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Synthetic aspects of 1,4- and 1,5-benzodiazepines
using o-phenylenediamine: a study of past
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Benzodiazepines, seven-membered heterocyclic compounds having two nitrogen atoms at different

positions, are ruling scaffolds in the area of pharmaceutical industry. They act as cardinal moieties in
organic synthesis as well as in medicinal chemistry. Among the different benzodiazepines, 1,4- and 1,5-
benzodiazepines play a far-reaching role in the field of biological activities such as anticonvulsion, anti-
anxiety, sedation, and hypnotics. In the past few decades, researchers have conducted a lot of work on

these moieties and developed broad, valuable, and significant approaches for their synthesis. In this
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review article, we recapitulate the systematic synthetic strategies of 1,4- and 1,5-benzodiazepines using

o-phenylenediamine as a precursor over the past five years (2018-2022). This article will be helpful for

DOI: 10.1039/d2ra06045k

rsc.li/rsc-advances biologically active moieties.

1. Introduction

Heterocyclic moieties have gained tremendous interest due to
their use in our daily life and their pivotal role in drug devel-
opment and discovery. Among the heterocycles, benzodiaze-
pines (BZDs) are one of the most significant and highly
examined aromatic heterocycle, containing a benzene ring and
a diazepine ring.

In the past few decades, BZDs have played a remarkable role
as heterocyclic moieties in the field of organic synthesis and
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scientists and researchers to examine and explore novel and efficient methods for the synthesis of these

medicine due to their wide range of applications in the phar-
maceutical field, which include various types of activities such
as antidepressant, anticonvulsant, muscle relaxant, anxiolytic,
antiepileptic, hypnotic and sedative functions.™ The first
commercially identified benzodiazepine drug is
chlordiazepoxide/librium, which was discovered by Hoffmann-
La Roche chemist Leo Sternbach and his colleague in 1955,
but by 1960, it was marketed as Librium. In 1963, one more
benzodiazepine drug, valium, was developed by Hoffmann-La
Roche, which is a well-known drug named “diazepam”.

There are various types of BZDs, namely, 1,2-BZDs, 1,3-BZDs,
1,4-BZDs, 1,5-BZDs, 2,3-BZDs, and 2,4-BZDs, but widely used
BZDs are 1,4- and 1,5-BZDs.* In the nomenclature of BZDs, the
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Fig. 1 Structure of different BZDs.*?

nitrogen ring closest to the benzene ring is given priority,'* so
the numbering of various BZDs in the simplest form is given in
Fig. 1.
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5H-2,3-benzodiazepine

1H-2,4-benzodiazepine

1,5-BZDs possess tremendous activities such as amnesia,*
anticonvulsant,** hypnotics,™ analgesic,'® antimalarial,"” anti-
fungal,'® antibacterial,’*° anti-viral,> anti-HIV,** anti-inflam-
matory,” antitumor, and phytotoxic functions.”® There are
several commercially approved drugs based on 1,5-BZDs such as
clobazam, lofendazam, arfendazam, triflubazam, CP-14148S,
cystathionine, nevirapine, and telenzepine (Fig. 2). 1,4-BZDs
also possess various activities in the biological and pharmaco-
logical field.”»***” Diazepam, halazepam, prazepam, alprazo-
lam, triazolam, midazolam, clorazepate, temazepam,
lorazepam, estazolam, oxazepam and clonazepam are clinically
used drugs containing 1,4-benzodiazepine rings, illustrated in
Fig. 3.”® The 1,4- and 1,5-BZD skeletons have been synthesized
by various protocols such as metal-catalyzed tandem reactions,
redox-neutral [5 + 2] annulation with 2-aminobenzaldehyde,
isocyanide-based multicomponent reactions, cycloaddition
reactions and cyclocondensation reactions.*™**
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Fig. 2 1,5-Benzodiazepine ring-containing clinically available drugs.

Among the diverse synthetic strategies, the most common
synthesis of BZDs involves the condensation of o-phenylenedi-
amine (OPD) with various carbonyl compounds in the presence
of various catalysts or catalyst-free systems. OPD is an aromatic
diamine, which is widely used as an important precursor to
many heterocyclic compounds such as benzimidazoles,*>*° tet-
rahydro BZDs" and some other scaffolds. Over the past few
years, many improvements have been made in the synthesis of
BZDs with respect to reaction efficiency, purity, eco-friendly
process, ambient reaction conditions.***

Several reviews have been published*®*°*> on the synthesis of
BZDs but they cannot encapsulate the latest research work done

3696 | RSC Adv, 2023, 13, 3694-3714
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on this moiety. Singh et al.>® presented synthetic approaches for
the synthesis of 1,5-BZDs from 2013 to 2018. The present review
displays recent methodologies for the synthesis of 1,5-BZDs as
well as 1,4-BZDs using OPD as a precursor from 2018 to 2022.
The review comprises mainly two parts: synthesis of 1,5-BZDs
and synthesis of 1,4-BZDs using OPD. Further, the synthesis of
1,5-BZDs is divided into three sections: a two-component reac-
tion, a three-component reaction and a four-component reac-
tion based on the type of reactants. The review will aid the
scientific community toward developing systematic and
rational approaches for the synthesis of 1,4- and 1,5-BZDs.

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Fig. 3 1,4-Benzodiazepine ring-containing clinically available drugs.

2. Synthetic approaches of BZDs

OPD easily gets condensed with various carbonyl compounds,
and is involved in various multicomponent green reactions for
the synthesis of N-containing heterocycles.”® Condensation of
OPD with various substrates such as B-haloketones, o,B-unsat-
urated carbonyl compounds or B-dicarbonyl compounds
produces BZDs. This review aims to explore the various current
approaches of 1,5- and 1,4-BZD synthesis.

