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Abstract N-Acylbenzotriazoles are valuable synthons in organic syn-
thesis. They are particularly used as acylating agents and an alternative
to acyl chlorides. They have been widely explored for a diverse range of
applications. This review summarizes methods for the preparation of N-
acylbenzotriazole derivatives and their diverse applications, in particular
demonstrating their ability to serve as alternative acylating agents in
organic transformations such as N-, O-, C-, and S-acylating agents for
the convenient synthesis of a wide range of biologically important or-
ganic compounds. We also emphasize the synthesis of diverse com-
pounds using benzotriazole ring cleavage (BtRC) methodology, includ-
ing its pharmacophore study and some notable utilities as valuable
starting materials, ligands, and intermediates in the field of organic syn-
thesis.
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1 Introduction

N-Acylbenzotriazoles are versatile neutral acylating

agents; they have been extensively used in the preparation

of diverse pharmacologically important scaffolds. Because

of the high stability of benzotriazole-containing intermedi-

ates, the benzotriazole methodology has been proven to be

an effective method to prepare alternatives of unstable or-

ganic intermediates and hence attracted much interest in

organic synthesis for a plethora of organic transformations.

Benzotriazole, commonly used as a good leaving group, has

been extensively used as a novel synthetic auxiliary in vari-

ous organic reactions. Particularly, N-acylbenzotriazoles are

more stable than the corresponding acid chlorides, and they

can be used as acylating agents in acylation reactions with-

out diacylation or other side reactions, unlike traditional

methods. This mild, regioselective, and regiospecific re-

agent provides an alternative route to Friedel–Craft and

Vilsmeier–Haack acylation strategies and can be used to ob-

tain better results.1–3 This review summarizes the emerging

methods for the preparation of N-acylbenzotriazole deriva-

tives, their pharmacophore study, and their utilities in the

field of organic chemistry as a starting material, ligand, and

intermediates involved in the important organic reactions

as well functional group transformations.

2 Synthesis of N-Acylbenzotriazoles

N-Acylbenzotriazole motifs are, in general, prepared

from acyl chlorides, aldehydes, and carboxylic acid as the

starting chemicals via numerous synthetic pathways.
© 2022. The Author(s). SynOpen 2023, 7, 430–465
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Therefore, in this section, a comprehensive summary of the

methods for synthesizing a diverse range of N-acylbenzotri-

azoles is presented (Figure 1).

In 1954, Gaylord tried to reduce 1-(hydroxymethyl)ben-

zotriazole 2 to form 1-methylbenzotriazole in the presence

of acyl chloride 1 and pyridine in dioxane. However, the re-

action afforded N-acylbenzotriazoles 3, for example N-ben-

zoylbenzotriazole as the sole product. This became the first

step in the history of N-acylbenzotriazoles (Scheme 1).4

Scheme 1  Synthesis of N-benzoylbenzotriazole

In 1980, Gasparini et al. successfully synthesized various

derivatives of N-acylbenzotriazoles through the reaction of

N-(trimethylsilyl)benzotriazole 4 with acid chlorides 1,

thus selectively producing 1-substituted acylbenzotriazoles

3 in good yields (Scheme 2).5

Scheme 2  Synthesis of N-acylbenzotriazoles by the reaction of N-
(trimethylsilyl)benzotriazole with acid chlorides (R = alkyl, aryl, (hete-
ro)aryl)

The efforts of the Katritzky group over 11 years (1992–

2003) led to substantial progress in the development of

methods for the synthesis of N-acylbenzotriazoles. In 1992,

the Katritzky group reported two methods for the synthesis

of a diverse range of N-acylbenzotriazoles. In the first

method, acyl chloride 1 and 1H-benzotriazole (BtH) were

fused together under solvent-free conditions (Scheme 3a);

in the second method, carboxylic acid 5 was refluxed with

N-(methylsulfonyl)benzotriazole 6 in basic medium to af-

ford the final products 3 (Scheme 3b).6 In 2002, they devel-

oped a notable method in an extension of this methodology

when 1-(methylsulfonyl)benzotriazole was treated N-Boc-

-amino acids for the synthesis of stable N-(Boc--aminoa-

cyl)benzotriazoles (see Scheme 14).7

Scheme 3  Synthesis of N-acylbenzotriazoles using carboxylic acid chlo-
ride or 1-(1-methylsulfonyl)benzotriazole

In 2003, the Katritzky group reported an improved and

modern one-pot methodology for the synthesis of N-acyl-

benzotriazoles. The method comprised of reaction of car-

boxylic acids 5 with 1.0 equiv thionyl chloride (7) in the

presence of 3.5 to 4 equiv benzotriazole in dichloromethane

Figure 1  Some common approaches used for the synthesis of diverse N-acylbenzotriazoles
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at room temperature for 2 h. This method is the most effi-

cient, and economical, and involves an easy workup process

for converting a wide range of carboxylic acids into N-acyl-

benzotriazoles 3 in excellent yields (Scheme 4).8

Scheme 4  Conversion of carboxylic acids into N-acylbenzotriazoles 
with thionyl chloride

In 2014, Phakhodee and co-workers introduced a new

method to obtain N-acylbenzotriazoles 3 by utilizing

I2/PPh3 and benzotriazole in the presence of triethylamine

(Scheme 5). In this reaction, the sequence of addition of tri-

ethylamine and benzotriazole plays a key role to achieve

good yields. When first triethylamine and then benzotri-

azole were added to a round-bottom flask containing car-

boxylic acid 5 and I2/PPh3, the acid anhydride was the sole

product; whereas, addition of benzotriazole followed by tri-

ethylamine, afforded N-acylbenzotriazoles in good-to-ex-

cellent yields.9a In 2018, the Tiwari group extended this

methodology and applied it to carbohydrate chemistry for

the preparation of glycoconjugated N-acylbenzotriazoles

and found the reagent to be equally effective in producing

glycoconjugated N-acylbenzotriazoles in good-to-excellent

yields with sugar acids without affecting the sugar stereo-

chemistry.9b

In 2015, Phakhodee and co-workers reported two elo-

quent N-acylbenzotriazole syntheses that are advantageous

from economic and environmental perspectives using

2,4,6-trichloro-1,3,5-triazine (8). In the first report, 0.33

equiv 2,4,6-trichloro-1,3,5-triazine was reacted with 1.0

equiv Et3N at 0 °C followed by the addition of 1.0 equiv car-

boxylic acid and 1.0 equiv benzotriazole to obtain N-acyl-

benzotriazoles 3 as the final product (Scheme 6a). Ex-

traction of the product from the crude reaction mixture us-

ing the separation technique with saturated NaHCO3, 1 M

HCl, and water ascertained the process to be economic and

environment friendly.10 Whereas, in another investigation,

N-acylbenzotriazoles 3 were synthesized by the reaction of

a carboxylic acid with 2,4,6-trichloro-1,3,5-triazine (8) in

the presence of NaHCO3 and benzotriazole in aqueous me-

dium (Scheme 6b).11

In 2016, Abo-Dya et al. utilized tosyl chloride/DMAP to

promote the synthesis of a diverse range of N-acylbenzotri-

azole derivatives 3. The reaction of carboxylic acid 5 with

tosyl chloride afforded the corresponding intermediate 5′,

which was subsequently attacked by 1H-benzotriazole to

furnish the respective N-acylbenzotriazole derivatives 3

(Scheme 7). This method was also applied to synthesize

Vorinostat (SAHA), a well-known differentiating agent for

prostate and breast cancers.12

Scheme 7  Conversion of carboxylic acids into N-acylbenzotriazoles uti-
lizing tosyl chloride/DMAP

The Tiwari group developed three novel methods for the

synthesis of diverse range of N-acylbenzotriazoles besides

extending two previously reported procedures for synthe-

sizing glycoconjugated N-acylbenzotriazole derivatives.13

The furanose- and pyranose-based glycoconjugated N-acyl-

benzotriazoles were used as coupling reagents for the syn-

thesis of novel sugar amides by exploring 2003 method of

the Katritzky group.8 To achieve the target N-(1,2;3,4-di-O-
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isopropylidene--D-galactopyranuronosyl)benzotriazole 11,

1,2;3,4-di-O-isopropylidene--D-galacturonic acid (10) was

first synthesized via the isopropylidene protection of D-(+)-

galactose to yield compound 9, followed by oxidation.

When this sugar acid 10 was treated with SOCl2 in the pres-

ence of benzotriazole and dichloromethane, a crystalline

white solid of 11 was obtained in appreciable yield (Scheme

8).

However, for the synthesis of N-3-O-benzyl- or 3-O-

ethyl-1,2-O-isopropylidene--D-xylofuranuronyl)benzotri-

azoles, a six-step reaction was performed on D-(+)-glucose.

First, isopropylidene protection was carried out on D-(+)-

glucose to obtain 1,2;5,6-di-O-isopropylidene-glucofura-

nose 12, followed by 3-O-alkylation and selective isopro-

pylidene deprotection to obtain compound 13. Compound

13 on selective oxidation with NaIO4 furnished the corre-

sponding aldehyde and finally, treatment of this aldehyde

with freshly prepared AgNO3/KOH catalyzed oxidation af-

forded 3-O-benzyl- or 3-O-ethyl-1,2-O-isopropylidene--D-

xylofuranuronic acids 14 as the target product. Reaction of

furanuronic acids 14 with SOCl2 and BtH in anhydrous DCM

furnished N-(3-O-benzyl- or 3-O-ethyl-1,2-O-isopro-

pylidene--D-xylofuranuronyl)benzotriazoles 15 in good

yields (Scheme 9).13

In 2018, the Tiwari group explored work of Phakhodee

and co-workers9a and utilized it for the synthesis of glyco-

conjugated N-acylbenzotriazoles and achieved excellent re-

sults.9b The Tiwari group played an active role in the devel-

opment of various methodologies for the synthesis of N-ac-

ylbenzotriazoles 3 and illustrated it by the exploration and

use of various reagents such as triphenylphosphine, NBS,

PySSPy, or TClCA (trichloroisocyanuric acid) with diverse

carboxylic acids 5 in the presence of dichloromethane as

the solvent to obtain diverse N-acylbenzotriazole deriva-

tives in appreciable yields (Scheme 10).14–16

In 2021, the Tiwari group developed a new technique to

synthesize aromatic and aliphatic derivatives of N-acylben-

zotriazoles. The reaction was based on the activation of dif-

ferent carboxylic acids 5 with trichloroacetonitrile (CCl3CN)

to produce an imidate intermediate, which reacts in situ

with benzotriazole to furnish the desired N-acylbenzotri-

azoles 3.17 The methodology is feasible for the synthesis of

both aromatic as well as aliphatic N-acylbenzotriazoles

(Scheme 11).

