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derivatives.

An efficient and straightforward method has been developed for the synthesis of 1,5-benzodiazepine derivatives. The methodology
involves the cyclocondensation of 3-amino ketones with o-phenylenediamine using oxalic acid (10 mol%) as a metal-free organocatalyst.
The reaction is carried out in DMF at 80 °C and affords 1,5-benzodiazepine derivatives in excellent yields (78-95%). The protocol offers
operational simplicity, a broad substrate scope and employs an inexpensive, readily available catalyst. Oxalic acid efficiently promotes the
cyclocondensation reaction, while B-amino ketones serve as versatile starting materials for the synthesis of a variety of 1,5-benzodiazepine
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INTRODUCTION

1,5-Benzodiazepines constitute an important class of
nitrogen-containing heterocycles and have attracted consider-
able attention as privileged scaffolds in heterocyclic and medi-
cinal chemistry owing to their broad range of biological and
pharmacological properties [1-3]. Besides their biological signi-
ficance, these compounds serve as valuable synthons for the
synthesis of structurally diverse heterocycles and pharmaceu-
tically relevant molecules [4-6].

Traditionally, 1,5-benzodiazepine derivatives have been
synthesised through the condensation of o-phenylenediamine
with ketones in the presence of acidic catalysts [7]. A variety
of catalytic systems, such as zeolites, sulphanilic acid, metal-
based catalysts, ionic liquids and carbonaceous materials, have
been employed for this transformation [8-13]. Despite their
effectiveness, many of these methods suffer from harsh reac-
tion conditions, prolonged reaction times, the use of expen-
sive or toxic catalysts and difficulties associated with catalyst
recovery.

Recent efforts have focused on greener synthetic strategies,
such as solvent-free protocols, microwave-assisted reactions,
deep eutectic solvents, aqueous media and recyclable catalysts

[14-18]. Despite their advantages, many of these methods
require specialised equipment or multistep catalyst preparation.
The search for simple, efficient, economical and practical catal-
ytic systems for the synthesis of 1,5-benzodiazepine derivatives
remains an important objective. Among organic acids, oxalic
acid has attracted attention as an inexpensive, readily available,
biodegradable and efficient organocatalyst for a variety of
organic transformations [19-21], making it a suitable choice for
the synthesis of heterocyclic compounds under mild, metal-free
conditions.

B-Amino ketones are the versatile building blocks, which
are readily prepared through multicomponent reactions and
contain both nucleophilic and electrophilic reaction centres
[22,23]. Their application in the synthesis of 1,5-benzodia-
zepine derivatives, however, remains limited. The B-amino
ketones used in this study were prepared following the repor-
ted ammonium chloride-catalysed three-component Mannich
reaction protocol [24]. Their synthetic utility was examined
through cyclocondensation with o-phenylenediamine using
oxalic acid as an inexpensive, readily available metal-free
organocatalyst. The reaction affords a series of 1,5-benzodia-
zepine derivatives in good to excellent yields under mild con-
ditions, offering a practical synthetic route while expanding the

This is an open access journal, and articles are distributed under the terms of the Attribution 4.0 International (CC BY 4.0) License. This
license lets others distribute, remix, tweak, and build upon your work, even commercially, as long as they credit the author for the original
creation. You must give appropriate credit, provide a link to the license, and indicate if changes were made.


https://orcid.org/0009-0007-5585-8564
https://orcid.org/0000-0002-0346-8173
https://orcid.org/0009-0005-9341-6682

2046 Joshi et al.

Asian J. Chem.

use of B-amino ketones in the synthesis of benzodiazepine-
based heterocycles.

EXPERIMENTAL

All reagents and solvents were purchased commercially
and used without further purification unless otherwise stated.
The reactions were followed by thin-layer chromatography
(TLC) on plates coated with silica gel and detection with
ultraviolet (UV) light. Column chromatography was carried
out using silica gel (100-200 mesh size) as the stationary
phase. Infrared (IR) spectra were taken on a Nicolet 5700 FT-
IR spectrometer. *H NMR (400 MHz) and *3C NMR (101 MHz)
spectra were measured on the Bruker/Varian instruments using
CDCl; as the solvent and TMS as the internal standard. The
melting points were measured in open capillary tubes and are
uncorrected.

