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c-Fe2O3@Si-(CH2)3@mel@(CH2)4SO3H as a magnetically bifunctional and
retrievable nanocatalyst for green synthesis of benzo[c]acridine-8(9H)-ones
and 2-amino-4H-chromenes

Fatemeh Karimirad and Farahnaz Kargar Behbahani

Department of Chemistry, Karaj Branch, Islamic Azad University, Karaj, Iran

ABSTRACT
The present work describes the synthesis and characterization of melamine functionalized with
sulfonic acid supported on the magnetic nanoparticle, c-Fe2O3@Si-(CH2)3@melamine@butyl sul-
fonic acid nanoparticle as a green and retrievable bifunctional catalyst. This catalyst was assigned
by FT-IR, XRD, EDX, TEM, VSM, CHN, and TGA analyses. In addition, the catalytic activity of this
new catalyst was investigated for the synthesis of 7,10,11,12-tetrahydrobenzo[c]acridine-8(9H)-ones
from aliphatic and aromatic aldehydes, dimedone and 1-naphthylamine in excellent yields and 2-
amino-4H-chromenes were provided using manufactured nanocatalyst in good-to-high yield under
mild reaction condition. The c-Fe2O3@Si-(CH2)3@melamine@butyl sulfonic acid heterogeneous
catalyst showed the advantages such as very simple and eco-friendly due to use from magnetic
nanoparticles as high reusability of the catalyst, magnetically separable catalyst, excellent yield,
and mild reaction condition. The synthesis of some new derivatives of dibenzo[c]acridines and 2-
amino-4H-chromenes in the presence of this nanocatalyst is also reported.
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Introduction

Almost the heterocyclic compounds are the most attention in
pharmaceutical chemistry. Among heterocyclic compounds, the
tricyclic compounds containing acridine skeleton is a significant
pharmacophore and interesting structure in pharmacology.
Acridine derivatives have antitumor,[1] carcinogenic,[2] and
anti-malaria activities.[3] In addition, these organic compounds
can be applied for heart defibrillation[4] and as DNA-intercalat-
ing anticancer drugs.[5] Therefore, the synthesis of acridine
derivatives is principal task in modern organic chemistry.
Although numerous methods have been introduced in the pro-
viding of benzoacridine derivatives,[6–15] in recent studies,
Borah’s group successfully synthesized benzoacridine derivatives
via N,N-disulfo-1,1,3,3-tetramethylguanidinium carboxylate
ionic liquids as a catalyst,[16] Murugesan et al. used sulfonic
acid functionalized boron nitride as a catalyst in the prepar-
ation of acridine derivatives, [17] Wan et al. modified glucose
sulfonic acid and applied in the synthesis of acridine deriva-
tives,[18] and Shen et al. synthesized acridine derivatives using
imidazolium salts as ionic liquids catalyst,[19] but these methods
in spite of advantages have their shortcomings, such as low
yield, high reaction temperature, and prolong reaction time.

On the other hand, more progress in the field of green
synthesis has reported magnetically recoverable nanocatalysts
which possess expansive surface area, high activity, reusability,
and long lifetime.[22–29] The use of magnetic nanocatalysts is
an interesting area for the development of sustainable and
green procedures due to external magnetic separation and no

needing to catalyst filtration or centrifugation, and providing
simple and practical method for the recovering of these
catalysts. Also, multi-component reactions (MCRs) are very
powerful weapons in the organic and medicinal chemistry for
the preparation of the bulky products in a one-pot and
almost one-step from small starting materials. The combin-
ation of magnetic nanocatalysts and MCRs will become a
merits protocol for the introducing of green procedures in
green synthesis.[30] Moreover, on the base of the best our
knowledge, c-Fe2O3@Si-(CH2)3@melamine@butyl sulfonic
acid as a new, reusable, bifunctional heterogeneous nanopar-
ticles catalyst was first utilized in the one-pot preparation of
benzo[c]acridines. In this communication, in the present
work, we enclosed the synthetic applicability of a prepared
catalyst (magnetic-based butyl sulfonic acid–melamine com-
plex) in the synthesis of benzo[c]acridines in one-pot and
under mild reaction condition in ethanol at 60 �C with low
reaction times (Scheme 1).

Experimental

Chemicals were purchased from Merck Chemical Company.
Drying of the solvents was done using standard methods.
NMR spectra were recorded in CDCl3 and DMSO-d6 on a
Bruker Advance DPX-300 instrument, Germany country.
SEM analysis was determined by using FE-TESCAN, model
Mira3-XMU, Czech Republic country at accelerating voltage
of 15KV. TEM analysis was performed using Philips CM30
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instrument, Nederland country. XRD analysis was measured on
a Bruker D8-advance X-ray diffractometer or on an X’Pert Pro
MPD diffractometer, Nederland country with Cu Ka
(k¼ 0.154nm) radiation. TGA analysis was recorded using a
Shimadzu Thermogravimetric analyzer (TG-50), Japan country.
FT-IR spectra were recorded on a JASCO FT-IR 460 plus spec-
trophotometer, Japan country. Elemental analysis was performed
on a Costech 4010 CHN elemental analyzer, Italy country.

Synthesis of c-Fe2O3@Si-(CH2)3@melamine@butyl sulfonic acid
nanoparticle. The synthesis of magnetic Fe3O4 nanoparticles,
c-Fe2O3@Si-(CH2)3Cl nanoparticles, and c-Fe2O3@Si-
(CH2)3@melamine nanoparticles were carried out according
to the previous procedure reported in the literature.[31,32]

Then, the c-Fe2O3@Si-(CH2)3@melamine nanoparticles
(1.0 g) were sonicated in 30mL of dry THF at 30min. Next,
1,4-butane sultone (5.0mmol) was added and refluxed at
24 h. Then, the catalyst was separated using an external
magnet, washed with ethanol (3� 15mL), water
(2� 15mL), and dried in a vacuum oven at 50 �C and 4.0 h
(Scheme 2).

General procedure for the synthesis of 7,10,11,12-tetrahy-
drobenzo[c]acridine-8(9H)-ones using c-Fe2O3@Si-
(CH2)3@melamine@butyl sulfonic acid. A mixture of 1-naph-
thylamine (1.0mmol), dimedone (1.0mmol), aldehydes
(1.0mmol), and prepared magnetic nanoparticle (0.004 g) in
ethanol (2.0mL) was taken in a flask and the reaction mix-
ture was mixed at 60 �C for appreciating times in Table 1.
The progress of the reaction was monitored by TLC. After
completion of the reaction, the catalyst was removed with
an external magnet and then water poured to the reaction
mixture to obtain precipitation. Finally, the isolated precipi-
tation recrystallized with ethanol to attained absolute prod-
uct in 95% yield.