In 2019, Laconde et al. demonstrated propylphosphonic

anhydride solution T3P as an efficient reagent for the one-

pot synthesis of Bt amino acid derivatives starting from N-

protected amino acids (Scheme 12). This method is applica-

ble to substrates with various side-chain protecting groups

including highly sensitive trityl group and can be used to

Scheme 8  Synthesis of N-(1,2;3,4-di-O-isopropylidene--D-galactopyranuronosyl)benzotriazole
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Scheme 9  Synthesis of N-(3-O-benzyl- or 3-O-ethyl-1,2-O-isopropylidene--D-xylofuranuronyl)benzotriazoles
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avoid tedious purification and toxic reagents. In addition,

T3P was used for the synthesis of biotin and N-Fmoc poly-

ethylene glycol derivatives.18

Scheme 12  Conversion of carboxylic acids into N-acylbenzotriazoles 
utilizing T3P

N-Acylbenzotriazoles are mainly synthesized from acyl

derivatives, as this method is advantageous in producing a

large number of N-acylbenzotriazoles. However, there are a

few examples of critical exceptions, where acyl derivatives

were not used as the starting materials. In 2001, Wang and

Chen first accomplished the synthesis of N-acylbenzotri-

azoles through the Pd(OAc)2-catalyzed carbonylation of

several diaryliodonium salts (Scheme 13).19 The reaction of

diaryliodonium salts in the presence of BtH under one at-

mospheric pressure of carbon monoxide produced average-

to-good yields of N-acylbenzotriazoles as the final product.

In a simple yet classic reaction methodology developed by

the Katritzky group, refluxing aldehydes 16 with N-chloro-

benzotriazole 17 in the presence of AIBN in benzene yield-

ed N-acylbenzotriazoles (in up to ~80% yield) as the major

product (Scheme 13).20

Scheme 13  Synthesis of N-acylbenzotriazoles without using acyl deriv-
atives

Acid chlorides of N-protected amino acids have been

known for a long time.21 Most of them cannot be stored un-

der normal conditions because of their highly sensitive na-

ture and reactivity;22 they undergo racemization and de-

composition on storage. The Katritzky group developed in-

novative methodology for the synthesis of stable N-(Boc--

aminoacyl)benzotriazoles 19 from Boc--amino acids 18

and BtSO2Me as the benzotriazole source (Scheme 14).7 N-

(Boc--aminoacyl)benzotriazoles were found to be stable at

20 °C and no detectable amount of change was observed for

six months. Also, the application of N-(Boc--aminoa-

cyl)benzotriazoles was considered for the synthesis of chi-

ral -(N-protected amino acid) amides without racemiza-

tion.7

By utilizing the methods discussed, the synthesis of a

wide variety of desired N-acylbenzotriazoles can be

achieved. Hence, we summarized all the methodology dis-

cussed and their selective starting chemical components in

Figure 1 to show all the possibilities of N-acyl- and N-aroyl-

benzotriazole synthesis.

3 Applications of N-Acylbenzotriazoles in 
Organic Synthesis

3.1 N-Acylation Using N-Acylbenzotriazoles

The Katritzky group reported a novel protocol for the

synthesis of N-aroylindoles 20 and 21 by the application of

N-aroylbenzotriazoles. The developed methodology was

applied to the reaction of N-aroylbenzotriazoles with indole

(22) and also with substituted indoles 23 in the presence of

NaH to afford the desired N-aroylindole in moderate-to-

good yields (Scheme 15).23

Scheme 15  Synthesis of N-aroylindoles using N-acylbenzotriazoles

N-Acylbenzotriazoles are acylating agents that react

with ammonia, primary amines, and secondary amines to

produce high yields of the corresponding primary, second-

ary, and tertiary amides, respectively, by the elimination of

BtH. The procedure predominantly provides a way for solid-

phase synthesis.24 The synthetic pathway for amides 25

from amines 24 and N-acylbenzotriazoles is depicted in

Scheme 16.

Scheme 16  Formation of primary, secondary, and tertiary amides
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and enantiomeric excess of natural and synthetic amines

and alcohols by NMR spectroscopy.25,26 MTPA chloride en-

antiomers used as chiral derivatizing agents are commer-

cially available, but these are expensive, moisture sensitive,

and stored at a low temperature. To overcome these limita-

tions, the Katritzky group established a protocol for the

synthesis of enantiomeric and racemic form of 1-benzotri-

azol-1-yl-3,3,3-trifluoro-2-methoxy-2-phenylpropan-1-one

(Mosher-Bt reagent) 27 in (R)-27, and (S)-27, rac-27 forms

by refluxing the MTPA 26 with BtH and thionyl chloride in

acetonitrile/water (2:1) for 50 h. The prepared Mosher-Bt

reagent 27 was reacted with various chiral amino acids 28

and peptides to obtain the corresponding amides 29 to

prove the efficacy of the developed Mosher-Bt reagent over

the sensitive MTPA chloride (Scheme 17).27

In 1997, the Katritzky group reported a versatile meth-

od for the synthesis of various substituted symmetrical and

unsymmetrical urea derivatives 32 via the N-acylation of

1,1′-carbonylbisbenzotriazole 30 with primary and second-

ary amines. BtH was obtained as a byproduct, which can be

easily removed from reaction product during workup.

When secondary amines were used as the first component

in the reaction, benzotriazole-1-carboxamides 31 were iso-

lated as reaction intermediates. This method provides a

useful and benign route for the synthesis of numerous urea

derivatives that could not be successfully afforded by other

protocols (Scheme 18a).28 In 2003, they developed a profi-

cient route for the synthesis of mono- and disubstituted

ureas 35 by the reaction of benzotriazole-1-carboxamide

34 with primary and secondary aliphatic amines under

mild reaction conditions. Benzotriazole-1-carboxamide 34

was obtained by the reaction of N-cyanobenzotriazole 33

with 30% H2O2 in the presence of n-Bu4N+HSO4
– in dichloro-

methane at 25 °C (Scheme 18b).29

Amidines are a significant class of motifs with biological

importance, and also, they are widely used in the synthesis

of heterocycles. A microwave-assisted versatile route was

developed for the synthesis of amidines by the reaction of

various substituted primary and secondary amines with N-

imidoylbenzotriazoles (Scheme 19). The synthesis of N-imi-

doylbenzotriazoles 37 was achieved in two steps. In the

first step, amides 36 were synthesized from N-acylben-

zotriazoles 3 under microwave (MW) conditions. In the sec-

ond step, N-imidoylbenzotriazoles 37 were obtained in

good yields by the one-pot reaction of amides 36, thionyl

chloride, and benzotriazole. The N-imidoylbenzotriazoles

reacted with various substituted primary and secondary

amines to furnish the respective amidines 38.30

(-Aminoacyl)amino-substituted heterocycles are an

important class of scaffolds with substantial biological

properties. A new type of derivative of N-substituted amide

was synthesized from N-(protected-aminoacyl)benzotri-

azoles in 40–98% yields when the reaction was carried out

under microwave irradiation conditions for 30 min. This

method was also efficiently utilized for the synthesis of C-

terminal N-protected dipeptidoyl amides in moderate-to-

good yields. The N-protected dipeptidoyl amides 41 were

synthesized from the corresponding N-protected peptidoyl-

benzotriazoles 39 under microwave irradiation conditions.

Compound 41a was obtained in 60% yield when the reac-

Scheme 17  Benzotriazole-mediated synthesis of Mosher-Bt reagent and its application towards amide synthesis
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tion of Cbz-L-Met-L-Trp-Bt was carried out with 2-amino-

thiazole 40a, and 41b was obtained by the coupling of Cbz-

L-Phe-L-Ala-Bt with 2-amino-6-methoxybenzothiazole 40b

in anhydrous DMF (Scheme 20).31

Scheme 20  Microwave-assisted synthesis of N-protected dipeptidoyl 
amides from N-protected peptidoylbenzotriazoles

N-Acylation was also utilized for the synthesis of dipep-

tides and tripeptides from N-(Cbz-aminoacyl)benzotri-

azoles. The corresponding N-(Cbz-aminoacyl)benzotri-

azoles were obtained from alanine, phenylalanine, and va-

line. Synthesis of tripeptide 44 was achieved in two

different ways: first by the reaction of N-(Cbz-aminoa-

cyl)benzotriazoles 42 with free dipeptides 43 through step-

wise coupling and second by the reaction of N-(Cbz-amino-

peptidoyl)benzotriazoles 46 obtained from acid precursors

45. The reaction of 46 with free amino acids 47 through

fragment coupling afforded tripeptides 44 (Scheme 21).32

Peptide bond formation through the activation of car-

boxylic acid functional group of N-protected -amino acids

is very important and has attracted much attention recent-

ly. Therefore, various scientists have contributed towards

this endeavor of peptide bond construction. In this regard,

the Katritzky group demonstrated a convenient protocol for

the synthesis of dipeptides 49 from the corresponding crys-

talline and chirally stable N-(Cbz- and Fmoc--aminoa-

cyl)benzotriazole-activated derivatives 42 and 48 of Tyr,

Trp, Cys, Met, and Gln amino acids. These benzotriazole-ac-

tivated derivatives of amino acids undergo peptide coupling

in aqueous acetonitrile with unprotected L-Ala-OH and L-

Phe-OH to furnish the chiral dipeptides in 70–98% yield.

The NMR and HPLC studies showed no racemization in the

process (Scheme 22).33

The Katritzky group explored the utility of N-acylben-

zotriazoles for the efficient conversion of carboxylic acids

into N-methoxy-N-methylamides 52 (Weinreb amides).

Weinreb amides 52 were synthesized directly from N-acyl-

benzotriazoles by the reaction with N,O-dimethylhydroxyl-

amine hydrochloride 51 in THF.34 They further investigated

the scope of N-acylbenzotriazoles for the synthesis of vari-

ous O-alkyl-, N-alkyl-, and O,N-dialkylhydroxamic acids 53

by using an appropriate hydroxylamine hydrochloride un-

der similar reaction conditions (Scheme 23).35

The reactivity of N-acylbenzotriazoles was further uti-

lized by the Katritzky group for the N-acylation of sulfon-

amides to synthesize biologically active N-acylsulfon-

amides 54. The reaction was carried out first by treating
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various sulfonamides with NaH in THF for 1.5 h to produce

the sodium salt of the sulfonamides, which then reacted

with diverse N-acylbenzotriazoles in THF under reflux con-

ditions followed by acidification with 2 N HCl solution to

produce the desired N-acylsulfonamides 54 in 76–98%

yields (Scheme 24).36

Scheme 24  Synthesis of various biologically active N-acylsulfonamides 
from N-acylbenzotriazoles

The Katritzky group developed a straightforward syn-

thetic approach towards the preparation of taurine-con-

taining water-soluble peptidomimetics, which are very at-

tractive scaffolds for the application in drug delivery sys-

tems.37 A number of taurine-containing peptides were

efficiently synthesized through the acylation of N-terminal

taurine using benzotriazole methodology. Synthesis of tau-

rine-containing dipeptides 57 was accomplished by utiliz-

ing taurine (55) and benzotriazoles 56 as the starting mate-

rials in the presence of DIPEA as the base in acetonitrile sol-

vent. A few drops of water were also added to dissolve

taurine. The reaction was completed within 1–2 h to afford

the desired products 57 in 76–90% yields. Similarly, the

preparation of taurine-containing tri- and tetrapeptides 59

was achieved in 73–93% yields from various peptidoyl ben-

zotriazoles 58 under similar reaction conditions (Scheme

25). The group also synthesized various taurine sulfono-

peptides and taurine N- and O-conjugates using similar re-

action conditions from the coupling of N-Cbz-taurine sulfo-

nyl benzotriazole and several amino esters, dipeptide es-

ters, and N- and O-nucleophilic compounds, respectively.