General procedure for the synthesis of 1,5-benzodia-
zepines: The mixture of B-amino ketone (1 mmol), o-phenyl-
enediamine (1 mmol), oxalic acid (10 mol %) and DMF (5
mL) was heated at 80 °C for 2-3 h. The progress of the reaction
was monitored by TLC. When the reaction was complete as
evidenced through TLC analysis, the reaction mixture was
cooled to room temperature and added to ice-cold water (20
mL). This resulted in the precipitation of the product which
was filtered, washed with water to eliminate the solvents and
dried under reduced pressure (Scheme-1). The purification of
the obtained crude product by recrystallisation in ethanol gave
1,5-benzodiazepines derivatives in good to excellent yields
in 78-95% range.

2,4-Diphenyl-2,3-dihydro-1H-benzo[b][1,4]diazepine
(3a): Yellow solid; yield: 95%; m.p.: 130 °C; IR (KB, Vmax,
cm): 3295 (NH), 2964, 1641 (C=N), 1600, 740 (Ar-H); 'H
NMR (400 MHz, CDCls, & ppm): 3.05 (dd, J = 12.0, 8.0 Hz,
1H), 3.23 (dd, J =12.0, 8.0 Hz, 1H), 3.53 (br s, 1H, NH), 5.23
(dd, J = 4.0 Hz, 1H), 6.84 (dd, J = 7.1, 2.1 Hz, 1H), 6.88-
7.02 (m, 1H), 7.06-7.12 (m, 1H), 7.24-7.30 (m, 1H), 7.32 (m,
2H), 7.36-7.45 (m, 5H), 7.83 (dd, J = 8.0, 1.5 Hz, 2H); *3C
NMR (101 MHz, CDCls, & ppm): 37.4, 60.1, 116.9, 120.6,
121.6,124.5,127.4,128.4,128.5,128.9, 130.2, 131.2, 132.9,
137.9, 139.4, 143.2, 157.0.

4-Phenyl-2-(p-tolyl)-2,3-dihydro-1H-benzo[b][1,4]-
diazepine (3b): Yellow solid; yield: 90%; m.p.: 169-170 °C;
IR (KB, vmax, cm™): 3295 (NH), 2964, 1641 (C=N), 1600,
740 (Ar-H); *H NMR (400 MHz, CDCls, § ppm): 2.3 (s, 3H,

