C–H amination of imidate esters with anthranils.

Scheme 30 Synergistic Co(III)/Cu(II)-catalyzed C–H amination of
imidate esters with anthranils (ref. 48).
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H so produced was oxidized back to the copper(II) system by a
molecule of anthranil.

In 2019, Loh et al. developed the first Cp*Co(III)-catalyzed
unactivated C(sp3)–H amination of thioamides 71 using syn-
thetically versatile bifunctional amino sources, anthranils,
under redox-neutral conditions (Scheme 32).49 Specifically,
this strategy provided higher selectivity, even for the less reac-
tive and more challenging primary and secondary alkyl thioa-
mides. This protocol required [Cp*Co(MeCN)3(SbF6)2] cationic
complex with AdCO2H as an additive in TFE solvent at 90 °C
for 12–24 h. A variety of substituted anthranils furnished the
desired aminated product in good yields; however, electron-
withdrawing coupling partners (72c and 72d) were found to be
more effective than the electron-donating ones (72b). In
addition, 3-substituted anthranils provided expected products
with a ketonic group (72f–72i). Subsequently, the scope of
N-substituted thiopivalamide was not restricted to the piper-
idine derivatives; various other aza-cyclic-containing starting
materials such as morpholine, pyrrolidine, piperazine, and
azepane were productive directing groups for this
transformation.

Similarly, all of them readily reacted with substituted
anthranils to access desired products in moderate-to-good
yields. Interestingly, challenging substrates (72r and 72s) such
as isopropyl and sec-butyl thioamides were applicable for this
transformation, offering moderate yields. However, this proto-
col could not afford the aminated product in the cases of cyclo-
propane-thioamide 71t, benzyl thioamide 71u, and piperidine-

2-thione 71v. Studies suggested that the reaction probably
involved an electrophilic-type cobaltation manifold.

During the same period, Li and co-workers also reported a
similar thioamide 71-assisted Cp*Co(III)-catalyzed direct
C(sp3)–H amination using anthranils as an electrophilic ami-
nating source (Scheme 33).50

The protocol required the [Cp*Co(MeCN)3(SbF6)2] cationic
complex with i-PrCO2Na as an additive in DCE solvent at 90 °C
for 36 h. The substrate scope of thioamides and the coupling
partner scope were very broad (73a–73m). Halo-substituted
thioamides delivered the desired animo-ketones and aldehyde
in moderate yields. Furthermore, heteroatom-containing five,
seven-membered rings of thioamides obtained modest yields
of the desired amino products 73b–73e. A low yield was found
by replacing the methyl with ethyl and phenyl groups (73f and
73g). Similarly, halo-substituted anthranils also furnished the
desired product in good yields (73i–73k). The protocol failed
with an acetamide-directing group 74.

In 2021, Aher and Pawar reported the first example of
Cp*Co(III)-catalyzed [4 + 1] C–H amination/annulation of aryl
sulfoxonium ylides 42 with bifunctional anthranils, wherein
the dual functionalities of anthranils, viz., amine and alde-
hyde, were exploited for the synthesis of tetra-cyclic indoloin-
dolone derivatives 75a–r (Scheme 34).51 The protocol required
AgSbF6 salt and AdCO2H additive in DCE solvent at 110 °C for
12 h. A wide range of substituents at the para-positions of the
sulfoxonium ylide derivatives (75a–75f ) could also furnish the
product with good yields. Similarly, the halo-substituted sul-
foxonium ylides (75e and 75f ) provided the desired products
in moderate yields. In addition to this, C–H amination/annula-
tion was observed to occur at the less hindered site, furnishing
a single regioisomer of the desired product when the reactions

Scheme 32 Cp*Co(III)-catalyzed sp3 C–H amination of thioamides with
anthranils (ref. 49).

