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In this article, a heterogeneous and recyclable Lewis acid, zirconium chloride
immobilized on Arabic Gum (ZrCls@Arabic Gum) was used for the synthesis
of Dihydropyran derivatives. Accordingly, Dihydropyran derivatives were
synthesized with multicomponent reactions, without solvent, using different
aldehydes in the presence of the mentioned catalyst at 50 °C. nano-

ZrCls@Arabic Gum was used as a recyclable catalyst in organic synthesis. The
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advantages of this method compared to the previous works are high reaction
efficiency, short time, simple operation, and catalyst recycling without
significantly reducing the catalytic ability.
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Introduction main components of natural products. Aberrant

Due to their pharmacological and biological
effects, Dihydropyran have a special place in
organic chemistry  [1].
Pharmacological investigation of the structure of

and medicinal
these compounds shows a clear relationship
between the spatial structure and their biological
and medicinal properties. An important group of
the
compounds of pyran rings, which are one of the

oxygenated heterocyclic is unusual
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derivatives of pyran ring are used in the
preparation of cosmetics and biodegradable
chemicals due to their intrinsic activity and good
[2]. In recent years, different
catalysts have been used in different conditions
for the synthesis of Dihydropyran derivatives [3-
20]. Although the methods available in the
sources each have advantages, but most of them
have at least one drawback such as long time,
difficulty of preparation, low area-selection, low

intermediates
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efficiency of products. As a result, it is necessary
to use a simple, efficient, and effective method for
the synthesis of these compounds. Concerning
the development of mild and easy methods for
the synthesis of organic compounds in solvent-
free environment and the use of recyclable and
heterogeneous catalysts, ZrCls@Arabic
Gum was used as a recyclable catalyst in organic
syntheses, and in this project, the ability of this
catalyst It has been reported in the production of
Dihydropyran derivatives at 50 °C and solvent
free. ZrCly is considered as a solid Lewis acid and
used as a good catalyst in many organic
reactions. By placing ZrCls particles on Arabic
gum, it ZrCl,@Arabic Gum
nanoparticles, which are used as an activator and
catalyst in chemical reactions [21].

In multicomponent reactions (MCRs) and
convergence, three or more starting materials
participate in the formation of a product so that
essentially all or most of the atoms contribute to
the preparation of the
Multicomponent reactions are widely used in the
preparation of heterocycles [22-27].

nano-

becomes

new product.

Experimental
Chemicals and apparatus

The materials used in this study were obtained
from reputable commercial companies. All
synthesized materials were characterized by
melting point and spectroscopic data. The
melting points of the products were determined
using the 9100 electrothermal device. IR
spectrum was shown using Shimadzu 883
spectrometer (KBr pellets, Nujol Moles, 400-
4000 cm1).

1H-NMR spectrum was recorded with a Bruker-
Avance DRX 400 spectrometer and tetramethyl
silane external standard. The morphology of the
products was analyzed by scanning electron
microscopy (SEM) and elemental analysis using
energy dispersive X-ray spectroscopy (EDAX)
using FESEM MIRA II model (TESCAN, Check
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republic). Differential scanning calorimetry
(DSC) and TG were performed on a TA device,
model SDT Q600 V20.9 make 20 (USA), with a
heating rate of 10 °C/min in air, from 25 to 400

°C.
Preparation of nano particles ZrCl,@arabic gum

To prepare the catalyst, 13.4 grams of
zirconium tetrachloride was weighed, and then
one gram of Arabic gum was added to it. In the
next step, the required
dichloromethane solvent was added to the
mixture and the mixed materials were mixed in a
mortar for an hour. 10 mL of dichloromethane
was used.

amount  of

General method for the synthesis of Dihydropyran
in the presence of ZrClL,@Arabic Gum Nano
catalyst

In a test tube, ethyl acetoacetate (1 mmol, 0.13
mL), malononitrile (1 mmol, 0.055 mL), and
derivatives of aromatic aldehydes (1 mmol) in
the presence of nano catalyst ZrCls @Arabic Gum
(0.01 g) under the conditions were stirred
without solvent and at 50 °C. The progress of the
reaction was monitored by TLC (n-hexane and
ethyl acetate 6:2) every ten minutes, and the
reaction was complete after half an hour. To
isolate the catalyst, the reaction mixture was
dissolved in dichloromethane and filtered, and
the Dihydropyran product was obtained with
high efficiency. The products were purified using
hot ethanol, and after cooling, a precipitate was
formed and the pure product was separated from
ethanol. The synthesis of Dihydropyran
derivatives using malononitrile ethyl
acetoacetate has been done for the first time.