7z

CHs), 3.05 (dd, J = 12.0, 8.0 Hz, 1H), 3.23 (dd, J = 12.0, 8.0
Hz, 1H), 3.53 (br s, 1H, NH), 5.23 (dd, J = 4.0 Hz, 1H), 6.84
(dd, 3 = 7.1, 2.1 Hz, 1H), 6.88-7.02 (m, 1H), 7.06-7.12 (m,
1H), 7.24-7.30 (m, 1H), 7.32 (m, 2H), 7.36-7.45 (m, 4H), 7.83
(dd, J=8.0, 1.5 Hz, 2H); 3C NMR (101 MHz, CDCls, § ppm):
21.5, 374, 60.1, 116.9, 120.6, 121.6, 124.5, 127.4, 128.4,
128.5,128.9,130.2, 131.2, 132.9, 137.9, 139.4, 143.2, 157.0.
2-(4-Chlorophenyl)-4-phenyl-2,3-dihydro-1H-benzo-
[b][1,4]diazepine (3c): Yellow solid; yield: 85%; m.p.: 136-
137 °C; IR (KBr, vimax, cm1): 3295 (NH), 2964, 1641 (C=N),
1600, 740 (Ar-H); *H NMR (400 MHz, CDCls, § ppm): 3.10
(dd, J =12.0, 8.0 Hz, 1H), 3.23 (dd, J = 12.0, 8.0 Hz, 1H),
3.71 (br s, 1H, NH), 5.23 (dd, J = 4.0 Hz, 1H), 6.58 (dd, J =
7.1, 2.1 Hz, 1H), 6.88 (m, 1H), 6.88-7.02 (m, 1H), 7.24 (dd,
J=17.1,21Hz, 1H), 7.25 (d, J = 8.0 Hz, 2H), 7.32 (d, J =
8.0 Hz, 2H), 7.36-7.45 (m, 5H); **C NMR (101 MHz, CDCls,
d ppm): 37.4,60.1, 116.9, 120.6, 121.6, 124.5, 127.4, 128.4,
128.5,128.9,130.2, 131.2, 132.9, 137.9, 139.4, 143.2, 157.0.
2-(4-Methoxyphenyl)-4-phenyl-2,3-dihydro-1H-benzo-
[b][1,4]diazepine (3d): Yellow solid; yield: 89%; m.p.: 110-
113°C; IR (KB, Vmax, cm™1): 3295 (NH), 2964, 1641 (C=N),
1610, 738 (Ar-H); *H NMR (400 MHz, CDCls, & ppm): 3.10
(dd, J =12.0, 8.0 Hz, 1H), 3.23 (dd, J = 12.0, 8.0 Hz, 1H),
3.71 (br s, 1H, NH), 3.80 (s, 3H, OCHs3), 5.23 (dd, J = 4.0
Hz, 1H), 6.58 (dd, J = 7.1, 2.1 Hz, 1H), 6.88 (m, 1H), 6.88-
7.02 (m, 1H), 7.24 (dd, J = 7.1, 2.1 Hz, 1H), 7.25 (d, J = 8.0
Hz, 2H), 7.32 (d, J = 8.0 Hz, 2H), 7.36-7.45 (m, 5H); *C
NMR (101 MHz, CDCls, & ppm): 37.4, 56.2, 60.1, 113.2,
116.9,118.8, 121.6, 124 .5, 127.0, 127.4, 128.9, 131.0, 131.2,
133.5, 137.9, 143.1, 157.0, 158.2.
4-(4-Nitrophenyl)-2-phenyl-2,3-dihydro-1H-benzo[b]-
[1,4]diazepine (3e): Yellow solid; yield: 78%; m.p.: 128-130
°C; IR (KBT, vmax, cmY): 3295 (NH), 2964, 1641 (C=N), 1636,
752; *H NMR (400 MHz, CDCls,  ppm): 3.02 (dd, J = 12.0,
8.0 Hz, 1H), 3.32 (dd, J = 12.0, 8.0 Hz, 1H), 3.67 (br s, 1H,
NH), 4.11 (dd, J = 8.0 Hz, 1H), 6.87 (dd, J = 7.1, 2.1 Hz,
1H), 6.90-7.10 (m, 1H), 7.22-7.30 (m, 1H), 7.35 (dd, J = 7.1,
2.1 Hz, 1H), 7.40-7.60 (m, 5H), 7.65 (d, J = 8.0 Hz, 2H), 7.85
(d, J = 8.0 Hz, 2H); 3C NMR (101 MHz, CDCls, & ppm):
37.4, 60.1, 116.9, 120.6, 121.6, 124.5, 125.3, 126.8, 127.4,
128.4,128.9,131.2,142.5,142.7, 142.9, 148.2, 157.0.
2,4-Di-p-tolyl-2,3-dihydro-1H-benzo[b][1,4]diazepine
(3f): Yellow solid; yield: 90%; m.p.: 132-133 °C; IR (KB,
Vmax, CM1): 3295 (NH), 2964, 1641 (C=N), 1630, 755; H
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Scheme-I: Synthesis of 1,5-benzodiazepine derivatives (3a-l) using substituted -amino ketones (1a-1) and o-phenylenediamine (2)
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NMR (400 MHz, CDCls, 6 ppm): 2.32 (s, 3H, CH3), 2.35 (s,
3H, CHa), 3.05 (dd, J = 12.0, 8.0 Hz, 1H), 3.23 (dd, J = 12.0,
8.0 Hz, 1H), 3.53 (br s, 1H, NH), 5.23 (dd, J = 4.0 Hz, 1H),
6.60-6.68 (m, 1H), 6.73 (dd, J = 7.1, 2.1 Hz, 1H), 6.75-7.02
(m, 1H), 7.12 (dd, J = 7.1, 2.1 Hz, 1H), 7.16 (d, J = 8.0 Hz,
