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Abstract

In recent years, transamidation has been an essential topic in the formation of amide bonds over the conventional route due to
chemoselectivity and greenside products. So many groups have disclosed new amide transformation techniques. Transami-
dation is typically classified into two categories based on amide activation: activated amide and unactivated amide. We
conducted a review of the pertinent literature that discusses the cross amidation reactions of unactivated amides employing
a variety of reagents, enabling contemporary research professionals to overcome synthetic barriers.
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Introduction

Amides are also known as carboxamides, an organic func-

D4 Parvesh Singh tional group in which amine is directly linked to the car-
Singhp4 @ukzn.ac.za bonyl carbon having the general structure “R!-CO-NR?R*”,
D4 Rajshekhar Karpoormath whereby the variables R!, R? and R? can be any organic
karpoormath@ukzn.ac.za groups or a hydrogen atom (Acosta-Guzman et al. 2018;
| Department of Pharmaceutical Chemistry, Discipline Kolympadi Markovié et al. 2020). Amides and their ana-
of Pharmaceutical Sciences, College of Health Sciences, logues are widely present in biomolecules (Mahesh et al.
University of KwaZulu-Natal (Westville), Durban 4000, 2018), natural products (Marchetti et al. 2019), pharmaceu-
South Africa ticals (Viveiros et al. 2019; Santos et al. 2020), drugs (Dorr
2 School of Chemistry and Physics, University and Fuerst 2018), polymers (Papadopoulos et al. 2020).
of KwaZulu-Natal (Westville Campus), Private Bag X01, The amide unit contains drugs that display anthelmintic,
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Fig.1 Category and resonance
structures of amides
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antitumor, antifungal, antispasmodic, herbicide, insecticide,
and antibacterial activity (Chaudhari and Gnanaprakasam
2019; Petchey and Grogan 2019; Szostak and Szostak 2019).
In biomolecules such as proteins, amides are the key com-
ponents used to connect two amino acids known as peptide
linkages (Miyanaga et al. 2018).

Based on the substituents on the nitrogen atom of amide,
they are categorised as primary, secondary and tertiary amides
(Fig. 1a). Because of its intermolecular hydrogen bonding
(Abraham and Abraham 2017; Han et al. 2017), the order of
amides' boiling point and melting point is primary > second-
ary > tertiary. The amide resonance structure shows the C-N
double bond character with its plane geometry (Kemnitz and
Loewen 2007), which reveals its stability and inner strength in
the presence of other chemical substances (Fig. 1b).

Due to amides' low reactivity, transamidation reactions
have been challenging for researchers over the years. Many
researchers have activated amides by N-substitution of an
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activated group on the nitrogen atom of amide to boost its
reactivity. N-tosyl, N-Boc, N-acetyl, and N-triflyl are com-
monly used as activated groups to activate the unactivated
amides. However, this step has disadvantages because it is a
two-step reaction, and only primary and secondary amides
have predominantly been explored because an activating
group can replace the one proton of amide.

On the other hand, multiple groups have pub-
lished a variety of unactivated amide transamidation
approaches utilising various reagents. The main advantage
of these approaches is that no activation group is required
for the amide transformation. Furthermore, these methods
do not produce any side products that may be employed as
activating groups. The only byproduct of this coversion is
the elimination of amide’s amine (Fig. 2). In a single step,
these procedures can convert amides into other amides.
These methodologies are mostly chemoselective reactions.
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The preceding chart summarises the metal, non-metal, and
miscellaneous reagents used to carry out the transamidation
reactions discussed in this article.

Literature study

Following that, we discussed a summary of the literature
that reported trans amidation reactions, categorising them as
metal, non-metal, and miscellaneous catalysts, in which we
systematically summarised optimisation studies and reaction
scope of all previously covered articles.

Metal catalysed

Gellman and Stahl group demonstrated a metal-catalysed
(Sc, Ti and Al metals) transamidation of amides under
moderate conditions (Eldred et al. 2003). In 2005, the Stahl
group published a report on titanium(IV)-mediated transami-
dation of unactivated primary amide (Kissounko et al. 2005).
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Fig.3 Proposed metal-catalysed transamidation mechanism pathway
between primary or secondary amides with secondary amines

The following year, they explained a mechanistic pathway of
secondary carboxamide transformation mediated by metal
(aluminium), which had been proven by 'H and C!> NMR
data (Hoerter et al. 2006, 2008). The next year, the same
researchers also concluded a difference between amidine
versus amide formation through transamidation of primary
amines with secondary amide. They explained how the reac-
tion circumstances affect the transamidation's final product
(Kissounko et al. 2007). They published additional research
on the Zr-catalyzed unactivated tertiary amide transamida-
tion reaction (Stephenson et al. 2009).

In the metal catalysed transamidation, the metal acti-
vates the amides due to its poor electrophilic nature. We
proposed a general metal catalyst mechanism to explain the
transformation based on previous mechanistic experiments
and research (Hoerter et al. 2006, 2008), as shown in Fig. 3.
Initially, metal (M) activates the amide bond of amide 2
to generate amidate complex T1, which can be synthesised
from free metal. When the complex T1 is treated with amine
1, the Cu-N bond of T1 is cleaved, resulting in the unstable
species T2. Usually, basic ligand amines exchange with the
amide, resulting in protonated free ligands; it has been pro-
posed in other similar mechanisms. T2 annulates occur due
to intramolecular interactions between the amine nitrogen
atom and the carbonyl carbon atom, leading to intermedi-
ate T3, which is in equilibrium with its isomer T4. T3 can
regenerate T2 in the same way that T4 can produce TS (an
isomer of T2). As a result, the removal of amine generates
the M complex species T6. Eventually, T6 splits to give the
transamidated product 3, and the M catalyst is used for the
next cycle.

Yu et al. (2018) developed a metal-catalysed transami-
dation reaction between N-Phenyl-substituted 2° benza-
mide and 1° amines (Scheme 1). The researcher examined
different nickel catalysts during the optimisation study,
but Ni(glyme)Cl, showed better conversion. The authors
observed that the highest yield of transamidated products
was obtained when Briphos-Ni(glyme)Cl, was used as the
ligand-catalyst combination and NMP as the solvent. They
performed reactions of numerous amines with amide under
optimised conditions and found that the para-substituted
anilines showed a much better yield than ortho substitutes.
However, the reaction had failed with 2,6-diisopropylaniline
due to steric hindrance. They reported that hetero-aromatic,
bulky anilines and aliphatic amines performed well in this
procedure. Moreover, the authors studied the scope of amide
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Scheme 1 Ni-catalysed e} Ni(glyme)Cl, o
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by bringing the different substitutions on the phenyl ring and  the desired product (1Ch and 1Ci). Finally, the author con-
found them compatible under standard conditions. They also  cluded by the control experiment that the electron-donating
tried reaction with 2° amines, which showed a poor yield of
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Scheme 3 Al-catalyzed
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amide R-NH, RN R NH
H Triethylamine, 30 h, 100 °C R
3A 3B 3C
76-86 %
(5 Examples)
0 (0] 0
_Ph
Ph)LN “ph Ph)LN Ph)LNm
H H H
3a, 84 % 3b, 82 % 3¢, 76 %

amine and the electron-withdrawing benzamide have been
triggering the reaction.

The same group also reported a transamidation of
N-methyl-N-phenylbenzamide derivatives and primary
amines using a similar condition (Scheme 2) (Yang et al.
2020). The authors used trimethylsilyl chloride as an activa-
tor to investigate several nickel (II) species in the presence
of manganese. They concluded from optimisation studies
that NiCl, delivered the best yield with the help of methoxy
substituted 7-Bu-briphos. This method worked well with
electron-withdrawing and donating groups substituted ani-
line. Heterocyclic and aliphatic amines also had yielded a
good yield of transamidation products. However, the bulky
group substituted aliphatic amines had generated a moder-
ate yield due to steric hindrance. Furthermore, the diver-
sity of amides used in this reaction resulted in moderate
to good desired products. The researchers conducted some
experiments to demonstrate the relevance of N-methyl and
N-benzyl in activating the amide for this transamidation. In
2021, Qu et al. reported a Ni catalysed transamidation of
amides and sulfonamides with nitro compounds via reduc-
tive cross-coupling (Qu et al. 2022).

