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Introduction Generally, a composite combines two or
more materials containing matrix and fillers.
In recent years, attention has been

concentrated on eco-friendly and economically
sustainable procedures synthesizing organic
compounds. Likewise, the attempts to progress
the solvent-free methods with short reaction
times, high-yield products, and economic
conditions were promoted [1-4]. Nowadays, the
use of natural source catalysts is of high
significance. Eggshell wastes are abundant and
cheap biomaterials, which mainly consisting of
carbonate (main principle), acid
amines, uronic acid, proteins, carbohydrates,
and lipids. Concerning this interesting
ingredient, eggshell can be considered a green

calcium

catalyst in some organic syntheses which need
a base catalyst [5-8]. On the other side, magnetic
nanoparticles have recently been widely used in
some new important chemical reactions like
drug delivery, magnetic resonance imaging,
hyperthermia cancer treatment, and bio-
separation [9-12].

Nanocomposites consist of materials with one
or more phases with nanoscale dimensions. The
properties of nanocomposites are related to
different factors such as size, shape, constituent
phases, relative loading and
distribution of the dispersed phase as well as

amounts,

interactions between the matrix and the
dispersed phase [13-16]. In this research, to
improve the magnetic properties of synthesized
nanocomposite (Eggshell/Fe;04),
Fe3z04as an important nanoparticle in the matrix

we used

of Eggshell. Furthermore, Fez0. nanoparticles
can be improved the mechanical properties of
Regarding this
consideration, ES/Fe;04 can be an excellent
biocatalyst in synthesizing
compounds. 2-Amino-chromenes are from the

this new nanocomposite.
some organic

significant class of organic compounds with the
main components of natural products. They are
used as pigments, cosmetics, and biodegradable
agrochemicals [17-21]. In addition, they have
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interesting biological activities such as anti-
cancer, antimicrobial, antioxidant, and
antiproliferative properties. Moreover, they
have other applications like potential calcium
channel antagonists, anti-inflammatory agents,
antiviral, diuretic, anti-coagulant, spasmolytic,
anti-anaphylactic, and anti-HIV agents [22-24].
Moreover, they are wused to treat

neurodegenerative diseases involving
Parkinson’s disease, down s syndrome,
Alzheimer's disease, Huntington's disease,

Down syndrome, analgesics, and myorelaxant
[25-28]. Due to the applications mentioned
above and the importance of these compounds,
versatile methods under different conditions
have been reported to synthesize 2-amino-3-
cyano-4H-Chromenes. One of the most common
of these methods is different using catalysts
including metal oxides (such as Zn0), chemical
indicators (such as NaOH), organic bases, and
ionic liquids by condensation of aldehyde,
malononitrile, and 1, 3-dicarbonyl compounds
[29-31]. Despite all attempts, this procedure is
safer from several disadvantages, including
expensive catalysts, harsh reaction conditions,
tedious workup and fewer yields, long reaction
time, and hazardous solvent. There is still broad
scope to make efficient, economically viable,
and eco-friendly methods for synthesizing 2-
amino-3-cyano-4H-Chromenes. In this study, 2-
amino-3-cyano-4H-Chromenes was
synthesized via Eggshell/Fe;04 as an efficient
and new biocomposite under mild conditions.
This method has outstanding advantages, such
as using a green and biodegradable catalyst,
easy recovery, reusability of catalyst, and
simple workup with quantitative yields. The
main text of the article should appear here with
headings as appropriate.

Experimental

Materials and methods

All materials were obtained in the standard
laboratory via standard techniques (unless else
noted). All solvents, reagents, and chemicals
were purchased from Merck and Aldrich
without further purification. Reactions and
products were studied and characterized by
standard techniques. IR spectra were done on a
Shimadzu IR-470 spectrometer, NMR spectra
were taken on a Bruker DRX-500 Avance
spectrometer, XRD measurements were taken
on an X Pert MPD (40 kV, 40 mA), TGA was
taken on NETZSCH TG 209, FE-SEM images
were taken on a Sigma Zeiss and melting points
were taken on an Electrothermal 9100
apparatus. All compounds were isolated by
crystallization.