2H), 7.19 (d, J = 8.0 Hz, 2H), 7.24 (d, J = 8.0 Hz, 2H), 7.26
(d, J = 8.0 Hz, 2H); 3C NMR (101 MHz, CDCls, § ppm):
21.5, 37.4, 60.1, 116.9, 120.6, 121.6, 124.5, 127.4, 128.4,
128.5,128.9, 130.2, 131.2, 132.9, 136.6, 140.2, 143.2, 157.0.
2,4-Bis(4-chlorophenyl)-2,3-dihydro-1H-benzo[b][1,4]-
diazepine (3g): Yellow solid; yield: 82%; m.p.: 120 °C; IR
(KBTI, vinax, cm1): 3295 (NH), 2964, 1641 (C=N), 1650, 748;
'H NMR (400 MHz, CDCls, § ppm): 3.10 (dd, J = 12.0, 8.0
Hz, 1H), 3.25 (dd, J = 12.0, 8.0 Hz, 1H), 3.53 (br s, 1H, NH),
5.25 (dd, J = 4.0 Hz, 1H), 6.65-6.70 (m, 1H), 6.73 (dd, J =
7.1,2.1 Hz, 1H), 6.75-7.02 (m, 1H), 7.12 (dd, J = 7.1, 2.1 Hz,
1H), 7.16 (d, J = 8.0 Hz, 2H), 7.19 (d, J = 8.0 Hz, 2H), 7.24
(d, J=8.0 Hz, 2H), 7.26 (d, J = 8.0 Hz, 2H); *C NMR (101
MHz, CDCls, & ppm): 37.5, 60.2, 116.9, 118.8, 121.6, 124.5,
128.4,128.5,129.2,129.5, 131.2, 132.9, 136.4, 137.9, 139.4,
143.2, 157.0.
2-(2-(4-Methoxyphenyl)-2,3-dihydro-1H-benzo[b][1,4]-
diazepin-4-yl)phenol (3h): Yellow solid; yield: 86%, m.p.:
108-110 °C; IR (KBr, vmax, cm™): 3385, 1650, 1610, 755; *H
NMR (400 MHz, CDCls, 6 ppm): 3.07 (dd, J =12, 8 Hz, 1H).
3.31 (dd, J = 12, 8 Hz, 1H), 3.80 (s, 3H, OCHg3), 3.95 (br s,
1H, NH), 5.25 (dd, J = 8 Hz, 1H), 6.74 (t, J = 7.6 Hz, 1H),
6.86 (t, J = 7.8 Hz, 2H), 6.97-6.91 (m, 2H), 7.09-6.98 (m,
4H), 7.13 (d, J = 7.6 Hz, 1H), 7.30-7.21 (m, 2H), 11.3 (s, 1H);
13C NMR (101 MHz, CDCls, § ppm): 36.4, 56.5, 60.1, 113.2,
116.9,117.8,118.2,120.3, 120.8, 121.4, 121.6, 124.5, 127.5,
129.6, 131.2, 133.5, 133.8, 142.5, 157.0, 160.4.
2-(2-(4-Chlorophenyl)-2,3-dihydro-1H-benzo[b][1,4]-
diazepin-4-yl) phenol (3i): Yellow solid; yield: 85%, m.p.:
111-112 °C; IR (KBr, vmax, cm™): 3380, 3295, 2964, 1641,
1600, 742; *H NMR (400 MHz, CDCls, & ppm): 3.07 (dd, J
=12, 8 Hz, 1H). 3.31 (dd, J = 12, 8 Hz, 1H), 3.95 (br s, 1H,
NH), 5.25 (dd, J = 8 Hz, 1H), 6.72 (d, J = 7.6 Hz, 1H), 6.84
(d, J = 7.8 Hz, 2H), 6.95-7.01 (m, 2H), 6.98-7.09 (m, 4H),
7.13(d, J = 7.6 Hz, 1H), 7.21-7.30 (m, 2H), 11.2 (s, 1H); 3C
NMR (101 MHz, CDCls, & ppm): 36.4, 60.1, 113.2, 116.9,
117.8,118.2,120.3, 120.8, 121.4,121.6, 124.5, 127.5, 129.6,
131.2,133.5, 133.8, 142.5, 157.0, 160.4.
2-(2-(2,4-Dichlorophenyl)-2,3-dihydro-1H-benzo[b]-
[1,4]diazepin-4-yl)phenol (3j): Yellow solid; yield: 86%,
m.p.: 115 °C; IR (KB, vmax, cm™): 3380, 3295, 2964, 1641,
1600, 740; *H NMR (400 MHz, CDCls, & ppm): 3.07 (dd, J
=12, 8 Hz, 1H). 3.31 (dd, J = 12, 8 Hz,1H), 3.95 (br s, 1H,
NH), 5.25 (dd, J = 8 Hz, 1H), 6.61 (dd, J = 7.6, 1.5 Hz, 1H),
6.69-6.80 (m, 1H), 7.01-7.10 (m, 1H), 7.12-7.18 (m, 1H),
7.21(dd, J = 7.8, 1.2 Hz, 1H), 7.25 -7.30 (m, 2H), 7.35 (dd, J
=7.8,1.2 Hz, 2H), 7.40 (dd, J = 7.8, 1.2 Hz, 2H), 11.2 (s,
1H); *C NMR (101 MHz, CDCls, & ppm): 36.4, 60.1, 116.9,
117.8,118.2,120.6,120.8, 121.4, 124.5, 127.5, 129.6, 130.0,
130.6,131.0, 131.9, 133.1, 134.2, 138.4, 142.5, 157.0, 160.4.
8-Methyl-2,4-di-p-tolyl-2,3-dihydro-1H-benzo[b][1,4]-
diazepine (3k): Yellow solid; yield: 90%, m.p.: 140-142 °C;
IR (KB, vmax, cm™): 3295, 2964, 1641, 1600, 735; *H NMR
(400 MHz, CDCls, 8 ppm): 2.32 (s, 3H, CH3), 2.35 (s, 3H,