2.1. 1,5-BZDs

The growth of 1,5-BZDs in organic synthesis and industrial
fields shows their importance and versatility. This literature
categorized the synthetic strategies of 1,5-BZDs into three parts

© 2023 The Author(s). Published by the Royal Society of Chemistry
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on the basis of the number of components taking part in the
synthesis, namely, two-component, three-component and four-
component reactions for the synthesis of BZDs.

2.1.1. Two-component reactions. In the two-component
reaction of 1,5-BZD synthesis, one component is OPD, which
is common in all reactions, and the second one is ketone or a.,3-
unsaturated ketone or 1,3-diketone or carboxylate.

2.1.1.1. Using OPD(OPD) and «,(3-unsaturated ketones. Desai
et al.>* developed an efficient methodology for the synthesis of
pyrazole-bearing BZDs (3) using OPD (1) and 3-(1,3-diphenyl-
1H-pyrazol-4-yl)-1-phenylprop-2-en-1-ones (2) with piperidine
and acetic acid as catalysts. The desired products were obtained
in 8-10 h using a DMF solvent under reflux conditions. Twenty
derivatives were synthesized in 56-79% yields. The designed
pathway did not give satisfactory yields of products and

RSC Adv, 2023, 13, 3694-3714 | 3697
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Scheme 1 Two-component reactions of OPD with a,B-unsaturated ketones for synthesis of 1,5-BZDs.

consumed long reaction times (8-10 h), but has a wide substrate
scope, and easily available solvent and catalyst were used

(Scheme 1; Method 1).
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Toan et al.** synthesized some 1H-1,5-BZDs (5) containing
a chromene ring using OPD (1) and «,B-unsaturated ketone (5-
hydroxy-4-methyl-6-[(2E)-3"-(aryl)-prop-2"-enoyl]-2H-chromen-2-

© 2023 The Author(s). Published by the Royal Society of Chemistry
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Scheme 2 Two-component reactions of OPD with various ketones for the synthesis of 1,5-BZDs (X' denotes the second component of the
reactions). *n is the number of carbon atoms.

ones) (4) in the presence of glacial acetic acid as a catalyst and variations with different substituted aldehydes (Scheme 1;

ethanol as a solvent. This ketone (4) was prepared from 6-acetyl- Method 2).

5-hydroxy-4-methylcoumarin and aldehyde with piperidine/TEA Kottapalle and Shinde®® developed a method for the

(triethylamine)/pyridine as a catalyst in ethanol. This protocol synthesis of BZDs (7) using chalcone (6) and OPD (1) with

showed a range of product yields (39-67%) and reaction time piperidine in 2-ethoxyethanol. The authors also examined some
other organic solvents such as ethanol, DMF, DCM

© 2023 The Author(s). Published by the Royal Society of Chemistry RSC Adv, 2023, 13, 3694-3714 | 3699
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Scheme 3 Two-component reactions of OPD with various ketones for the synthesis of 1,5-BZDs (X' denotes the second component of the
reactions). *n is the number of carbon atoms.

(dichloromethane), acetic acid and THF (tetrahydrofuran) in Chermahini et al.*” developed an efficient and robust car-
55-71% yield, but 2-ethoxyethanol at 1 : 2 molar ratio gave 88%  bocatalyst (sulfur-doped graphene) to catalyse the synthesis of
yield in 3 h reaction time (Scheme 1; Method 3). 1,5-BZDs (9) using OPD (1) and chalcone (8). The reaction

occurred in the DCM solvent using 8 mol% catalyst at a reflux

Method 1
Volcanic ash R=H,CHj;,Cl,Br,NO2,R4=CgHs,2-
Solvent-free, 130°C OHC6H4,2-OH-5-M6C6H3,2-OH-5-
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+ 2=CeMs
@[ R1)J\)J\R2
R NH, 14
Method 2
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O —
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[e)

O|lx o

N

R'—\ B Method 3 R=H, R4=CCl3
L Catalyst free R,=Ph,4-MeCgH,,4-MeOCgHy,3,4-
N\ EtOH:AcOH(4:1), 70° C| (Me0),CeHa, Thien-2-yl,4-F-CgHy,4-
12 2 CICgH4,4-BrCgH,

Scheme 4 Two-component reactions of OPD with 1,3-dicarbonyls for the synthesis of 1,5-BZDs.
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Scheme 5 Two-component reactions of OPD with carboxylate for the synthesis of 1,5-BZDs.

temperature in 6 h with high 85% yield. The authors also
examined other organic solvents such as CHCl;, THF, H,O,
DMF, EtOH, and hexane, but DCM was found the best. The
catalyst was reused up to ten times. The protocol has many
advantages such as easy workup process, mild reaction condi-
tions and low catalyst loading (Scheme 1; Method 4).

Pathade and Jagdale®® fabricated a significant, facile method
for the synthesis of 2,3-dihydro-1H-1,5-BZDs (9) using OPD (1)
and chalcone (8) in ethanol as reaction media and piperidine as
a catalyst. The product 2-(3-bromophenyl)-4-(4-bromophenyl)-
2,3-dihydro-1H-1,5-benzodiazepine (9) was obtained in a 6 h
reaction time period at reflux temperature in 85% yield. The
authors also found that the product has a high energy gap
between HOMO and LUMO, which explains eventual charge
transfer interaction within the molecule (Scheme 1; Method 5).

Tayde et al.>® developed an efficient method for the synthesis
of 1,5-BZDs (9) using OPD (1) and chalcone (8) with SiO,-Al,03
(silica-alumina) as a binary mixed metal oxide catalyst and
ethanol as a solvent in 93% yield at 80 °C in 60 min. The authors
also examined other solvents such as MeOH, CH,Cl,, CH;CN,

1,4-dioxane and solvent-free conditions but not obtained satis-
factory yields. The catalyst (SiO,-Al,0;) was prepared by
a hydrothermal method at 150 °C and reused for three times
with significant loss in the catalytic activity (Scheme 1; Method
6).