Reusability of the catalyst

The reusability of the catalyst was examined in the synthesis
of 4a. At the end of the reaction, the catalyst was removed
with an external magnet and washed with ethanol (2� 5mL)
and then used it without further purification. The separated
catalyst was reused three times in the preparation of 4a with-
out considerable loss of its catalytic activity (entry 1, Table 1;
95%, 95%, and 94%). In addition, FT-IR analysis was exhib-
ited that the catalytic activity of the catalyst was the same as
those of the freshly used catalyst (Figure 1).

Results and discussion

Characterization of the nanocatalyst

The FT-IR spectra of the intermediate nanoparticles and
final catalyst are shown in Figure 2. The band at 1025 cm�1Scheme 1. Providing of benzo[c]acridin-8(7H)-ones.

Scheme 2. Manufactured of c-Fe2O3@Si-(CH2)3@melamine@butyl sulfonic acid nanoparticle.
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relatives to SiO of c-Fe2O3@Si-(CH2)3 the nanoparticles, and
that at 2921 cm�1 is related to CH2 of propyl in
c-Fe2O3@Si-(CH2)3 nanoparticles. The band at 3424 and
3415 cm�1 confirms the presence of NH2 group of mela-
mine, loaded on the surface of c-Fe2O3@Si-(CH2)3@Mel.
The broadband at 3380 cm�1 corresponds to the OH group,
and that at 1653 cm�1 is related to S¼O of SO3H in
c-Fe2O3@Si-(CH2)3@Mel@butylSO3H.

The TGA curve of the synthesized catalyst is indicated in
Figure 3. The first mass loss up to 160 �C (region A) is due
to the release of adsorbed water; the second from 200 to
515 �C is related to the decomposition of organic matter on
the c-Fe2O3 core (region B). Region C attributes to c-Fe2O3.
The TGA curve of the synthesized catalyst demonstrates
high thermal stability, with decomposition starting at around
200 �C under a nitrogen atmosphere.

Also, the XRD pattern of the catalyst is shown in Figure 4.
The reflection planes of (220), (311), (400), (422), (511), and
(440) at 2h¼ 30.3, 35.7, 43.4, 53.8, 57.4, and 63.0, which are
attributed to the diffraction scattering of c-Fe2O3 were readily
recognized from the XRD pattern. These characteristic peaks
adopted with those of standard c-Fe2O3 (JCPDS file No 04-
0755). The observed diffraction peaks were indicated that
c-Fe2O3 mostly exist in a face-centered cubic structure.

The SEM and TEM images of the synthesized magnetic
nanocatalyst are shown in Figures 5–7. As can be seen from
SEM images (Figure 5), the geometric shape of the nanopar-
ticles is spherical. To investigate the morphology and topog-
raphy of the described catalyst, TEM was carried out as
shown in Figure 6. As it is clearly approved the spherical
uniform of the catalyst particles and confirmed that the
catalyst has nanosize particles.

Figure 1. FT-IR spectra of the recovered c-Fe2O3@Si-(CH2)3@Mel@butylSO3H after three runs.

Figure 2. FT-IR spectra of intermediate nanoparticles and prepared catalyst: c-Fe2O3 (a), c-Fe2O3@Si-(CH2)3Cl (b), c-Fe2O3@Si-(CH2)3@Mel (c), and c-Fe2O3@Si-
(CH2)3@Mel@butylSO3H (d).
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The cumulative distribution function shows that the nano-
particles have sizes between 12 and 24 nm that the utmost of
nanoparticle size was 17 nm (Figure 7), respectively, that
according to research, the smaller and uniform particles
exhibited better physical and magnetic properties.[28]

The loading amount of melamine on c-Fe2O3@Si-
(CH2)3@melamine was determined by elemental analysis,
and the C, N, and H contents of c-Fe2O3@Si-
(CH2)3@melamine was quantified 9.56, 9.88, and 1.55,
respectively, that it can result from 1.2mmol melamine on
the surface of c-Fe2O3@Si-(CH2)3. Thus c-Fe2O3@Si-
(CH2)3@melamine can react with 4.8mmol 1,4-butan sul-
tone to achieve SO3H functionalized theoretically, whereas
the S content of c-Fe2O3@Si-(CH2)3@melamine@SO3H was
4.1mmol approximately based on EDAX analysis (Figure 8).

To evaluate the magnetic properties of c-Fe2O3@Si-
(CH2)3@Mel@butylSO3H and to investigate the effect of Si-
(CH2)3@Mel@butylSO3H on the magnetic feature of

Figure 3. TGA analysis of c-Fe2O3@Si-(CH2)3@Mel@butylSO3H. A) c-Fe2O3@Si-
(CH2)3@Mel@butylSO3H without H2O; B) c-Fe2O3@Si-(CH2)3@Mel, c-Fe2O3@Si-
(CH2)3; C) c-Fe2O3.

Figure 4. XRD analysis of c-Fe2O3@Si-(CH2)3@Mel@butylSO3H.

Figure 5. SEM analysis of c-Fe2O3@Si-(CH2)3@Mel@butylSO3H.
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c-Fe2O3, the magnetic property of c-Fe2O3@Si-
(CH2)3@Mel@butylSO3H was performed via VSM analysis
and compared with that of c-Fe2O3. The results, in Figure 9
showed that upon bounding between Si-

(CH2)3@Mel@butylSO3H and c-Fe2O3, the magnetic prop-
erty decreased from 95 to 65 emug�1. This result is not
beyond expectation as incorporation of nonmagnetic com-
ponent, Si-(CH2)3@Mel@butylSO3H, can decrease the

Figure 6. TEM analysis of c-Fe2O3@Si-(CH2)3@Mel@butylSO3H.

Figure 7. Particle size of c-Fe2O3@Si-(CH2)3@Mel@butylSO3H.

Figure 8. EDX analysis of c-Fe2O3@Si-(CH2)3@Mel@butylSO3H.
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magnetic property. Despite the decrease of the magnetic
property, c-Fe2O3@Si-(CH2)3@Mel@butylSO3H could be
magnetically recovered via using an external magnet.