CHs), 2.39 (s, 3H, CHs3), 3.05 (dd, J = 12, 8Hz, 1H); 3.23 (dd,
J =12, 8 Hz, 1H), 3.53 (br s, 1H, NH), 5.23 (dd, J = 4 Hz,
1H), 6.60-6.68 (m, 1H), 6.73 (dd, J = 7.1, 2.1 Hz, 1H), 6.75-
7.02 (m, 1H), 7.12 (dd, J = 7.1, 2.1 Hz, 1H), 7.16 (d, J = 8.0,
Hz, 2H); 7.19 (d, J = 8.0, Hz, 2H), 7.24 (d, J = 8.0, Hz, 2H),
7.26 (d, J =8.0, Hz, 1H), 3C NMR (101 MHz, CDCls, & ppm):
21.2,21.5,37.4,60.1,116.9, 120.6, 121.6, 126.8, 127.4, 128.4,
128.5, 128.9,129.5, 130.2, 134.4, 135.5, 136.6, 140.2, 141.2,
146.2, 157.0.

2-(2-(3,4-Dimethoxyphenyl)-2,3-dihydro-1H-benzo[b]-
[1,4]diazepin-4-yl)phenol (3l): Yellow solid; yield: 88%,
m.p.: 96-98 °C; IR (KB, vmax, cm™): 3380, 3295, 2964, 1641,
1600, 732; *H NMR (400 MHz, CDCls, § ppm): 3.07 (dd, J
= 12, 8 Hz, 1H), 3.31(dd, J = 12, 8 Hz, 1H), 3.76 (s, 3H,
OCH3), 3.80 (s, 3H, OCHs3), 3.95 (br s, 1H, NH), 5.25 (dd, J
=8 Hz, 1H), 6.74 (t, J = 7.6 Hz,1H), 6.86 (t, J = 7.8 Hz, 2H),
6.97-6.91 (m, 2H), 7.09-6.98 (m, 4H), 7.13 (d, J = 7.6 Hz,
1H), 7.30-7.21 (m,1H), 11.3 (s, 1H); *C NMR (101 MHz,
CDCls, & ppm): 36.4,56.5, 60.1, 111.2, 114.5, 116.9, 117.8,
118.2,120.6, 120.8, 121.2, 121.6, 124.5, 129.6,131.2, 133.5,
135.2, 142.5, 148.2, 149.3, 157.0, 160.4.

RESULTS AND DISCUSSION

This study explores a practical approach for the synthesis
of 1,5-benzodiazepine derivatives through the cycloconden-
sation of 3-amino ketones with o-phenylenediamine. In cont-
rast to conventional methods that employ ketones as starting
materials, the present protocol uses readily accessible -amino
ketones in the presence of oxalic acid as a metal-free organo-
catalyst. The reaction proceeds under mild conditions and
provides a simple and efficient route to the target compounds.
The effects of solvent, temperature, catalyst and catalyst
loading were evaluated to optimise the reaction conditions.

Model reaction: As representative, 1,3-diphenyl-3-(phenyl-
amino)propan-1-one (B-aminoketone, 1) and o-phenylene-
diamine (2, 1 mmol each) were selected as model substrates.
The reaction was evaluated under various conditions to opti-
mise the reaction parameters (Scheme-1I).