Ali et al. (Ali et al. 2022) established a methodology
in which unactivated secondary amides can be converted
to another amide (Scheme 3). The researchers observed
that a recyclable amphoteric catalyst Al,0; had enhanced
the amide scope during this transformation. During cata-
lyst screening, they found Aluminium catalyst performed
well as compare to other metal catalyst (Sn, Cu, Nb, Ce
and Ti). Several organic solvents investigation were con-
ducted during process optimization, and it was determined
that triethylamine as a solvent produced the highest yield
of the desired amide product. Additionally, the transition
state of the reaction and energy calculated using Gaussian09
software at the DFT level, HUMO, and LUMO. Further-
more, their analysis of the reaction scope concluded that
arylamines with electron reach groups yielded more product

than electron-deficient groups. In 1994, Bertrand and his
team established a aluminium chloride mediated transamida-
tion reaction (Bon et al. 1994). The reaction initiated with
aluminium chloride-amine complexes followed by supported
transformation of primary, secondary and tertiary amides to
another amides.

One more methodology of recyclable magnetic nanoparti-
cle of Fe;O,-Guanidine acetic Acid (Fe;0,-GAA) catalysed
transamidation reported by same group (Kazemi Miraki
et al. 2016) (Scheme 4). They attached -COOH of guanidine
acetic on magnetic nanoparticle during catalyst preparation.
In addition, the resultant Fe;O,-GA A-immobilised magnetic
particle was also confirmed by FT-IR spectra, SEM image,
vibrating sample magnetometer, and X-ray diffraction. Cata-
lysts performed effectively in the absence of solvent, accord-
ing to the researchers. Indeed, they reported that the reac-
tion of electron-donating (OCH; and CH;) and withdrawing
(C1 and Br) substituted anilines with acetamide, urea, and
thiourea formed targeted amides in good to excellent yields.
However, benzamide produced a moderate to a good yield
of amide transformation. It's also worth mentioning that this
organocatalyst can be re-used up to six times without losing
its catalytic activity.

In 2016, another example of unactivated amides being
transamidation by iron-mediated was disclosed. Shankarling
and colleagues (Thale et al. 2016) synthesized transamide
products with the Fe;O, nanocatalyst, which they re-used
six times without decreasing its efficiency (Scheme 5). The
researchers noted that Fe;O, catalysts performed effectively
in the absence of a solvent and produced the desired prod-
uct in a high yield. However, the outputs of those processes
that took place in the presence of solvents were almost use-
less. Indeed, the additional catalysts Al,O5, MgO, and ZnO
were also examined, but none of them could compete with
Fe;0,. They obtained a converted amides yield between 68
and 98% by reacting benzamide with aromatic and aliphatic
amines. Interestingly, the yield observation revealed that
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aliphatic amines produced more yield than aromatic amines.
It's important to note that they had good results with ben-
zylamine derivatives after transamidation with acetamide,
formamide, and phthalimide.

Porras et al. (2015) published their work on cross-ami-
dation between thioacetamide and amines using SbCl; cata-
lyst (Scheme 6). Thioacetamide was shown to be compatible
with both aliphatic and aromatic amines in this study. Fur-
thermore, secondary aliphatic amines were yielded less yield
in more time than primary aliphatic amines. However, in the

@ Springer

case of aromatic amines, the transamidation results were
obtained a moderate to good range. Additionally, aromatic
amine conversion takes longer than aliphatic amine conver-
sion. The authors also attempted to broaden the thioamide
scope from aliphatic to aromatic, but no changes occurred.
They also reported a phthalimide and benzylamine reaction,
but the yield was substantially lower after more time was
spent on it. Same group also reported a Fe(Ill)-catalysed
transamidation of unactivated carboxamides in the presence
of water (Becerra-Figueroa et al. 2014).
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Sheng et al. (2017) got the idea to perform the multi-
metallic catalysed transamidation reaction after investi-
gating the previous literature (Haak et al. 2010; Delferro
and Marks 2011; Valdez et al. 2014; Serrano-Plana et al.
2015) (Scheme 7). Researchers examined different lan-
thanoids catalysts while standardising reaction conditions
and found that Nd,Nag(OCH,CF;)4,(THF)s was the most
effective catalyst. They also observed that heterobimetallic
lanthanide/sodium alkoxide complexes performed better

during transamidation than monometallic lanthanide com-
plexes. Furthermore, this approach helped researchers to
obtain a satisfactory yield of transamidated products from
1° and 2° aromatic, aliphatic, and heterocyclic amines on
treatment with a benzamide. Notably, the reported protocol
showed that benzylamine and long-chain aliphatic amine
were compatible with the reaction of aromatic and heter-
oaromatic carboxamides. In 2005, Calimsiz et al. (2005)
reported a lanthanide-catalysed transamidation reaction
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Scheme 8 Pd-catalysed NH; o]
transamidation between car- JJ\ R2 ) O
boxamide of DMF and anilines R 4 HOON bpy/PivOH/BF 3 .Et,0, O, I Ry
R3 H N
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of tert-butyl N-Boc-(2S,3S,4R)-dimethylpyroglutamate
derivatives. This process provided a selective replacement
of a Boc group with Fmoc group on the lactam followed by
Eu(OTf);-mediated transamidation reaction of the Fmoc-
protected lactam in the presence of ammonia and dimethy-
laluminium chloride.

Gu et al. (2015) developed a novel method of palla-
dium catalysed reaction among DMF derivatives and sub-
stituted 1° anilines (Scheme 8). The study utilises several

ligands and also organic acids and Lewis acids as additives
at different temperatures to standardise the reaction. In
addition, the optimisation study revealed that the addi-
tion of additives has a significant effect on product yield.
The electron-donating substituted aniline yielded a higher
yield than electron-deficient substituted anilines. Moreo-
ver, para-substituted anilines were more comfortable with
this transformation than ortho- and meta-substituted.
Additionally, the bulky group produced a moderate yield

Scheme 9 Mn-catalysed H 0 MnO, 0
transamidation of primary car- ‘ + ”\ R'
boxamides and phthalimide R N. H RZJJ\NH R® N7
2 Neat, 3 h, 150 °C H
9A 9B 9C
27-98 %
(45 Examples)
S T 1
H)LNH H)LNH H™ NH H™ "NH
F
OCHj3 Br
9a, 95 % 9b, 88 % 9¢, 94 % 9d, 92 %
o) (0] (0]
0 PN JPh
N Ph —
)‘Lm/\Ph N N—Ph N
H;CO o) 0
9e, 81 % 9f, 89 % 99, 97 % 9h, 90 %
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Scheme 10 W-catalysed ] WClg o
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of the desired product due to steric hindrance. Further-
more, formamide derivatives produced moderate to good
results in this conversion. The researcher observed that
the transamidation yield was lowered due to the bulky
replacement on the nitrogen atom of amides. In a subse-
quent analysis, they tried different amide derivatives with
aniline, and the study concluded that formyl derivatives
were more compatible than acetyl derivatives.

Bhanage and his colleagues reviewed the literature on
manganese oxide applications and found that it is a good
oxidant as well as an excellent catalyst in organic reactions
(Che et al. 2011; Vanjari et al. 2013; Singh et al. 2014). They
established a transamidation method of a broad range of pri-
mary amides and amines utilising MnO, as a catalyst, based
on the previous research (Yedage et al. 2015) (Scheme 9).
This process showed excellent tolerance to aromatic amines
that were substituted with electron-donating and withdraw-
ing groups during the treatment with formamide. However,
ortho-substituted anilines had produced a lower yield than
meta- and para-substituted anilines. Similarly, meta and
para substitutions were found to be more efficient than
ortho substituents during the transformation of substituted
benzamides. Furthermore, the protocol showed the compat-
ibility of phthalimides with aromatic and aliphatic amines.
As a consequence, the authors were able to scale up their
technique to the grams scale and obtain a good yield of
transamide product.

Recently, Feng et al. reported a tungsten-catalyzed con-
version of tertiary alkyl amides to another amide in the
presence of NMP utilising phenanthroline as a ligand (Feng
et al. 2021) (Scheme 10). Compared to other metal catalysts

such as Al, Fe, Zr, and Mo, the tungsten catalyst produced
the best results during the process optimization study. In
addition, the yield was decreased when they performed the
experiments in each absence of ligand, catalyst and TMSCI.
This approach had a wide scope of anilines containing elec-
tron-donating groups (CH;, OCH;, SCH;, CO,CHj, i-Pr and
t-Bu), halogen (F, Cl and Br), electron-withdrawing groups
(CF;, CN, NO,, CO,H and COCH;) and bulky ring (Naph-
thyl). Moreover, the aliphatic amines (benzyl, cyclohexyl
and cyclopentyl) and heterocyclic amines (indole, pyridine,
thiazole and benzothiazole) had also familiar with reaction
conditions. Similarly, the various substituted amides had
generated transamide products in good to excellent yields.
Finally, they concluded from competition studies of primary,
secondary, and tertiary amides transamidation that tertiary
amides produced more yield than primary and secondary
amides. In 2018, the same group reported a manganese-
mediated reductive transamidation of unactiavted tertiary
amides with nitroarenes (Cheung et al. 2018).

