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Abstract

Highly efficient Cul nanoparticles catalyzed one-pot synthesis of some benzo[b][1,5]diazepine derivatives via multi-
component condensation of aromatic diamines, Meldrum’s acid and isocyanides. The present approach creates a variety
of benzo[b][1,5]diazepines as pharmaceutical and biologically active heterocyclic compounds in excellent yields and
short reaction times. The salient features of the copper iodide nanoparticles are: easy preparation, cost-effective, high
stability, low loading and reusability of the catalyst. The prepared copper iodide nanoparticles were fully characterized
by XRD, EDX, FT-IR, SEM and TEM analysis.

Keywords: Benzo[b][1,5]diazepine; nanoparticles; Cul; multi-component; heterocyclic compounds.

1. Introduction

Benzodiazepines are important class of nitrogen-
containing heterocyclic compounds that are known to ha-
ve important biological and pharmacological activities
such as: analgesic, anticonvulsant, anti-depressive, antian-
xiety, sedative, anti-inflammatory, as well as hypnotic
agents.'™ In addition, some of the benzodiazepines have
found as important drugs to treat some diseases such as
cardiovascular disorders, cancer, diabetes and viral infec-
tion (HIV).>8
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Some of the important 1,5-benzodiazepine structu-
res with high medicinal activity such as, olanzapine 1 and
clozapine 2 (schizophrenia treatment),’ clobazam 3 (an-
xiolytic agents),'” and 3-carbamoyl-1,5-benzodiazepine 4
(selective CCK-B antagonists as potential anxiolytic-
drugs)'! has been shown in Figure 1.

Therefore, the synthesis of 1,5-benzodiazepine de-
rivatives due to a broad range of applications have always
been the most interesting fields in the organic synthesis.
The synthetic routes for the synthesis of benzodiazepines
mainly are the reaction of 1,2-phenylenediamines with
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various ketones,'? chalcones, ' alkynes,14 4,6-di-o-ben-
zyl-2,3-dideoxy-aldehydo-D-erythro-trans-hex-2-eno-
se,’® and 3-acetyl-4-hydroxy-6-methyl-2H-pyran-2-
one.'® Some of these processes have some disadvantage,
including toxic solvents and catalysts, long reaction ti-
mes, undesirable yields and use of costly catalysts. Thus,
it is necessary to develop an efficient, mild and easy pro-
cedure for the synthesis of benzodiazepines without those
drawbacks.

Multi-component reactions (MCRs) are special
types of synthetically useful organic reactions in which
three or more various substrates react to give a final pro-
duct in a one-pot procedure.'” These reactions are valuab-
le assets in the organic synthesis and pharmaceutical che-
mistry due to their wide range of usage in the preparation
of various structural scaffolds and discovery of new
drugs.'

In the modern science, one of the growing and im-
portant fields is nanotechnology. Because of different
physical and chemical properties of nano-sized catalysts
compared to bulk material, they attract interests for diffe-
rent researcher areas.!® Since the particles are in small si-
ze, the surface area exposed to the reactant is maximized
so allowing more reactions to occur at the same time, hen-
ce the process is speeded up.?’

Among various nanoparticles, copper nanoparticles
have extensively considered interests because of their
unusual properties and potential applications in diverse
fields.?! Recently, copper nanoparticles were used as an
active catalyst in many reactions including carbon-hete-
roatom coupling,”** synthesis of phenols, anilines, and
thiophenols,?* Synthesis of 1,4-dihydropyridines,” alky-
ne-azide cycloadditions,?® the Mannich reaction,”’ aza-
Michael reactions®® and hydroxylation of phenol.’