In another study, the Katritzky group established a pro-

tocol for the exclusive and diastereoselective synthesis of -

N-glycoamino acids.38 The group utilized easily available N-

(Cbz- or Fmoc--aminoacyl)benzotriazoles 61 for the acyla-

tion of tetra-O-pivaloyl--D-galactopyranosylamine (60)

under microwave irradiation conditions to afford the de-

sired -N-linked glycoamino acids 62 in excellent yields.

This stereoselective glycosylation reaction was carried out

in anhydrous DCM solvent in the presence of DMAP as the

base at 100-W microwave irradiation for 75 min to furnish

the desired glycoamino acids 62 (Scheme 26). The group

also accomplished the regiospecific synthesis of -N-gly-

codipeptides from N-Cbz-protected peptidoyl benzotri-

azoles under similar reaction conditions in 3.5 h in good-to-

high yields. 1D and 2D NMR techniques were used to reveal

the regiospecific -N-linkage.

The Katritzky group further used a chromene-based N-

acylbenzotriazole 63 for the preparation of 2H-chromene-

based conjugates 66 and 67 of natural amino acids 64 and

N-acyl-1,-amino acids 65, respectively, at 20 °C in aqueous

media (Scheme 27).39 The group also synthesized an exam-

ple of 2H-chromene-based conjugate of dipeptide. They

also studied the variation in the gelation properties of the

sodium salts of the corresponding chromene-2H natural

and -amino acid conjugates in DMF and DMSO with dif-

ferent chain lengths.

Scheme 23  Synthesis of Weinreb amides and various substituted hydroxamic acids
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Pattarawarapan and co-workers developed a rapid, sim-

ple, and one-pot methodology for the synthesis of substi-

tuted 3-arylcoumarins 70 under ultrasound assistance.

Their synthetic strategy involved a one-pot acylation/cy-

clization reaction between N-acylbenzotriazoles 68 and 2-

hydroxybenzaldehydes 69 in the presence of triethylamine

under neat conditions (Scheme 28).40

Scheme 28  Ultrasound-assisted synthesis of substituted 3-arylcouma-
rins using N-acylbenzotriazoles

The Katritzky group also explored the chemistry of N-

acylbenzotriazoles for the synthesis of amino acid conju-

gates of quinolone antibiotics, such as oxolinic acid 72 and

nalidixic acid 74, through the coupling of their respective

benzotriazole-activated derivatives 71 and 73 with free

amino acids under basic conditions (Scheme 29).41 The ci-

noxacin- and flumequine-amino acid conjugates were also

synthesized with their respective benzotriazole-activated

derivatives. The coupling reaction was carried out in the

presence of Et3N base for 3 h in aqueous acetonitrile. They

also prepared dipeptide conjugates of the corresponding

quinolones by coupling of the dipeptide Gly–Gly with ben-

zotriazole derivatives of quinolone antibiotics.

Wang and co-workers proposed a synthetic pathway for

the preparation of 3-benzotriazolylpropanamides 77 and

cinnamides 76 from aromatic and aliphatic amines, respec-

tively. Their work showed that aromatic amines react with

N-cinnamoylbenzotriazoles 75 to give 3-benzotriazolylpro-

Scheme 26  Diastereoselective synthesis of -N-glycoamino acids and -N-glycodipeptides using benzotriazole methodology
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panamides 77, and aliphatic amines react exclusively

through the 1,2-addition pathway to afford good-to-high

yields of cinnamides 76 (Scheme 30).42

Scheme 30  N-Cinnamoylbenzotriazole-mediated synthesis of 3-ben-
zotriazolylpropanamides and cinnamides

Simple synthesis of substituted 1,3,4,5-tetrahydro-1,5-

benzodiazepine-2-ones 79 was also carried out via further

acylation of the 1,4-addition product obtained from the re-

action of o-phenylenediamine (78) with N-cinnamoylben-

zotriazoles 75 (Scheme 31).42

Scheme 31  N-Cinnamoylbenzotriazole-mediated synthesis of 1,3,4,5-
tetrahydro-1,5-benzodiazepin-2-ones

Wang and co-workers extended their previous work to-

wards the facile synthesis of 2,3,4,5-tetrahydro-1,5-benzo-

thiazepin-4-ones 82, analogous to 1,3,4,5-tetrahydro-1,5-

benzodiazepine-2-ones, in good-to-high yields. The desired

product was obtained from the reaction of ,-unsaturated

1-acylbenzotriazoles 80 with 2-aminobenzothiol (81) un-

der similar reaction conditions (Scheme 32).43

1,2,4-Oxadiazole rings are a crucial part of various bio-

logically active synthetic heterocyclic compounds, and they

are useful precursors in drug discovery processes. They are

potential drug candidates in the form of hydrolysis-resist-

ing bioisosteric replacements for ester or amide functional-

ities.44 The Katritzky group developed a convenient method

for the synthesis of these biologically relevant 1,2,4-oxadi-

azoles 85 derived from chiral -amino acids using N-pro-

tected N-(-aminoacyl)benzotriazoles 83 (Scheme 33a).45

N-Protected N-(-aminoacyl)benzotriazoles 83 reacted

with p-tolyl-, 4-pyridinyl-, and benzylamidoximes in re-

fluxing ethanol in the presence of catalytic Et3N to afford

good yields of 1,2,4-oxadiazoles 85; the intermediate O-ac-

ylated N-protected amidoxime was instantly produced

from the reaction of 83 with various amidoximes 84 after

the addition of Et3N in ethanol at room temperature, fol-

lowed by cyclization within 5 min under reflux conditions

to give 1,2,4-oxadiazoles 85 in good yields. The NMR and

HPLC analysis showed that the chirality preserved in the

product. The Katritzky group also demonstrated that the

reaction of suitable amidoximes 86 with N-aroylbenzotri-

azoles under similar reaction conditions produced 1,2,4-

oxadiazoles 87 in 73–82% yields (Scheme 33b).45

Similarly, the synthesis of important heterocycles, such

as thiazolines 88 and oxazolines 89, was carried out from

readily available N-acylbenzotriazoles by the Katritzky

group using a similar synthetic methodology under micro-

wave assistance (Scheme 34).46 In the preparation of oxazo-

lines, the N-acylation of N-acylbenzotriazoles was per-

formed in a sealed tube for 10 min, followed by the cycliza-

tion of intermediates in the presence of SOCl2. Using a

similar protocol, thiazolines 88 were synthesized using 2-

aminoethanethiol hydrochloride in the presence of Et3N.

They also accomplished the synthesis of 5,6-dihydro-4H-

1,3-oxazines 90 from the reaction of N-acylbenzotriazoles

with 3-aminopropan-1-ol under similar reaction condi-

tions.

N-Acylbenzotriazoles were applied for the efficient and

high-yielding synthesis of biologically active 5-substituted-

2-ethoxy-1,3,4-oxadiazoles 92 by Pattarawarapan and co-

workers (Scheme 35).47 Their synthetic procedure involved

a one-pot N-acylation/dehydrative cyclization between eth-

yl carbazate (91) and N-acylbenzotriazoles in the presence

of Ph3P-I2 as a dehydrating agent. A variety of 3,5-disubsti-

tuted 1,3,4-oxadiazol-2(3H)-ones 93 were also prepared in

excellent yields from 5-substituted 2-ethoxy-1,3,4-oxadi-

azoles 92 by allowing them to react with a stoichiometric

Scheme 29  Synthesis of oxolinic–amino acid and nalidixic–amino acid 
conjugates through N-acylbenzotriazole methodology
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amount of alkyl halides. Electron-donating as well as elec-

tron-withdrawing group containing substrates were well

tolerated in this synthetic approach.

Depsipeptides are the analogues of peptides comprising

both amino acids and hydroxy acids linked by amide and

ester bonds. Several natural depsipeptides display a range

of biological activities such as antimicrobial, antifungal, and

anti-inflammatory activities, and they are also highly valu-

able therapeutic agents in the form of anticancer and anti-

HIV candidates.48

The Katritzky group developed a novel benzotriazole-

mediated methodology for the efficient synthesis of chiral

oligoesters 96 and depsipeptides 99 through the reaction of

O-Pg-(-hydroxyacyl)benzotriazoles 94 and 97, respective-

Scheme 33  Synthesis of 1,2,4-oxadiazoles by utilizing N-protected N-(-aminoacyl)benzotriazoles and N-acylbenzotriazole
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Scheme 34  Preparation of oxazolines and thiazolines under microwave irradiation
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ly, by using unprotected -hydroxycarboxylic acids 95 in

the former and depsides 98 in the latter reaction (Scheme

36).49 The methodology also elaborated for the synthesis of

amide conjugates by the reaction of O-Pg-(-hydroxyacyl)

with amines in satisfactory outcome.

An efficient methodology for O-acylation of various iso-

propylidene-protected monosaccharides with readily avail-

able N-(Cbz--aminoacyl)benzotriazoles 100 was estab-

lished by the Katritzky group (Scheme 37).50 The reaction

was performed under microwave irradiation in the pres-

ence of a catalytic amount of DMAP in THF solvent at 65 °C

to afford the desired -amino acid–sugar conjugates in good

yields. Chiral O-(Cbz--aminoacyl) sugar products 101 and

102 were synthesized from 1,2:3,4-di-O-isopropylidene--

D-galactopyranose (9) and 1,2:5,6-di-O-isopropylidene-D-

glucose (12), respectively.

In a similar way, the Katritzky group reported the fluo-

rescent labeling of various monosaccharides under micro-

wave irradiation using N-(coumarin-3-carbonyl)benzotri-

azole 103.51 The group achieved the convenient synthesis of

various O-(coumarin-3-carbonyl) diisopropylidene sugars

104 and 105 through the O-acylation of isopropylidene-

protected monosaccharides in the presence of catalytic

amount of DMAP in DCM solvent at 60 °C. The preparation

of O-(coumarin)diacetonide sugars 104 and 105 from

1,2:3,4-di-O-isopropylidene--D-galactopyranose (9) and

1,2:5,6-di-O-isopropylidene-D-glucose (12) is presented in

Scheme 38.51

Scheme 38  Preparation of O-(coumarin)diacetonide sugars from iso-
propylidene-protected sugars

Similarly, L-lysine-scaffold based coumarin-labeled sug-

ars were also prepared via O-and N-acylation using N-cou-

marin-3-carbonyl-N-Cbz-L-lysine benzotriazoles 106 as

the acylating agents. The synthesis of L-lysine-scaffold

based coumarin-labeled monosaccharide product 107 and

108 from 1,2:3,4-di-O-isopropylidene--D-galactopyranose

Scheme 36  Synthesis of chiral oligoesters and depsipeptides from suitable benzotriazoles
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(9) and tetra-O-pivaloyl--D-galactopyranosylamine 60, re-

spectively (Scheme 39).51

Schick and co-workers devised a novel 1-acylbenzotri-

azole-mediated one-step synthesis of -lactones 111 by the

aldolization of carbonyl compounds (Scheme 40).52 N-Acyl-

benzotriazoles 109 containing one hydrogen atom in the -

position to the carboxamide group were used as the sub-

strates. These are easily deprotonated with lithium diiso-

propylamide to afford amide enolates that undergo conden-

sation with carbonyl compounds at –90 to –95 °C to give O-

lithiated -hydroxyalkanoic acids 110. The carboxamide de-

rivatives 110 then underwent cyclization followed by the

elimination of lithium benzotriazolide to produce the de-

sired di- and trisubstituted -lactones in good yields.