Preparation of
nanocomposite

magnetic eggshells

1.0 g Eggshells were initially collected and
boiled in 0.5 mol/L NaOH solution for 1 h,
washed several times with deionized water, and
dried at 80 °C in oven for 24 h. To produce
magnetic nanoparticles, a coprecipitation
method was applied. A mixture of FeCl3.6H,0
(12.2 g) and FeCl;.4H0 (4.7 g) in 50 mL of H,0
was prepared. Then, 1.5 mol/L NaOH solution
was added dropwise at 60 °C under an N
atmosphere and stirred for 1 h. Afterward, the
reaction temperature was increased to 80 °C
and stirred for another 1 h. Finally, the prepared
Eggshell/Fe30, was washed with deionized
water and dried under vacuum for 12 h [14].

Synthesis of 2-amino-3-cyano-(4H)-pyrans

The solution of benzaldehyde (0.1 g),
malononitrile (0.66 g), ethyl acetoacetate (0.13
g), Eggshell/Fe304 (0.03 g), and H20 (3 mL) was
mixed under reflux conditions. After the
completion of the reaction (monitored by TLC
(n-hexane, EtOAc, 3:1)), the intended products
were obtained by simple recrystallization.



Green and Eco-Friendly Synthesis ...

57

Results and Discussion

To achieve the most optimized ratio,
Eggshell /Fe;04 nanocomposites were prepared
in different concentrations of Eggshell to Fe304.
Finally, the best ratio of Eggshell and Fe;04was
determined (Table 1, entry 2). In the following,
to study the catalytic performance of the
prepared nanocomposite,
reaction of benzaldehyde, malononitrile, and
ethyl acetoacetate was considered as a model
reaction (Scheme 1). (Eggshell/Fe304:5/1) was
used in the synthesis of chromene derivatives.

three-component

CN

CN

Calcium carbonate is the main component of
Eggshell, which causes an alkaline media, and
the Fe30. preparation has been done without
using more external bases.

Different components were used separately
in the model reaction to determine each
component's effect, and the results were
summarized in Table 1. As shown in Table 1, the
product was formed in the presence of
Eggshell/Fe3;0. with the highest yield and the
lowest time. Furthermore, the different types of
applied catalysts are presented in Table 2.

Scheme 1. Optimization the ratio of Eggshell-Fes04 in model reaction.

Table 1. Different ratios between Eggshell and Fe304

Entry Ratio (Eggshell: Fes04)
1 1:1
2 5:1
3 0.5:1
4 4:1
a]solated yield
Table 2. Different types of catalysts
Entry Catalyst
1 ES/ Fe304
2 ES
3 ES+ Fe304
4 Fe304
a]solated yield
FT-IR spectra analysis

The FT-IR spectra of ES/ Fe30s MNPS
nanocomposite are demonstrated in Figure 1.
According to FT-IR analysis, the peaks at 2505
cm-! (HCO3), 1795 cm-t (CO), 1421 cm (C-0),
876 cm1 (0-C-0),and 709 cm1 (C-0O) are related
to carbonate absorptions. The adsorption band
at 588 cm! is ascribed to stretching vibration

. CN
NH,
Time(min) Yield (%)
120 51
10 96
Just intermediate is formed -
60 74
Time (min) Yield (%)2
10 96
180 90
180 85
240 60

(Fe-O-Fe), and the board band at 3414 cm! is
attributed to the OH stretching vibration in
Ca(OH). (probably due to the adsorption of
water

on the surface of the magnetic

nanocomposite) [32, 33].

Thermal gravimetric analysis (TGA)

TGA and DTG investigated the Eggshell/

Fe304 magnetic nanocomposite's thermal
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stability at room temperature to 900 °C. As
depicted in Figure 2, it was appointed that the
weight loss less than 600 °C is attributed to the
adsorbed water. The main decrease of weight
ascribed to the decomposition of the Eggshell to
Ca0 and CO: confirms the existence of the
carbonate in the eggshell structure.

Field emission scanning electron microscopy (FE-
SEM)

3800 3300 2800 2300

According to Figure 3, the Eggshell
surface is completely covered by the magnetic
Fe304 with spherical morphology. In addition,
the FE-SEM images indicate that the average
diameter of Fe304 is about 76 nm. Regarding the
images, well distribution of Fez04 on the porous
surface of the Eggshell, this nanocomposite has

a huge surface area.