2.1.1.2. OPD and various ketones (cyclic and acyclic). Caiana
and co-authors® formulated a method for the synthesis of 1,5-
BZDs (12) using OPD (1) and various acetophenones (10) as
starting materials and TFA (trifluoroacetic acid) as a catalyst,
and 91-95% yield was obtained using methanol and ethanol
solvents at RT. The yields were not satisfactory from other
examined solvents such as DMF (dimethylformamide), CH;CN
(acetonitrile), and DMSO (dimethyl sulfoxide). The position of
hydroxy group on acetophenone also affected the yield and
reaction time. Meta-hydroxyacetophenone gave slightly high
yields in a short reaction time period as compared to ortho- and
para-hydroxyacetophenone (Scheme 2; Method 1).

Tamuli and co-workers® developed an eco-friendly meth-
odology for the synthesis of 1,5-BZDs (12) using itaconic acid as
a green catalyst from OPD (1) and ketones (10) in water solvent

NH, @

NH,
] 17

R10,C
H
CAN(5 mol%) or neat N 4
conditions R @
CH,Cl,, RT, 24 h N
18 H CHj
R1=H,4-C|, 4,5-(CH3)2
R,=Me, Et

Scheme 6 Two-component reaction for the synthesis of 1,5-BZD derivatives using OPD and the Nazarov reagent.
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Scheme 7 Two-component reaction for the synthesis of 1,5-BZD derivatives using OPD and 6-formylvisnagin.

at RT. The authors examined a large substrate scope and
prepared 30 derivatives in good to excellent yields (61-95%). It
was found that 20 mol% of catalyst gave 95% yields in half an
hour at RT. Green solvent, easily available material, recyclable
catalyst (five times), mild conditions, short reaction time, easy
workup, excellent yield, wide substrate scope and gram scale

synthesis are among the several advantages of this green
protocol (Scheme 2; Method 2).

Peerzade et al.®* devised an efficient green method for the
synthesis of 1,5-BZDs (12) using OPD (1) and substituted ace-
tophenones (10) with I, as a catalyst and PEG-400 (polyethylene
glycol) as a solvent. The authors synthesized eight derivatives in

Method 1
Fe(ll)-NicTC@nSiO,
Water, RT
NH, o o
+ +
@[NH AI')LH Method 2
R 4 2 Ry Ry 29 CuFe,04NPs
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2
Zlss
T| 0T
=l ®
S|& 8§
H  Ar Method 3
N 9 StFe;,019 MNPs
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N
Ry
23
Method 4
DABCO-diacetate

R=H, R4=H,Me
Ar=2—CIC6H4,2,6—(CI)2C6H3,
2-Cl-6-FCgH3,3-NO,CgH42,4-
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Naphthyl, Anthracene-9-
yl,CeH5CH,CH,, Thiophen-2-yl,
n-CeH13

J

R=H, R4=Me, Ar=4-NO,CgH,,3-]
N02C6H4,2-N0206H4,4-
CICgH4,2-CICgH4,2,4-
(C),CgH3,4-OHCgH,4,2-
OHCgHy4,3-OHCgH4,4-
CH3C6H4,4-M6006H4,4-
NH(CH3),CgHy4, Thiophene-2-
carbaldehyde,2-furfural )

R:H,CH3, R1=Me
Ar=CGH5,2—N0206H4,3—
NO,,CgHy4,4-NO,CgHy,4-
CICgH4,2,3-(Cl)2CeHa,4-
OHC@H4,2-OMGC@H4

Solvent-free, RT

R=H, Ri=Me
Ar=C6H5,4-CICGH4,4-
MeOCgHy4,
4-NO,CgH4,3-NO2CgH4,3-
CICgH4,4-N,N-diMeCgHy, 2,4-
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J

Scheme 8 Three-component reactions of OPD with substituted 1,3-cyclohexanedione and aldehydes for the synthesis of 1,5-BZDs.
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21b _ Method2
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Method 3 R=H, Ar=C6H5,4—CICGH4,2—
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Scheme 9 Three-component reactions of OPD with dimedone and aromatic aldehydes for the synthesis of 1,5-BZDs.

68-88% yields under 5-6 h reaction time at room temperature. Sarkar and co-workers® formulated a new method for the
The protocol has several benefits such as green solvent, green synthesis of 1,5-BZDs (12) using OPD (1) and acetophenones
catalyst, short reaction time, low temperature and good to high  (10). The reaction was promoted by a MOF (metal organic
yields (Scheme 2; Method 3). framework), MIL-101(Cr), which was prepared by

Method 1 R=H,4-CHj3,4,5-(CH3),

Ce0,/CUO@N-GODs@NH, | R1=2-methylpropyl,pentyl,
4-OMeCgHy,cyclohexyl,

EtOH, RT 4methoxy,3-MethylPh,

2,6-(CH3),Ph

NHp O O H O
.
R + W * Ry—N=C > N 0O
0._0 1 .
ALV 25

24 N 0 NH-R;
H
Method 2 26
Chitosan functionalized  |[R=H,
by triacid imide R4=2-methylpropyl,pentyl,4-
DCM, RT OMeCgHy,cyclohexyl,4meth

oxy,3-MethylPhenyl

Scheme 10 Three-component reactions of OPD with Meldrum'’s acid and isocyanide for the synthesis of 1,5-BZDs.
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Scheme 11 Three-component reactions for the synthesis of 1,5-BZDs using OPD, dimedone and aromatic aldehyde.

a solvothermal method, using 1,4-benzene-dicarboxylic acid.
The presence of electron-withdrawing and -donating groups on
diamine or ketones did not affect the selectivity of product. The
authors examined 26 derivatives in 84-96% yield at 80 °C in
30 min under SFRC (solvent-free reaction conditions). The main
advantages of the protocol are low catalyst loading, recyclable
catalyst, solvent-free reaction, high yields, short reaction time,
and gram-scale synthesis (Scheme 2; Method 4).