Thiolesters play a substantial role in many different syn-

theses, including those of heterocycles, various ketones, and

biologically active substances. The majority of S-acylations

that have been previously reported used an activated acyl

derivative, such as an acyl halide with thiol sodium salts.

The methods using activated acyl derivatives frequently

have low yields, are constrained by the need for substrate-

specific catalysts, or demand harsh conditions and lengthy

workup procedures. Carbodiimides like N,N′-dicyclohexyl-

carbodiimide (DCC) and 1-ethyl-3-(3-dimethylaminopro-

pyl)carbodiimide (EDC) are frequently used to couple car-

boxylic acids with thiols in chemical reactions. The process-

es produce thiolesters in good yields, but because ureas are

solvent-soluble, it can be challenging to remove them from

the reaction mixture.3f

The utility of N-acylbenzotriazoles 3 was exploited as

novel S-acylating agents by the Katritzky group and applied

for the effective synthesis of a range of thiolesters in good-

to-excellent yields (76–99%).3f N-Acylbenzotriazoles react-

ed with thiophenol, benzyl mercaptan, ethyl mercaptoace-

tate, and mercaptoacetic acid in the presence of Et3N in

DCM at room temperature to afford the corresponding thio-

lesters 112 (Scheme 41a). Moreover, preparation of chiral

thiolesters 114 was also accomplished from N-Boc- or Cbz-

protected amino acid and dipeptide based N-acylbenzotri-

azoles 113 under similar reaction conditions (Scheme 41b).

Scheme 41  Preparation of diverse thiolesters utilizing N-acylbenzotri-
azoles

The Katritzky group demonstrated a novel methodology

for the synthesis of aryl benzyl sulfoxides 116 in good-to-

excellent yields (70–90%) from the reaction of N-(arylace-

tyl)benzotriazoles 68 with sodium sulfinates (Scheme

Scheme 39  Benzotriazole-mediated synthesis of L-lysine-scaffold based coumarin-labeled sugars
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42).53 The reaction is initiated with the elimination of ben-

zotriazole from the N-(arylacetyl)benzotriazoles 68 in basic

condition to generate arylketene intermediate 115, which

reacts with arenesulfinate anions to furnish aryl benzyl

sulfoxides 116 after spontaneous decarboxylation.

Scheme 42  Synthesis of aryl benzyl sulfoxides from N-(arylacetyl)ben-
zotriazoles

3.2 C-Acylation of Heterocycles Using N-Acylben-
zotriazoles

The Katritzky group further extended the application of

N-acylbenzotriazoles to the synthesis of ketones 117 from

organometallic compounds. Grignard and heteroaryllithi-

um reagents reacted with N-acylbenzotriazoles 3, derived

from a range of aliphatic, unsaturated, (hetero)aromatic,

and N-protected (R)-amino carboxylic acids, to furnish the

corresponding ketones in good-to-excellent yields (Scheme

43).54

Scheme 43  N-Acylbenzotriazole-mediated synthesis of ketones from 
organometallic compounds

C-Acylation of heterocyclic compounds, such as furans,

thiophenes, pyrroles, and indoles, with N-acylbenzotri-

azoles under Friedel–Crafts reaction condition was demon-

strated by the Katritzky group (Scheme 44).55 Their syn-

thetic protocol furnished C-acylated heterocycles in excel-

lent yields with high regioselectivity. C-Acylation reactions

of thiophene and 2-methylfuran were performed in the

presence of TiCl4 (at 23 °C) or ZnBr2 (at 110 °C) to provide

comparable yields of 2-acylated products 118 and 119, re-

spectively.

Acylpyrroles are important motifs with biological sig-

nificance and also play the role of intermediates in the mul-

tistep synthesis of various drug candidates.56 Synthesis of

acylpyrroles can be easily achieved through the acylation of

pyrroles. The Katritzky group performed the reaction of un-

substituted/1-substituted pyrroles with N-acylbenzotri-

azoles 3 in the presence of TiCl4, which resulted in an easy

replacement of the benzotriazolyl group by the pyrrole,

leading to the formation of 2-acylpyrroles 120 and 121. N-

Protection of pyrroles with a bulky group like triisopropyl-

silyl group directs the acylation to C-3 and affords N-triiso-

propylsilyl-3-acylpyrroles 122. Subsequent deprotection

using tetrabutylammonium fluoride gives 3-acylpyrrole

123 in 98% yield (Scheme 45).3b

Scheme 45  Synthesis of 2-acylpyrroles via substitution of the benzotri-
azole moiety

A convenient route for the synthesis of 1-substituted 2-

azinylethanones 125 was reported by the Katritzky group

through the acylation of alkylated azines 124 with N-acyl-

benzotriazoles. Various alkylazines (2-methylpyridine, 2-

benzylpyridine, 4-benzylpyridine, 2-methylquinoline, 4-

methylquinoline, or 4-methylpyrimidine) reacted with

readily available N-acylbenzotriazoles in THF at –78 °C with

LDA to furnish acylated products 125 in 50–95% yields

(Scheme 46).57
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The Katritzky group further applied the benzotriazole

methodology for the efficient synthesis of amino acyl con-

jugates of nitrogen heterocycles such as pyridine and quin-

oline, which act as potential pharmacophores in drug dis-

covery and development. Lithiated substrates 2-methylpyr-

idine, 4-methylpyridine, and 2-methylquinoline reacted

with N-(Cbz--aminoacyl)benzotriazoles 126 and afforded

N-(-Cbz-aminoacyl)methylene heterocycles 127, 128, and

129, respectively (Scheme 47).58

C-Acylations have been widely considered as a valuable

technique in C–C bond formation and therefore are synthet-

ically important.59–61 Carbon acylation of simple ketone

enolates has been explored for the synthesis of 1,3-keto es-

ters and 1,3-diketones using different acylating reagents

such as acid chlorides,62 acyl cyanides,63,64 N-acylimidaz-

oles,65 methyl methoxymagnesium carbonate,66 formates,

and oxalates.60 The Katritzky group synthesized -dike-

tones 130 from N-acylbenzotriazoles in a regioselective

manner via C-acylation. The C-acylated products were

formed in excellent yields by the reaction of alkyl and aryl

N-acylbenzotriazoles derivatives with aliphatic ketones,

saturated cyclic ketones, and unsaturated cyclic ketones in

the presence of lithium diisopropylamide in THF at –78 °C

(Scheme 48).67 The synthesis of -ketonitriles and -mono-

and ,-disubstituted -ketonitriles 131 was also achieved

by the acylation of both primary and secondary alkyl cya-

nides as depicted in Scheme 48. The reactions were per-

formed using a strong base at different temperatures, either

by potassium tert-butoxide at 23 °C or n-butyllithium at

–78 °C.3d In addition, sulfones were also converted into -

keto sulfones 132 (Scheme 48). Aliphatic, aromatic, and he-

teroaromatic -keto sulfones were prepared in 70–96%

yields using n-butyllithium. -Keto sulfones are useful in-

termediates and have substantial synthetic applications in

the synthesis of different moieties such as disubstituted

acetylenes, vinyl sulfones, allenes, olefins, and polyfunc-

tionalized 4H-pyrans.68 A few -keto sulfones show evi-

dence of fungicidal activity,69 and some are used as precur-

sors for synthesis of optically active -hydroxy sulfones.70

Scheme 48  N-Acylbenzotriazole-mediated regioselective C-acylation 
for the synthesis of -diketones, -ketonitriles, and -keto sulfones

Furthermore, pyrones are a significant class of lactone

derivatives and are important functionality present in

many natural products with diverse range of biological ap-

plications. The Katritzky group formulated a two-step syn-

thetic strategy for the preparation of functionalized py-

rones (Scheme 49).71 The first step involves the synthesis of

6-(acylmethyl)-2,2-dimethyl-4H-1,3-dioxin-4-ones 134 by

reacting 2,2,6-trimethyl-4H-1,3-dioxin-4-one (133) with

N-acylbenzotriazoles using LDA in 37–66% yields. Com-

pounds 134 rapidly undergo cyclization under heating con-

ditions in toluene to afford 6-substituted 4-hydroxy-2-py-

rones 135 in up to 86% yield. In the proposed reaction path-

way, initially LDA abstracts a proton from compound 133 to

afford the corresponding anion A which subsequently at-

tacks the N-acylbenzotriazole to give 6-(acylmethyl)-2,2-

dimethyl-4H-1,3-dioxin-4-ones 134. Under heating, elimi-

nation of acetone results in in situ generation of intermedi-

ate B, which tautomerizes to enolic form C, followed by cy-

clization to obtain the desired pyrone derivatives 135.

- and -Amino acid derivatives are the key motifs for

several biologically relevant compounds as well as in natu-

ral products.72 A versatile approach was developed for the

Scheme 47  Benzotriazole-mediated one-step synthesis of optically pure aminoacyl conjugates of pyridine and quinoline
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synthesis of -aryl-substituted - and -amino acid deriva-

tives (Scheme 50).73 The treatment of N-Tfa-amino acid

monoesters 136 (Tfa = trifluoroacetyl) with thionyl chloride

and benzotriazole in dichloromethane afforded 1-(N-Tfa--

aminoacyl)benzotriazoles 137, which on Friedel–Crafts re-

action with aromatic compounds provided -amino ke-

tones 138. The reduction of -amino ketones with sodium

borohydride or with triethylsilane afforded the correspond-

ing -aryl-substituted - and -amino acid derivatives 139.

The result obtained from chiral HPLC confirms that the chi-

rality was maintained throughout the reaction.

The existence of the nitro group at the -position with

respect to the carbonyl carbon provides specificity this type

of molecule. Their existence offers viable reactivity patterns

to compounds like -nitro ketones. -Nitro ketones are im-

portant precursors used in the synthesis of compounds

with chemotherapeutic applications. The Katritzky group

established a method for the synthesis of -nitro ketones by

the application of N-acylbenzotriazoles (Scheme 51).3h The

reaction of nitro alkanes 140 with 2.0 equiv potassium tert-

butoxide resulted in the generation of a doubly metalated

complex 141 that reacted with various substituted N-acyl-

benzotriazoles to furnish functionalized -nitro ketones

142 in up to 86% yields.

Other intermediates involving C-acylation were ex-

plored with N-acylbenzotriazole derivatives such as the ac-

ylation of metalated ketimines 143 (1.0 equiv) was accom-

plished in the presence of LDA (2.0 equiv) in anhydrous THF

at 0 °C using N-acylbenzotriazoles as acylating agents, pro-

ducing enaminones 144 (Scheme 52).74 Enaminones are

very important compounds and used as synthetic interme-

diates in various heterocyclic moieties, e.g., carbazolequi-

none alkaloids75 pyrroles,76 isoxazoles,77 tricyclic ben-

zo[a]quinolizines,78 and benzodiazepines.79

Scheme 52  N-Acylbenzotriazole-assisted synthesis of enaminones

3.3 Preparation of -Keto Esters and -Diketones 
by Acylative Deacetylation

In 2004 in extension of the reactions of N-acylbenzotri-

azoles, the Katritzky group showed that aromatic N-acyl-

benzotriazoles react with ethyl acetoacetate to afford -

keto esters in high yields (Scheme 53).80 This one-pot, two-

step reaction was used to demonstrate the C-acylative

deacetylation reaction. In the first step, N-acylbenzotriazole

3 and acetoacetic ester were treated with NaH followed by

Scheme 49  Synthesis of biologically relevant pyrone derivatives using 
N-acylbenzotriazoles
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the reaction with NH4Cl in the second step. The crude prod-

uct was then exposed to silica gel column chromatography,

and -keto esters 145 were obtained in 58–85% yields with

a keto/enol ratio 80:20; the exception was R = 4-pyridyl

where a keto/enol ratio of 39:61 was found. When 2-ben-

zyl- or 2-methyl-substituted acetoacetates 146 were used

under similar reaction conditions, the corresponding -

substituted -keto esters 147 were obtained in 51–76%

yields (Scheme 54). The conversions are of specific impor-

tance as the direct acylation of esters with N-acylbenzotri-

azoles to produce -keto esters is not available proficiently

in previous reports.