Recently, Shaabani et al. have reported a novel and
efficient method for the synthesis of some tetrahydro-2,4-
dioxo-1H-benzo[b][1,5]diazepine-3-yl-2-methylpropana-
mide derivatives.’® This method has valuable advantages
such as, mild reaction conditions, good yields and no un-
desirable byproducts. The times and the yields of the re-
ported method are not satisfactory interest. So, in spite of
aforementioned advantages of this method we decided to
promote some aspects of this research including the reac-
tivity of substrates. Therefore, we carried out the three-
component reaction of 1,2-phenylenediamines, isocyani-
des and Meldrum’s acid using metal oxide nanoparticles
as efficient catalysts.

® ©

In order to achieve more efficient synthetic proces-
ses, minimize by-products, decrease the number of sepa-
rate reaction steps, and also in the following of our re-
search on the application of nanocatalysts in MCRs,*'=’
we have tried to extend a clean and environment friendly
approach to the synthesis of tetrahydro-2,4-dioxo-1H ben-
zo[b][1,5]diazepine-3-yl-2-methylpropanamide derivati-
ves via treatment of aromatic diamines, Meldrum’s acid
and isocyanides with excellent yields and short reaction
times using Cul NPs as a catalyst (scheme 1).

2. Results and Discussion

The XRD pattern of Cul NPs was shown in Figure
2. All reflection peaks can be readily indexed to pure cu-
bic phase of Cul with F-43mspace group (JCDPS No. 77-
2391). The crystallite size diameter (D) of the Cul nano-
particles has been calculated by Debye—Scherrer equation
(D = KMBcosB), where B FWHM (full-width at half-ma-
ximum or half-width) is in radian and 6 is the position of
the maximum of diffraction peak, K is the so-called shape
factor, which usually takes a value of about 0.9, and A is
the X-ray wavelength (1.5406 A for Cu Koy). Crystallite
size of Cul has been found to be 25 nm.
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Figure 2. XRD pattern of Cul nanoparticles

The chemical purity of the samples as well as their
stoichiometry was tested by EDAX studies. The EDAX
spectrum given in Figure 3 shows the presence of copper
and iodine as the only elementary components.

In order to study the morphology and particle size of
Cul nanoparticles, SEM images of Cul NPs are shown in
Figure 4 which shows copper iodide to be in nanostructu-
re. This result shows that single phase primary particle is
spherical in shape with the average diameter between
40-50 nm.
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Scheme 1. Preparation of benzo[b][1,5]diazepines using Cul nanoparticles as catalyst
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Figure 5. TEM image of Cul nanoparticles

The size and morphology of Cul nanoparticles were
analyzed by Transmission Electron Microscopy (TEM) (Fi-
gure 5). The result shows that these nanocatalysts consist of
spherical particles with the crystallite size about 25-30 nm,
which is in good agreement with XRD crystal sizes.

Figure 6 shows FT-IR spectrum of Cul nanopartic-
les. As shown there is no observed any specific peak rela-
ted to functional groups, but the strong peak around 1583
cm™' can be attributed to the (OH) stretching and bending
vibrations, respectively. These peaks indicate the slightly
presence of physisorbed water linked to nanoparticles.

In our preliminary experiments, the model study
conditions were carried out based on the reactions of o-
phenylenediamine (1mmol), Meldrum’s acid (Immol)
and fert-buthyl isocyanide (Immol) in different solvents
and catalysts (Scheme 2).

This model reaction was performed using the protic
(Table 1, entries 1-3), aprotic (Table 1, entries 4, 5) and
non polar (Table 1, entries 6, 7) solvents in the presence of
10 mol % of Cul nanoparticles.