Kagne et al.** demonstrated the synthesis of 1,5-BZDs (12/13)
using OPD (1) and various ketones (10/11) in the presence of
sulphated tin oxide as a heterogenous solid super acid catalyst.
The author examined various solvents in this method such as
acetonitrile, DMF, toluene, chloroform, ethanol, methanol, and
ethanol : water (1:1) in 72-88% yield. The catalyst showed high
recyclability and easy separation, and was recycled for five times

NH
NH, ®) o Catalyst-free ©:
—_— >
+ Toulene, reflux NG

21b

without losing its catalytic action and selectivity. High yield,
mild reaction conditions and eco-friendly nature are among the
several benefits of the method (Scheme 2; Method 5).

Kusuma et al.” reported an efficient and eco-friendly method
for the synthesis of 1,5-BZDs (12/13) using OPD (1) and various
ketones (10/11) in the presence of FC/AC (ferrocene-supported
activated carbon) as heterogeneous acidic catalysts under
solvent-free and mild conditions. The authors obtained 90%
yield using 10 wt% catalyst at 90 °C in 8 h with 99% conversion
of diamine and 91% selectivity of the desired product. The
authors optimized various reaction conditions such as catalyst
loading, solvent effects, temperature, effect of time period and
found good to excellent yields with all parameters. The protocol
has many benefits such as solvent-free conditions, easy avail-
ability of material, up to six times recyclability of catalyst, easy

Toluene, reflux

CHO
R N
23
R4 Ra R{=H,0CH3,Cl, Ry=H,
zes OH,0CH3,0Et,F,Br,

R3=H,0CH3;,F,OH,Br,
NO,,N(CHj3),,CH3,Cl,
CH(CH3),, R4=H,0CH;

Scheme 12 Three-component reaction for the synthesis of 1,5-BZD derivatives using OPD, dimedone and aromatic aldehyde.
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Method 1 “ R4
Y -Fe203@Si02/CeCI3 R @]
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N
23 H
R=H,4CHj,-4F -4Cl
R;=4-CICgH,,2-thiazolyl
R
Method 2 H_T'COR,
Y -F6203@Si02/cec|3 R 0
EtOH, RT
” )n
28
R=H,4CHg,-4F -4Cl
R1=H,CH3
R2=CH3,0Et,OH
n=1,2
Method 3 H
Fe;0,@Si0,-CeCl, N S
EtOH, RT R@[
N o}
29 H R

R=H,4-F,4-Cl,4-Br,4-Me,
4,5-(CHs),
R4=2-thiazolyl,2-pyridyl,
-COCHj;,-COOEt,-COOH

Scheme 13 Three-component reactions of OPD with 1,3-diketones and aldehydes for the synthesis of 1,5-BZDs. *n denotes the number of

carbon atoms.

work-up, easy separation of catalyst and excellent yield (Scheme
2; Method 6).

Shaikh et al.®® developed an efficient, novel nanocatalyst
Cu(u)-clay via a MW-assisted condensation reaction of OPD (1)
and various ketones (10/11) for the synthesis of 1,5-BZDs (12/
13). The catalyst was prepared using a Cu oligomer and clay. It
showed specific activity without using any additive for the
synthesis of 1,5-BZDs and reusable up to five cycles. The pres-
ence of electron-withdrawing and -donating groups has no
effect on the yield. In total, 20 new compounds were prepared in
8-12 min in 90-98% yield under solvent-free conditions
(Scheme 2; Method 7).

Amouhadi and co-workers®” fabricated a novel methodology
for the synthesis of 1,5-BZDs (12/13) using diamine (1) and
ketones (10/11) with BTZ (BaTiy g5Z10.1503) as an efficient and
heterogenous catalyst under solvent-free conditions. The cata-
lyst was prepared by a hydrothermal method using HAD (hex-
adecyl amine) as a surfactant, followed by solvothermal

© 2023 The Author(s). Published by the Royal Society of Chemistry

synthesis. The authors obtained 85-98% yield using 0.05 g
catalyst in a CH;CN solvent in 10 min under reflux conditions.
Reusable catalyst, easy workup, mild conditions, appropriate
reaction time, and easy availability of materials are among the
several advantages of the protocol (Scheme 3; Method 1).

Sathe and co-workers®® devised an efficient, facile method
catalyzed by an iron nanocatalyst Fe;O,@SiO,SO;H for the
synthesis of 1,5-BZDs (12/13). The protocol comprises OPD (1)
and various ketones (10/11). The authors optimized various
solvents such as EtOH, THF, DCM, iso-propanol, ethyl acetate,
CH;CN, toluene, and MeOH but obtained excellent yields in
MeOH at RT. In total, 16 new compounds (12/13) were synthe-
sized in 3-6 h in 70-98% yield (Scheme 3; Method 2).

Isaeva and co-workers® designed a cyclo-condensation
reaction of OPD (1) with various ketones (10). It was function-
alized with MIL/K-SO;H (para-sulfonatocalix[4]arene) and MIL/
Ks-CN (para-tert-butylthiacalix[4]arene), and they have -SO;-
H(strong) and -CN(weak) acidic functions. The catalysts were

RSC Adv, 2023, 13, 3694-3714 | 3705
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Scheme 14 Three-component reactions of OPD with isatin and various carbonyl compounds for the synthesis of 1,5-BZDs ('X’ denotes the third
component of the reactions).

synthesized via a MW-assisted reaction and they have MOFs CN due to the presence of the high acidic functional group -
(metal organic frameworks) with LAS (Lewis acid sites). The SOz;H. The desired products (12) were obtained in methanol at
catalytic activity of MIL/K-SO;H was higher than that of MIL/Ks-  35-50 °C in good to excellent yields (Scheme 3; Method 3).