Scheme 53  Synthesis of -keto esters via C-acylative deacetylation

Similarly, by acylative deacetylation, -acetyl ketones

were transformed into more complex -diketones 148

(Scheme 55).80 In this type of reaction, triketones are the

expected intermediates, which subsequently undergo reac-

tion by Japp–Klingemann mechanism with loss of the ace-

tyl group.81 In this case, acetylacetone undergoes a double

C-acylative deacetylation via repeated reactions with 2.0

mol of the same or different N-acylbenzotriazoles, resulting

in a -diketone in which only the central carbon atom of

acetylacetone is preserved. Symmetrical -diketones (2 ex-

amples) were formed in 97% and 100% yields when 2.0 mol

of the N-acylbenzotriazoles were utilized. Using this ap-

proach, even the unsymmetrical diketones were obtained

in good yields.

3.4 N-Acylbenzotriazoles Used for the Preparation 
of Other Valuable Intermediates

N-Acylbenzotriazoles 3 are used as excellent acylating

reagents as well as key synthons for synthesizing important

intermediates. Baruah et al. synthesized 1,2-diketones

through the coupling of keto cyanides catalyzed by samari-

um diiodide.82 Preparation of keto cyanides required toxic

cyanides and high temperatures. Wang and Zhang reported

a modified synthesis of 1,2-diketones 149 by coupling two

molecules of N-acylbenzotriazole catalyzed by samarium

diiodide in THF; the products are stable, crystalline solids

(Scheme 56).83 Thus, by using benzotriazole and easily

available starting materials, auxiliary 1,2-diketones 149

were synthesized under mild reaction conditions.

Scheme 56  Synthesis of 1,2-diketones form N-acylbenzotriazole

The Katritzky group synthesized arylketenes 151, which

can be further used to access other important organic inter-

mediates, from N-(arylacetyl)benzotriazole 150 under basic

conditions facilitated by the elimination of benzotriazole.

Symmetrical ketones 152 were achieved in good yields

from N-(arylacetyl)benzotriazoles via reaction with NaH in

THF followed by hydrolysis (Scheme 57).84

Scheme 57  Synthesis of 1,3-diarylacetones from N-(arylacetyl)ben-
zotriazole

Further, the Katritzky group reported synthesis of pre-

dominantly trans-isomers 155 of 3-alkyl-4,6-diaryl-3,4-di-

hydropyran-2-ones in good yields (Scheme 58).85 In this re-

action, lithiated aliphatic unbranched N-acylbenzotriazoles

undergo 1,4-addition with ,-unsaturated aromatic ke-

tones 153 to produce 154, which afforded the diastereo-

meric mixture of 3,4-dihydropyran-2-ones 155 and 156

with predominance of trans-isomer 155 in 70% yield.
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Coltart and co-workers further explored N-acylben-

zotriazoles in the acylation of enolizable thioesters to give

-keto thiolesters 158 (Scheme 59).86 In the presence of

MgBr2·OEt2 and i-Pr2NEt, the thiolesters 157 undergo che-

moselective soft enolization followed by acylation by N-ac-

ylbenzotriazoles in DCM in air to afford -keto thiolesters

158. The obtained -keto thiolesters 158 are very stable and

also these are synthetic equivalents of -keto acids and can

be transformed directly into -keto esters 159 and -keto

amides 160 after treatment with an alcohol or an amine, re-

spectively, in the presence of silver trifluoroacetate in THF.

The -keto thiolesters 158 also reacted with ethylzinc io-

dide and a palladium complex to give 1,3-diketo derivatives

161.

Coltart and co-workers also reported the synthesis of 2-

morpholino-8-phenyl-4H-chromen-4-one (165), an im-

portant PI3-K inhibitor, by utilizing the C–C bond forming

protocol. First, the -keto thiolester 163 was produced by

the crossed-Claisen coupling of 162 with S-phenyl thioace-

tate. Treatment of 163 with morpholine in the presence of

silver trifluoroacetate in THF resulted in the replacement of

the phenylthio group by a morpholino group to produce

amide 164. The derivative 164 undergoes deprotection of

the benzyloxy group followed by cyclization of the obtained

phenol derivative catalyzed by triflic anhydride to furnish

smoothly chromen-4-one 165 (Scheme 60).86

Chafuroside A and its regioisomer chafuroside B are fla-

vone C-glycosides, possessing remarkable biological activi-

ties against various frontline diseases. Due to their impor-

tance in drug discovery and development, continuous ef-

forts have been made for their total synthesis by various

scientific communities. In this direction, Kan, Wakimoto,

and co-workers developed a novel synthetic strategy for the

total synthesis of chafuroside A and B through the assis-

tance of benzotriazole chemistry. A segment of the total

synthesis of chafuroside B is shown in Scheme 61; here the

crucial step is the acylation of 2-hydroxyacetophenone de-

rivative 166 using 1-(4-benzyloxybenzoyl)benzotriazole

(167) in the presence of LHMDS to afford the -diketone in-

termediate 168 in 95% yield. Under acidic conditions, using

the Amberlyst 15 catalyst, derivative 168 undergoes a ring-

closing reaction to produce 4H-chromen-4-one 169, which

on deprotection of the benzyloxy groups, furnish a natural-

ly occurring flavonoid vitexin (170), which under Mitsuno-

bu conditions furnishes the desired chafuroside B in 63%

yield.87

In another investigation, a group from Roche used an N-

acylbenzotriazole for the construction of the 1H-pyri-

do[2,3-d]pyrimidine system (Scheme 62).88 Efficient syn-

thesis of 8-cyclopentyl-5-hydroxy-2-(methylsulfanyl)pyri-

do[2,3-d]pyrimidin-7(8H)-one (174) was carried out using

benzotriazole chemistry in 97% yield. First, treatment of o-

(cyclopentylamino) acid 171 with benzotriazole in the

presence of EDCI as dehydrating agent in DCM results in the

formation of the 1-acylbenzotriazole derivative 172. Reac-

tion of 172 with lithiated ethyl acetate in THF provides -

Scheme 58  Ring synthesis of 3-alkyl-4,6-diaryl-3,4-dihydropyran-2-
ones
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keto ester 173, which undergoes cyclocondensation reac-

tion on treatment with DBU and N,N-diisopropylethyl-

amine at 120 °C to furnish 174 in 97% yield.

Scheme 62  N-Acylbenzotriazole-mediated synthesis of 8-cyclopentyl-
5-hydroxy-2-(methylsulfanyl)pyrido[2,3-d]pyrimidin-7(8H)-one

The synthesis of a variety of heterocyclic compounds

has frequently utilized aryl isocyanates.89,90 The Katritzky

group further demonstrated the versatility of benzotri-

azoles by establishing a protocol for N-acylbenzotriazole-

mediated synthesis of various polycyclic heteroaromatic

compounds (Scheme 63).91 In their synthetic strategy, sev-

eral distinct type of N-acylbenzotriazoles reacted with vari-

ous aryl isocyanates in a sealed tube for 24 h to furnish five

different categories of polycyclic heteroaromatic molecules.

Derivatives of quinoline 175, pyrimidino[5,4-c]quinoline

176, benzo[b][1,8]naphthyridine 177, phenanthridine 178,

and indolo[2,3-b]quinoline 179 were synthesized in good

yield from the reaction of alkanoyl-, acetyl-, acetoacetyl-,

aroyl-, and cinnamoylbenzotriazoles, respectively, with var-

ious aryl isocyanates (Scheme 63).91 These products 175–

179 were constructed through the incorporation of 3, 3, 4,

2, and 2 molecules, respectively, of aryl isocyanate per N-

acylbenzotriazole molecule.

Scheme 63  N-Acylbenzotriazole-mediated efficient synthesis of vari-
ous polycyclic heteroaromatics

Scheme 61  Total synthesis of chafuroside B through the application of an N-acylbenzotriazole
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Barrett and co-workers reported a N-acylbenzotriazole-

mediated synthesis of an isoquinolone 184, a part of the an-

tifungal agent Sch 56036 (Scheme 64).93 Acetal 181, ob-

tained from readily available L-isoleucine, was acylated

with N-acylbenzotriazole 180 to give amide 182 in 68%

yield. Reaction of amide 182 with KOH under refluxing con-

ditions gave detosylation to give phenol 183. Subsequent

reaction of phenol 183 with 4.0 equiv of camphorsulfonic

acid in refluxing toluene resulted in cyclization (via Pomeranz–

Fritsch mechanism), followed by demethylation to give iso-

quinolone 184 in a satisfactory outcome.

Bicyclic pyrrolizines were synthesized by the Katritzky

group starting from N-acylbenzotriazole 185, obtained

through the reaction of N-Cbz-L-proline with benzotriazole

and thionyl chloride (Scheme 65).94 The reaction of N-acyl-

benzotriazole 185 with ethyl (triphenylphosphora-

nylidene)acetate afforded (2S)-1-Cbz-2-[(ethoxycarbon-

yl)(triphenylphosphoranylidene)acetyl]pyrrolidine 186 in

66% yield. Deprotection of pyrrolidine 186 by H2/Pd(C) fol-

lowed by ring closure resulted in formation of pyrrolizine-

1,3-dione 188. In a similar way, reaction of N-acylbenzotri-

azole 185 with (triphenylphosphoranylidene)acetonitrile

gave (2S)-1-Cbz-2-[cyano(triphenylphosphoranylidene)-

acetyl]pyrrolidine 187. Deprotection of pyrrolidine 187

with 33% HBr in acetic acid followed by cyclization afforded

3H-1-ammonio-2-(triphenylphosphonio)-5,6,7,7a-tetrahy-

dropyrrolizin-3-one dibromide 189 in 66% yield.

The Katritzky group exploited a practical route using

benzotriazole-mediated methodology for an efficient and

high yielding synthesis of 1,3-benzodioxin-4-ones 191, 1,3-

benzoxazine-2,4-diones 192, naphtho-1,3-dioxinones 194,

and naphthoxazine-1,3-diones 195 (Scheme 66).95 The re-

action of N-(o-hydroxyarylcarbonyl)benzotriazoles 190 and

193 with various aldehydes in anhydrous THF as solvent in

the presence of base furnished 1,3-benzodioxin-4-ones 191

and naphtho-1,3-dioxinones 194, respectively at room tem-

perature, whereas, under the similar reaction conditions,

their reaction with suitable isocyanates produced 1,3-ben-

zoxazine-2,4-diones 192 and naphthoxazine-1,3-diones

195, respectively, in excellent yields. Both aromatic and ali-

phatic aldehydes and isocyanates were well tolerated as

substrates in this methodology.