Transmittance (%)
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Figure 1. IR adsorption spectra of ES/ Fe304 MNPS nanocomposite
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Figure 2. TGA curve of mass change ES/Fe304 MNPs.
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Figure 3. The FE-SEM images of ES/Fe304 nanocomposite
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Figure 4. The XRD pattern of magnetic ES/Fe304

X-ray diffraction analysis (XRD)

As shown in the XRD patterns, the main peak
at 20 = 34° ascribed to the phase of eggshell
(Figure 4). The peaks at 20 = 21°, 36°, 41°, 43°,
51°,63° 67° and 74° are attributed to the Fe304
phase (JCPD files no.98-0073). These data
confirm the existence of CaCO3 (JDPD 5-0586) in
the eggshell structure and the presence of Fe3z04
in the nanocomposite structure. According to
the results of the method reaction, the best ratio
of Eggshell and Fe30. was determined to

prepare the optimized catalyst
(Eggshell/Fe304:5/1). Therefore, the main and
sharp peak attributed to the major phase of
CaCOs3 in the structure of the eggshell.

Vibrating sample magnometer analysis (VSM)

The vibrating sample magnetometer of
Eggshell/Fe30, is illustrated in Figure 5. The
magnetic behaviors of this nanocomposite were
indicated by magnetic hysteresis. The super
magnetic behavior of Fez04 nanoparticles was
expected to be reduced after composition with
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Eggshell.  Nevertheless, the  saturation
magnetization of eggshell /Fe304
nanocomposite is 13 emu.g! which shows the
magnetic nature. Thus, the external magnetic
field can easily separate the catalyst from the
reaction mixture.

Synthesis  of
Eggshell/Fe304

4H-pyrans  catalyzed by

The catalytic activity of nanocomposite was
investigated the 4H-pyrans synthesis.
Therefore, to achieve the best conditions for the
synthesis of 4H-pyrans, the three-component
reaction of benzaldehyde, malononitrile, and

in

ethyl acetoacetate was considered a model
reaction. The results are summarized in Tables
3 and 4. To determine the best solvent for this
reaction, different solvents were tested in the
presence of 0.03 g Eggshell/Fe304 as a catalyst,
and the best result was obtained with water and
ethanol. We preferred to choose water as a
solvent because it is the most eco-friendly
solvent (Table 4). To obtain the optimized
condition, various conditions were carried out
for the reaction with ethyl acetoacetate (c),
benzaldehyde (a), and malononitrile (b) (molar

ratio 1:1:1) as the model reaction (schemel).
The amount of ethyl
methyl-4-phenyl-4H-pyran-3-carboxylate(d)
was achieved with the lowest yields at room
temperature (entries 1 and 2). In addition,
increasing the temperature has affected on
yield of the product. Furthermore, in (entries 3
and 4), the range of (60-80 °C) was considered
the best result, and the middle effect on the
quantitative yield of the desired product was
obtained. Moreover, solvent-free
conditions, the yield has decreased, although
the time reaction has not changed considerably.
Our investigation has shown that the reflux
condition has no considerable difference with
EtOH or water. Therefore, water was defined as
the best and green solvent in all derivatives of
chromenes thoroughly (entries 7 and 8). It was
amazing that using
dichloroethane as aprotic solvents in reflux
conditions has not significantly affected yield
and reaction time (entries 9 and 10). Finally,
acetonitrile and dichloroethane solvents have
produced lower yield reactions and higher
reaction times than water and EtOH as protic
solvents (entries 11 and 12).