The best result was obtained in dichloromethane
(Table 1, entry 7). Next, we studied the model reaction in
dichloromethane at various temperatures (Table 1, entries
7, 8). The maximum yield was obtained at room tempera-
ture (Table 1, entry 7).
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Figure 6. FT-IR spectrum of Cul nanoparticles
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Scheme 2. The model study for the preparation of 1,5-benzodiazepin-2-one 4b

Table 1. The model study catalyzed by Cul NPs in different sol-
vents

Entry Solvent Time (h) Yield(%)?*

1 EtOH/ r.t.. 9 trace

2 H,0/ r.t 9 trace

3 CH,OH/ r.t. 9 trace

4 DMF/ r.t. 6 45

5 CH,CN/r.t. 6 50

6 PhCH,/ r.t. 5 60

7 CH,Cl/ rt. 3 97

8 CH,Cl,/ reflux 9 -
Isolated yield

The model study in CH,Cl, at room temperature was
also established in the absence of catalyst and also in the
presence of different catalysts (Table 2, entries 2—11). Alt-
hough in the absence of catalyst the reaction was carried
out but we obtain a moderate yield of product after 9h.
Many homogenous and heterogeneous catalysts, such as
SiO,, CH,COOH, MgSO,, NaOH, MgO NPs, CaO NPs,
CuO NPs, HCI, H,SO,, Cul NPs, etc., were used to inve-
stigate the model reaction in dichloromethane as solvent
at room temperature (15 mol% of each catalyst was used
separately).

The summarized results in Table 2 show that most
of the Brgnsted and Lewis acids could carry out the mo-
del reaction. However, we found that Cul NPs (Table 2,
entry 12) give the best results in comparison with bulk
Cul and also other catalysts in three-component reaction
of o-phenylenediamine, Meldrum’s and ters-buthyl isoc-
yanide.

The increased catalytic activity of copper iodide na-
noparticles toward others catalysts is related to the high
surface area to volume ratio of nanoparticles which provi-
des enormous driving force for diffusion.

In continue the effect of different concentrations of
catalyst was evaluated using various amounts of Cul NPs
including 1 mol%, 3 mol%, 5 mol%, 8 mol% and 10
mol%. We observed that 8 mol% of Cul NPs NPS affor-
ded product with the best results and was enough to pro-
gress of the reaction (Table 2).

We investigated the scope and limitations of three-
component (Pseudo five-component) reaction of aromatic
diamines, Meldrum’s acid and isocyanides under optimi-

Table 2. Synthesis of benzo[b][1,5]diazepin 4b using various ca-
talysts®

Entry Catalyst Time (h) Yield (%)"
1 none 9 55
2 Sio, 6 62
3 CH,COOH 4 69
4 MgSO, 7 52
5 NaOH 9 -
6 MgO NPs 8 66
7 CaO NPs 8 57
8 CuO NPs 5 75
9 HC1 7 40

10 H,SO, 6 45
11 Cul 5 65
12 Cul NPs 3 97
13 Cul NPs (1 mol%) 6 80
14 Cul NPs (3 mol%) 4 85
15 Cul NPs (5 mol%) 3.2 88
16 Cul NPs (8 mol%) 3 97
17 Cul NPs (10 mol%) 3 97

* All the reactions were carried out in dichloromethane at r.t.
®Isolated yield

zed conditions. So we carried out synthesis of benzo
[b][1,5]diazepine derivatives by use of various structures
of o-phenylenediamines and isocyanides.

As shown in Table 3 both mono and disubstituted
aromatic diamines were converted into the correspon-
ding benzo[b][1,5]diazepines in excellent yields. In or-
der to prove the generality of represented method, we
next used both aliphatic and aromatic isocyanides and as
a results of this we successfully synthesized a series of
benzo[b][1,5]diazepines in high yields. In this case us-
ing tert-butyl isocyanide gave the best yields (97%,
98%, entries 2 and 7, Table 3) in comparison with other
isocyanides.