Effect of solvent: The influence of solvent on the cyclo-
condensation reaction was examined using solvents of vary-
ing polarity and protic character and the results are shown in
Table-1. Protic solvents such as methanol and ethanol (entries
1 and 2) afforded good yields, although lower than that
obtained with DMF. Acetonitrile and toluene (entries 3 and 4)
gave poor yields, which may be attributed to the limited solu-
bility of the reactants. Water (entry 5) was likewise ineffec-
tive, furnishing a low yield, possibly due to its poor substrate
solubility and competing side reactions. Among the solvents
investigated, DMF (entry 6) provided the highest yield (95%)
with a reaction time of 2 h. Its superior performance can be
attributed to its polar aprotic nature, which facilitates substrate
dissolution and stabilises the reaction intermediates. On the
basis of these results, DMF was selected as the reaction solv-
ent. Although DMF poses environmental concerns, the eval-
uation of greener solvent systems capable of delivering com-
parable efficiency remains a subject for future investigation.

Effect of temperature: Reaction temperature also had a
marked effect on the cyclocondensation and the results are
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TABLE-1
EFFECT OF SOLVENT ON THE
SYNTHESIS OF 1,5-BENZODIAZEPINE

TABLE-3
EFFECT OF CATALYST ON THE
SYNTHESIS OF 1,5-BENZODIAZEPINE

Entry Solvent Time (h) Isolated yield (%) Entry Catalyst Time (h) Isolated yield (%)
1 Ethanol 5 68 1 No catalyst 8 30
2 Methanol 4.5 72 2 Acetic acid 5 70
3 Acetonitrile 4 75 3 p-TSA 4 82
4 Toluene 6 60 4 Sulfanilic acid 4 80
5 Water 7 £y 5 oxalic acid 2 95
6 DMF 2 95

shown in Table-2. At room temperature, the reaction afforded
only 40% yield, indicating incomplete conversion. Increasing
the temperature from 50 to 80 °C resulted in a steady imp-
rovement in product yield, which can be attributed to faster
imine formation and cyclisation. The highest yield (95%) was
obtained at 80 °C with complete conversion within 2 h. Raising
the temperature to 90 °C did not improve the yield, indicating
that 80 °C is optimum for efficient completion of the reac-
tion. Accordingly, 80 °C was selected as the optimum reaction
temperature.

TABLE-2
EFFECT OF TEMPERATURE ON THE
SYNTHESIS OF 1,5-BENZODIAZEPINE

Entry Temperature Time (h) Isolated yield (%)
1 Room temperature 10 40
2 50 6 65
3 60 5 75
4 70 4 85
5 80 2 95
6 90 2 91

Effect of catalyst: The effect of catalyst on the cyclo-
condensation reaction was evaluated under identical reaction
conditions and the results are shown in Table-3. In the absence
of a catalyst (entry 1), the reaction afforded only a low yield,
confirming the requirement for acid catalysis. Acetic acid and
p-toluenesulfonic acid (p-TSA) (entries 2 and 3) promoted
the reaction with moderate efficiency. Among the catalysts
examined, oxalic acid (entry 5) afforded the highest yield
(95%) with the shortest reaction time. Its superior catalytic
performance may be attributed to the presence of two car-
boxylic acid groups, which facilitate carbonyl activation and

promote nucleophilic attack by o-phenylenediamine. These
results identify oxalic acid as an efficient, inexpensive and
metal-free catalyst for the synthesis of 1,5-benzodiazepine
derivatives.

Effect of catalyst loading: The effect of catalyst loading
on the cyclocondensation reaction was evaluated to determine
the optimum amount of oxalic acid. Increasing the catalyst
loading from 5 to 10 mol% markedly improved the product
yield, with the highest yield (95%) obtained at 10 mol%. No
appreciable increase in yield was observed at higher catalyst
loadings (15-20 mol%) confirmed that 10 mol% is sufficient
for efficient conversion (Table-4). Thus, 10 mol% was selec-
ted as the optimum catalyst loading.