6-amino-5-cyano-2-

under

acetonitrile and

—e—  hibmenthiassiemulg)

-10000

0
Field(G)

10000 0000

Figure 5. The VSM pattern of magnetic ES/Fe304
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Table 3. Optimization of different amount of Eggshell/Fe3z04

Entry Loading (mg) Solvent
1 0.01 H20
2 0.02 H:20
3 0.03 H:20
4 0.04 H:20
a]solated yield

Temp. (°C) Time (min) Yield (%)
Reflux 180 42
Reflux 120 53
Reflux 10 96
Reflux 10 95

Table 4. One pot three-component reaction of various aromatic aldehydes (a), malononitrile (b), and ethyl
acetoacetate (c) via ES/Fe304as a catalyst and water/reflux condition

Entry Solvent Temp. (°C) Time (min) Yield (%)2
1 H20 rt 270 40
2 EtOH rt 270 40
3 H20 60 150 53
4 EtOH 60 150 53
5 - 60 180 47/3
6 - 80 180 49
7 Reflux EtOH 10 96
8 Reflux H20 10 96
9 Reflux acetonitrile 200 60
10 Reflux dichloroethane 120 50

a]solated yield

After optimization of the reaction conditions,
to demonstrate the generality of this procedure,
the synthesis was done with a wide range of
aromatic aldehydes and hydroxyl/carbonyl
compounds (Table 5).

Interestingly, aldehydes with
electron-withdrawing groups (Table 5, entries
2,5,6,13,and 24), especially in 3 positions, took
shorter to form the respective product
compared with the electron-donating groups
(Table 5, entries 3, 4, and 7). For more
information, it could be the reason for
substituted functional groups’
electronegativity induction effect. With the
decrease of electron density in the aromatic
ring, the electron-withdrawing groups cause
convenient conditions to attack carbanion

aromatic

intrinsic

compounds.

Different derivatives of 2-amino-5,10-dioxo-
5,10-dihydro-4H- benzo[g]
synthesized in a broad range of 1,3-di ketones

chromene were

such as methyl acetoacetate, acetylacetone, 1-
naphthol, 2-naphthol, dimedone, 4-
hydroxycoumarin, indole, 4-chloro indol, and 4-
methyl indol. In the presence of ethyl
acetoacetate, the reaction time was lower than
methyl acetoacetate and acetylacetone (Table 5,
entries 1a-10a). After that, 1- naphthol and 2-
naphthol were used as enolic components to
synthesize 2-amino-4-phenyl-4H-benzo[h]
chromene -3-carbonitrile (Table 5, entries 11a-
20a). In this case, it was observed that the
reaction time was lower than entries (Table 5,
1a-10a). The different stable resonance forms
could cause it. Likewise, the production was
produced in a shorter reaction time in the
presence  of than
dimedone. As an enolic component (Table 5,
entries 21a-30a). Indole and the last entries
(Table 5, entries 31a-33a) showed the different
electronegativity between oxygen and nitrogen.

4-hydroxycoumarin
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Table 5. Synthesis of derivatives of 2-amino-5-ox0-5,6,7,8-tetrahydro-4H- benzo[b] pyran(4) via
condensation of ethylacetoacetate, methylacetoacetate, acetylacetone, 1-naphtol, 2-naphtol, dimedone, 4-
hydroxycoumarin, indol, 4-chloroindol, 4-methylindol (3), malononitrile (2), and in the presence of
Eggshell/Fe304 as catalyst

. M.p.
Aldehydes Hydroxyl/carbonyl . . Yieldb i
Entry (1) Cormapds (3] Product Time(min) (%) Obs[fg]ed
O\
o1 f 191-193
1 Moa o ‘ ‘ o 10 26 [34]
(] NH: 1
Cl
O\
o1 176-177
2 2 17 94
ij PN . N [35]
& ]
o NH, 29
OH
O\
o o0 173-175
3 2 14 95
ij MOE( /\o ‘ ‘ CN [3 6]

OH

139-141
o]
Mea 17 88 37]

S
[e]

OMe

o
N
29 180-182
5 ij A % g
Br
NO,
o]
N
o o 187-188
i E;L A o 10 g
NO, - 6a
o
~
2 9 156-158
7 ij Moa cN 12 o4 [40]
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o0]
o

(¢} NH28a
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X
o] [e] -
9 ij M 19 94 18[221]88
OMe
0.
X
[0} [e] -
10 ij M 14 94 13[5431]37
"~ o 276-277
11 o 15 85 o
NH: 11a
0.
X
OH
CN
’ NH: 12a
0.
X
OH
CN
NH: 13a
0.
X
OH
: §> 5w T
CN
NH: 149
NO,
[}
b on 225-226
15 N 9 95 o