A plausible mechanism on the basis of our experi-
mental results together with some literature,*® for the
synthesis of tetrahydro-2,4-dioxo-1H-benzo[b][1,5]diaze-
pine-3-yl-2-methylpropanamide by Cul NPs is shown in
Scheme 3. Initially we suppose that copper iodide nano-
particles coordinate to carbonyl groups of Meldrum’s acid
and accelerate the nucleophilic attack of 1,2-phenylene-
diamine. In other words interaction between Cul NPs as a
Lewis acid with substrates and other intermediates pro-
moted the rate of reaction.
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Table 3. Cul nanoparticles catalyzed one-pot synthesis of benzodiazepines*

=
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(4j)

Entry R, R, Products (4a—4j) Time (h) Yield (%)"
1 H cyclohexyl N o (4a) 32 94
CQ O
2 H tert-butyl ' 3 97
LN
H 0
3 H benzyl i 2 32 93
L ("
" HM:
4 H n-pentyl i P 35 92
o0 TTdy
H 0 _\_/_
o
5 H 4-methoxyphenyl i 5 (de) 35 93
@N HN—QOCH:
" [+
6 CH cyclohexyl wo 3 95
Lo PEER J > @
Qi O
7 CH, tert-butyl " p 25 98
H 2]
8 CH, benzyl " g 3 95
T
9 CH, n-pentyl H i 32 94
L
H HN_\_/_
10 CH,  4-methoxyphenyl " :EO 32 94

=

# reaction conditions: aromatic diamines (1 mmol), Meldrum’s acid (1mmol), isocyanides (Immol) and Cul NPs (8 mol %) in 5 mL
CH,Cl,.; *Isolated Yields.
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Scheme 3. Proposed reaction pathway for the synthesis of 1,5-ben-
zodiazepin-2-ones by Cul NPs

3. Experimental
3. 1. General

Chemicals were purchased from the Merck and
Fluka Chemical Companies in high purity. All of the ma-
terials were of commercial reagent grade. Copper iodide
nanoparticles were prepared according to the procedure
reported by Kimura et al.*® IR spectra were recorded as
KBr pellet on a Perkin-Elmer 781 spectrophotometer
and an Impact 400 Nicolet FT-IR spectrophotometer.
'"HNMR and *CNMR spectra were recorded in CDCl,
solvent on a Bruker DRX-400 spectrometer (400 MHz)
using TMS as an internal reference. Melting points ob-
tained with a Yanagimoto micro melting point apparatus
are uncorrected. The purity determination of the substra-
tes and reactions monitoring were accomplished by TLC
on silica gel polygram SILG/UV 254 plates. The ele-
mental analyses (C, H, N) were obtained from a Carlo
ERBA Model EA 1108 analyzer. PowderX-ray diffrac-
tion (XRD) was carried out on a Philips diffractometer
of X’pert Company with mono chromatized Ag Ko ra-
diation (A = 1.5406 A). Microscopic morphology of pro-
ducts was visualized by SEM (LEO 1455VP). Transmis-
sion electron microscopy (TEM) was performed with a
Jeol JEM-2100UHR, operated at 200 kV. The composi-
tional analysis was done by energy dispersive analysis of
X-ray (EDAX, Kevex, Delta Class I). The mass spectra
were recorded on a Joel D-30 instrument at an ionization
potential of 70 eV

3. 2. Preparation of Copper iodide

Nanoparticles

The mixture of copper iodide (0.1 g, 0.5 mmol) in 5
mL acetonitrile was dissolved under ultrasonic irradia-
tion. Afterwards DMF (10 mL) was added to the solution
and the mixture was sonicated to afford yellowish solu-
tion. The reaction mixture was stirred at 25 °C to remove
acetonitrile and then water 10 mL was added drop wise in
to the solution under mechanical stirring. The cloudy
green participate residue was centrifuged and washed se-
veral times with ethanol to afford pure Cul nanoparticles.
The prepared nanoparticles were fully characterized by
XRD, EDX, FT- IR, SEM, and TEM analysis.

3. 3. General Procedure for the Synthesis of
Tetrahydro-2,4-dioxo-1H-benzo[b][1,5]
diazepine-3-yl-2-methyl Propanamides
(da—dj).