TABLE-4
EFFECT OF CATALYST LOADING ON THE
SYNTHESIS OF 1,5-BENZODIAZEPINE

Catalyst loading

Entry (mol %) Time (h)  Isolated yield (%)
1 0 8 30
2 5 5 75
3 10 2 95
4 15 3 93
5 20 3 93

Substrate scope: The substrate scope of the developed
protocol was examined under the optimised reaction condit-
ions (Table-5). A series of -amino ketones bearing electron-
donating and electron-withdrawing substituents on the aromatic
ring underwent smooth cyclocondensation with o-phenylene-
diamine to afford the corresponding 1,5-benzodiazepine deri-
vatives (3a-1) in good to excellent yields. The results indicate

TABLE-5

EFFECT OF SUBSTRATE SUBSTITUTION ON REACTION TIME AND YIELD IN THE SYNTHESIS OF 1,5-BENZODIAZEPINES®

Entry R Re Product Time(h)  Yield (%)  m.p. (°C) ';T:tg”"(f}‘cr;* Ref.
1 H H 3a 2.0 9% 130 128132 24]
2 H p-CHs 3b 2.0 90 169 168-171 28]
3 H p-OCHs 3c 25 85 112 110-113 28]
4 H p-Cl 3d 3.0 89 136 135-138 28]
5 H p-NO; 3e 3.0 78 128 126-129 [29]
6 p-CHs p-CHs 3f 20 90 132 130-134 [30]
7 p-Cl p-Cl 3g 3.0 82 120 _ _
8 OH OCHs 3h 2.5 86 108 - -
9 OH Cl 3i 3.0 85 111 112 [26]
10 H 2.4 di-Cl 3] 3.0 86 115 115-118 [27]
11 H tri-CHs 3k 2.0 90 140 140-142 [29]
12 H di-OCHs 3l 2.0 88 9 _ _

Reaction condition: Substrate (1 mmol), o-phenylenediamine (1 mmol), oxalic acid (10 mol%), DMF, 80 °C, 2-3 h; "Isolated yield.
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broad substrate compatibility, irrespective of the electronic
nature of the substituents.

The identities of the synthesised compounds (3a-1) were
confirmed by comparing their melting points with the repor-
ted literature values. The observed melting points were in
close agreement with the reported data, with deviations of only
+2-3 °C, supporting the identity and purity of the products.
Variations in melting points were influenced by the nature of
the substituents on the aromatic ring. Derivatives bearing
electron-donating groups, such as methyl (3b, 3f, 3k) and
methoxy (3c, 3I), generally exhibited lower melting points,
whereas compounds containing electron-withdrawing substit-
uents, such as chloro (3d, 3g) and nitro (3e), showed comp-
aratively higher melting points. These differences may arise
from changes in the molecular polarity and intermolecular inter-
actions and are consistent with previously reported studies on
benzodiazepine derivatives [25].

The electronic nature of the substituents also affected the
reaction rate and product yield. B-Amino ketones containing
electron-donating groups afforded the desired products in
higher yields with shorter reaction times, whereas substrates
bearing electron-withdrawing substituents required slightly
longer reaction times and furnished moderately lower yields.
Even so, both classes of substrates were well tolerated under
the optimised reaction conditions. The optimisation studies
establish oxalic acid as the most effective catalyst among those
examined. The reaction proceeds efficiently under mild con-
ditions with broad substrate scope, providing a practical and
metal-free route for the synthesis of 1,5-benzodiazepine deri-
vatives from f-amino ketones.

Characterization: The formation of the product 3a was
confirmed by IR, *H NMR and **C NMR spectral analysis.
IR spectrum showed the absorption peaks at 3295 cm™ is
attributed to the N-H stretching vibration, while the band at
1633 cm™* corresponds to the C=N stretching vibration of the
diazepine ring. The *H NMR spectrum showed the signals at

—R3

Oxalic acid
\ DMF, 80 °C
Ri——

Carbinolamine intermediate

| Intramolecular cyclisation

X

8 3.05 and 3.23 ppm (dd, 1H each) were assigned to the
methylene protons (CH) at C-3 of the diazepine ring, while
the signal at 6 5.23 ppm (dd, 1H) corresponds to the methine
proton (CH) at C-2. The broad singlet at 5 3.53 ppm was
assigned to the NH proton. Aromatic protons appeared in the
range & 6.84-7.84 ppm confirm the presence of aromatic
protons. The *C NMR spectrum exhibited signals at & 37.29
ppm for the C-3 carbon atom of the benzodiazepine ring, &
157.87 ppm for the imine carbon (>C=NH), and 6 58.00 ppm
for the methine carbon adjacent to the nitrogen atom in the
diazepine ring.