H CO,Et
N

o
N

R H R
35

R=H,-4Me,-4Cl -4Br,

H (e}
NH, o o @ 34a R,=Me,Et,Ph
+ + Ry=Me,Et,Pr
R@ R1)1\/&0'?2 :

CO,Et
Me

CO,R,

Scheme 15 Three-component reactions of OPD with B-carbonyl ester and ethyl glyoxylate or ethyl pyruvate for the synthesis of 1,5-BZDs (‘X'
denotes the third component of the reactions).
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Scheme 16 Three-component reactions of OPD with various substrates for the synthesis of 1,5-BZDs (X" and 'Y’ denote the second and third

components of the reactions).

2.1.1.3.
developed a green method for the synthesis of 3H-1,5-BZDs (12),
in which volcanic ash was used as a heterogenous acid catalyst.

© 2023 The Author(s). Published by the Royal Society of Chemistry

OPD and 1,3-dicarbonyls. Mufoz and co-workers”™ The catalyst was found from the Andes mountain range. It is
) Y Y g

a safe and recyclable catalyst, insoluble in organic solvents,

which allows easy removal of products without affecting their
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Scheme 17 Three-component reactions of OPD with X and Y substrates for the synthesis of 1,5-BZDs (‘X" and 'Y’ denote the second and third

components of the reactions).

catalytic activity. The catalyst did not show large variations in
the yield even after five times of reusability. The product was
obtained with 86% yield in 20 min, under solvent free condi-
tions at 130 °C. The protocol followed eco-friendly conditions
with excellent yields (Scheme 4; Method 1).

Morales et al.’* fabricated an efficient protocol for the
synthesis of 3H-1,5-BZDs (12) from OPD (1) and 1,3-diphenyl-
1,3-propanedione (14) using MESOSI#KTPA or MESOSI@KTPA
(tungstophosphoric acid included in mesoporous silica) as
heterogenous solid acid catalysts at 90 °C under solvent-free
conditions. MESOSI#KTPA was prepared by impregnation of
TPA (tungstophosphoric acid) in MESOSI (mesoporous silica)
and MESOSI@KTPA was prepared by inclusion of TPA in

MESOSI. MESOSI#KTPA showed a higher acidic strength than
that of MESOSI@KTPA because MESOSI#KTPA displayed small
crystals of H3PW;,0,0.6H,0 in the XRD result. Solvent-free
conditions, four times recyclability and easy separation of
catalyst are the various advantages of the protocol but high
yields were not obtained (Scheme 4; Method 2).

Myshkina et al.”” developed a novel pathway for the synthesis
of substituted 3H-1,5-BZDs (12) from OPD (1) and 1,3-diketones
(14) in an ethanol: acetic acid (4 :1) mixture in a catalyst-free
system and the authors obtained the highest yield (77%) at
70 °C in 3 h reaction time. The author also examined other
solvents like CHCIl; and the reaction proceeded at RT and 50 °C,
but satisfactory yield was not obtained. In total, 7 compounds

CuFe,0,@MIL-10(Cr)

0
NH, > M
L T =
NH, OH
1 45

R@” 7

OH
Water, Reflux, 1 h . N—N
A\
N3 N/ XN
Xy Water, Reflux, Q
@[ Th a7 o
R
46 -

R=H,R4=H,3-OMe,
Ro=H,4-Cl,4-Br,4-NO, 4-CH3
3-Cl,3-NO,,2-Cl,2-Br,2-
OCHj3,3,5-(Br),,3,5-(OMe),,

Scheme 18 Three-component reactions of OPD with chalcone and azides for the synthesis of 1,5-BZDs.
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©
o} Scheme 19 Four-component reactions for the synthesis of 1,5-BZDs ('X’ denotes the third component of the reactions).
5
§ were prepared and they were screened for antimicrobial and (Nazarov reagent) (17) in a solvent-free system at RT. 1,5-BZDs
°© prep y g o
o antinociceptive activities (Scheme 4; Method 3). (18) were synthesized in a 24 h reaction time period in good to
[
© Wu and Wang” devised a significant and eco-friendly excellent yields using CAN (5 mol%) or neat conditions and
S method for the synthesis of 1,5-BZDs (16) using OPD (1) and DCM as a solvent. The mechanism of the protocol initially
£ 1,3-acetonedicarboxylate (15) with CeCl;-Kl or y-Fe,O;@SiO,/ involved condensation of starting materials and produced an

CeCl; as catalysts in ethanol. By using 4-substituted OPD (1),
four examples were prepared in 35-45 min in 89-95% yield. The
protocol involved the preparation of an enamine ester as an
intermediate at RT, and then the final product was obtained at
reflux temperature. The designed pathway has several beneficial
effects such as mild reaction conditions, non-toxic solvents,
simple operation, and excellent yield in a short reaction time
(Scheme 5).

Maiti et al.”* developed a significant method for the synthesis
of 1,5-BZDs (18) using OPD (1) and alkyl-3-oxo-5-hexenoates

(cc)

enaminoester as an intermediate and then formed the aza-
Nazarov reagent by double bond isomerization, which gave
desired products by intramolecular vinylogous-Michael addi-
tion (Scheme 6).

Ibrahim and co-workers”™ developed 1,5-BZDs (20) via
condensation of 6-formylvisnagin (19) (carboxaldehyde) with
OPD in ethanol reaction media and using a catalyst-free system.
The desired product (20) was obtained in 30 min at reflux
temperature in 71% yield (Scheme 7).