Catalytic activity evaluation

To examine the solvent type effect on the reaction yield and
time, the model reaction for the providing of 4a was sub-
jected in various solvents including dimethylformamide
(DMF), water, tetrahydrofuran (THF), dimethylsulfoxide
(DMSO) and ethanol, n-hexane, dichloromethane, ethyl
acetate, and without solvent. The results are presented in
Table 2. The reaction was first carried out at room tempera-
ture and 60 �C under solvent-free condition in 120min and
the product was resulted in 10% and 35% yield. When the
benchmark reaction was tested by the above mention sol-
vents, the desired product was yielded in better condition
than without solvent. As can be seen in Table 2, the best
solvent was ethanol. To more investigate the catalyst amount
effect on the reaction time, the obtained optimum solvent
was repeated in the different amount of the catalyst includ-
ing to 0.002, 0.004, 0.006 g, and without the catalyst. As one
can see, in the absence of catalyst, even with a time greater
than 15min, the yield is low (45%). Also, increasing the
catalyst amount to 0.006 g did not effect on reaction time
and yield. So, the catalyst is essential component for the
progress of the reaction. Therefore, entry 9, Table 2 was
used as the best optimum reaction condition.

Also, the model reaction was examined for the synthesis
of 4a in the presence of c-Fe2O3, c-Fe2O3@Si-(CH2)3Cl,
c-Fe2O3@Si-(CH2)3@Mel and the results were compared
with those of using c-Fe2O3@Si-(CH2)3@Mel@butylSO3H.
As shown in Table 1, the best result was obtained by
c-Fe2O3@Si-(CH2)3@Mel@butylSO3H (entry 5, Table 3).

To generalize this model reaction, the optimum reaction
condition was fixed for a series of aliphatic and aromatic
aldehydes with electron-withdrawing and electron-donating
groups for the synthesis of the corresponding dibenzo[c]
acridines. Found in Table 1, in all cases, the yields were

excellent. Therefore, this protocol is suitable for both ali-
phatic and aromatic aldehydes bearing electron-releasing
and electron-withdrawing groups. Also, cinnamaldehyde and
acetaldehyde were subjected as aliphatic aldehydes under
reaction condition and the reaction was carried out well in
good yields and short reaction times (entry 5 and 9, Table
1). In addition, the method is easy to operate, very simple,
and eco-friendly due to use from magnetic nanoparticle as

Figure 9. VSM analyses of c-Fe2O3@Si-(CH2)3@Mel@butylSO3H and c-Fe2O3.

Table 1. Synthesis of 7,10,11,12-tetrahydrobenzo[c]acridine-8(9H)-ones using
c-Fe2O3@Si-(CH2)3@melamine@butyl sulfonic acid nanoparticle.

Entry Aldehyde Product Time (min) Yield%a m.p (�C) [ref.]
1 O

H

4a 15 95 258–261[10]

2 O

H
Cl

4b 15 90 260–260[13]

3 O

H
Cl

Cl

4c 10 98 284–286[7]

4 O

H
O2N

4d 10 95 268–270[14]

5
O

H

4e 25 95 175–178 [14]

6 O

H
Me2N

4f 30 92 277–279 [33]

7 O

H
OH

4g 50 93 219–221[14]

8 O

H
OMe

4h 60 91 267–270[6]

9 O 4i 30 90 190–192 [34]

10 O

H
HO

4j 40 94 187–191[14]

11 O

H
Me2C

4k 35 90 214–216 (new)

aIsolated yield.
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high reusability of the catalyst, magnetically separable cata-
lyst, excellent yield, and mild reaction condition. All com-
pounds have been characterized based on physical and
spectral data and were good matched with authentic samples
in the literature (Table 1). Also, when we used 4-isopropyl
benzaldehyde, we obtained a new derivative of benzo[c]acri-
dines in good yield (entry 11, Table 1).

Owing to wide range of useful biological activities in the
field of medicinal chemistry[35] and to have anti-cancer and
anti-coagulant activities[36] of 2-amino-4H-chromenes and,
to evaluate catalytic activity of prepared catalyst, the synthe-
sis of 2-amino-4H-chromenes was studied using aryl alde-
hydes, dimedone, and malononitrile in the presence of
prepared nanocatalyst in good-to-high yield (Scheme 3).

The results have been shown in Table 4. The main
advantages of this synthesis method are mild reaction condi-
tion, separation of the catalyst using external magnet, eco-
friendly, non-corrosive, and reusable catalytic system at least
five times without loss of activity with high isolated yield of
the products and the synthesis of two new derivatives of 2-
amino-4H-chromene (entry 5 and 6, Table 4).

The suggested mechanism for the preparation of
7,10,11,12-tetrahydrobenzo[c]acridine-8(9H)-ones has been
depicted in Scheme 4. As shown in Scheme 4, the enolic
form of dimedone 1 attacks to activated-magnetic nanocata-
lyst aldehyde 2 to form intermediate 3. Dehydration of 3
obtains Knoevenagel product 4. Michel like-addition of 1-
naphtyl amine 5 to 4 and following cyclization and assisted-
dehydration via basic part of the catalyst give intermediate 8
that is tatumerized to 4.

To show the merits of this procedure in comparison with
the previously reported protocols, we compared the

synthesis of 10,10-dimethyl-7-phenyl-7,10,11,12-tetrahydro-
benzo [c]acridine-8(9H)-one (4a) and 2-Amino-7,7-
dimethyl-5-oxo-4-phenyl-5,6,7,8-tetrahydro-4H-chromene-3-
carbonitrile (6a) under various conditions (Tables 5 and 6).
The advantages of our procedure are the use of c-Fe2O3@Si-
(CH2)3@melamine@butyl sulfonic acid as heterogeneous,
high reusability of the bifunctional, and magnetically separ-
able catalyst, excellent yield and mild reaction condition,
which are very important in the chemical industry.

Conclusion

In summary, the synthesis of dibenzo[c]acridines has been
developed using a magnetic nanocatalyst catalyst. The reac-
tion is usable to a wide variety of aliphatic and aromatic
aldehydes with excellent yields. This synthesis protocol
develops an attractive pathway for dibenzo[c]acridines pro-
duction using a magnetic nano bifunctional catalyst, and
forming H2O as the sole byproduct. Also, 2-amino-4H-chro-
menes was synthesized in the presence of prepared nanoca-
talyst in good-to-high yield under mild reaction condition.

Scheme 3. Synthesis of 2-amino-4H-chromenes.

Table 4. Preparation of 2-amino-4H-chromene.

Entry Aldehyde Product Time (min) Yield%a m.p (�C) [ref.]
1

O

6a 15 92 227–228 [37]

2

O

NO2 6b 10 90 201–203[37]

3 6c 25 95 210–212[37]

4

O

H3CO 6d 40 80 202–204[39]

5 O

H
Me2C

6e 25 85 208–210 (new)

6 H
N

O O

6f 45 82 245–247 (new)

aReaction condition: malononitril (1.0mmol), dimedone (1.0mmol), benzalde-
hyde (1.0mmol) and catalyst (0.004 g) in ethanol (2.0 mL) at 60 �C.