Mechanism: Oxalic acid initially protonates the carbonyl
oxygen of the B-amino ketone, increasing the electrophilicity
of the carbonyl carbon and facilitating nucleophilic attack by
one amino group of o-phenylenediamine to form a carbinol-
amine intermediate. Subsequent acid-catalysed dehydration
generates an imine intermediate, while protonation of the -
amino group enhances its leaving-group ability. The remaining
amino group of o-phenylenediamine then undergoes intra-
molecular nucleophilic attack on the imine carbon, resulting in
cyclisation and formation of the seven-membered diazepine
ring. Cleavage of the C—N bond, accompanied by the elimi-
nation of aniline, affords the corresponding 1,5-benzodiaze-
pine derivatives (3a-1) (Scheme-11). Throughout the reaction,
oxalic acid functions as a Brgnsted acid catalyst by activating
the carbonyl group and promoting imine formation and cycli-
sation, whereas DMF provides a polar aprotic medium that
enhances substrate solubility and stabilises reactive interme-
diates. The reaction temperature of 80 °C supplies sufficient
energy for the condensation, dehydration and ring-closure
steps, while B-amino ketones and o-phenylenediamine serve
as the carbon and nitrogen sources required for construction
of the 1,5-benzodiazepine framework.

Comparison with literature: The present protocol offers
several advantages over previously reported methods for the

/

MQ

HZN
I
%\ \@
Imine formation

NH,
H
N

o
N X
Ry
Aniline

1,5-Benzodiazepine
derivatives (3a-1)

Scheme-I1: Synthetic mechanism of oxalic acid catalysed synthesis of 1,5-benzodiazepines via cyclocondensation
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TABLE-6
COMPARISON OF CATALYTIC SYSTEMS FOR THE SYNTHESIS OF 1,5-BENZODIAZEPINES.
Entry Catalyst/system Solvent Temp. (°C) lie Ve Remarks Ref.
h )

1 Acetic acid Ethanol Reflux 6-8  60-70 Longer reaction time [26]
2 p-TSA Ethanol Room temp. 4-6  65-80 Strong acid required [27]
3 Silica sulphuric acid Solvent-free 90-100 3-5  70-85 Heterogeneous catalyst [28]
4 ZnCl; Ethanol Reflux 0.33 60-75 Metal catalyst [29]
5 H-MCM-22 Acetonitrile Room temp. 1-3  65-87 Rapid coke formation [30]
6 lonic liquid ([bmim]BF3)  lonic liquid 80-100 2-3  80-90 Expensive medium [31]

7 Oxalic acid (10 mol%) DMF 80 2-3  78-95 Metal-free catalyst, simple procedure, broad  Present
substrate scope and good to excellent yields work

synthesis of 1,5-benzodiazepines. Many reported procedures
rely on mineral acids, metal-based catalysts, ionic liquids, or
stringent reaction conditions, whereas the present method
employs oxalic acid as an inexpensive, readily available and
metal-free organocatalyst. Unlike conventional methods that
employ ketones as starting materials, the present protocol
uses B-amino ketones as versatile precursors for the synthesis
of 1,5-benzodiazepine derivatives. The reaction proceeds
under mild conditions with broad substrate scope and affords
good to excellent yields. Although DMF was used as the
reaction medium, the protocol offers operational simplicity
and employs an inexpensive, metal-free catalyst. Compared
with reported green methodologies based on solvent-free
conditions, microwave irradiation, deep eutectic solvents,
aqueous media and recyclable catalysts (Table-6), the present
method avoids specific equipments and complex catalyst pre-
paration while maintaining high synthetic efficiency.

Conclusion

A straightforward and efficient method has been deve-
loped for the synthesis of 1,5-benzodiazepine derivatives (3a-
1) through the cyclocondensation of B-amino ketones with
o-phenylenediamine using oxalic acid as a metal-free organo-
catalyst. Under the optimized reaction conditions (10 mol%
oxalic acid in DMF at 80 °C), the desired products were
obtained in good to excellent yields (78-95%). The study also
establishes the utility of previously prepared p-amino ketones
as valuable synthetic precursors for the construction of diverse
1,5-benzodiazepine frameworks. The protocol is characterised
by operational simplicity, broad substrate scope, metal-free
reaction conditions and the use of an inexpensive, readily
available organocatalyst, providing a practical and efficient
approach for the synthesis of 1,5-benzodiazepine derivatives.
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