and

Spectral data

6-Amino-5-cyano-2-methyl-4-(4-nitro-phenyl)-
4H-pyran-3-carboxylic ethyl ester,
Compound color cream with yield:%85, m.p:

acid
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180-183 °C, m.w: 331 mol/gr, IR(Group index):
3250 cm! (NHz), 2225 cmt (CN), 1715 cm+
(C=0), 1450 cm! (CH), and 1150 cm-! (C-0).
6-Amino-5-cyano-2-methyl-4-(3-nitro-phenyl)-
4H-pyran-3-carboxylic ethyl
Compound color white with yield: %82, m.p:
182-183 °C, m.w: 331 mol/gr, IR (Group index):
3105 cm! (NHz), 2225 cm'(CN), 1705 cm-
1(C=0), 3400 cm (C6H6), 1523 cm! (CH2), and
11195 cm-! (C-0).
6-Amino-5-cyano-(4-hydroxy-3-methoxy-
phenyl)-2-methy-4H-pyran-3-carboxylic
ethyl ester, Compound color cream with yield;
%90, m.p: 195-196 oC, mw: 332 mol/gr,
IR(Group index): 3425 cm-! (CN), and 1735 cm'!
(C=0).
6-Amino-5-cyano-4-(4-methoxy-phenyl)-2-
methyl-4H-pyran-3-carboxylic acid ethyl ester,
Compound color yellow with yield: %75, m.p:
142-144 °C, m.w: 314 mol/gr, IR (Group index):
3043 cm ! (NHz), 2225 cm1(CN), 1697 cm-1(C=0),
1496 cm! (CH2), and 1199 cm-! (C-0).
6-Amino-4-(4-boromo-phenyl)-5-cyano-2-
methyl-4H-pyran-3-carboxylic acid ethyl ester,
Compound color cream with yield: %85, m.p:
145-147 °C, m.w: 365, IR (Group index): 3115
cm! (NHz), 2215 cm1(CN), 1715 cm-1(C=0), 1460
cm-! (CHy), and 1140 cm- (C-0).
6-Amino-4-(3-chloro-phenyl)-5-cyano-2-
methyl-4H-pyran-3-carboxylic acid ethyl ester,
Compound color cream with yield: %65, m.p:
110-112 °C, m.w: 320, IR (Group index): 3115
cm! (NHz), 2215 cm1(CN), 1720 cm-1(C=0), 1480
cm-! (CHz), and 1150 cm! (C-0).
6-Amino-4-(4-chloro-phenyl)-5-cyano-2-
methyl-4H-pyran-3-carboxylic acid ethyl ester,
Compound color cream with yield: %65, m.p:
160-162 °C, m.w: 320, IR (Group index): 3115
cm-! (NHz), 2215 cm1(CN), 1715 cm1(C=0), 1450
cm-! (CHz), and 1150 cm! (C-0).
6-Amino-5-cyano-4-(4-hydroxy-phenyl)-2-

acid ester,

acid

methyl-4H-pyran-3-carboxylic acid ethyl ester,
Compound color cream with yield: %90, m.p:
170-172 °C, m.w: 302, IR (Group index): 3352
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cm! (NH), 3345 cm (OH) 2225 cm1(CN), 1612
cm-1(C=0), 1442 cm! (CH2), and 1172 cm (C-
0).

6-Amino-5-cyano-4-(4-methylamino-phenyl)-2-
methyl-4H-pyran-3-carboxylic acid ethyl ester,
Compound color cream with yield: %90, m.p:
150-152 °C, m.w: 315, IR (Group index): 3352
cm-! (NHz), 3429 cm- (OH) 2212 cm-1(CN), 1635
cm-1(C=0), 1448 cm! (CHz), and 1175 cm-! (C-0).

6-Amino-5-cyano-4-(3,4-dihydroxy-phenyl)-2-
methyl-4H-pyran-3-carboxylic acid ethyl ester,
Compound color cream with yield: %90, m.p:
(120-127 °C), m.w: 318 mol/gr, IR (Group index):
3455cmt (NHz), 2220 cm1(CN), 1715 cm-1(C=0),
1450 cm! (CH2), and 1150 cm-? (C-0).

6-Amino-5-cyano-4-(3-methoxy-phenyl)-2-
methyl-4H-pyran-3-carboxylic acid ethyl ester,
Compound color white with yield: %88, m.p: 96-
98 °C, m.w: 314 mol/gr, IR (Group index): 3400
cm! (NHz), 2225 cm1(CN), 1715 cm-1(C=0), 1450
cm-! (CHz), and 1150 cm-! (C-0).

Results and discussion
Characterization by SEM-EDAX

SEM-EDX spectrum was taken for ZrCls@Arabic
Gum nano catalyst to confirm its particle
morphology, texture clarification and elemental
analysis (Figure 1). Uneven distribution of
particles (larger and smaller particles), healthy
and porous surface with irregular arrangement
of particles indicates the catalyst formation. The
placement of smaller particles in a bed of larger
particles is detected wusing the
morphology of the composite.

The extreme peak of elemental Zr in the EDAX
spectrum of ZrCl4@Arabic gum was observed in
the region of 2 kw and confirmed the presence of
other elements such as carbon, oxygen and
chloride (2.7 kw) of Arabic Gum coating.

surface
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Figure 1. SEM-EDX analysis of the ZrCl.@Arabic Gum.