Table 2. The optimization of reaction condition for the preparation of 4a
using c-Fe2O3@Si-(CH2)3@melamine@butyl sulfonic acid nanoparticle.

Entry Catalyst (g) Solvent Temp. (oC) Time (min) Yielda%

1 0.004 Free r.t 120 10
1 0.004 Free 60 120 35
2 0.004 H2O 100 15 60
3 0.004 EtOH r.t. 300 75
4 0.004 THF 60 120 40
5 0.004 DMF 60 60 55
6 0.004 DMSO 60 60 60
7 – EtOH 60 120 45
8 0.002 EtOH 60 20 90
9 0.004 EtOH 60 15 95
10 0.006 EtOH 60 15 95
11 0.004 n-Hexane Reflux 180 10
12 0.004 CH2Cl2 Reflux 180 10
13 0.004 EtOAc Reflux 180 75
aReaction condition: 1-naphthylamine (1mmol), dimedone (1mmol), benzalde-
hyde (1mmol) catalyst in solvent (5 mL) at different times.

Table 3. The optimization of reaction condition for the preparation of 4a
using different of nanoparticle catalysts.

Entry Catalyst Yielda%

1 Free 35
2 c-Fe2O3 40
3 c-Fe2O3@Si-(CH2)3Cl 40
4 c-Fe2O3@Si-(CH2)3@Mel 55
5 c-Fe2O3@Si-(CH2)3@Mel@butylSO3H 95
aReaction condition: 1-naphthylamine (1mmol), dimedone (1mmol), benzalde-
hyde (1mmol), catalyst (0.004 g) in ethanol (5 mL) at 60 �C and in 15min.

INORGANIC AND NANO-METAL CHEMISTRY 7



Scheme 4. Proposed mechanism for the synthesis of tetrahydrobenzo[c]acridine-8(9H)-ones.

Table 5. Synthesis procedure for the synthesis of 4a using different catalysts.

Entry Catalyst Temp. (�C) Time (min) Yield% Ref.

1 FePO4
a (10mol.%) 20 60 90 14

2 L-Prolinea (10mol.%) r.t. 60 95 34
3 MW/ 160 wb 20 93.5 10
4 Succinimide-N-sulfonic acida (4mol%) 60 30 96 33
5 ultrasonic wavesa r.t. 60 85 12
6 SnCl2 .2H2O (20mol%) / ultrasonic irradiationa r.t. 60 85 13
7 NH2SO3H/ H6P2W18O62 .18H2O 110 120 70 15
8 Without catalyst 80 1200 28 6
9 Presented catalysta, (0.004 g) 60 15 95 This work
aUsed solvent is EtOH.
bSolvent-free.
cc-Fe2O3@Si-(CH2)3@melamine@butyl sulfonic acid.

Table 6. Synthesis protocol for the preparation of 6a using different catalysts.

Entry Catalyst Solvent Temp. (�C) Time (min) Yield% Ref.

1 ZnO nanoparticle(0.003 g) EtOH Reflux 10 90 38
2 MNPs@Cu (0.01 g) Free 90 17 91 39
3 L-proline (10mol.%) EtOH Reflux 60 93 37
4 Ba(OTf)2(20mol.%) PEG-water r.t. 30 88 40
5 MCM-41@Schif base (0.01 g)/Co(OAc)2 (10mol%) H2O 100 180 94 41
6 Presented catalysta (0.004 g) EtOH 60 15 92 This work
ac-Fe2O3@Si-(CH2)3@melamine@butyl sulfonic acid.
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Another advantage of this method is the synthesis of some
new derivatives of dibenzo[c]acridines and 2-amino-
4H-chromenes.

FT-IR spectra data

10,10-Dimethyl-7-phenyl-7,10,11,12-tetrahydrobenzo[c]-acri-
din-8(9H)-one (4a). IR (KBr, cm�1): 3301 (NH), 3083 (CH-
aromatic), 2956 (CH-aliphatic), 1689 (C¼O), 1595 (C¼C
aromatic), 1072.

3,3-Dimethyl-9-(4-chlorophenyl)-1,2,3,4,9,10-hexahydro-
benzo-[c]acridine-1-one (4b).

IR (KBr, cm�1): 3334 (NH), 3030 (CH-aromatic), 2958
(CH-aliphatic), 1605 (C¼O), 1572 (C¼C aromatic), 1492,
1374, 1262, 1148, 1090, 1014, 851, 822, 757.

3,3-Dimethyl-9-(2,4-dichlorophenyl)-1,2,3,4,9,10-hexahy-
drobenzo[c]acridine-1-one (4c). IR (KBr, cm�1): 3304 (NH),
3065 (CH-aromatic), 2960 (CH-aliphatic), 1684 (C¼O),
1590, 1518 (C¼C aromatic), 1385, 1262, 1149, 1095, 1037,
880, 807, 754.

3,3-Dimethyl-9-(3-nitrophenyl)-1,2,3,4,9,10-hexahydro-
benzo- [c]acridine-1-one (4d).

IR (KBr, cm�1): 3310 (NH), 3050 (CH-aromatic), 2956
(CH-aliphatic), 1589 (C¼O), 1530 (C¼C aromatic), 1387,
1262, 1150, 1093, 831, 807, 758, 611.

10,10-Dimethyl-7-(2-phenylethenyl)-7,10,11,12-tetrahydro-
benzo[c]acridin-8(9H)-one (4e). IR (KBr, cm�1): 3342 (NH),
3080 (CH-aromatic), 2956 (CH-aliphatic), 1635 (C¼O),
1590, 1557 (C¼C aromatic).

10,10-Dimethyl-7-(4-dimethylaminophenyl)-9,10,11,12-tet-
rahydrobenzo[c]acridin-8(7H)-one (4f). IR (KBr, cm�1): 3321
(NH), 3066 (CH-aromatic), 2898 (CH-aliphatic), 1666
(C¼O), 1577, 1522 (C¼C aromatic), 1435, 1140, 815.

10,10-Dimethyl-7-(2-hydroxyphenyl)-7,10,11,12-tetrahydro-
benzo[c]acridin-8(9H)-one (4 g). IR (KBr, cm�1): 3500 (NH),
3100 (CH-aromatic), 2997 (CH-aliphatic), 1641 (C¼O),
1587, 1515 (C¼C aromatic), 1487, 1409, 1260, 1175, 1143,
1026, 845, 819, 755, 746.