Maruoka and his group reported a selective radical
abstraction transamidation of a tertiary amides by a CuBr,/
Selectfluor hybrid system (Wang et al. 2020). This reaction
proceeded via a radical pathway that involved benzylic car-
bon radical generated by the selective radical-polar crosso-
ver process that involves benzylic carbon radicals in a one-
pot fashion (Scheme 11). The observation indicated that
CuBr, and selectfluor system performed well under inert
atmosphere at 80 °C to room temperature. The approach uses
a wide range of amine substrates, including both electron-
withdrawing and electron-donating groups. In 2022, Our
group reported a Cu-promoted transamidation of unactivated
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Scheme 11 Cu-catalysed
transamidation of tertiary
amides with amines

1. CUBrz,
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80 °C, 1hr 0
PN > Rgﬂ\ _R?
Ar 2. TEA, MeCN, rt N
R4 R’
11B 11C
26-94 %

0
Ph/\)L)NH

Ph Ph Ph
11a, 52 % 11b, 85 % 11c, 26 % 11d, 91 %
Scheme 12 Ni-catalysed ) Ni(quin 0
transamidation of DMA and RIN -H _ iquin):] /U\ 1
ith ami +  HH,C” N imi R
DMF with amines |l| 3 | imidazole, H/H;C N
150 °C, 2-6 h H
12A 12B 12C
50-98 %
(35 Examples)
o .
0 (@] e} ! 7\
PY : on _N
0 oy T
ON E Ni(quin),
o OCH3 e
12a, 50 %o 12b, 95 % 12c, 66 % 12d, 98 %
o) Ph (0]

ANJ )J\N/Ph

0
Ji§ 0
S H H |

12e, 97 %

aliphatic amides using TMSCI as a additive (Kumar et al.
2022a, b).

In April 2017, another example of Ni-catalyzed transami-
dation conversion of DMF and DMA came to light. Son-
awane et al. found that a Ni (IT)-metal complex with 8-hyd-
roquinoline [Ni(quin),] was an excellent catalyst for the
N-formaylation and N-acylation of various amines with
DMF and DMA (Sonawane et al. 2017) (Scheme 12). The
catalyst is efficiently transformed into another amide in the
presence of imidazole. Interestingly, the reaction conditions
were found to be feasible and did not necessitate the use of
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12f,98 % 129, 98 % 12h, 76 %

an inert atmosphere. The technique is quite versatile since
it may be used to N-formylate and N-acylate of electron-
withdrawing (F, CI, Br, and NO,) and electron-donating
(CH; and OCHy;) substituted anilines. Notably, both amide
transformations are compatible with linear, cyclic, and
heterocyclic aliphatic amines. It has been noted that when
electron-withdrawing groups substituted anilines are utilized
as coupling partners, the yield is often lowered.

Pathare et al. (2013), Wagh et al. (2018) promoted a
transamination of urea and thiourea in the presence of het-
erogeneous catalyst sulfated tungstate; they recycled and
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Scheme 13 Sulfated tungstate X Sulfated tungstate X
catalysed transamidation of R. NH, + )J\ g > R JJ\ R
N-substituted d thi ? N7 NS
-substituted urea and thiourea H,N NH, Neat, 90 °C, 1-6 h H N
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S PSRN
Ph{ -Ph X X
N~ N Ph” N7 N7 Ph | T NXN
H H H H _N (0] NINgZ H H
13a, 98 % 13b, 96 % 13c, 86 % 13d, 91 %
N7 N7 Ph. Ph< Ph< -Ph
NN N~ N7 Ph N~ N7 Ph N" N
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re-used the catalyst 4-5 times without losing efficiency
(Scheme 13). After the optimisation study, they obtained
98% of desired urea on the neat reaction between aniline
and urea in the presence of 10 wt% of sulfated tungstate
at 90 °C within 1.5 h. The method produced transamide
symmetrical and unsymmetrical ureas and thioureas from

unsubstituted and monosubstituted ureas and thioureas. The
researcher obtained an excellent yield of symmetrical and
unsymmetrical ureas under the set condition from reacting
aniline, aliphatic amines, hetero amines and aryl hydrazides
with unsubstituted and monosubstituted ureas. They also

Scheme 14 Cobalt catalysed ; ) (0] Co(OAc),.4H,0 (0]
N-formylation and N-acetylation R N7 R® + SJJ\ _R* > 5 JJ\ R
reaction H R N 150 °C, 3 h, Ar R N
R5 RZ
14A 14B 14C
1-99 %
(40 Examples)
CHO
[ OHC. _~
CO DR
N UH
N\CHO [ j n-CqzHzs”
\
CHO
14a, 99 % 14b, 91 % 14c,95 % 14d, 95 % 14e,1 %
N
N\n/CHs N\n/Csz N X N
O o O o
14f, 94 % 149, 85 % 14h, 38 % 14i, 32 %
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Scheme 15 KO'Bu mediated ;
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confirmed the similar kind of reactivity of thioureas against
different amines.

Ma et al. (2018a, b) used cobalt catalyst to perform
N-formylation and N-acetylation of a variety of amines and
carboxamides (Scheme 14). Prior to selecting cobalt cata-
lysts, they screened a variety of transition metal catalysts,
including Ni, Cu, Mn, and Fe, of which Co catalyst was
found to be the most prevalent for obtaining the best results.
This study systematically examined the scope of amines and
carboxamides. They formylated 1° and 2° aliphatic amines,
and the results indicated that 1° aliphatic amines produced
an excellent yield of product. They observed that aromatic
amines have no reactivity. Further, the amide scope revealed
a predominance of formylation over acetylation; benzamide
and thiophen amide exhibited significantly lower reactivity.
In 2019, Same group established a MnCl,.4H,0O promoted
transamidation of amides with aliphatic amines (Ma et al.
2019). The reaction performed under inert atmosphere at
150 °C for 10 h.

Non-metal catalysed

Ghosh et al. (2019) reported a strong base potassium tert-
butoxide mediated transamidation of primary and tertiary
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amides. Initially, they tried readily available inorganic
bases viz KOH, K,CO,, Cs,CO,, KO'Bu, DBU, and NaOH.
Among them, KO'Bu showed the best-desired product
yield. They claimed that this method supported amines
including aryl, heteroaryl and aliphatic amines, transami-
dation with amides such as DMF and DMA (Scheme 15).
Moreover, the yield observation concluded that the elec-
tron-withdrawing group substituted aniline took place more
time with less yield as the comparatively electron-donating
group substituted aniline. Furthermore, the method features
broad substrate scope of amides, including DMA, DMF,
trifluoroactamide and benzamide. Finally, they concluded
from mechanistic studies that the transmaidtion proceeded
through a free-radical pathway.

Tan et al. reported one more t-BuOK-mediated method-
ology for transamidation of tertiary amide in the same year
(Tan et al. 2019) (Scheme 16). The transamidation of DMF
proceeds smoothly in the presence of t-BuOK as a base (4.0
equiv) and DMF as solvent at 25 °C for 2 h in an inert envi-
ronment. However, when DMA and dimethylbenzamide
(DMB) are used for transformation, this reaction acts differ-
ently because it occurs at 110-130 °C in the microwave for
30-50 min while utilising its diglyme as a solvent and in the
presence of t-BuOK. The transamidation of DMF produces
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Scheme 16 KO'Bu mediated
transamidation reaction of
tertiary amide
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excellent yields of amide compounds. Additionally, the
approach utilizes a broad range of amines during the treat-
ment with DMF and DMA, including anilines substituted
with electron-withdrawing and electron-donating groups,
heteroaromatic, and aliphatic amines. Notably, the proce-
dure's main flaw is that ortho-substituted anilines produced
lower yields than other positions. This method follows the
same mechanism as Scheme 15.

One methodology reported by our group was the use of
amine salt instead of an additional salt additive (Kumar et al.
2021) (Scheme 17). Notably, the simplicity of processing
and the moisture and air reliability provided are significant
advantages of this technique. In particular, this approach
allowed the development of functionalised transamide prod-
ucts from amides, including sterically hindered, aliphatic,
heteroaromatic, and aromatic amides. The method is also
efficient with primary, secondary, and tertiary amides, yield-
ing good to exceptional converted amide yields. Further-
more, various cyclic and linear aliphatic, heteroaromatic,
and aromatic amines are substituted with electron-rich and
deficient groups that were compatible as nucleophiles for
this amide conversion in the substrate scope. This method-
ology has additional advantages if it raises the temperature
in the case of substituted 2-aminophenols as nucleophiles
reacting with amides to produce 2-substituted benzoxazole
as a final product (Kumar et al. 2022a, b). The hydrogen ion
activates the amide, followed by amines attack as a nucleo-
phile and eliminating the amine as a side product, leading
to the final amide product.