TS R2 Ts\
NH, N / Cu(OTf), (10 mol%) N R,
R@[ . R @i K,CO5 (3 equiv) R, —
1 o
NH, cHO MW, DMF, 100 °C N

49

R= -H,-2,4diMe,-2,4Cl,, R,=-H,-4Cl,
R=-Ph,-3MeCgH,,-4MeCgHy,-
40MeCgHy,-4FCgHy,-4CICgH,4

Scheme 20 Two-component reaction of OPD with substituted 2-aminobenzaldehyde for the synthesis of 1,4-BZDs.
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2.1.2. Three-component reactions. Synthesis of various 1,5-
BZDs have been reported from three-component reactions.
Herein, we explore several strategies in which OPD reacted with
other two components such as substituted 1,3-cyclo-
hexanedione and aldehydes/Meldrum's acid and isocyanide/
barbituric acid and aldehyde/tetronic acid and aldehyde/isatin
and carbonyl compounds.

A series of 1,5-BZDs (23) was prepared by Nasr-Esfahani
et al.”® using OPD (1), substituted 1,3-cyclohexanedione (21a/
21b) and aldehyde (22). The reaction was promoted by a nico-
tine-based organocatalyst supported on silica (Fe(u)-
NicTC@nSiO,). The desired product (23) was obtained in water
at RT. This protocol is also applicable for the synthesis of mono
and bis-1,5-benzodiazepine. The protocol has several beneficial
effects such as a short reaction time, reusable catalysts, mild
reaction conditions, easy separation of catalysts and simple
operation. In total, 15 derivatives were prepared in a 5-40 min
time period in 90-95% yield (Scheme 8; Method 1).

Maleki et al.”” reported a robust, facile magnetic nano-
catalyst, CuFe,0y,, for the eco-friendly synthesis of 1,5-BZDs (23)
using OPD (1), dimedone (21b) and aldehyde (22). The catalyst
was synthesized by thermal decomposition (80 °C) of Cu(u) and
Fe(w) nitrate. It was easily separated using a magnet. By opti-
mization of the substrate scope, 14 derivatives were obtained in
25-46 min in 68-98% yield at RT. High atom-economy, simple
operation, reusability and easy handlings of catalyst are among
the several cutting-edge benefits of this protocol (Scheme 8;
Method 2).

Ahmadi et al.”® discovered a green and significant method for
the synthesis of 1,5-BZDs (23) using OPDs (1), dimedone (21b)
and aldehydes (22) with SrFe;,0,9 as a magnetic solid nano-
catalyst under solvent-free conditions. The catalyst was
prepared by a sol-gel auto combustion method using
Fe(NO3);-9H,0 and Sr(NOj;); powder and has many benefits
such as reusable, easy recovery, high activity and easy handling.
The designed pathway gave 75-96% yield in a very short time
(140 s) at 140 °C (Scheme 8; Method 3).

Sarhandi et al” discovered an ultrasound irradiation
methodology to obtain BZDs (23) using OPD (1), aldehydes (22)
and dimedone (21b) with DABCO-diacetate (1,4-diazabicyclo
[2.2.2]octanium diacetate) as an acidic bis ionic liquid catalyst.
The authors examined various substrate scopes using 0.5 g
catalyst and found 93-98% yield in 8-15 min at RT. Easy
recovery, reusability, inexpensiveness, and non-toxicity are the
characteristics of the catalyst. Several advantages such as green
catalyst, mild reaction conditions, short reaction time, easy
work up, and excellent yield make this protocol a green method
(Scheme 8; Method 4).

Esfandiari et al.®® devised a novel and reusable catalyst CeO,/
CuO@N-GQDs@NH, (nitrogen-graphene quantum dots) as
a nano-catalyst. The catalyst promoted the reaction of OPD (1)
with dimedone (21b) and aromatic aldehydes (22) to synthesize
1,5-BZDs (23) and give 94% yield in 30 min using EtOH at RT.
The protocol also involved the reaction of OPD (1) with Mel-
drum's acid (24) and isocyanide (25) to prepare BZD derivatives
(26) in 91% yield in 50 min using a DCM solvent at RT. The
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authors optimized some other catalysts such as MgO NPs,
triethylamine, Nano-CuO, Nano-CeO,, CeO,/CuO and CeO,/
CuO@GQDs, but they did not give satisfactory results with
respect to the reaction time and yield (Scheme 9; Method 1) and
(Scheme 10; Method 1).

Esfandiari et al.*' formulated a one-pot synthesis of 1,5-BZDs
(23/26) using OPD (1), dimedone (21b), aryl aldehyde (22) or
isocyanide (25) and Meldurm's acid (24) with chitosan oper-
ationalized by triacid imide as an efficient catalyst. The use of
7 mg catalyst gave high yields (93%) in 40 min. The designed
pathway has some advantages such as low catalyst loading, easy
workup and simple recovery process and recyclability of catalyst
(Scheme 9; Method 2) and (Scheme 10; Method 2).

Karimi-Jaberi et al.®* devised a green synthesis strategy of 4-
substituted-1,5-BZDs (23) using OPD (1), dimedone (21b), and
aldehydes (22) in the presence of B(HSO,)s[tris(hydrogen sul-
fato)boron] acid catalyst. The reaction occurred under reflux
conditions in ethanol and gave 85-93% yield in 20-40 min. A
non-toxic and easily available catalytic system, excellent yields,
short reaction times, avoidance of toxic and expensive solvents,
and easy work-up are the advantages of this protocol (Scheme 9;
Method 3).

Mozafari and ghadermazi** developed a significant method
for the synthesis of 1,5-BZDs (23) using CoFe,0,@GO-K22-Ni as
a reusable magnetic nanocatalyst. It involved the reaction
between OPD (1), dimedone (21b), and aromatic aldehyde (22)
in water under stirring at 60 °C. The authors optimized various
substrate scopes and prepared 14 derivatives in 8-18 min
reaction time and obtained excellent yields (87-96%). The
protocol has many remarkable benefits such as inexpensive
starting material, water as a solvent, excellent yields in a very
short reaction time and reusability of catalysts for up to 6 times
(Scheme 11; Method 1).