7,10,10-Trimethyl-9,10,11,12- tetrahydrobenzo[c]acridin-
8(7H)-one (4 h). IR (KBr, cm�1): 3336 (NH), 3087 (CH-aro-
matic), 2987 (CH-aliphatic), 1643 (C¼O), 1543, 1532
(C¼C aromatic), 1465, 1132, 818.

7-(3-Hydroxyphenyl)-10,10-dimethyl-7,10,11,12-tetrahydro-
benzo[c]acridin-8(9H)-one (4i). IR (KBr, cm�1): 3314 (NH),
3070 (CH-aromatic), 2956 (CH-aliphatic), 1640 (C¼O),
1550, 1520 (C¼C aromatic), 1468, 1047.

2-amino-7,7-dimethyl-5-oxo-4-phenyl-5,6,7,8-tetrahydro-
4H-chromene-3-carbonitrile (6a). IR (KBr/cm�1): 3395, 3324
(NH2), 2199 (CN), 1680 (C¼O), 1214 (C-O).

2-Amino-7,7-dimethyl-4-(3-nitrophenyl)-5-oxo-5,6,7,8-tet-
rahydro-4H-chromene-3-carbonitrile (6 b). IR (KBr/cm�1):
3429, 3334 (NH2), 2186 (CN), 1680 (C¼O), 1210 (C-O).

Ethyl 6-amino-4-(4-methylphenyl)-5-cyano-2- methyl -4H-
pyran-3-carboxylate (6c). IR (KBr/cm- 1): 3382, 3316 (NH2),
2192 (CN), 1682 (C¼O), 1213 (C-O).

2-Amino-4-(4-methoxyphenyl)-7,7-dimethyl-5-oxo-5,6,7,8-
tetrahydro-4H-chromene-3-carbonitrile (6d). IR (KBr/cm- 1):
3378, 3319 (NH2), 2196 (CN), 1680 (C¼O), 1217 (C-O).

Physical and spectra data for new compounds

10,10-Dimethyl-7-(4-isopropylphenyl)-9,10,11,12-tetrahydro-
benzo[c]acridin-8(7H)-one (4k). Melting point: 214–216 �C:
withe powder, IR (KBr, cm�1): 3321, 3060, 2897, 1667, 1567,
1522, 1435, 1340, 1275, 815; 1H NMR (300MHz, CDCl3)
d:1.00 (s, 3H), 1.19 (s, 3H), 1.21 (6H, d, J¼ 7.67Hz,
2�CH3), 2.22–2.44 (m, 2H), 2.55–2.80 (m, 2H), 3.11 (1H,
m, CH), 5.26 (s, 1H), 7.15–7.77 (m, 9H), 8.77 (d, J¼ 7.6Hz,
1H), 9.33 (s, 1H, NH). 13C NMR (DMSO–d6): d (ppm) ¼
198, 146,140, 137, 134, 132, 128, 126, 124,118, 108, 51, 42,
36, 31, 30, 27, 23. Combustion analysis for C28H29NO:
Calculated (%). C, 85.02; H, 7.39; N, 3.54; found (%): C,
85.01; H, 7.36; N, 3.52.

2-amino-7,7-dimethyl-5-oxo-4-(4-isopropylphenyl)-5,6,7,8-
tetrahydro-4H-chromene-3-carbonitrile (6e): Melting point:
208–2110 �C,: withe powder, IR (KBr/cm�1): 3395, 3324
(NH2), 2199 (CN), 1680 (C¼O), 1214 (C-O). 1H NMR
(DMSO–d6): d (ppm) ¼ 0.98 (3H, s, Me), 1.06 (3H, s, Me),
1.23 (6H, d, J¼ 7.67Hz, 2�CH3), 2.10 (1H, d, J¼ 16.0Hz,
H-6), 2.25 (1H, d, J¼ 16.0Hz, H-6) , 2.49 (2H, brs, CH2),
3.12 (1H, m, CH), 4.19 (1H, s, H-4), 7.02 (2H, brs, NH2),
7.10 (2H, d, J¼ 8.24Hz,H–Ar), 7.13 (2H, d,
J¼ 8.24Hz,H–Ar). 13C NMR (DMSO–d6): d (ppm) ¼ 198,
159, 155, 142,139, 128, 125, 117, 113, 58, 56, 44, 37, 36, 30,
27, 23. Combustion analysis for C21H24N2O2: Calculated
(%). C, 74.97; H, 7.19; N, 8.33; found (%): C, 74.95; H, 7.17;
N, 8.30.

N-(4-(2-amino-3-cyano-7,7-dimethyl-5-oxo-5,6,7,8-tetrahy-
dro-4H-chromen-4-yl)phenyl)acetamide (6f): Melting point:
245–247 �C, withe powder, IR (KBr/cm-1): 3395, 3328
(NH2), 2199 (CN), 1680 (C¼O), 1667 (C¼O), 1214 (C-O).
1H NMR (DMSO–d6): d (ppm) ¼ 0.97 (3H, s, Me), 1.05
(3H, s, Me), 2.00 (3H, s, Me), 2.08 (1H, d, J¼ 16.0Hz, H-6),
2.24 (1H, d, J¼ 16.0Hz, H-6 0), 2.49 (2H, brs, CH2), 4.10
(1H, s, H-4), 6.98 (2H, brs, NH2), 7.04 (2H, d, J¼ 8.0Hz,
H–Ar), 7.24 (2H, d, J¼ 8.0Hz, H–Ar), 9.90 (1H, s, NH).
13C NMR (DMSO–d6): d (ppm) ¼ 198, 168,159, 155,
137,135, 128, 121, 117, 113, 58, 51, 44, 37, 30, 27, 22.
Combustion analysis for C20H21N3O3: Calculated (%). C,
68.36; H, 6.02; N, 11.96; found (%): C, 68.32; H, 6.01;
N, 11.93.

Disclosure statement

No potential conflict of interest was reported by the authors.

References

1. Baguley, B. C.; Zhuang, L.; Marshall, E. M. Experimental Solid
Tumour Activity of N-[2-(dimethylamino)ethyl]-acridine-4-car-
boxamide. Cancer Chemother. Pharmacol. 1995, 36, 244–248.
DOI: 10.1007/BF00685854..

2. Delcey, M. C.; Croisy, A.; Zajdela, F.; Lhoste, J. M. Synthesis and
Carcinogenic Activity of Oxidized Benzacridines: Potential
Metabolites of the Strong Carcinogen 7-methylbenz[c]Acridine
and of the Inactive Isomer 12-methylbenz[a]Acridine. J. Med.
Chem. 1983, 26, 303–306. DOI: 10.1021/jm00356a038..