One more example of transmaidation conversion of DMF
and DMA using metal free conditions, published by Zhang
and Xie’s (2019) team. Authors found that NH,I is the best
salt to use as a reagent among the other salts evaluated, such
as KI, Cul, NH4F, NH,Cl, and NH,Br (Scheme 18). They
also tried DMSO and o-Xylene as solvents but observed
low transamidation conversion. Researchers demonstrated
an excellent to a good yield of transamidation from a wide
range of substituted anilines and DMF. The procedure was
less compatible with ortho-substituted anilines when used.
Furthermore, the scope of amine with DMA yielded a
transamide product with a conversion range of 33-52% uti-
lising 2 equiv of NH,I. Nevertheless, the range of the reac-
tion is narrow; this approach can only use DMF and DMA.

The transamidation of N,N-dimethyl amides with various
primary amines was also accomplished using the sodium-
tert-butoxide (NaO'Bu) (Zhang et al. 2020) (Scheme 19).
They studied various bases during reaction optimisation and
found that NaO'Bu provided the highest yield of transamide
product under an inert atmosphere. In addition, the proce-
dure standardisation studies show that base equivalent plays
a critical role in the success of conversion. A good to an
excellent yield of amides was obtained from aromatic, het-
eroaromatic, and aliphatic primary amines. The primary
disadvantage of this approach is that the base is incompat-
ible with aromatic substitution on the a-position of amide.
The mechanistic studies reveal that transamidation does not
include a radical pathway in the reaction mechanism like
KO'Bu-mediated methodologies.
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Li et al. developed a simple route to achieve transami-
dation of tertiary amides without involving any hazardous
metal catalyst (Li et al. 2019) (Scheme 20). The reaction was
carried out by utilising LIHMDS as an additive and toluene
as the solvent. Additionally, the reaction carries out using
both starting material amide and ester. The comparative
studies demonstrate that the transformation from both type
of stating material is more effective and efficient, producing
more than 80% of the desired product. The reaction scope
revealed that this reaction produced an excellent yield of
amides from halo, alkoxy, carboxyl and alkyl groups sub-
stituted anilines. Notably, the reaction is compatible with
aromatic, aliphatic, cyclic amines which yielded the desired
transamide products in sound yields. Same group published
a chemoselective transamidation of thioamides by NaHMDS
at RT (Zuo et al. 2022). Recently, Szostak and Chen collabo-
rator groups reported a transamidation of unactivated ter-
tiary amides using cooperative acid/iodide catalysis through
insitu acyl iodide intermediate (Zuo et al. 2022).
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In 2019, Lee and co-workers (Yu et al. 2019) developed
a TMSCI mediated transamidation reaction to synthesise
transamide products from primary amides (Scheme 21).
This protocol demonstrated that TMSCI activates 1° amide,
which triggers the transamidation reaction in the presence
of NMP as a solvent. Except for TMSCI, no suitable results
were obtained during optimisation studies when other
silyl lewis acids were used as the additive. Some primary
amides bearing phenyl, cyclohexyl, benzyl or even sterical
hindered (tert-butyl) groups can be successfully converted
under standard conditions. Moreover, aliphatic, heterocyclic,
electron-deficient and donating group substituted and even
steric hindered aromatic amines can be reacted efficiently
with a benzamide. However, when 2,5-disubstituted ani-
line derivatives were utilised, the intended product was not
produced, indicating that electronic and steric factors play
a significant role in the success of this reaction. In addi-
tion, alkyl-substituted on the para position of aniline pro-
duced excellent results for transamide products. It was also
noteworthy that the aliphatic secondary amine and amides
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were reacted using NMP/CHCI; solvent mixture. Further,
the control experiment revealed that N,N-disilyated amides
and amines are not active intermediates for transamidation
reaction.

Jiang et al. recently reported that phosphoric acid can
be employed as a promotor in the transformation of DMF
and DMA to transamide compounds (Jiang et al. 2021)
(Scheme 22). In neat circumstances at 110-150 °C, they
used an organophosphoric acid-mediated amide to amide
conversion. Several anilines, including electron-donating
and withdrawing group substitution and linear and cyclic ali-
phatic amines, provide good to exceptional yields of amide
products. Interestingly, bromo, nitro, hydroxy, and bulky
group substituted aniline and linear and cyclohexyl amines
require more time and temperature to react with amides
under these acidic circumstances. Furthermore, DMA
transamidation occurred around 140-150 °C. This metal-
free reaction occurs when an acid activates the amide, fol-
lowed by a nucleophilic attack on the amine, which results in
the amine being eliminated as a side product and the forma-
tion of the desired transamide product.

The use of tert-butyl nitrite as a promoter facilitated
in situ conversion of the N-nitrosamide, which can be held
in various amines to generate the final transamide product
(Sureshbabu et al. 2019) (Scheme 23). The transamidation
reaction was carried out at room temperature in DCM sol-
vent utilising N-substituted benzamide amides as the pre-
cursor and amines, including linear, cyclic, and secondary

aliphatic amines, gave the corresponding transamide prod-
uct. Surprisingly, transamidation of aniline with N-methyl
benzamide was unable to complete the transformation.
However, secondary amines yielded a lower yield of amide
products than primary amines. Additionally, the approach
is compatible with the N-substitution of benzamide with
aliphatic groups such as methyl, ethyl, n-propyl, n-butyl,
cyclohexyl, and benzyl. Furthermore, benzamide substituted
with 4-methoxy, nitro, or 2-fluoro effectively converts to
other amides. Mechanistically, the tert-butyl nitrite attached
with the nitrogen atom of amide to make N-nitrosamide as
a labile group followed by amine attack as a nucleophile
affords the unstable intermediate, which provides transamide
product with the release of alkyl N-nitrosamine.
Transamidation of amides using iodine and hydroxy-
lamine hydrochloride was recently reported by our group
(Girase et al. 2022) (Scheme 24). Both conventional and
microwave methods carried out this reaction under neat con-
ditions at 120 °C. The reaction has a wide range of amides,
including aliphatic and aromatic, with different N-substitu-
tions on amides. Furthermore, aryl, heteroaryl, and aliphatic
amines can be easily converted to their amides. The pro-
posed mechanism is quite similar to acid-catalysed transami-
dation. Initially, the amide is activated by a hydrogen ion and
then attacked by hydroxylamine as a nucleophile, resulting
in hydroxamic acid and amine elimination as a side product.
Todine then promotes the conversion of the acid intermedi-
ate to the nitroso moiety, resulting in the formation of a
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Scheme 23 Terr-butyl nitrite-
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transamide product with the liberation of nitrosyl hydride.
Additionally, one more transamidation reported from our
group using hydrochloride solution (Dhawan et al. 2021).

Lewis acids were shown to be involved in the transami-
dation in metal literature. Sakurai et al. (2019) devel-
oped an efficient method to perform the formylation
of various amines and hydrazides with the help of rerz-
butyldimethylsilyl triflate (TBSOTf) as an activator
(Scheme 25). The optimisation study revealed that silane-
based Lewis acids (TMSCI1, TMSOTf and TBSOTY)
showed better results than other Lewis acids such as BF;.
OEt,, AICl;, TiCl, and SnCl,. The amide products had
good to excellent yields and a high tolerance for aliphatic,
aromatic, and heteroaromatic hydrazides. Moreover, the
same conditions worked for amines, including aliphatic,
aromatic, and heterocyclic amines. However, the yield
statistics demonstrated that 2° amines had a higher yield
than 1° amines. Notably, the additional equivalent of
TBSOTT and imidazole were used in the reaction with
amines/hydrazines bearing a hydroxy group. According to
the proposed mechanism, the amide is activated via lewis
acid and then reacts with an amine to form the transamide
product.
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Compared to metal-mediated transamidation, the
salt-mediated conversion reaction has been regarded
as a cost-effective approach. Imidazolium chloride had
received much attention when Tian et al. (2018) disclosed
a method for the transformation of 1° amines with ter-
tiary amides utilizing imidazolium chloride salt as an
additive (Tian et al. 2018) (Scheme 26). Anilines with
electron-rich and electron-deficient substituents, aliphatic
and heteroaromatic amines all reacted to DMA admirably
during the reaction scope evaluation. In particular, the
nitro substituted anilines yielded less transamide product.
Moreover, the study showed that the process is tolerant
to amides such as DMF and benzamide. A mechanistic
investigation was conducted to clarify the role of imida-
zolium chloride. The acidic proton of salt activates the
amide, and the imidazole serves as a good leaving group
to introduce the amine to the amide to obtain the other
amide.