A novel and eco-friendly one-pot synthetic methodology of
1,5-BZDs (23) using CoFe,0,@Si0O,@NH-NH,-PCuW as
a magnetic nanocatalyst was developed by Savari and co-
workers.* The catalyst has acidic properties and the presence of
Cu increased the acidity by enhancing the electron deficiency of
polyoxometalate. The protocol comprised the use of OPD (1),
dimedone (21b) and aromatic aldehyde (22) under a solvent-free
system at 80 °C and gave 96% yield in 15 min. A solvent-free
system, reuse of catalysts up to six times, easy operation,
short reaction times and excellent yields are the various cutting-
edge benefits of the protocol (Scheme 11; Method 2).

Mirhosseini-Eshkevari et al.** fabricated an efficient meth-
odology for the synthesis of the pharmaceutically interesting
moiety 1,5-BZD (23) and its derivatives using OPD (1), dimedone
(21b) and aromatic aldehyde (22) in a solvent-free system. The
protocol was catalyzed by UiO-66 and gave excellent yields in
less than one hour reaction time at RT. Short reaction times,
solvent-free systems, simple operation, low catalyst loadings,
and excellent yields are among the several remarkable advan-
tages of the protocol (Scheme 11; Method 3).

A series of 1,5-BZDs (23) was prepared by Kumar and co-
workers® in a catalyst-free system. The protocol involved
condensation of OPD (1) with dimedone (21b) and substituted
aldehyde (22) using toluene as a reaction medium at reflux

© 2023 The Author(s). Published by the Royal Society of Chemistry
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temperature. The reaction mechanism also involved an inter-
mediate formation. The authors optimized various substitu-
tions on aldehyde and prepared 18 derivatives in low to good
yields. The desired products possessed significant anti-TB
activity (Scheme 12).

A library of BZDs (23/28) was developed by Sun and Wang®
using OPD (1), B-cyclopentanedione (21c) or B-cyclo-
hexanedione (21a) and various aldehydes (22) or ketones (27) in
the presence of y-Fe,O;@SiO,/CeCl; as a catalyst in EtOH
reaction media. In total, 40 compounds were synthesized in 82—
97% yield at RT in a short reaction time (21-60 min). Simple
process, wide substrate scope, non-toxic solvent, easily available
materials, mild reaction conditions, and excellent yields are the
various cutting-edge benefits of the protocol (Scheme 13;
Method 1 and 2).

Zhou et al.*® designed intramolecular H' transfer and cycli-
zation of OPD (1), 1,3-diketones (14) and aldehyde/
ethylglyoxylate/glyoxylic acid (22) to synthesize 1,5-BZDs (29)
using Fe;0,@Si0,-CeCl; as a reusable magnetic nanocatalyst
in ethanol at RT. The authors optimized various substrate
scopes and prepared 30 derivatives (29) in 71-93% yield in 0.5-
2.6 h. The protocol is compatible with a broad substrate scope
and gram-scale synthesis (Scheme 13; Method 3).

Zhang et al® reported three different three-component
reactions for the synthesis of 1,5-BZDs (33) containing
a indole ring introduced by Fe;O0,@SiO,-PTSA as a magnetic
nanocatalyst in EtOH. All reactions involved two common
components, namely, OPD (1) and isatin (30), but the third
component was ethyl acetoacetate (31) or 3-butyne-2-one (32) or
benzoylacetone (14) and gave product (33). In total, 15 new
compounds were synthesized in 80-94% yields in a 5.5-11 h
reaction period (Scheme 14).

An and co-workers® reported a cyclization reaction of OPD
(1), B-carbonyl ester (31) and ethyl glyoxylate (34a) or ethyl
pyruvate (34b) using EtOH as the reaction medium at RT and
gave 1,5-benzodiazepine-2,3-dicarboxylates (35). The reaction
was promoted by y-Fe,0;@Si0,/Ce(OTf); as a reusable nano-
catalyst, and totally, 32 derivatives were synthesized in 63-92%
yield. The reaction involved 2 steps; in the first step, an inter-
mediate enamine ester was obtained in 30-60 min using OPD
and B-carbonyl ester, and a final desired product was obtained
in 1.5-5 h using ethyl glyoxylate or ethyl pyruvate (Scheme 15).

Yuan et al.** developed a novel method for benzodiazepine-
fused isoindolinones (37) as pseudo natural products, which
is a biologically relevant molecule. The reaction occurred by
using OPD (1), 2-formyl benzoic acid (36) and acetophenone
(10). It was promoted by MSNPs (mesoporous silica nano-
particles) as reusable and green catalysts. The catalyst gave 88%
yield in 24 h at 120 °C using AcOH solvent and 78% yield in
gram-scale synthesis. In total, 21 derivatives (37) were prepared
in 55-91% yield at 120 °C (Scheme 16; Method 1).

Maury et al®* devised a green synthesis strategy of the
benzodiazepine ring via ultrasonication of OPD (1), isatin (30)
and 1,3-diketone (21) at 80 °C for 10 min using water as
a solvent and a catalyst-free system in 95% yield. The authors
also examined both polar and non-polar solvents to identify
solvent effects and the desired product (38) not obtained in non-
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polar solvents, while the product yield was good with some
polar solvents such as ethanol, methanol, and acetonitrile. The
protocol was validated for gram-scale synthesis, and it has many
benefits such as green solvents, catalyst-free conditions, short
reaction times, low temperatures, simple workup processes and
excellent yields (Scheme 16; Method 2).

Nejadshafiee et al.®® fabricated an efficient method for the
synthesis of BZDs (40) using OPD (1), tetronic acid (39) and
aldehydes (22) with 15 g Fe-MCM-41-IL (ionic liquid) as a nano-
catalyst under ultrasonication in 93% yield in 5 min. The
authors examined various solvents such as EtOH, CH;CN, and
THF, but H,O gave excellent yields. The authors also examined
various substrate scopes and prepared 11 derivatives in 89-97%
yield in 5-10 min. 4-Nitrobenzaldehyde gave the highest yield
(97%) in 5 min (Scheme 16; Method 3).