The fascinating chemistry of benzotriazoles was further

extended by the Katritzky group for the synthesis of a di-

verse range of biologically active heterocyclic compounds.

Towards this effort, the group applied the benzotriazole

methodology to synthesize fused ring systems of pyri-

do[1,2-a]pyrimidin-2-ones 200 and 2H-quinolizin-2-ones

201. Pyrido[1,2-a]pyrimidines are biologically potent het-

erocycles, and they are structural features of several che-

motherapeutic drugs such as the tranquilizer pirenperone

(196),96 the antiallergic agent ramastine (197),97an antiul-

cerative agent 198,98 and an anti-asthmatic agent TBX

199,99 contain the pyrido[1,2-a]pyrimidine moiety in their

structures (Figure 2).

The reaction was carried out between N-(phenylpropy-

noyl)benzotriazole 202 and substituted 2-aminopyridines

in acetonitrile solvent in a sealed tube at 120 °C for 12 h

which furnished the pyrido[1,2-a]pyrimidin-2-ones 200 in

good yields (71–73%) (Scheme 67).100 Similarly, the reaction

of N-(phenylpropynoyl)benzotriazole 202 with substituted

2-picolines under same reaction conditions afforded 2H-

quinolizin-2-ones 201 in moderate-to-good yields (39–

81%).

Scheme 64  N-Acylbenzotriazole-mediated synthesis of isoquinolones through modified Pomeranz–Fritsch mechanism
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The group also applied this methodology to the prepa-

ration of fused ring systems of pyrido[1,2-a]quinolin-3-one

203 and thiazolo[3,2-a]pyrimidin-7-one 204. The reaction

of 2-methylquinoline with N-(phenylpropynoyl)benzotri-

azole 202 in acetonitrile in a sealed tube at 120 °C afforded

pyrido[1,2-a]quinolin-3-one 203 in 40% yield. Likewise, the

5-phenyl-7H-thiazolo[3,2-a]pyrimidin-7-one (204) was ob-

tained in 54% yield from the reaction of 2-aminothiazole

with N-(phenylpropynoyl)benzotriazole 202 under similar

reaction conditions (Scheme 67).100

In their next investigation, the Katritzky group utilized

N-acylbenzotriazoles of various aliphatic and aromatic ,-

unsaturated carboxylic acids as stable and easily accessible

acylating agents for the regioselective C-acylation of various

ketones 205 in order to synthesize medicinally active ,-

unsaturated -diketones (Scheme 68).101 The desired ,-

Scheme 66  Acylbenzotriazole-mediated synthesis of 1,3-benzodioxin-4-ones, naphtho-1,3-dioxinones, 1,3-benzoxazine-2,4-diones, and naphthox-
azine-1,3-diones
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unsaturated -diketones 207 and 208 were prepared from

the reaction N-(,-unsaturated acyl)benzotriazoles 206

and 202 and ketones in the presence of a LDA as base at –78

°C in 3 h. First, the reaction of ketones with LDA produced

the corresponding lithium enolate which on reaction with

N-acylbenzotriazoles furnished the diketones in good

yields.

The Katritzky group demonstrated a convenient synthe-

sis of N-protected-pyroglutamyl pseudopeptides 211a–c

from glutamyl-bis-benzotriazole 210 through cyclization of

an N-terminal glutamic acid residue (Scheme 69).102 N-Pro-

tected L-glutamic acid 209 was used for the acylation of 1H-

benzotriazole in the presence of thionyl chloride in THF to

generate glutamyl-bis-benzotriazole 165, which under-

went condensation with an L-amino acid in the presence of

triethylamine as base in aqueous acetonitrile to furnish pyr-

rolidin-2-ones 211. The crude products were washed with

4 N HCl to afford pure products 211a–c in 58–88% yields.

Scheme 69  Benzotriazole-mediated synthesis of N-protected-pyroglu-
tamyl pseudopeptides

Mintas, Zorc, and co-workers reported a benzotriazole-

mediated methodology for synthesis of 3,5-disubstituted

hydantoin (imidazolidine-2,4-dione) derivatives 216

through cyclization of the corresponding N-(benzotriazol-

1-ylcarbonyl)-L- and D-amino acid amides 215 in the pres-

ence of a base (Scheme 70).103 1-(Chloroformyl)benzotri-

azoles 212 were prepared from benzotriazole using a previ-

ously reported method.104 The reaction of 212 with amino

acids in anhydrous dioxane produced 213 that on treatment

with thionyl chloride was converted into acid chlorides 214

which were subsequently reacted with amines to afford

amides 215. The cyclocondensation of these amides in the

presence of sodium carbonate as base followed by elimina-

tion of the benzotriazole moiety furnished hydantoins 216

in 24–88% yields.

Scheme 70  Benzotriazole-facilitated synthesis of 3,5-disubstituted hy-
dantoins

A general and convenient method for the synthesis of 4-

carbamoyl-1,2,3-triazoles 219 from N-(phenylpropy-

noyl)benzotriazole 202 under microwave irradiation has

been reported by the Katritzky group (Scheme 71).105 First,

the condensation of phenylpropynoic acid with 1-(methyl-

sulfonyl)benzotriazole produced N-(phenylpropynoyl)ben-

Scheme 68  Synthesis of ,-unsaturated -diketones through C-acylation of various ketones
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zotriazole 202, which on [3+2] cycloaddition reaction with

benzyl azide (217) in toluene under microwave irradiation

furnished substituted 4-(benzotriazol-1-ylcarbonyl)-1,2,3-

triazole 218. The treatment of 218 with various amines in

DCM at room temperature provided corresponding 4-car-

bamoyl-1,2,3-triazoles 219 in 54–91% yields after elimina-

tion of the benzotriazole moiety.

A novel protocol was devised by the Katritzky group for

one-step synthesis of various important bicyclic com-

pounds with fused pyrrole, indole, oxazole, and imidazole

rings (Scheme 72).106 Easily available and stable benzotri-

azol-1-yl(1H-pyrrol-2-yl)methanone 220 reacted with vari-

ous ketones, isocyanates, and isothiocyanates in the pres-

ence of a strong, non-nucleophilic base such as DBU in THF

to give pyrrolo[1,2-c]oxazol-1-ones 221 and pyrrolo[1,2-

c]imidazoles 222 and 223, respectively, in a simple one-step

method. This protocol was also utilized for the synthesis of

oxazolo[3,4-a]indol-1-ones 225 and related imidazo[1,5-

a]indoles 226 and 227 from benzotriazol-1-yl(1H-indol-2-

yl)methanone 224 in one-step.

In 2016, the Tiwari group implemented a plan for the

synthesis of diverse urea, carbamates and thiocarbamates

via the Curtius rearrangement in different solvent composi-

tions at elevated temperatures (Scheme 73).107 Readily

available N-acylbenzotriazoles reacted with NaN3 in

THF/water (85:15) at 90 °C, H2O/alcohol (1:19) at 90 °C for 4

h, and thiol/water (90:10) at 100 °C to afford the symmetri-

cal ureas 228, carbamates 229, and thiocarbamates 230, re-

spectively.

In 2019, the Tiwari group devised a new methodology

for the synthesis of symmetrical and unsymmetrical ureas

from N-acylbenzotriazole 3 (Scheme 74);108 the route in

Scheme 73 was limited to symmetrical ureas. The ureas 232

were obtained in a one-pot reaction when N-acylbenzotri-

azole 3 was treated with TMSN3 followed by the addition of

amines 231 in toluene at 110 °C for 60 min. Mechanistically,

compound 3 reacts with trimethylsilyl azide (as azide

source) to give acyl azide A by elimination of benzotriazole.

The acyl azide A undergo subsequent rearrangement (Cur-

tius rearrangement) and furnishes isocyanate intermediate

B by the evolution of molecular nitrogen. The isocyanate is

Scheme 72  One-step synthesis of pyrrolo[1,2-c]oxazol-1-ones, pyrrolo[1,2-c]imidazoles, oxazolo[3,4-a]indol-1-ones, and imidazo[1,5-a]indoles
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subsequently trapped by the amine nucleophile to afford

ureas 232 (25 examples, up to 99% yield). N-Acylureas were

also obtained in reasonable yields when 1-(1H-benzotri-

azol-1-yl)-2-phenylethane-1,2-dione was reacted with var-

ious amines under the optimized reaction condition.108

Furthermore in 2021, the Tiwari group devised an effi-

cient, one-pot method for the synthesis of N-acylureas,

ureas, carbamates, and thiocarbamates using diphenyl-

phosphoryl azide (DPPA) as an azide transfer reagent.109 The

synthesis of N-acylurea 233 is depicted in Scheme 75. Ini-

tially, N-acylbenzotriazole 3 reacted with DPPA to give an

acyl azide that underwent rearrangement under heating to

furnish an isocyanate intermediate after the elimination of

molecular nitrogen. The reaction of the isocyanate with

amides, amines, phenols, and thiophenols resulted in the

formation of N-acylureas, ureas, carbamates, and thiocarba-

mates, respectively. In most of the cases, column chroma-

tography was avoided, and compounds were purified by se-

quential washing with appropriate solvents.

In their next investigation, the Katritzky group devel-

oped a protocol for selective synthesis of S-acylcysteines

and N-acylcysteines utilizing N-acylbenzotriazole chemis-

try under mild reaction conditions (Scheme 76).3n The reac-

tion of N-acylbenzotriazoles with L-cysteine (234) in the

presence of triethylamine as base in MeCN/H2O (3:1) at

room temperature afforded N-acylcysteines 235 exclusively

in 51–86% yields, whereas, S-acylcysteines 236 were ob-

tained as the sole product in 66–85% yields under similar

reaction condition but in the absence of basic medium. The

structures of the synthesized compounds were confirmed

by using various spectroscopic characterizations and also

single-crystal X-ray diffraction techniques.

The Katritzky group reported a general route for prepa-

ration of acyl azides 237 by the reaction of N-acylbenzotri-

azoles with sodium azide in acetonitrile solvent at room

temperature (Scheme 77).3i The beauty and advantage of

this developed protocol is that along with good yields, it

avoids the use of acid activators and NO+ equivalents typi-

cally employed to synthesize these compounds from acid

chlorides and hydrazides, respectively. Also, there is least

chance of isomerization of ,-unsaturated derivatives, side

reactions such as Curtius rearrangements and racemization

of the chiral center in case of amino acid derivatives.

Scheme 77  Synthesis of acyl azides from N-acylbenzotriazoles

The Katritzky group utilized the fascinating chemistry

of N-acylbenzotriazoles for the preparation of amidines

from the condensation reaction of readily available mono-

and diisocyanates and N-acylbenzotriazoles (Scheme 78).110

The one-pot reaction was performed at 200 °C in a sealed

tube under neat conditions for 24 h to afford various aryl

238a–d, heteroaryl 238e, bulky aliphatic 238f, and difunc-

tionalized 1-imidoylbenzotriazoles 239 in 71–99% yields.