Miscellaneous
Hang Gong’s (Yin et al. 2019) group have developed a rea-

gent and solvent-free method for the cross amidation reac-
tion between amides and amines (Scheme 27) and proved it
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Scheme 24 I,-mediated NH,OH.HCI, 1,, 120 °C,

on the gram scale. In the initial phase, they found the best
result with simple formamide compared to N-substituted
ones. The optimisation study revealed that the 10 equiva-
lent of formamide at 150 °C within 24 h produced an excel-
lent yield of formylation on p-toluidine. Using this standard
condition, they performed formylation on aryl and heteroaryl
amines with 60-98% range of yield of the corresponding
products. The anilines with various electron-deficient groups
such as (NO,, CN, CF;, CO,CHj;), and bulky and heteroaryl
amines showed a poor yield of transamide products. The
formylation of aliphatic amines was more compatible with
DMF at the same temperature for 24-96 h. Further, the com-
petition analysis revealed that the formylation with DMF
on aliphatic amine is more preferred over aromatic amine.
Bensalah et al. (2019) and their teammates developed a
green approach to achieve selective transamidation on gly-
cosyl carboxamide derivatives without disturbing any other
hydroxy group. They were able to obtain an outstanding
yield of the final product without the use of any solvent,

(e}
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reagent, or catalyst, despite the fact that they had tried cata-
lysts such as L-Proline, p-Proline, and hydroxylamine hydro-
chloride, as well as solvents such as H,O and DMF. They
investigated various aromatic, aliphatic, and cyclic amines
and established their compatibility by demonstrating a sat-
isfactory yield (60-94%) of final products (Scheme 28). Pri-
mary amines showed a better yield than secondary anilines.
On the other hand, they showed well tolerance of glycosyl
carboxamide derivatives with different amine reactions.
Durgaiah et al. (2016) developed a novel method to the
obtained cross-amidation reaction of unactivated primary
amides without using a solvent (Scheme 29). This method
used nano zeolite beta as a catalyst that provides large micro-
pore volume, a large-pore channel system used for facelifted
acid catalysed reactions. In the reaction optimisation study,
they used benzamide and benzylamine as ideal starting mate-
rials and treated them in the presence of zeolites, MCM-
41 and Montmorillonite. Among them, nanosized zeolite
beta provided 93% of respective amide in the 1:2 ratio of
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Scheme 27 Solvent-free
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benzamide and benzylamine. The study of reaction scope
confirmed that this method tolerated different substituted
benzylamines and aliphatic amines viz cyclic and acyclic.
It also demonstrated that a wide range of benzamide has
been compatible under this method with good to an excellent
yield of the final product.

(13 Examples)
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Researchers have recently drawn their attention to car-
bon nanomaterials because of their exceptional thermal,
optical, mechanical, and electronic properties. They kept in
that mind Patel et al. (2019) explored graphene oxide as a
heterogeneous catalyst to conduct transamidation reactions.
Researchers have systematically first fixed catalyst amount
during reaction optimisation, followed by solvent choice and

@ Springer
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temperature adjustment. Additionally, other carbon nano-
materials were also tried, and the best results were obtained
using 20% of graphene oxide at 130 °C. The reaction
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30h, 89 % 30i, 86 %

obtained 97-76% yield of the desired compound from aryl-
substituted benzylamine and unsubstituted benzamides,
wherein substituted benzamides showed comparatively
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Scheme 31 H-B-Zeolite, ;
assisted transamidation of R< +
. . . NH»
amides and thioamides HaN

31A 31B

31a,97 %

i i
_Ph
H N~

31f, 89 %

lower transformation (Scheme 30). The method is also
compatible with the reactivity of branched-chain and cyclic
aliphatic amines. Further, the reaction scope of formamides
and the results confirmed the compatibility of aryl, heter-
oaryl, aliphatic and cyclic amines are suitable for conver-
sion. Interestingly, researchers also showed the tolerance of
phthalimide and thioamides with amines. Notably, the dimer
transamide product obtains in the treatment of urea. The
advantage of this mode is more selective toward aliphatic
amines over aromatic and heterocyclic amines at the end
of the study.

Rao et al. (2015) used H-P-Zeolite to assist the
transamidation reaction of unactivated primary amides
with amines under solvent-free conditions (Scheme 31).
The optimisation experiments confirmed that solvent-free
condition is more effective than the presence of solvent
at 130 °C. The method generated a significant yield of
the respective desired products from various substituted
benzylamine/aniline. This study concludes that aliphatic
amines showed a better result than aryl amines in reaction
with acetamide. The yield of transamide product was less

31b, 78 %

31g, 55 %

4079
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31C
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(51 Examples)
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Ph
31c, 81 % 31d. 80 % 31e, 50 %
O
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m N HLN/Ph
S HN7C8H17 Ph H
o]
31h,71 % 31i, 83 % 31j,64 %

when a long chain substituted amide on the alpha posi-
tion was used for conversion. Afterwards, they showed
the compatibility of phthalimide and heteroaryl amide on
treatment with a wide range of amines. Similarly, they
also tried this method on thioamides and results shown its
transformation into the desired product in good to excel-
lent yields.

Bhattacharya et al. (2018) developed a metal-free and
environmentally safe approach for transamidation. The
researchers utilised a heterogeneous catalyst, graphene oxide
(GO) that efficiently absorbs reactive molecules and accel-
erates the reaction (Scheme 32). During the optimisation
of the process, they performed a reaction in the presence
of organic and inorganic solvents at various temperatures
using GO catalysts, but the results did not meet the predicted
yield. Notably, the neat condition with the same amount of
catalyst at 150 °C produced a high yield of the target prod-
uct. The method generated a range of converted formamides
and acetamides products from the reaction of aromatic ani-
lines with various aliphatic carboxamides. In contrast, the
reaction of an aliphatic amine with carboxamides failed to

@ Springer
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Scheme 32 Graphene oxide-

O
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produce the respective transamide product. Additionally,
this approach is selective for aromatic amines. Similarly,
Ma et al. reported N-formylation of amine employing gra-
phene oxide as metal-free recyclable carbocatalyst (Ma
et al. 2018a, b).L-proline catalysed transamidation of car-
boxamides with amines was reported by Rao et al. (2013)
(Scheme 33). During the reaction optimization studies, they
found that transformation performed better in neat condi-
tions than in the presence of a solvent and that L-proline
had been generated the best results when compared to other
amino acids. Aliphatic amines and other substituted primary
anilines had been successfully N-acetylated. The yield study
explained that the secondary aliphatic amines yielded less
when acetylated than primary amines. Furthermore, the
N-acetylation of aniline was carried out at 150 °C rather than
100 °C. Furthermore, the transamidation of benzamide with
aliphatic and aromatic amines was carried out successfully
at 150 °C. Notably, the conditions of transamidation change
with a-substitution of amides. In addition, Yang et al. exam-
ined a study of mechanistic pathway on L-proline catalysed

@ Springer

transamidation of unactivated amide with benzylamine via
density functional theory calculations (Yang et al. 2014).

Conclusion

The amide moiety is an important functional group in
chemical, pharmacological, and biological chemistry. Sev-
eral researchers have focused on its synthesis; alternative
methods for amide synthesis remain elusive. While novel
and recent methods for amide activation are available, sim-
ple activation of the C—N bond in amides via coordination
with metals or interaction with small molecules remains
a crucial alternative in amide bond synthesis. Herein, we
examined unactivated amides in transamidation processes
and explored many examples in this article. We believe
that this review will assist researchers, provide motivation
for future work, and help in their knowledge of several
recently described transamidation mechanisms.
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Scheme 33 L-proline-catalysed 0O ) 0
S . H I L-Proline
transamidation of amides N 1 J]\
R, 'Ry + R" “NH, R1 SN TS
Neat, 36 h, 100-150 °C R,
33A 33B 33C
25-93 %
(43 Examples)
i X i i
Ph
HSCXNAPh HC™ N A pn s NO
H 3 b o)
33a, 92 % 33b, 84 % 33c, 90 % 33d, 52 %
O 0]
L 0 " PR
Ph” “NH H™ “NH
Ao
H Z "N
Ph A |
33e, 80 33, 71 % 339,90 % 33h,25 %

Acknowledgements The authors are thankful to the Discipline of
Pharmaceutical Sciences, College of Health Sciences, University of
KwaZulu-Natal (UKZN), Durban, South Africa, for providing all the
necessary facilities. R.K. gratefully acknowledges National Research
Foundation-South Africa (NRF-SA) for funding this project (Grant
No. 129247).

Funding Open access funding provided by University of KwaZulu-
Natal. Rajshekhar Karpoormath would like to thank the National
Research Foundation-South Africa (NRF-SA) for funding this project
(Grant No. 129247).