Cul nanoparticles (0.016 g, 8 mol%) was added to a
mixture of 1,2-phenylenediamines (Immol), Meldrum’s
acid (1mmol) and isocyanide (1 mmol) in 5 mL dichloro-
methane. The reaction mixture was stirred for 2.5-3.5 h at
room temperature. Progress of the reaction was continu-
ously monitored by TLC. After the reaction completed,
the residue was dissolved in methanol and then the nano-
catalyst was separated by simple filtration. The solvent
was evaporated under vacuum and the solid obtained was
washed several times with acetone to afford the pure ben-
zodiazepines.

All of the products were characterized and identified
with m.p., '"H NMR, "*C NMR and FT-IR spectroscopy
techniques. Spectral data of the new products are given
below.

N-pentyl-2-(2,4-dioxo-2,3,4,5-tetrahydro-1H-ben-
zo[b][1,5]diazepin-3-yl)-2 methylpropanamide (4d).

White solid; m.p. 286-288 °C; 'H NMR (DMSO-d,,
400 MHz) &: 0.81-0.84 (t, 3H, CH, (pentyl)), 1.17-1.43
(m, 12H, 3 x CH, and 2 x CH,), 2.96-2.97 (t, 2H,
CH,-NH), 3.39 (s, 1H, CH), 7.11-7.18 (m, 4H, ArH),
7.58 (bs, 1H, NH), 10.33 (bs, 2H, 2NH); *C NMR (DM-
SO-d,, 100 MHz) &: 14.4, 22.3, 28.9, 29.1, 29.8, 43.4,
48.1, 52.6, 112.4, 125.3, 130.4, 167.4, 177 cm™'; FT-IR
(KBr) v: 3347 (NH), 1700 (C=0), 1660 (C=0), 1546
(C=C) cm™!; MS (ED) (m/z): 331 (M*); Anal. Calcd. for
CHysN;O,(Mr = 331.19): C 65.23, H 7.60, N 12. Found
C65.09,H7.71, N 12.69.

N-(4-methoxyphenyl)-2-(2,4-dioxo-2,3,4,5-tetrahydro-
1Hbenzo[b][1,5]diazepin-3-yl)-2-methylpropanamide
(4e).

White solid m.p. 306-308 °C 'H NMR (DMSO-d,,
400 MHz) 6: 1.48-1.53 (s, 6H, 2 x CH,), 3.43 (s, 1H,
CH), 3.69 (s, 3H, OCH,), 6.82-6.82 (d, 2H, J = 8 Hz,
ArH), 7.16-7.18 (m, 4H, ArH), 7.42-7.44 (d, 2H, J = 8
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Hz, ArH), 9.53 (bs, 1H, NH), 10.47 (bs, 2H, 2NH); *C
NMR (DMSO-d,, 100 MHz) &: 21.8, 43.1, 48.5, 56.1,
122.2, 125.5, 131.4, 133.6, 135.8, 136.2, 140.1, 167.8,
177.2 cm™; FT-IR (KBr) v: 3424 (NH), 1695, (C=0)1654
(C=0), 1510 (C=C), 1253 (C-0) cm™; MS (EI) (m/z):
367 (M"); Anal. Calcd. for C,jH, N,O, (Mr = 367.15): C
65.38, H5.67, N 11.44. Found C 65.51, H 5.59, N 11.35.

N-n-pentyl-2-methyl-2-(7-methyl-2,4-dioxo-2,3,4,5-te-
trahydrolHbenzo[b][1,5]diazepin-3-yl)propanamide
(4i).

White solid; m.p. 246-248 °C; 'H NMR (DMSO-
ds, 400 MHz) &: 0.92-0.95 (t, 3H, CH, (pentyl)),
1.22-1.51 (m, 12H, 3xCH, and 2 x CH,), 2.22 (s, 3H,
CH,), 2.93 (t, 2H, CH,-NH), 3.34 (s, 1H, CH), 7.09-7.16
(m, 3H, ArH), 8.11 (bs, 1H, NH), 10.43 (bs, 2H, 2NH);
*C NMR (DMSO-d,, 100 MHz) &: 15.6, 19.8, 21.4, 22.8,
29.2,29.7, 434, 48.2, 53.1, 112.4, 125.3, 126.7, 127.5,
128.4, 133.2, 167.2, 177.1 cm™; FT-IR (KBr) v: 3339
(NH), 1698 (C=0), 1659 (C=0), 1566 (C=C) cm™'; MS
(EI) (m/z): 345 (M"); Anal. Calcd. for C,;H,,N,O, (Mr =
345.21): C 66.06, H 7.88, N 12.16. Found C 66.18, H
7.79, N 12.04.