Scheme 33 Cp*Co(III)-catalyzed C–H amination of thioamides with
anthranils (ref. 50).
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were performed with meta-substituted ylides (75g and 75h).
Additionally, site-selectivity was detected in a 2-naphthalene
substrate 75i in moderate yield. A variety of desired products
(75m–75p) could be furnished for electron-donating and elec-
tron-withdrawing substituted anthranils. However, a lower
yield was obtained for piperonal substituted anthranils (75q
and 75r).

The catalytic cycle (Scheme 35) began with the generation
of cationic Co(III) species A, which underwent activation to
form a five-membered cobaltacycle B.

The insertion of anthranil in species B generated the
cobalt-nitrene intermediate C. Next, species D and E were
formed by the migratory insertion of anthranil into the Co–C
bond. The cobalt carbene species F was formed by the release

of DMSO from intermediate E. After this, the insertion of the
N-atom of anthranil in the cobalt-carbene generated the five-
membered intermediate G, which, on protodemetalation, gen-
erated intermediate H, along with the regeneration of the
active catalyst. Lastly, an intermolecular aldol condensation
furnished the required product 75a.

3.3. Copper catalysis

In 2017, Samanta et al. reported a Cu(I)-catalyzed direct aryl
amination of various heterocyclic N-oxide 35 via cross-coupling
reactions with anthranils under redox-neutral conditions to
furnish a regioselective product 76a–z (Scheme 36).52 The pro-
tocol required Cu(I) catalyst without any additives in the 1,4-
dioxane solvent at 80–100 °C for 18–36 h. In general, a wide
range of electron-donating and electron-withdrawing substitu-
ents at different positions of the N-oxides (76a–76k) were well
tolerated. Similarly, the alkyl and halo-substituted N-oxides at
the C6 position gave the desired product an excellent yield. In
addition to this, the sensitive acetal group 76k was cleaved
during the operation to provide the corresponding product-
bearing double aldehyde groups. Next, the scope of polyaro-
matic hydrocarbons such as benzo[h]quinoline 76l and other
isomeric heterocycles, i.e., isoquinoline 76n, pyridine 76p, and
quinoxaline-N-oxide 76o, were also afforded in moderate-to-
good yields with high regioselectivity. Subsequently, the substi-
tuted anthranils (76q–76u) bearing electronic and steric fea-
tures also afforded the desired product in moderate yields.

Furthermore, the group also demonstrated the post-syn-
thetic modification of the synthesized moieties. Notably,
without the N-oxides, the decomposition of anthranil was
observed with the use of only a stoichiometric amount of

Scheme 34 Cp*Co(III)-catalyzed C–H amination/annulation of aryl sul-
foxonium ylides with anthranils (ref. 51).

Scheme 35 Proposed mechanism for Cp*Co(III)-catalyzed C–H amin-
ation/annulation of aryl sulfoxonium ylides with anthranils.

Scheme 36 Cu(I)-catalyzed C–H amination of heterocyclic N-oxide
with anthranils (ref. 52).
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Cu(I). Apart from anthranils, a simple aniline did not deliver
an isolable C2-arylaminated product.

The catalytic cycle began (Scheme 37) with Cu(I) coordinat-
ing with the nitrogen atom of anthranil to form intermediate
A. Next, migration of the metal center followed by the dis-
sociation of the N–O bond led to the formation of a copper-
nitrenoid intermediate B. Subsequently, the migratory inser-
tion of nitrenoid into the Cu(III)–C bond formed species C.
Lastly, protodemetalation of D furnished the desired product
76a along with the regeneration of the Cu(I) catalyst.

3.4. Iridium catalysis

Apart from C–H functionalization, the scientific community
has often shown high intent towards B–H functionalization.53

The most commonly targeted molecules in this plethora have
been the boron–carbon cages, specifically o-carboranes, due to
their wide applications in radiochemistry, coordinate chem-
istry, and medicinal chemistry. The functionalization of the
boron atoms in the boron–carbon cage structures, such as
those in o-carboranes, is often very challenging, as compared
to the carbon atoms. In this section, we have summarized the
sole example of the formation of a B–N bond with anthranils.