Declarations

Conflict of interest The authors declare that they have no known com-
peting financial interests or personal relationships that could have ap-
peared to influence the work reported in this paper.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will

need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Abraham MH, Abraham RJ (2017) A simple and facile NMR method
for the determination of hydrogen bonding by amide N—H protons
in protein models and other compounds. New J Chem 41:6064—
6066. https://doi.org/10.1039/c7nj01044¢

Acosta-Guzman P, Mateus-Gomez A, Gamba-Sanchez D (2018) Direct
transamidation reactions: mechanism and recent advances. Mol-
ecules 23(9):2382. https://doi.org/10.3390/molecules23092382

Ali MA, Nath A, Islam MM, Shaheed SB, Dibbo IN (2022) Com-
bined experimental and computational study of Al,O; catalyzed
transamidation of secondary amides with amines. RSC Adv
12(18):11255-11261. https://doi.org/10.1039/D2RA00450J]

Becerra-Figueroa L, Ojeda-Porras A, Gamba-Sanchez D (2014)
Transamidation of carboxamides catalyzed by Fe(IIl) and water. J
Org Chem 79(10):4544-4552. https://doi.org/10.1021/j0500562w

Bensalah FO, Bil A, Wittine K, Bellahouel S, Lesur D, Markovic
D, Laclef S (2019) Solvent- and catalyst-free transamidations
of unprotected glycosyl carboxamides. Org Biomol Chem
17(43):9425-9429. https://doi.org/10.1039/c90b02096a

Bhattacharya S, Ghosh P, Basu B (2018) Graphene oxide (GO) cata-
lyzed transamidation of aliphatic amides: an efficient metal-free
procedure. Tetrahedron Lett 59(10):899-903. https://doi.org/10.
1016/j.tetlet.2018.01.060

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1039/c7nj01044c
https://doi.org/10.3390/molecules23092382
https://doi.org/10.1039/D2RA00450J
https://doi.org/10.1021/jo500562w
https://doi.org/10.1039/c9ob02096a
https://doi.org/10.1016/j.tetlet.2018.01.060
https://doi.org/10.1016/j.tetlet.2018.01.060

4082

Chemical Papers (2023) 77:4057-4084

Bon E, Bigg DCH, Bertrand G (1994) Aluminum chloride-promoted
transamidation reactions. J Org Chem 59(15):4035-4036. https://
doi.org/10.1021/j0000942004

Calimsiz S, Lipton MA (2005) Synthesis of N-Fmoc-(2S,3S,4R)-
3,4-dimethylglutamine: an application of lanthanide-catalyzed
transamidation. J Org Chem 70(16):6218-6221. https://doi.org/
10.1021/j0050518r

Chaudhari MB, Gnanaprakasam B (2019) Recent advances in the
metal-catalyzed activation of amide bonds. Chem Asian J
14(1):76-93. https://doi.org/10.1002/asia.201801317

Che CM, Lo VKY, Zhou CY, Huang JS (2011) Selective functionali-
sation of saturated C—H bonds with metalloporphyrin catalysts.
Chem Soc Rev 40(4):1950-1975. https://doi.org/10.1039/c0cs0
0142b

Chen J, JiaJ, Guo Z, Zhang J, Xie M (2019) NH4I-promoted N-acyla-
tion of amines via the transamidation of DMF and DMA under
metal-free conditions. Tetrahedron Lett 60(21):1426-1429.
https://doi.org/10.1016/j.tetlet.2019.04.040

Cheung CW, Ma JA, Hu X (2018) Manganese-mediated reductive
transamidation of tertiary amides with nitroarenes. J Am Chem
Soc 140(22):6789-6792. https://doi.org/10.1021/jacs.8b03739

Delferro M, Marks TJ (2011) Multinuclear olefin polymerization cata-
lysts. Chem Rev 111(3):2450-2485. https://doi.org/10.1021/cr100
3634

Dhawan S, Girase PS, Kumar V, Karpoormath R (2021) HCl-mediated
transamidation of unactivated formamides using aromatic amines
in aqueous media. Synth Commun 51(24):3729-3739. https://doi.
org/10.1080/00397911.2021.1989597

Dorr BM, Fuerst DE (2018) Enzymatic amidation for industrial appli-
cations. Curr Opin Chem Biol 43:127-133. https://doi.org/10.
1016/j.cbpa.2018.01.008

Durgaiah C, Naresh M, Swamy P, Srujana K, Rammurthy B, Narender
N (2016) Transamidation of carboxamides with amines over nano-
sized zeolite beta under solvent-free conditions. Catal Commun
81:29-32. https://doi.org/10.1016/j.catcom.2016.04.004

Eldred SE, Stone DA, Gellman SH, Stahl SS (2003) Catalytic transami-
dation under moderate conditions. J Am Chem Soc 59(15):4035—
4036. https://doi.org/10.1021/ja028242h

Feng FF, Liu XY, Cheung CW, Ma JA (2021) Tungsten-catalyzed
transamidation of tertiary alkyl amides. ACS Catal 11(12):7070-
7079. https://doi.org/10.1021/acscatal.1c01840

Ghosh T, Jana S, Dash J (2019) KOtBu-promoted transition-metal-
free transamidation of primary and tertiary amides with amines.
Org Lett 21(17):6690-6694. https://doi.org/10.1021/acs.orglett.
9b02306

Girase PS, Kumar V, Dhawan S, Karpoormath R (2022) Facile syn-
thesis of amides through transamidation with iodine under neat
conditions. ChemistrySelect 7(6):€202103237. https://doi.org/10.
1002/slct.202103237

Gu DW, Guo XX (2015) Synthesis of N-arylcarboxamides by the
efficient transamidation of DMF and derivatives with anilines.
Tetrahedron 71(48):9117-9122. https://doi.org/10.1016/j.tet.2015.
10.008

Haak RM, Wezenberg SJ, Kleij AW (2010) Cooperative multimetallic
catalysis using metallosalens. Chem Commun 46(16):2713-2723.
https://doi.org/10.1039/C001392G

Han L, Zhang K, Ishida H, Froimowicz P (2017) Study of the effects
of intramolecular and intermolecular hydrogen-bonding systems
on the polymerization of amide-containing benzoxazines. Mac-
romol Chem Phys 218(18):1600562. https://doi.org/10.1002/
macp.201600562

Hoerter JM, Otte KM, Gellman SH, Stahl SS (2006) Mechanism of
Allll-catalyzed transamidation of unactivated secondary car-
boxamides. J] Am Chem Soc 128(15):5177-5183. https://doi.
org/10.1021/ja060331x

@ Springer

Hoerter JM, Otte KM, Gellman SH, Cui Q, Stahl SS (2008) Discov-
ery and mechanistic study of Allll-catalyzed transamidation of
tertiary amides. J Am Chem Soc 130(2):647-654. https://doi.
org/10.1021/ja0762994

Jiang J, Li L, Zhang L, Chen Q, Sun H, Liao S, Li C, Zhang L (2021)
Organophosphoric acid promoted transamidation: using N,N-
dimethylformamide and N,N-dimethylacetamide as the acyl
sources. ChemistrySelect 6(45):12834—-12837. https://doi.org/
10.1002/s1ct.202103932

Kazemi Miraki M, Arefi M, Yazdani E, Abbasi S, Karimi M, Azizi
K, Heydari A (2016) Guanidine acetic acid functionalized mag-
netic nanoparticles: recoverable green catalyst for transamida-
tion. ChemistrySelect 1(19):6328-6333. https://doi.org/10.
1002/s1ct.201601433

Kemnitz CR, Loewen MJ (2007) “Amide resonance” correlates
with a breadth of C-N rotation barriers. ] Am Chem Soc
129(9):2521-2528. https://doi.org/10.1021/ja0663024

Kissounko DA, Guzei IA, Gellman SH, Stahl SS (2005)
Titanium(IV)-mediated conversion of carboxamides to amidines
and implications for catalytic transamidation. Organometallics
24(22):5208-5210. https://doi.org/10.1021/0m050768y

Kissounko DA, Hoerter JM, Guzei IA, Cui Q, Gellman SH, Stahl SS
(2007) TilV-mediated reactions between primary amines and
secondary carboxamides: amidine formation versus transami-
dation. J Am Chem Soc 129(6):1776-1783. https://doi.org/10.
1021/ja0650293

Kolympadi Markovi¢ M, Markovi¢ D, Laclef S (2020) Amide
synthesis by transamidation of primary carboxamides. Synth
52(21):3231-3242. https://doi.org/10.1055/s-0040-1707133