N-(4-methoxyphenyl)-2-methyl-2-(7-methyl-2,4-dioxo-
2,3,4,5-tetrahydro-1Hbenzo[b][1,5]diazepin-3yl) pro-
panamide (4j).

White solid; m.p. 283-285 °C; '"H NMR (DMSO-d,,
400 MHz) 6: 1.31-1.35 (s, 6H, 2 x CH,), 2.22 (s, 3H,
CH,), 3.45 (s, 1H, CH), 3.81 (s, 3H, OCH,), 6.91-6.93 (d,
2H, J =7.9 Hz, ArH), 7.14-7.17 (m, 3H, ArH), 7.53-7.55
(d, 2H, J = 7.9 Hz, ArH), 9.66 (bs, 1H, NH), 10.44 (bs,
2H, 2NH); "*C NMR (DMSO-d,, 100 MHz) &: 19.9, 42.8,
43.5,55.1,56.7, 122.6, 123.7, 125.6, 128.4, 130.7, 131.4,
135.2,136.5, 138.3, 142.1, 167.6, 169.9 cm™'; FT-IR (KB-
r) v: 3448 (NH), 1705 (C=0), 1662 (C=0), 1518 (C=C),
1246 (C-0) cm™'; MS (EI) (m/z): 381 (M*); Anal. Calcd.
for C,;H,,N,O, (Mr = 381.17): C 66.13, H 6.08, N 11.02.
Found C 66.24, H 5.99, N 10.93.

3. 4. Catalyst Recovery

In order to investigate of reusability of the nanoca-
talyst, the reaction of o-phenylenediamine, Meldrum’s
and rert-buthyl isocyanide (model reaction) were carried
out several times using recovered copper iodide nanopar-
ticles.

Briefly, after completion of the process, the Cul na-
noparticles were separated by filtration and then were
washed three to four times with methanol and ethyl aceta-
te and dried in an oven overnight at 70 °C. The separated
catalyst was used five times in the model study with a
slightly decreased activity as shown in Table 4. It seems
that the reusability of the catalyst in the synthesis of ben-
zo[b][1,5]diazepin 4b is similar to the reaction of other
substrates.

Table 4. Reusability of the copper iodide nanoparticles

Yield (%)
First Second Third Fourth Fifth
97 95 94 90 88

4. Conclusions

In summary, we have successfully demonstrated
unique catalytic activity of copper iodide nanoparticles in
the synthesis of benzo[b][1,5]diazepine derivatives via
three-component (Pseudo five-component) reaction of
aromatic diamines, Meldrum’s acid and isocyanides. The
present approach is mild, easy, efficient and eco-friendly
and the products were obtained in excellent yields and
short reaction times. Also Cul nanoparticles with high
surface area have significant advantages such as economi-
cal, recoverability, reusability and stability.
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Cul nanodelci uc¢inkovito katalizirajo multikomponentno kondenzacijo Meldrumove kisline in izocianidov v
benzo[b][1,5]diazepinske derivate. Ta metoda omogoca sintezo razli¢nih farmacevtsko in biolosko aktivnih
benzo[b][1,5]diazepinov z odli¢nimi izkoristki in v kratkem reakcijskem Casu. Glavne prednosti nanodelcev bakrove-
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be katalizatorja. Sintetizirani Cul nanodelci so bili karakterizirani z XRD, EDX, FT-IR, SEM in TEM analizo.
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