INORGANIC AND NANO-METAL CHEMISTRY 9

https://doi.org/10.1007/BF00685854
https://doi.org/10.1021/jm00356a038


3. Spalding, D. P.; Chapin, E. C.; Mosher, H. S. Heterocyclic Basic
Compounds. Xv. Benzacridine derivatives1. J. Org. Chem. 1954,
19, 357–364. DOI: 10.1021/jo01368a011.

4. Hess, P.; Lansman, J. B.; Tsien, R. W. Different Modes of Ca
Channel Gating Behaviour Favoured by Dihydropyridine Ca
Agonists and Antagonists. Nature 1984, 311, 538–544. DOI: 10.
1038/311538a0..

5. Antonini, I.; Polucci, P.; Magnano, A.; Cacciamani, D.;
Konieczny, M. T.; Ukowicz, J. P.; Martelli, S. Rational Design,
Synthesis and Biological Evaluation of Thiadiazinoacridines: A
New Class of Antitumor Agents. Bioorg. Med. Chem. 2003, 11,
399–405. DOI: 10.1016/S0968-0896(02)00442-X.

6. Cort�es, E.; Mart�ınez, R.; Avila, J. G.; Toscano, R. A. Synthesis
and Spectra of 7-(o-and p-R-Phenyl)-10, 10-Dimethyl-8, 9, 10,
11-Tetrahydrobenz [c] Acridin-8-Ones. Structure Correction of
1, 2, 3, 4-Tetrahydro-2, 2-Dimethyl-5-Aryl-6-Aza-7, 8-
Benzophenanthren-4-Ones. J. Heterocycl. Chem. 1988, 25,
895–899. DOI: 10.1002/jhet.5570250337.

7. Wang, X. S.; Zhang, M. M.; Zeng, Z. S.; Shi, D. Q.; Tu, S. J.;
Wei, X. Y.; Zong, Z. M. A Simple and Clean Procedure for the
Synthesis of Polyhydroacridine and Quinoline Derivatives:
Reaction of Schiff Base with 1, 3-Dicarbonyl Compounds in
Aqueous Medium. Tetrahedron Lett. 2005, 46, 7169–7173. DOI:
10.1016/j.tetlet.2005.08.091.

8. Wang, X. S.; Zhang, M. M.; Zeng, Z. S.; Shi, D. Q.; Tu, S. J.;
Wei, X. Y.; Zong, Z. M. A Clean Procedure for Synthesis of
Benzo [c] Acridine Derivatives: Reaction of N-
Arylidenenaphthalen-1-Amine with 5, 5-Dimethyl-1, 3-
Cyclohexadione in Aqueous Medium. Arch. Organic Chem.
2006, 2006, 117–123. DOI: 10.3998/ark.5550190.0007.213..

9. Mart�ınez, R.; Cort�es, E.; Toscano, R. A.; Linzaga, L.; Mart�ınez,
R.; Cort�es, E.; Toscano, R. A.; Linzaga, I. Synthesis and Spectra
of 12-(o-and p-R-Phenyl)-9, 9-Dimethyl-7, 8, 9, 10, 11, 12-
Hexahydro and 8, 9, 10, 11-Tetrahydrobenz [a] Acridin-11-Ones.
Structure Correction of 1, 2, 3, 4, 5, 6-Hexahydro and 1, 2, 3, 4-
Tetrahydro-2, 2-Dimethyl-5-Aryl-6-Aza-9, 10-
Benzophenanthren-4-Ones. II. J. Heterocycl. Chem. 1990, 27,
363–366. DOI: 10.1002/jhet.5570270248.

10. Nadaraj, V.; Selvi, S. T.; Mohan, S. Microwave-Induced Synthesis
and anti-Microbial Activities of 7, 10, 11, 12-Tetrahydrobenzo
[c] Acridin-8 (9H)-One Derivatives. Eur. J. Med. Chem. 2009,
44, 976–980. DOI: 10.1016/j.ejmech.2008.07.004..

11. Tu, S. J.; Jia, R. H.; Jiang, B.; Zhang, Y.; Zhang, J. Y. An Efficient
One-Pot Synthesis of Polyhydrobenzoacridine-1-One Derivatives
under Microwave Irradiation without Catalyst. J. Heterocycl.
Chem. 2006, 43, 1621–1627. DOI: 10.1002/jhet.5570430629.

12. Zang, H.; Zhang, Y.; Zang, Y.; Cheng, B.-W. An Efficient
Ultrasound-promoted Method for the One-pot Synthesis of
7,10,11,12-Tetrahydrobenzo[c]Acridin-8(9H)-one Derivatives.
Ultrason. Sonochem. 2010, 17, 495–499. DOI: 10.1016/j.ultsonch.
2009.11.003..

13. Zang, H.; Zhang, Y.; Mo, Y.; Cheng, B. Ultrasound-Promoted
One-Pot Synthesis of 7-Aryl-7, 10, 11, 12-Tetrahydrobenzo [c]
Acridin-8 (9H)-One Derivatives. Synth. Commun. 2011, 41,
3207–3214. DOI: 10.1080/00397911.2010.517610.

14. Behbahani, F. K.; Farahani, M. Iron (III) Phosphate-Catalyzed
Synthesis of 7, 10, 11, 12-Tetrahydrobenzo. Russ. Chem. Bull.
2015, 64, 151–153. DOI: 10.1007/s11172-015-0835-4.

15. Heravi, M.; M.; Alinejhad, H.; Derikvand, F.; Oskooie, H. A.;
Baghernejad, B.; Bamoharram, F. F. NH2SO3H and H6P2W18O62�
18H2O-Catalyzed, Three-Component, One-Pot Synthesis of
Benzo [c] Acridine Derivatives. Synth. Commun. 2012, 42,
2033–2039. DOI: 10.1080/00397911.2010.550704.

16. Dutta, A. K.; Gogoi, P.; Saikia, S.; Borah, R. N, N-Disulfo-1, 1, 3,
3-Tetramethylguanidinium Carboxylate Ionic Liquids as
Reusable Homogeneous Catalysts for Multicomponent Synthesis
of Tetrahydrobenzo [a] Xanthene and Tetrahydrobenzo [a]
Acridine Derivatives. J. Mol. Liq. 2017, 225, 585–591. DOI: 10.
1016/j.molliq.2016.11.112.