Kumar V, Dhawan S, Girase PS, Singh P, Karpoormath R (2021) An
environmentally benign, catalyst-free N—C bond cleavage/for-
mation of primary, secondary, and tertiary unactivated amides.
Eur J Org Chem 2021:5627-5639. https://doi.org/10.1002/ejoc.
202101114

Kumar V, Dhawan S, Bala R, Girase PS, Singh P, Karpoormath R
(2022a) Metal-free direct annulation of 2-aminophenols and
2-aminothiophenols with unactivated amides through transami-
dation: access to polysubstituted benzoxazole and benzothiazole
derivatives. Tetrahedron 115:132794. https://doi.org/10.1016/j.
tet.2022.132794

Kumar V, Dhawan S, Bala R, Mohite SB, Singh P, Karpoormath R
(2022b) Cu-catalysed transamidation of unactivated aliphatic
amides. Org Bio Chem 20(34):6931-6940. https://doi.org/10.
1039/D20B01152B

Li G, Ji CL, Hong X, Szostak M (2019) Highly chemoselective,
transition-metal-free transamidation of unactivated amides and
direct amidation of alkyl Esters by N-C/O-C cleavage. J] Am
Chem Soc 141(28):11161-11172. https://doi.org/10.1021/jacs.
9b04136

Ma J, Zhang F, Zhang J, Gong H (2018a) Cobalt(II)-catalyzed
N-acylation of amines through a transamidation reaction. Eur J
Org Chem 2018(35):4940—-4948. https://doi.org/10.1002/ejoc.
201800253

Ma J, Zhang J, Zhou X, Wang J, Gong H (2018b) N-formylation of
amine using graphene oxide as a sole recyclable metal-free carbo-
catalyst. J Iran Chem Soc 15:2851-2860. https://doi.org/10.1007/
s13738-018-1471-3

Mal, Zhang J, Gong H (2019) Mn(II)-catalyzed N-acylation of amines.
Synthesis 51(03):693-703. https://doi.org/10.1055/5-0037-16102
67

Mabhesh S, Tang KC, Raj M (2018) Amide bond activation of bio-
logical molecules. Molecules 23(10):2615. https://doi.org/10.
3390/molecules23102615

Marchetti PM, Richardson SM, Kariem NM, Campopiano DJ (2019)
Synthesis of: N-acyl amide natural products using a versatile


https://doi.org/10.1021/jo00094a004
https://doi.org/10.1021/jo00094a004
https://doi.org/10.1021/jo050518r
https://doi.org/10.1021/jo050518r
https://doi.org/10.1002/asia.201801317
https://doi.org/10.1039/c0cs00142b
https://doi.org/10.1039/c0cs00142b
https://doi.org/10.1016/j.tetlet.2019.04.040
https://doi.org/10.1021/jacs.8b03739
https://doi.org/10.1021/cr1003634
https://doi.org/10.1021/cr1003634
https://doi.org/10.1080/00397911.2021.1989597
https://doi.org/10.1080/00397911.2021.1989597
https://doi.org/10.1016/j.cbpa.2018.01.008
https://doi.org/10.1016/j.cbpa.2018.01.008
https://doi.org/10.1016/j.catcom.2016.04.004
https://doi.org/10.1021/ja028242h
https://doi.org/10.1021/acscatal.1c01840
https://doi.org/10.1021/acs.orglett.9b02306
https://doi.org/10.1021/acs.orglett.9b02306
https://doi.org/10.1002/slct.202103237
https://doi.org/10.1002/slct.202103237
https://doi.org/10.1016/j.tet.2015.10.008
https://doi.org/10.1016/j.tet.2015.10.008
https://doi.org/10.1039/C001392G
https://doi.org/10.1002/macp.201600562
https://doi.org/10.1002/macp.201600562
https://doi.org/10.1021/ja060331x
https://doi.org/10.1021/ja060331x
https://doi.org/10.1021/ja0762994
https://doi.org/10.1021/ja0762994
https://doi.org/10.1002/slct.202103932
https://doi.org/10.1002/slct.202103932
https://doi.org/10.1002/slct.201601433
https://doi.org/10.1002/slct.201601433
https://doi.org/10.1021/ja0663024
https://doi.org/10.1021/om050768y
https://doi.org/10.1021/ja0650293
https://doi.org/10.1021/ja0650293
https://doi.org/10.1055/s-0040-1707133
https://doi.org/10.1002/ejoc.202101114
https://doi.org/10.1002/ejoc.202101114
https://doi.org/10.1016/j.tet.2022.132794
https://doi.org/10.1016/j.tet.2022.132794
https://doi.org/10.1039/D2OB01152B
https://doi.org/10.1039/D2OB01152B
https://doi.org/10.1021/jacs.9b04136
https://doi.org/10.1021/jacs.9b04136
https://doi.org/10.1002/ejoc.201800253
https://doi.org/10.1002/ejoc.201800253
https://doi.org/10.1007/s13738-018-1471-3
https://doi.org/10.1007/s13738-018-1471-3
https://doi.org/10.1055/s-0037-1610267
https://doi.org/10.1055/s-0037-1610267
https://doi.org/10.3390/molecules23102615
https://doi.org/10.3390/molecules23102615

Chemical Papers (2023) 77:4057-4084

4083

adenylating biocatalyst. Medchemcomm 10:1192-1196. https://
doi.org/10.1039/c9md00063a

Miyanaga A, Kudo F, Eguchi T (2018) Protein-protein interactions
in polyketide synthase-nonribosomal peptide synthetase hybrid
assembly lines. Nat Prod Rep 35(11):1185-1209. https://doi.
org/10.1039/C8NP00022K

Ojeda-Porras A, Gamba-Sanchez D (2015) Transamidation of thio-
acetamide catalyzed by SbCl13. Tetrahedron Lett 56(29):4308—
4311. https://doi.org/10.1016/j.tetlet.2015.05.067

Papadopoulos L, Kluge M, Bikiaris DN, Robert T (2020) Straight-
forward synthetic protocol to bio-based unsaturated poly(ester
amide)s from itaconic acid with thixotropic behavior. Polymers
(basel) 12(4):980. https://doi.org/10.3390/POLYM 12040980

Patel KP, Gayakwad EM, Patil VV, Shankarling GS (2019) Gra-
phene oxide: a metal-free carbocatalyst for the synthesis of
diverse amides under solvent-free conditions. Adv Synth Catal
361(9):2107-2116. https://doi.org/10.1002/adsc.201801673

Pathare SP, Jain AKH, Akamanchi KG (2013) Sulfated tungstate:
a highly efficient catalyst for transamidation of carboxamides
with amines. RSC Adv 3(21):7697-7703. https://doi.org/10.
1039/c3ra00127j

Petchey MR, Grogan G (2019) Enzyme-catalysed synthesis of sec-
ondary and tertiary amides. Adv Synth Catal 361(17):3895-
3914. https://doi.org/10.1002/adsc.201900694

QueE, Li S, BaiJ, Zheng Y, Li W (2022) Nickel-catalyzed reductive
cross-coupling of N-acyl and N-sulfonyl benzotriazoles with
diverse nitro compounds: rapid access to amides and sulfona-
mides. Org Lett 24(1):58-63. https://doi.org/10.1021/acs.orgle
tt.1c03535

Rao SN, Mohan DC, Adimurthy S (2013) L-Proline: an efficient
catalyst for transamidation of carboxamides with amines. Org
Lett 15(7):1496-1499. https://doi.org/10.1021/014002625

Rao SN, Chandra Mohan D, Adimurthy S (2015) H-p-zeolite cata-
lyzed transamidation of carboxamides, phthalimide, formamides
and thioamides with amines under neat conditions. RSC Adv
5(115):95313-95317. https://doi.org/10.1039/c5ra16933j

Sakurai M, Kawakami R, Kihara N (2019) TBSOT{-promoted ver-
satile N-formylation using DMF at room temperature. Tetra-
hedron Lett 60(18):1291-1294. https://doi.org/10.1016/j.tetlet.
2019.04.010

Santos AS, Silva AMS, Marques MMB (2020) Sustainable amidation
reactions—recent advances. Eur J Org Chem 2020:2501-2516.
https://doi.org/10.1002/ejoc.202000106

Serrano-Plana J, Garcia-Bosch I, Company A, Costas M (2015) Struc-
tural and reactivity models for copper oxygenases: cooperative
effects and novel reactivities. Acc Chem Res 35(9):1349-1365.
https://doi.org/10.1021/acs.accounts.5b00187

Sheng H, Zeng R, Wang W, Luo S, Feng Y, Liu J, Chen W, Zhu M,
Guo Q (2017) An efficient heterobimetallic lanthanide alkoxide
catalyst for transamidation of amides under solvent-free condi-
tions. Adv Synth Catal 359(2):302-313. https://doi.org/10.1002/
adsc.201600373