This protocol was also efficiently utilized for the direct syn-

thesis of (arylamino)heterocycles, such as 4-(arylami-

no)quinoline 241 from quinolin-4(1H)-one (240), in 71–

96% yields

Scheme 75  Synthesis of substituted N-acylureas from N-acylbenzotriazoles

N

O

N
H

O

               Acyl urea

Anhyd Toluene, 110 oC

N
H

N
H

O O

N
H

N
H

O O

N
H

N
H

O O

N
H

N
H

O O

N
H

N
H

O O

Br

Cl

F

N
H

N
H

O O
I

DPPA, Et3N, Benzamides

233a (93%) 233b (95%) 233c (81%)

233d (69%) 233e (84%) 233f (62%)

F3C

N
H

O

N N

R

233

Ar

Ar

Scheme 76  Selective synthesis of S-acyl- and N-acylcysteines

N

O

N N

R

H2N
O

OH

SH

CH3CN:H2O
   rt, 12 h

     Et3N
CH3CN:H2O
   rt, 12 h

N-acylation S-acylation H2N
O

OH

S

N
H

O

OH

SH
O

R

RO

R = Ph, p-OMeC6H4, p-NO2C6H4,
 2-naphthyl, palmityl

R = Ph, p-OMeC6H4, p-NO2C6H4,
2-naphthyl, p-MeC6H4234

235 (51-86%) 236 (66-85%)

+

N

O

N N

R
   NaN3

MeCN, rt

O

R N3

R = Ph, p-MeC6H4, 2-thienyl, 2-furyl, 2-indolyl
 2-pyridyl, 3-pyridyl, 4-pyridyl

3 237 (75 -88%)
SynOpen 2023, 7, 430–465



455

M. S. Yadav et al. ReviewSynOpen
In their next effort, the Katritzky group presented a fac-

ile and economically viable route for the high-yielding syn-

thesis of aliphatic hydroxy carboxamides 243, hydroxy es-

ters 244, and hydroxy thiolesters 245 from aliphatic hy-

droxy-substituted N-acylbenzotriazole intermediates 242

on treatment with amines, alcohols, and thiols, respectively

(Scheme 79), along with the synthesis of aromatic hydroxy

carboxamides 247 and aromatic hydroxy esters 248 from

N-(o-hydroxybenzoyl)benzotriazoles 246 and amines or al-

cohols, respectively (Scheme 80). The hydroxy N-acylben-

zotriazole intermediates were obtained by the activation of

hydroxy carboxylic acids without prior protection of the

hydroxy substituent.111

Furthermore, the Katritzky group synthesized novel

benzotriazol-1-ylsulfonyl azide 249, a crystalline, stable,

and easily available compound, and reacted it with active

methylene compounds and amines to give a broad range of

diazo compounds 250 and azides 251, respectively, in good

yields (Scheme 81).112 They also utilized sulfonyl azide 249

as an efficient diazo transfer reagent for the convenient

preparation of N-(-azidoacyl)benzotriazoles 252 which

are very suitable candidates for N-, O-, S-, and C-acylation

reactions and afforded various amides 253, esters 254, thio-

lesters 255, and ketones 256, respectively

The Katritzky group also proposed a plausible mecha-

nistic pathway for formation of diazo compound 250 from

an active methylene compounds. The reaction proceeds

through a diazo transfer reaction in which the first step is

the nucleophilic attack of the generated enolate intermedi-

ate A onto the benzotriazol-1-ylsulfonyl azide 249 followed

by proton transfer to furnish intermediate B. Further, inter-

mediate B is converted into intermediate C in the presence

of base, which undergoes an elimination reaction to afford

the desired diazo compound 250 (Scheme 82).

Scheme 78  Preparation of amidines from isocyanates and N-acylbenzotriazoles
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3.5 Benzotriazole Ring Cleavage (BtRC) Reactions

Natural products and pharmaceuticals both frequently

contain fused heterocycles that contain nitrogen.113–115 Be-

cause of their significant biological and physiological activi-

ties, considerable effort has been put into developing new

synthetic methods for their preparation. It has been deter-

mined that the most helpful transformations among these

are cyclization and cycloaddition reactions.116 Nowadays,

benzotriazole ring cleavage (BtRC) reaction have become an

indispensable tool for the synthesis of various types of het-

erocyclic and amides derivatives.117

In 2009, Nakamura and co-workers reported a benzotri-

azole ring cleavage methodology for the synthesis of biologi-

cally relevant indole derivatives 258 (Scheme 83).117a The

developed strategy included a denitrogenative cycloaddi-

tion reaction of N-aroylbenzotriazoles and alkynes 257 in

the presence of a Pd catalyst. This methodology does not

work with terminal alkynes but despite this it is of great

utility in organic synthesis due to its tolerance of a wide va-

riety of benzotriazoles. Also, this reaction displays some ex-

cellent features like satisfactory yields, simple purification

of indole derivatives, and a solvent- and base-free experi-

mental procedure. It also exhibits good regioselectivity for

the asymmetric alkynes by placing the bulkier substituent

of asymmetric alkynes at C-2 of the indole ring. This work

showed that benzotriazoles could be utilized as the syn-

thetic equivalents of ortho-aminoarenediazoniums or 2-

haloanilides in metal-catalyzed coupling reactions.117a

Scheme 83  Pd-catalyzed synthesis of biologically relevant indole deriv-
atives from N-aroylbenzotriazoles and alkynes

The Glorius group also synthesized 2-aryl-substituted

indole derivatives 260 by the reaction of N-aroylbenzotri-

azoles with terminal alkynes 259 in the presence of an Ir

catalyst under blue light irradiation (Scheme 84).117b This

method also exhibits good-to-excellent regioselectivity for

the synthesis of 2-substituted indoles, as well as excellent

functional group tolerance and a wide substrate range. Var-

ious p-substituted arylacetylenes were utilized and gave

the corresponding products in 48–92% yields. In contrast to

Nakamura’s methodology117a this reaction is incompatible

with internal alkynes and no products were formed. They

also investigated the effects of substitution on the benzotri-

azole ring on the reaction using 5-methyl- or 5-chloro-sub-

stituted N-aroylbenzotriazoles and obtained 2-arylated in-

doles in 52% and 85% yield, respectively. The deprotected

indoles could be obtained from substrates containing

strong electron-withdrawing groups, such as 4-(trifluoro-

methyl)benzoyl-substituted benzotriazoles, which delivers

a significant route for the synthesis of 2-aryl-substituted

indoles without the extra deprotection steps. Stern–Volmer

studies and reaction quantum yield determination confirm

the proposed photoinduced radical chain pathway.

Scheme 84  Ir-catalyzed synthesis of 2-aryl-substituted indole deriva-
tives from N-aroylbenzotriazoles and alkynes under blue light irradiation

Scheme 82  Mechanism for the formation of diazo compounds from 
active methylene compounds by a diazo transfer reaction
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A similar but modified approach came from the Glorius

group for the efficient preparation of ortho-alkylated N-ar-

ylbenzamides 262 (R = aroyl) (Scheme 85).118 They used

styrenes 261, in place of terminal alkynes, and employed Ir

as the catalyst in the presence of blue LEDs. The reaction

proceeds through the denitrogenative alkylation of ben-

zotriazoles and displays compatibility with various substi-

tutions on benzotriazoles and gives moderate-to-good

yields in the case of both electron-withdrawing and elec-

tron-donating group bearing styrenes. Since aliphatic

alkenes are poor radical acceptors in comparison to sty-

renes, therefore, they do not undergo this reaction, which is

the only limitation of this developed protocol.

A novel protocol for the synthesis of 3,1-benzoxazi-

nones 263 was devised by Wu and co-workers in 2017

(Scheme 86).117f The target molecules were synthesized by

carbonylative activation of N-acylbenzotriazoles under sil-

ver and palladium bimetallic catalysis. This reaction meth-

odology is very beneficial in constructing a series of biolog-

ically important 3,1-benzoxazinones 263 in satisfactory

yields and also performs well with various substituted ben-

zotriazoles.

Scheme 86  Synthesis of 3,1-benzoxazinones through Pd-catalyzed 
carbonylative cyclization of benzotriazoles with carbon monoxide

In organic synthesis, one of the transformations of enor-

mous importance is the construction of carbon–heteroatom

bonds. Therefore, many scientific groups across the world

have developed and reported methods for the construction

of carbon–heteroatom bonds, in which one of the import-

ant conventional methods is the transition-metal-catalyzed

cross coupling reaction.119 Various developments have been

made in this field, one of which is the radical oxidative cou-

pling strategy for carbon–heteroatom bond formation. This

field of work has gained tremendous attraction in recent

years and has become a hot spot in the field of carbon–het-

eroatom bond construction.120

By using a denitrogenative process, the Glorius group

reported a novel visible-light-promoted borylation and thi-

olation of benzotriazoles using B2pin2 264 and alkyl disul-

fides 266, respectively, to produce ortho-functionalized N-

arylbenzamide derivatives 265 (Scheme 87) and 267

(Scheme 88).118 On either the benzotriazole core or the

benzoyl fragment, the reaction could tolerate both elec-

tron-donating and electron-deficient substituents. Aryl di-

sulfides were unable to provide the thiolation products,

whereas a variety of alkyl disulfides 266 were compatible

with this transformation.

Yang, Xia, and co-workers established the visible-light-

induced denitrogenative phosphorylation of N-aroylben-

zotriazoles with phosphites under mild conditions (Scheme

89).121 N-Aroylbenzotriazoles were treated with 3.0 equiv of

phosphite 268, Ir photocatalyst, and 15-W LEDs as light

source to give a series of ortho-phosphorylated N-arylben-

zamide derivatives 269 in up to 99% yield. Furthermore, this

reaction demonstrated perfect functional group tolerance.

Several trialkyl phosphites were suitable for the reaction,

and the steric hindrance of the phosphite had a significant

effect on product yield; the reaction was unsuccessful with

triphenyl phosphite as the phosphorylation agent. Further-

more, a gram-scale reaction under standard conditions fur-

Scheme 85  Blue LED induced Ir-catalyzed denitrogenative alkylation of benzotriazoles with styrene derivatives
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nished good-to-excellent yield of products, demonstrating

the synthetic utility of this new protocol.

Significant contributions were made by the Tiwari

group towards the development of benzotriazole ring cleav-

age (BtRC) methodology.117i–o In their first work, they ac-

complished the synthesis of benzoxazoles 270 from N-acyl-

benzotriazoles under heating condition in the presence of a

Lewis acid using toluene as solvent.; the reaction goes

through a denitrogenative ring-opening process followed

by cyclization (Scheme 90d).117m This protocol has several

advantages such as an excellent tolerance to substitution on

the aromatic ring, moderate-to-good yields, use of easily

available and economical catalyst, and milligram to gram

scale conversion. They also investigated this protocol with

aliphatic N-acylbenzotriazoles and found that the reaction

undergoes Friedel–Crafts acylation reaction to furnish an

excellent yield of ketones.

The Tiwari group also developed a methodology for syn-

thesis of substituted amides 271 from N-aroyl- and N-al-

kanoylbenzotriazoles via free radical benzotriazole ring-

opening process in the presence of n-Bu3SnH/AIBN.117o In

addition, the byproduct tin dimer was reduced by using

NaBH4 to regenerate the n-Bu3SnH reagent. This reduces the

consumption of n-Bu3SnH reagent in this reaction and

makes this protocol economic (Scheme 91).