17. Murugesan, A.; Gengan, R. M.; Krishnan, A.; Murugesan, A.;
Gengan, R. M.; Krishnan, A. Sulfonic Acid Functionalized Boron
Nitride Nano Materials as a Microwave-Assisted Efficient and
Highly Biologically Active One-Pot Synthesis of Piperazinyl-
Quinolinyl Fused Benzo [c] Acridine Derivatives. Mat. Chem.
Phys. 2017, 188, 154–167. DOI: 10.1016/j.matchemphys.2016.12.
039.

18. Wan, Y.; Zhang, X. X.; Wang, C.; Zhao, L. L.; Chen, L. F.; Liu,
G. X.; Huang, S. Y.; Yue, S. N.; Zhang, W. I.; Wu, H. The First
Example of Glucose-Containing Brønsted Acid Synthesis and
Catalysis: efficient Synthesis of Tetrahydrobenzo [a] Xanthens
and Tetrahydrobenzo [a] Acridines in Water. Tetrahedron 2013,
69, 3947–3950. DOI: 10.1016/j.tet.2013.03.029.

19. Shen, W.; Wang, L. M.; Tian, H.; Tang, J.; Yu, J. Brønsted
Acidic Imidazolium Salts Containing Perfluoroalkyl Tails
Catalyzed One-Pot Synthesis of 1, 8-Dioxo-Decahydroacridines
in Water. J. Fluorin Chem. 2009, 130, 522–527. DOI: 10.1016/j.
jfluchem.2009.02.014.

20. Gawande, M. B.; Branco, P. S.; Varma, R. S. Nano-Magnetite
(Fe3O4) as a Support for Recyclable Catalysts in the
Development of Sustainable Methodologies. Chem. Soc. Rev.
2013, 42, 3371–3393. DOI: 10.1039/c3cs35480f.

21. Yan, J. M.; Zhang, X. B.; Akita, T.; Haruta, M.; Xu, Q. One-Step
Seeding Growth of Magnetically Recyclable Au@ Cocore-Shell
Nanoparticles: Highly Efficient Catalyst for Hydrolytic
Dehydrogenation of Ammonia Borane. J. Am. Chem. Soc. 2010,
132, 5326–5327. DOI: 10.1021/ja910513h.

22. Yang, B.; Zhang, Q.; Ma, X.; Kang, J.; Shi, J.; Tang, B.
Preparation of a Magnetically Recoverable Nanocatalyst via
Cobalt-Doped Fe3O4 Nanoparticles and Its Application in the
Hydrogenation of Nitroarenes. Nano Res. 2016, 9, 1879–1890.
DOI: 10.1007/s12274-016-1080-3.

23. Shokouhimehr, M.; Piao, Y.; Kim, J.; Jang, Y.; Hyeon, T. A
Magnetically Recyclable Nanocomposite Catalyst for Olefin
Epoxidation. Angew. Chem. Int. Ed. Engl. 2007, 46, 7039–7043.
DOI: 10.1002/anie.200702386.

24. Pagoti, S.; Surana, S.; Chauhan, A.; Parasar, B.; Dash, J.
Reduction of Organic Azides to Amines Using Reusable Fe3O4

Nanoparticles in Aqueous Medium. Catal. Sci. Technol. 2013, 3,
584–588. DOI: 10.1039/c2cy20776a.

25. Santos, B. F.; Silva, C. D. G.; Silva, B. A.; Katla, R.; Oliveira,
A. R.; Kupfer, V. L.; Rinaldi, A. W.; Domingues, N. L. C. C.;
Cross, S. Coupling Reaction Using a Recyclable Palladium
Prolinate Catalyst under Mild and Green Conditions. Chem.
Select. 2017, 2, 9063–9068. DOI: 10.1002/slct.201701816.

26. Polshettiwar, V.; Luque, R.; Fihri, A.; Zhu, H.; Bouhrara, M.;
Basset, J. M. Magnetically Recoverable Nanocatalysts. Chem. Rev.
2011, 111, 3036–3075. DOI: 10.1021/cr100230z..

27. Zarei, M.; Sepehrmansourie, H.; Zolfigol, M. A.; Karamian, R.;
Farida, S. H. M. Roya Karamian and Seyed Hamed Moazzami
Farida., Novel Nano-Size and Crab-like Biological-Based
Glycoluril with Sulfonic Acid Tags as a Reusable Catalyst: Its
Application to the Synthesis of New Mono-and Bis-Spiropyrans
and Their In Vitro Biological Studies. New J. Chem. 2018, 42,
14308–14317. DOI: 10.1039/C8NJ02470G.

28. Afsar, J.; Zolfigol, M. A.; Khazaei, A.; Zarei, M.; Gu, Y.; Alonso,
D. A.; Khoshnood, A. Synthesis and Application of Melamine-
Based Nano Catalyst with Phosphonic Acid Tags in the
Synthesis of (3�-Indolyl) Pyrazolo [3, 4-b] Pyridines via
Vinylogous Anomeric Based Oxidation. Mol. Catal. 2020, 482,
110666. DOI: 10.1016/j.mcat.2019.110666.

29. Moradi, S.; Zolfigol, M. A.; Zarei, M.; Alonso, D. A.;
Khoshnood, A.; Tajally, A. An Efficient Catalytic Method for the
Synthesis of Pyrido [2, 3-d] Pyrimidines as Biologically Drug
Candidates by Using Novel Magnetic Nanoparticles as a
Reusable Catalyst. Appl.Organomet. Chem. 2018, 32, e4043. DOI:
10.1002/aoc.4043..

30. Chen, M. N.; Mo, L. P.; Cui, Z. S.; Zhang, Z. H.; Chen, M. N.;
Mo, L. P.; Cui, Z. S.; Zhang, Z. H. Magnetic Nanocatalysts:
Synthesis and Application in Multicomponent Reactions. Curr.