Siddiqui et al.** fabricated an efficient methodology for the
synthesis of BZDs (42) using 5-acetyl-1,3-dimethylbarbituric
acid (41), substituted benzaldehyde (22) and OPD (1) with PVP
(polyvinylpyrrolidone)-CeO,/rGO(reduced graphene oxide) as
a catalyst and water as a solvent in 98% yield in 7 min at RT. The
amount of catalyst increased the yield but beyond 30 mg, the
increase in the catalyst amount did not affect the yield of
product. The catalyst was recycled up to sixth run, after which it
lost minor catalytic activities. The recyclability of catalysts, very
short reaction times, excellent yields, water as a solvent, etc., are
the advantages of the protocol (Scheme 16; Method 4).

Wu and Wang” devised a novel and eco-friendly approach
for the synthesis of 1,5-BZDs (43) using OPD (1), 1,3-acetone-
dicarboxylate (15) and various aldehydes (22) in EtOH and the
reaction was promoted by CeCl;-Kl or y-Fe,0;@SiO,/CeCl;. In
total, 44 derivatives (43) were prepared by optimizing the
substrate scope in 37 min-7 h in 69-96% yield at RT. The
protocol has several benefits such as mild reaction conditions,
non-toxic solvents, simple operation, a broad substrate scope,
and good to excellent yields (Scheme 17; Method 1).

Shaabani et al®® devised a green methodology for the
synthesis of 1,5-BZDs (44) using OPD (1), ketones (10) and iso-
cyanides (25) with vitamin C (r-ascorbic acid) as a catalyst in
water as a solvent. The authors obtained excellent yieldsina 5 h
reaction time at RT. The protocol has some benefits such as use
of water as a solvent, easily available materials, mild reaction
conditions and high yields (Scheme 17; Method 2).

Gupta et al.*® developed a magnetically separable and metal-
organic framework containing a nano-catalyst, CuFe,O,@MIL-
10. The catalyst was used to catalyze the synthesis of benzodi-
azepine triazole derivatives (47) using OPD (1), chalcone (45)
and azides (46) in water in 2 h under reflux conditions. In total,
21 derivatives (47) were obtained in 87-96% yield by examining
the broad substrate scope (Scheme 18).

2.1.3. Four component reactions. Sun and co-workers®”
discovered an efficient method for the synthesis of 3-acyl-1,5-
BZDs and derivatives (35) using OPD (1), aromatic ketones
(10), N,N-dimethylformamide (48), and aldehyde derivatives
(34) in an ethanol solvent under reflux conditions and catalyst-
free systems. This protocol was the first, which gave the 3-acyl-
1,5-benzodiazepine product with acyl, carboxyl or ester groups
at the second position (35). The reaction mechanism is followed
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by nucleophilic substitution, nucleophilic addition, dehydra-
tion, cyclization and a H' shift. The author examined 26 deriv-
atives (35) with 77-97% yield in 8-13.5 h reaction time. One pot
synthesis, broad substrate scopes, high yields, simple available
and inexpensive starting materials, and non-toxic solvents are
among the several benefits of the protocol (Scheme 19; Method
1).

Zhang and colleges® developed an efficient method for the
synthesis of BZDs (33) using substituted OPD (1), N,N-dime-
thylformamide dimethylacetal (44), aromatic acetone (10) and
isatin (30) in ethanol at reflux to RT. The authors obtained 10
new compounds (33) in 5-12 h in 79-90% yield using various
aromatic ketones and substituted OPD. The protocol involved
three steps to obtain the final product (33), in which high yields
and easy operation of initial two steps are considerable for the
product (33) yield in the final step (Scheme 19; Method 2).

2.2. Synthesis of 1,4-BZDs

BZDs, in particular 1,4-BZDs, are found in various natural
alkaloids,’®*** but the first 1,4-benzodiazepine framework was
discovered in the 1960s.'”* From the past few decades, the
synthesis of 1,4-BZDs gained tremendous attention due to their
multiple use in the medical field.'”* In this literature review,
several current synthetic approaches of 1,4-BZD derivatives
using OPD as one of the reactants are given with their advan-
tages and drawbacks.

Rajput and co-workers'® reported a novel microwave-
assisted process to synthesize 1,4-BZDs derivatives (49) using
OPD (1) and N-propargylated-2-aminobenzaldehyde (22) with
a copper(u) catalyst (10 mol%), K,CO; (3 equiv.) and a DMF
solvent. The authors prepared 12 (49) compounds at 100 °C in
a 15 min reaction period with 73-88% yield. The authors also
compared the reaction with the conventional heating process,
but the obtained yields (68-82% at 110 °C) were lower than
those for MW-assisted conditions. The conventional process
also consumed a long time period (6 h). The protocol has many
benefits such as one-pot and operationally simple processes,
high atom economy, short reaction periods and high yields
(Scheme 20).
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3. Conclusion

In the past few decades, 1,4- and 1,5-BZDs have displayed
considerable evolution due to their wide applicability in the
field of medicinal, organic synthesis and industrial field. The
present review article implements the current progress in the
synthetic approaches of 1,4 and 1,5-BZDs using OPD as
a common substrate with a variety of other substrates such as
aldehydes, ketones, and isocyanides under miscellaneous
reaction conditions. This research helps to dispatch the multi-
component synthetic strategies, namely, two-, three- and four-
component reactions to design benzodiazepine scaffolds
under eco-friendly conditions and techniques such as MW-
assisted, ultrasonication, and ball-milling with their benefits
and drawbacks. We hope that this review article will guide
researchers, chemists and scientists to obtain the systematic
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knowledge of synthetic strategies of 1,4- and 1,5-BZDs and will
inspire for further development in this area.
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