Singh DP, Allam BK, Singh KN, Singh VP (2014) A binuclear Mn(ii)
complex as an efficient catalyst for transamidation of carboxam-
ides with amines. RSC Adv 4(3):1155-1158. https://doi.org/10.
1039/c3ra45176¢

Sonawane RB, Rasal NK, Jagtap SV (2017) Nickel-(II)-catalyzed
N-formylation and N-acylation of amines. Org Lett 19(8):2078—
2081. https://doi.org/10.1021/acs.orglett.7b00660

Stephenson NA, Zhu J, Gellman SH, Stahl SS (2009) Catalytic
transamidation reactions compatible with tertiary amide metath-
esis under ambient conditions. J Am Chem Soc 131(29):10003—
10008. https://doi.org/10.1021/ja8094262

Sureshbabu P, Azeez S, Chaudhary P, Kandasamy J (2019) Tert -Butyl
nitrite promoted transamidation of secondary amides under metal

and catalyst free conditions. Org Biomol Chem 17(4):845-850.
https://doi.org/10.1039/c80b03010c

Szostak R, Szostak M (2019) Chemistry of bridged lactams: recent
developments. Molecules 24(2):274. https://doi.org/10.3390/
molecules24020274

Tan Z, Li Z, Ma Y, Qin J, Yu C (2019) Potassium tert-butoxide
prompted highly efficient transamidation and its coordination
radical mechanism. Eur J Org Chem 2019:4538-4545. https://
doi.org/10.1002/ejoc.201900666

Thale PB, Borase PN, Shankarling GS (2016) Transamidation cata-
lysed by a magnetically separable Fe;O, nano catalyst under
solvent-free conditions. RSC Adv 6(58):52724-52728. https://
doi.org/10.1039/c6ra07149j

Tian Q, Gan Z, Wang X, Li D, Luo W, Wang H, Dai Z, Yuan J (2018)
Imidazolium chloride: an efficient catalyst for transamidation of
primary amines. Molecules 23(9):2234. https://doi.org/10.3390/
molecules23092234

Valdez CE, Smith QA, Nechay MR, Alexandrova AN (2014) Mysteries
of metals in metalloenzymes. Acc Chem Res 47(10):3110-3117.
https://doi.org/10.1021/ar500227u

Vanjari R, Guntreddi T, Singh KN (2013) MnO, promoted sequential
C-O and C-N bond formation via C-H activation of methylar-
enes: a new approach to amides. Org Lett 15(18):4908—-4911.
https://doi.org/10.1021/014023886

Viveiros R, Bonifacio VDB, Heggie W, Casimiro T (2019) Green
development of polymeric dummy artificial receptors with affinity
for amide-based pharmaceutical impurities. ACS Sustain Chem
Eng 7(18):15445-15451. https://doi.org/10.1021/acssuschemeng.
9b02948

Wagh GD, Pathare SP, Akamanchi KG (2018) Sulfated-tungstate-
catalyzed synthesis of ureas/thioureas via transamidation and
synthesis of forchlorofenuron. ChemistrySelect 3(25):7049-7053.
https://doi.org/10.1002/slct.201800954

Wang Z, Matsumoto A, Maruoka K (2020) Efficient cleavage of ter-
tiary amide bonds: via radical-polar crossover using a copper(ii)
bromide/Selectfluor hybrid system. Chem Sci 11:12323-12328.
https://doi.org/10.1039/d0sc05137¢

Yang X, Fan L, Xue Y (2014) Mechanistic insights into l-proline-cata-
lyzed transamidation of carboxamide with benzylamine from den-
sity functional theory calculations. RSC Adv 4(57):30108-30117.
https://doi.org/10.1039/c4ra04105d

Yang D, Shin T, Kim H, Lee S (2020) Nickel/briphos-catalyzed
transamidation of unactivated tertiary amides. Org Biomol Chem
18(31):6053-6057. https://doi.org/10.1039/d0ob01271h

Yedage SL, D’Silva DS, Bhanage BM (2015) MnO, catalyzed formyla-
tion of amines and transamidation of amides under solvent-free
conditions. RSC Adv 5(98):80441-80449. https://doi.org/10.
1039/c5ral3094h

Yin J, Zhang J, Cai C, Deng GJ, Gong H (2019) Catalyst-free transami-
dation of aromatic amines with formamide derivatives and tertiary
amides with aliphatic amines. Org Lett 21(2):387-392. https://doi.
org/10.1021/acs.orglett.8b03542

Yu S, Shin T, Zhang M, Xia Y, Kim H, Lee S (2018) Nickel/briphos-
catalyzed direct transamidation of unactivated secondary amides
using trimethylsilyl chloride. Org Lett 20(23):7563-7566. https://
doi.org/10.1021/acs.orglett.8b03304

Yu S, Ho Song K, Lee S (2019) Metal-free transamidation of pri-
mary amides using trimethylsilyl chloride. Asian J Org Chem
8(9):1613-1616. https://doi.org/10.1002/ajoc.201900216

Zhang R, Zhang JC, Zhang WY, He YQ, Cheng H, Chen C, Gu YC
(2020) A practical approach for the transamidation of N, N-dime-
thyl amides with primary amines promoted by sodium tert-butox-
ide under solvent-free conditions. Synth 52(21):3286-3294.
https://doi.org/10.1055/s-0040-1705892

Zuo D, Wang Q, Liu L, Huang T, Szostak M, Chen T (2022) Highly
chemoselective transamidation of unactivated tertiary amides

@ Springer


https://doi.org/10.1039/c9md00063a
https://doi.org/10.1039/c9md00063a
https://doi.org/10.1039/C8NP00022K
https://doi.org/10.1039/C8NP00022K
https://doi.org/10.1016/j.tetlet.2015.05.067
https://doi.org/10.3390/POLYM12040980
https://doi.org/10.1002/adsc.201801673
https://doi.org/10.1039/c3ra00127j
https://doi.org/10.1039/c3ra00127j
https://doi.org/10.1002/adsc.201900694
https://doi.org/10.1021/acs.orglett.1c03535
https://doi.org/10.1021/acs.orglett.1c03535
https://doi.org/10.1021/ol4002625
https://doi.org/10.1039/c5ra16933j
https://doi.org/10.1016/j.tetlet.2019.04.010
https://doi.org/10.1016/j.tetlet.2019.04.010
https://doi.org/10.1002/ejoc.202000106
https://doi.org/10.1021/acs.accounts.5b00187
https://doi.org/10.1002/adsc.201600373
https://doi.org/10.1002/adsc.201600373
https://doi.org/10.1039/c3ra45176c
https://doi.org/10.1039/c3ra45176c
https://doi.org/10.1021/acs.orglett.7b00660
https://doi.org/10.1021/ja8094262
https://doi.org/10.1039/c8ob03010c
https://doi.org/10.3390/molecules24020274
https://doi.org/10.3390/molecules24020274
https://doi.org/10.1002/ejoc.201900666
https://doi.org/10.1002/ejoc.201900666
https://doi.org/10.1039/c6ra07149j
https://doi.org/10.1039/c6ra07149j
https://doi.org/10.3390/molecules23092234
https://doi.org/10.3390/molecules23092234
https://doi.org/10.1021/ar500227u
https://doi.org/10.1021/ol4023886
https://doi.org/10.1021/acssuschemeng.9b02948
https://doi.org/10.1021/acssuschemeng.9b02948
https://doi.org/10.1002/slct.201800954
https://doi.org/10.1039/d0sc05137c
https://doi.org/10.1039/c4ra04105d
https://doi.org/10.1039/d0ob01271h
https://doi.org/10.1039/c5ra13094h
https://doi.org/10.1039/c5ra13094h
https://doi.org/10.1021/acs.orglett.8b03542
https://doi.org/10.1021/acs.orglett.8b03542
https://doi.org/10.1021/acs.orglett.8b03304
https://doi.org/10.1021/acs.orglett.8b03304
https://doi.org/10.1002/ajoc.201900216
https://doi.org/10.1055/s-0040-1705892

4084

Chemical Papers (2023) 77:4057-4084

by electrophilic N—C(O) activation by amide-to-acyl iodide re-
routing. Angew Chemie Int Ed 61(24):€202202794. https://doi.
org/10.1002/anie.202202794

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1002/anie.202202794
https://doi.org/10.1002/anie.202202794

	Recent advances in transamidation of unactivated amides
	Abstract
	Graphical abstract

	Introduction
	Transamidation reagents list
	Literature study
	Metal catalysed
	Non-metal catalysed
	Miscellaneous

	Conclusion
	Acknowledgements 
	References