10 F. KARIMIRAD AND F. K. BEHBAHANI

https://doi.org/10.1021/jo01368a011
https://doi.org/10.1038/311538a0
https://doi.org/10.1038/311538a0
https://doi.org/10.1016/S0968-0896(02)00442-X
https://doi.org/10.1002/jhet.5570250337
https://doi.org/10.1016/j.tetlet.2005.08.091
https://doi.org/10.3998/ark.5550190.0007.213
https://doi.org/10.1002/jhet.5570270248
https://doi.org/10.1016/j.ejmech.2008.07.004
https://doi.org/10.1002/jhet.5570430629
https://doi.org/10.1016/j.ultsonch.2009.11.003
https://doi.org/10.1016/j.ultsonch.2009.11.003
https://doi.org/10.1080/00397911.2010.517610
https://doi.org/10.1007/s11172-015-0835-4
https://doi.org/10.1080/00397911.2010.550704
https://doi.org/10.1016/j.molliq.2016.11.112
https://doi.org/10.1016/j.molliq.2016.11.112
https://doi.org/10.1016/j.matchemphys.2016.12.039
https://doi.org/10.1016/j.matchemphys.2016.12.039
https://doi.org/10.1016/j.tet.2013.03.029
https://doi.org/10.1016/j.jfluchem.2009.02.014
https://doi.org/10.1016/j.jfluchem.2009.02.014
https://doi.org/10.1039/c3cs35480f
https://doi.org/10.1021/ja910513h
https://doi.org/10.1007/s12274-016-1080-3
https://doi.org/10.1002/anie.200702386
https://doi.org/10.1039/c2cy20776a
https://doi.org/10.1002/slct.201701816
https://doi.org/10.1021/cr100230z
https://doi.org/10.1039/C8NJ02470G
https://doi.org/10.1016/j.mcat.2019.110666
https://doi.org/10.1002/aoc.4043


Opin. Green Sustain. Chem. 2019, 15, 27–37. DOI: 10.1016/j.
cogsc.2018.08.009.

31. Khazaei, A.; Mahmoudiani Gilan, M.; Sarmasti, N. Magnetic-
Based Picolinaldehyde–Melamine Copper Complex for the One-
Pot Synthesis of Hexahydroquinolines via Hantzsch Four-
Component Reactions. Appl. Organometal. Chem. 2018, 32,
e4151. DOI: 10.1002/aoc.4151.

32. Sobhani, S.; Pakdin-Parizi, Z. Palladium-DABCO Complex
Supported on c-Fe2O3 Magnetic Nanoparticles: A New Catalyst
for CC Bond Formation via Mizoroki- Heck Cross-Coupling
Reaction. Appl. Catal. A Gen. 2014, 479, 112–120. DOI: 10.1016/
j.apcata.2014.04.028.

33. Ghashang, M.; Mansoor, S.S.; Aswin, K.; Ghashang, M.;
Mansoor, S.S.; Aswin, K. Succinimide-N-Sulfonic Acid: An
Efficient and Recyclable Catalyst for the One-Pot Synthesis of
Tetrahydrobenzo [c] Acridine-8 (7H)-One Derivatives. J. Saudi
Chem. Soc. 2017, 21, S44–S51. DOI: 10.1016/j.jscs.2013.10.001.

34. Poor Heravi, M.R.; Aghamohammadi, P. L-Proline-Catalysed
One-Pot Synthesis of Tetrahydrobenzo [c] Acridin-8 (7H)-Ones
at Room Temperature. C. R. Chim. 2012, 15, 448–453. DOI: 10.
1016/j.crci.2011.12.001.

35. Kemnitzer, W.; Kasibhatla, S.; Jiang, S.; Zhang, H.; Wang, Y.;
Zhao, J.; Jia, S.; Herich, J.; Labreque, D.; Storer, R.; et al.
Discovery of 4-Aryl-4H-Chromenes as a New Series of
Apoptosis Inducers Using a Cell-and Caspase-Based High-
Throughput Screening Assay 1. Structure-Activity Relationships

of the 4-Aryl Group. J. Med. Chem. 2004, 47, 6299–6310. DOI:
10.1021/jm049640t.

36. Bonsignore, L.; Loy, G.; Secci, D.; Calignano, A. Reversal of
Multidrug Resistance in Cancer Cells by Pyranocoumarins
Isolated from Radix Peucedani. Eur. J. Med. Chem. 1993, 28,
517–520. DOI: 10.1016/0223-5234(93)90020-F.

37. Behbahani, F. K.; Ghorbani, M.; Sadeghpour, M.; Mirzaei, M.
One-Pot Synthesis of 2-Amino-4H-Pyrans and 2-Amino-
Tetrahydro-4H-Chromenes Using L-Proline. GUJ Sci. 2013, 44,
393. DOI: 10.1002/chin.201340142.

38. Zavar, S. A Novel Three Component Synthesis of 2-Amino-4H-
Chromenes Derivatives Using Nano ZnO Catalyst. Arabian J.
Chem. 2017, 10, S67–S70. DOI: 10.1016/j.arabjc.2012.07.011.

39. Ma, W.; Ebadi, A. G.; Sabil, M. S.; Javahershenas, R.; Jimenez, G.
One-Pot Synthesis of 2-Amino-4H-Chromene Derivatives by
MNPs@Cu as an Effective and Reusable Magnetic Nanocatalyst.
RSC Adv. 2019, 9, 12801–12812. DOI: 10.1039/C9RA01679A.

40. Kumar, A.; Sudershan Rao, M. An Expeditious and Greener
One-Pot Synthesis of 4H-Chromenes Catalyzed by Ba(OTf)2 in
PEG-Water. Green Chem. Lett. Rev. 2012, 5, 283–290. DOI: 10.
1080/17518253.2011.623683.

41. Pan, S.; Li, P.; Xu, G.; Guo, J.; Ke, L.; Xie, C.; Zhang, Z.; Hui, Y.
MCM-41@Schif base-Co(OAc)2 as an Efcient Catalyst for the
Synthesis of Pyran Derivatives. Res. Chem. Intermed. 2020, 46,
1353–1371. DOI: 10.1007/s11164-019-04038-1.

INORGANIC AND NANO-METAL CHEMISTRY 11

https://doi.org/10.1016/j.cogsc.2018.08.009
https://doi.org/10.1016/j.cogsc.2018.08.009
https://doi.org/10.1002/aoc.4151
https://doi.org/10.1016/j.apcata.2014.04.028
https://doi.org/10.1016/j.apcata.2014.04.028
https://doi.org/10.1016/j.jscs.2013.10.001
https://doi.org/10.1016/j.crci.2011.12.001
https://doi.org/10.1016/j.crci.2011.12.001
https://doi.org/10.1021/jm049640t
https://doi.org/10.1016/0223-5234(93)90020-F
https://doi.org/10.1002/chin.201340142
https://doi.org/10.1016/j.arabjc.2012.07.011
https://doi.org/10.1039/C9RA01679A
https://doi.org/10.1080/17518253.2011.623683
https://doi.org/10.1080/17518253.2011.623683
https://doi.org/10.1007/s11164-019-04038-1

	Abstract
	Introduction
	Experimental
	Reusability of the catalyst

	Results and discussion
	Characterization of the nanocatalyst
	Catalytic activity evaluation

	Conclusion
	FT-IR spectra data
	Physical and spectra data for new compounds
	Disclosure statement
	References