NO,
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O OH
211-213
16 Ej 12 90 [48]
~
OH
232-233
17 ij 10 91 [48]
Cl
RN OH
201-203
18 Ej\ 10 93 [36]
NO,
N
OH
181-183
19 ij 15 88 [48]
OMe
~
OH
205-207
20 ij 15 88 [49]
O\ 0. o] CN
o
259-261
21 Ej @;j N 10 90 [50]
OH O O
o~ Yo 21a
NH,
0.
~ o o RN
261-263
x
22 @;j O O 12 91 [51]
OH o} o] cl
“ 22a
NH,
O o o e Y
NO, 263-265
> oL K oo -
OH O 0

NO,
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NH,
0,
X o ° o\ CN
24 CQZ O N O 10 93 25[25'32]54
OH 0 0 NO,
NO,
24a
NH,
[e]
A o o 0\ CN
25 CQI O N O 12 89 26&'72]62
OH 0 o F
" 25a
O\ o
(0] -
26 Ej >ii o 13 92 23[552137
o -
[¢] NH226a
O\
o
27 ij >ii 13 90 21[25-52]14
o
Cl
O\ o
217-219
28 ij >i‘j\ N 15 91 [56]
(¢]
NH 28a
NO,
SN o
o -
> . e
NO, o ‘ ‘
o7 "N 203
O\ o
189-190
30 ij >i‘j\ N 14 95 [58]
(¢]
!
() NH230a
o O
X
S
N\ 303-205
31 Ej . ‘ o 16 90 [59]
I O

NH2 314

The suggested mechanism in Scheme 3 has
shown different steps of the one-pot three-
component reaction. In the first step, a classical
tandem sequence of Knoevenagel and Michael's

addition occurred. Acidic proton was released
from malononitrile in the present alkali catalyst.
The different aldehydes were tested in this
reaction. A tandem Knoevenagel condensation-
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cyclization reaction cause to form intermediate
(). The product was formed by tautomerization
of the intermediate and the solvent has the main
role in the three-component oriented synthesis
of substituted 4H-pyrans, so the hydrogen bond
persisted in both electrophile and nucleophile.
Furthermore, the results have shown that the
reaction conditions are different in all cases and

\ INCQ
e

the effect of enolic component loading was
screened. The reaction conveniently was done
in water as a solvent and reflux condition and
Eggshell/Fe304 (0/03 g) as the catalyst in the
presence of 1-naphthol, 2-naphthol, Indole,
dimedone, 4-hydroxycoumarin, 1,3-diketones
such as (ethyl acetoacetate, acetylacetone, and
methyl acetoacetate) as an enolic component.

4
.
.
ES/Fes04

\¥/H20

ES/Fe;04

OH -
¥
©@é\ecw

H' o ©CN

o}

~

/
ESFe,0, ) ~
N HO

M

ES/Fe;04 ) Eggshell/Fe;04

Scheme 3. Reaction mechanism for the synthesis of tetra-substituted 4H-pyrans

Catalyst recovery and reusability

It is one of the most important advantages
for industrial and commercial applications.
When the reaction was completed, the mixture
was filtered, and the recovered catalyst was
washed with H,0 (5 mL) twice and reused after
drying.

Conclusion

In the present study, for the first time, the
synthesis of 2-amino-3-cyano-(4H)-chromene
derivatives as an important class of organic

compounds, Eggshell/Fe;04 as a new magnetic
nanocomposite from natural source was used
via green and eco-friendly conditions. The
catalyst was
Transform Infrared Spectroscopy (FT-IR),
Scanning Electron Microscopy (SEM) and X-ray
(XRD),
Analysis  (TGA),

Magnetometer (VSM). The green and
biodegradable catalyst, easy recovery,
reusability of catalyst, and simple workup with
quantitative yields are considerable advantages
of this method. In all cases, the corresponding

characterized by Fourier

Gravimetric
and Vibrating

Diffraction Thermal

Sample
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functionalized 4H-pyrans were formed in high
yield, the shortest reaction time, the easiest
workup, no column-chromatography
requirement, eco-friendly, and green catalyst.
The Eggshell/Fez04 was reused several times
without a substantially decreasing in yield

percentages.
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