In 2022, Zhang and Xie reported oxidant-free Cp*Ir(III)-cata-
lyzed selective B(4)–H amination of ortho-carboranes 77 with
anthranils as an aminating agent under mild reaction con-
ditions (Scheme 38).54 In this protocol, carbonyl groups played
a crucial role in determining regioselectivity as well as serving
as a traceless directing group. The protocol required AgNTf2
and KOAc additives in DCE solvent at 120 °C for 20 h under a
nitrogen atmosphere. The substrate scope for anthranils was
very broad and tolerated various functional groups (78a–78e).
Halo, electron-donating, and electron-withdrawing at different
positions of anthranils (78j–78t) furnished the desired pro-
ducts in medium to high yields. Similarly, different substituted
C2-benzylated o-carboranyl acid analogues (78f–78i) were well
tolerated under the optimized reaction conditions. The control
experiment revealed the importance of the COOH group, as
the reaction did not proceed when the COOH group of C2-ben-

zylated o-carboranyl acids was replaced by pyridine 80, benzoic
acid 82, or without the COOH group (79 and 81).

The authors proposed the catalytic cycle (Scheme 39) to
begin with the formation of active Ir(III) species (A).

Subsequently, A reacted with o-carboranyl acid to generate
the five-membered intermediate (B), followed by the gene-
ration of the Ir(V)-nitrene intermediate (C) by the insertion of
anthranil.

Next, the insertion of nitrene into the Ir–B bond furnished
a metalacyclic intermediate (D). Finally, protonation and de-

Scheme 37 Proposed mechanism for Cu(I)-catalyzed C–H amination
of heterocyclic N-oxide with anthranils.

Scheme 38 Cp*Ir(III)-catalyzed selective B(4)–H amination of o-car-
boranes with anthranils (ref. 53).

Scheme 39 Proposed mechanism for Cp*Ir(III)-catalyzed selective
B(4)–H amination of o-carborane with anthranil.
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carboxylation of intermediate (D) resulted in the regeneration
of the active Cp*Ir(III) catalyst, along with the formation of the
final product 78a.

4. Conclusion

In this review, we have summarized all the reports on tran-
sition metal-catalyzed amination reactions using an electrophi-
lic aminating agent, anthranil, for the synthesis of a variety of
nitrogen-containing heterocycles. Important classes of biologi-
cally relevant N-heterocycles, such as acridines, benzophenan-
throlines, indoloindolones, etc., could be easily synthesized
utilizing the outlined strategies. Additional efforts have been
made to outline the scope and mechanistic understanding of
the entire amination pathway. The review focuses on the
modern methods of amination reactions in milder conditions.
So far, all the reports also utilize the redox-neutral concept,
which transcends the generation of by-products due to the
inutility of co-oxidants. Furthermore, the review depicts a
variety of methodologies that are implemented to promote the
synthesis of nitrogen-containing heterocycles in a greener and
more economical way. Though there has been remarkable pro-
gress, a few challenges remain in this field. Most of the reports
involving anthranils as aminating agents have utilized Cp*Rh
(III)-catalytic systems as the prime choice of the transition
metal catalyst. There is still scope for the utilization of cost-
intensive, non-toxic, and non-noble 3d metals to unveil other
classes of N-heterocycles. Only a handful of reports have uti-
lized cascade cyclization for the synthesis of fused
N-heterocycles. In general, an amination has led to ortho-amin-
ation products for aryl systems. The directing groups or tem-
plate designs might be inclined towards meta-aminated pro-
ducts followed by an intramolecular cyclization to generate
more flexible rings. The methodologies for the amination of
heterocycles have only involved indoles. The plethora could be
shifted towards the amination of non-nitrogen-containing het-
erocycles. We believe that this review will encourage non-
specialists to make an impact in this domain and allow its
readers to take up these challenges.
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