Wang and Zhang reported an interesting methodology

for the synthesis of heterocyclic compounds from benzotri-

azoles without the loss of a nitrogen molecule.122 The syn-

thesis of the benzimidazole system goes through ring cleav-

age of benzotriazoles followed by successive ring closure. 1-

Acylamido-2-alkyl/aryl-substituted benzimidazoles 272

Scheme 88  Synthesis of ortho-functionalized N-arylbenzamide derivatives via visible-light-promoted thiolation of benzotriazoles with disulfides
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were synthesized by the reduction of 1-acylbenzotriazoles

3 using samarium(II) iodide (2 equiv) in 43% (R = 4-ClC6H4)

to 82% (R = c-C6H11) yields (Scheme 92). Different results

were obtained by varying substitution in substrate and sol-

vents, for instance, in case of R = 4-MeOC6H4, the diketone

273 was obtained as the sole product in 72% isolated yield

whereas in other reactions diketones 273 were isolated as

side products. Also, using THF as the solvent in place of ace-

tonitrile gave diketones 273 as the sole product. Therefore,

it was concluded that acetonitrile solvent is crucial for ex-

clusive production of 1-acylamido-2-alkyl/aryl-substituted

benzimidazoles 222 through reduction of N-acylbenzotri-

azoles with SmI2. However, there is not any certain clear

mechanism regarding the transformation.

Scheme 92  Samarium(II) iodide induced ring opening of N-acylben-
zotriazoles

A gas-phase pyrolysis (static pyrolysis) technique was

devised by Al-Awadi and co-workers to access benzoxazole

274, 1-cyanocyclopentadiene 275, phenanthridin-6(5H)-

ones 276, substituted N-phenylbenzamide 277, benzamide

278, and benzimidazole 279 from 1-aroylbenzotriazoles at

300–340 °C temperature and 6 × 10–2 mbar pressure

(Scheme 93).123 They also investigated a different pyrolysis

technique and found that when pyrolysis of 1-aroylben-

zotriazole was carried out by flash vacuum pyrolysis at 600

°C and 0.2 Torr, only the benzoxazole, 1-cyanocyclopentadi-

ene, and phenanthridin-6(5H)-one were obtained. The

group also carried out kinetic and mechanistic studies and

revealed that biradical or carbene reactive intermediates

were involved in the reaction pathway of gas-phase pyroly-

sis of benzotriazole in the reaction course.

The synthesis of N-containing heteroaryl amides can be

achieved by utilizing azole-N-acetonitrile derivatives as

substrates through a strategy where they act as synthons

for an ambident carbonyl moiety and the course of reaction

involves sequential base-mediated SNAr substitution of a 2-

haloheterocycle, in situ oxidation, and amine displacement.

N-Containing heteroaryl amides can be synthesized effi-

ciently from the corresponding halides in a prompt one-pot

Scheme 90  N-Acylbenzotriazoles for the synthesis of diverse biologi-
cally relevant molecules including benzothiazoles, benzoxazoles, am-
ides, etc.
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fashion by utilizing this approach. A similar protocol was

developed by Wang and co-workers who accomplished the

synthesis of N-containing heteroaryl amides through the

reaction of 2-chloroquinoxaline (280) and benzotriazol-1-

ylacetonitrile (281) in the presence of sodium hexameth-

yldisilazanide (NaHMDS) at room temperature (Scheme

94).124 The reaction proceeded through the intermediate ni-

trile derivative 282 which was further transformed into

amide 285 (66% yield) on treatment with m-CPBA. The de-

sired product 285 is proposed to be formed from 282

through a sequence of steps in which a cyanohydrin 283 is

first generated from 282 and this undergoes elimination of

HCN to afford 1-acylbenzotriazole 284 that reacts with

NaHMDS followed by hydrolysis during workup to furnish

amide 285.

4 N-Acylbenzotriazoles as Catalysts and 
Ligands

The availability of unique ligation sites on benzotriazole

moieties has paved the way for the development of efficient

ligands, predominantly for application in coupling reac-

tions.125 Several ligand-mediated approaches were reported

for the synthesis of heterocycles via coupling reactions.126

In 2016, Unver and Yılmaz reported the application of

N-acylbenzotriazole-based complexes of Rh(I) 286 and

Ru(III) 287 as hydrogenation catalysts in ionic liquid media

(Scheme 95).127 Both complexes were capable of catalyzing

the hydrogenation of styrene and oct-1-ene and were fully

soluble in 1-butyl-3-methylimidazolium tetrafluoroborate

[bmim][BF4]. While ethylbenzene conversion in the styrene

hydrogenation process reached 84% when the Ru complex

287 was used, under the same conditions (393 K in 6 h) the

Rh complex 286 produced 100% conversion. Additionally,

using the Rh complex in [bmim][BF4] media, 100% of the

hydrogenation of oct-1-ene was achieved. To compare the

impact of the solvent on the catalytic system, the hydroge-

nation of styrene and oct-1-ene in dimethyl sulfoxide and

toluene was also investigated and found to be inferior. The

relationship between the conversion and some catalytic pa-

rameters, including temperature, H2 (g) pressure, and cata-

lyst amount was investigated, and it was observed that the

conversion increased in tandem with the rising tempera-

ture and H2 pressure. It was found that the Rh complex in

particular retained its activity for at least 10 cycles when

the recyclability of catalysts was examined.127

Scheme 95  Hydrogenation of alkene by benzotriazole-based rhodium 
complexes

In 2017, the Tiwari group employed N-acylbenzotri-

azoles as efficient ligands for the synthesis of diverse ben-

zoxazoles via a copper-catalyzed intramolecular cyclization

of N-(2-halophenyl)benzamides. Various substituted N-ac-

ylbenzotriazoles were screened amongst which (1H-ben-

zotriazol-1-yl)(2-methoxyphenyl)methanone 288 was

found to be satisfactory. After screening, various N-(2-halo-

phenyl)benzamides 289 were reacted with CuI (0.2 equiv),

ligand 288 (0.2 equiv), and K2CO3 (1.2 equiv) in DMF at 120

°C for 8 h to obtain benzoxazoles 290 in up to 93% yield

(Scheme 96).128 The effect on yield with variation of the

halo substituent on the N-(2-halophenyl)benzamide was

also checked and N-(2-iodophenyl)benzamide was found a

more appropriate substrate in contrast to bromo and chloro

derivatives. The proposed reaction pathway is by coordina-

tion of the ligand with copper iodide which then is tethered

to the amido group of the benzamide to afford intermediate

A that on subsequent oxidation gives complex B, followed

by reductive elimination to give benzoxazoles 290.

Scheme 94  One-pot synthesis of heteroaryl amide
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5 Pharmacological Applications of N-Acyl-
benzotriazoles

N-Acyl/aroylbenzotriazoles have been widely explored

as a leaving group in various synthetic approaches. Also, the

benzotriazole ring cleavage (BtRC) methodology is well-es-

tablished protocol that recently used in modern organic

synthesis for an easy access of wide range of biologically

relevant scaffolds.1d,129 In addition to the versatile synthetic

utilities of N-acylbenzotriazoles, this scaffold possesses

some notable bioactivities and explored in medicinal

chemistry.130 The structures of some biologically potent N-

acylbenzotriazoles are depicted in Figure 3. For example, N-

acyl/aroylbenzotriazoles 291 (IC50 = 1.7 nM) and 292 (IC50 =

14 nM) with 3,4,5-trimethoxy-substitution exhibited po-

tent activities against oral epidermoid carcinoma KB cells,

non-small-cell lung carcinoma H460 cells, and stomach car-

cinoma MKN45 cells with respect to doxorubicin.131 Fur-

thermore, compound 291 has moderate HDAC inhibitory

activity. It depicts the necessity of more series and molecu-

lar library exploration.

Scheme 96  Synthesis of benzoxazole from N-(2-halophenyl)benzamides using N-acylbenzotriazoles as ligands in a copper-mediated coupling reaction
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The antidiabetic activity of compound 293 (IC50 = 2.99 ±

1.43 mM against -amylase and IC50 = 3.00 ± 1.21 mM

against -glucosidase) was reported by Khan and co-work-

ers.132 Molecular docking revealed that the aryl ring substi-

tution is the key interactive point in this case and the kinet-

ic studies supported that 293 has competitive inhibitory ac-

tion against -amylase and noncompetitive mode of

inhibition against -glucosidase enzyme. The NHE-1 inhibi-

tory via in vitro platelet swelling assay of N-aroylbenzotri-

azoles with an oxygen atom in benzoyl 294 (IC50 = 51.57

mM) and a sulfonyl group 295 (IC50 = 50.89 mM) and 296

(IC50 = 49.95 mM) was reported by Singh and Silakari.133

In a free radical scavenging study, N-acylbenzotriazole

analogue 297 exhibited appreciable DPPH (2,2-diphenyl-1-

picrylhydrazyl) interaction value (85%) comparable to the

reference nordihydroguaiaretic acid (91%). Besides, 297 has

lipid peroxidation (LP) inhibition of 31%, which further en-

courages its efficiency as an antioxidant scaffold.134 Bis-N-

aroylbenzotriazole 298 displayed notable analgesic and an-

tipyretic activities with minimal side effects, prolonged

plasma half-life, increased solubility, and antioxidative po-

tentiality than ketoprofen, a commercial non-steroidal anti-

inflammatory drug (NSAID). This exhibited interaction with

DPPH in iron-free system as well as its reducing activity. Be-

sides, it has significantly higher LP inhibition (98%) with re-

spect to parent motif (69.3%) with remarkable soybean LOX

activity of 95%.135 Tasneem et al. reported the antitubercu-

lar activity of compound 299 (minimal inhibitory concen-

tration, MIC = 4.5 g/mL against M. tuberculosis compared

to first line drugs, streptomycin (MIC = 7.5 g/mL) and pyra-

zinamide (MIC = 10 g/mL).136

Interestingly, Cu(II) coordinated N-aroylbenzotriazole

complex 300 displayed potent antibacterial activity.137 This

complex exhibited moderate inhibitions against both

Gram-positive (B. subtills and S. aureus) and Gram-negative

(E. coli and S. typhi) bacteria. However, in lieu of dependable

stability, variation in structural coordination of the complex

may vary in the final pharmacological application and cell

inhibitory activity.

N-Acyl/aroylbenzotriazoles have exerted great potenti-

ality as versatile pharmacophore including excellent anti-

bacterial, antifungal properties, along with the efficacy as

antioxidant agents. Hopefully, these inspiring outcomes

will help to investigate more molecular library genesis as N-

acyl/aroylbenzotriazole agents against other diseases along

with opening up new prospects for the motif.

6 Conclusions and Future Outlook

In this review, we highlighted the various synthetic

methodologies for efficient preparation of N-acylbenzotri-

azoles which have developed over time. The diverse appli-

cations of N-acylbenzotriazoles as N-, O-, C-, and S- acylat-

ing agents for the convenient synthesis of a range of im-

portant organic compounds and synthesis of diverse

compounds has also been incorporated by using benzotri-

azole ring cleavage (BtRC) methodology in this review. The

review also emphasized the role of N-acylbenzotriazoles as

a ligand in various transformations and illuminated on the

medicinal importance of the N-acylbenzotriazolyl scaffold

by including the pharmacological applications of various

medicinally active compounds containing the benzotri-

azolyl framework. For future perspective, theses inspiring

outcomes will help to explore the role of N-acylbenzotri-

azoles in organic synthesis as well as for therapeutic resolu-

tions.
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