Results and discussion
Characterization by SEM-EDAX

SEM-EDX spectrum was taken for ZrCls@Arabic
Gum nano catalyst to confirm its particle
morphology, texture clarification and elemental
analysis (Figure 1). Uneven distribution of
particles (larger and smaller particles), healthy
and porous surface with irregular arrangement
of particles indicates the catalyst formation. The
placement of smaller particles in a bed of larger
particles is detected using the
morphology of the composite.

The extreme peak of elemental Zr in the EDAX
spectrum of ZrCl4@Arabic gum was observed in

surface

the region of 2 kw and confirmed the presence of
other elements such as carbon, oxygen and
chloride (2.7 kw) of Arabic Gum coating.

According to Figure 1, the EDAX spectrum is free
of impurities, which confirms the purity of
ZrCls@Arabic Gum. Furthermore, the following
peaks of conium-chloride-carbon are shown in
the weight ratio of 25:14:23.7, respectively.

TG and DSC analysis

Figure 2 depicts the combination of DSC curve
and TG curve for 5.6760 mg ZrCl4@Arabic Gum.
Impurities and moisture can be seen up to 150 °C
with a 25% mass reduction. This degradation
continues with a gentler slope up to 400 °C with
a 50% decrease in total mass, which can be
attributed to the
decomposition of the carboxylic functional

loss of water and the

groups of the Arabica Gum. At high temperature,
the DSC thermogram of ZrCl.@Arabic Gum
shows two exothermic events, melting of

409
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Figure 2. TG and DSC analysis by ZrCl.@Arabic Gum.

crystallites during heating, around 50 °C and 100
°C, reflecting and heat-induced
disordering of the crystals due to the ZrCls
presence.

water-

Preparation of dihydropyran in the presence of
ZrCly@arabic gum nano catalyst

In this study, the synthesis of Dihydropyran was
investigated in the presence of ZrCl.@Arabic
Gum nano catalyst. To optimize the reaction, 4-
nitrobenzaldehyde (1 mmol), ethyl acetoacetate
and malononitrile (1 mmol) were used. The

reaction was carried out under different
(0]
(0] (0]

A

)J\/U\ + NC/\CN + | H
EtO CH,
Y%
1 2 3

conditions of raw materials in the presence of
ZrCly@Arabic gum. The best solution was given
in the conditions without solvent in a paraffin
bath, temperature 50 degrees Celsius and molar
ratio of, ethyl acetoacetate (1), malononitrile (2),
and 4-nitrobenzaldehyde (3) 1:1:1 and the
amount of 0.01 g of catalyst (Scheme 1 and Table
1).

After optimizing the reaction conditions, the
synthesis of Dihydropyran derivatives (1) was
performed with ethyl acetoacetate (1),
malononitrile (2) and different aldehydes (3) to
prepare Dihydropyrans at a temperature of 50 °C
and without solvent (Scheme 2 and Table 2).

Scheme 1. The ZrCls@Arabic Gum catalyst for the dihydropyran synthesis.
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Table 1. Comparison of the results obtained from the reaction 4-nitrobenzaldehyde, ethyl acetoacetate, and
malononitrile and 0.01 g ZrCla@Arabic Gum catalyst in various situations

Entry

[N

O 0 N O U1 b Wi

Entry

Catalyst (g)

ZrCla@Arabic Gum (0.01)
ZrCla@Arabic Gum (0.01)
ZrCla@Arabic Gum (0.01)
ZrCla@Arabic Gum (0.01)
ZrCla@Arabic Gum (0.01)
ZrCla@Arabic Gum (0.01)
ZrCla@Arabic Gum (0.01)
ZrCla@Arabic Gum (0.01)
ZrCla@Arabic Gum (0.02)

Scheme 2. Preparation of dihydropyran derivatives using three-component reaction.

Table 2. The Dihydropyran synthesis using ZrCls«@Arabic Gum as catalyst

R

4-NO,Ph

2-NO,Ph

3-NO,Ph

4-OH-3-OCHsPh

Solvent Conditions Time (min)
Chloroform Rt 60
Ethanol Rt 60
Chloroform Reflux 30
Ethanol Reflux 30
Chloroform 60 °C 60
Ethanol 60 °C 60
Solvent-free 25°C 50
Solvent-free 50 °C 95
Solvent-free 50 °C 95

Composition

4a

4b

4c

4d

411

4a-4p

Product
NO,
O
HsC™ 07 "NH,
0 NO,
EtO ] CN
H,C” 07 "NH,
NO,
(6]
e CN
H,C” 07 “NH,
OH
OCH,
O
B0 ) CN
HsC” 0" "NH,

Yield (%)
5
10
70
30
50
60
92
98

M.P. (°C)

180-183

190-192

182-183

150-152
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Entry
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R Composition
4-OCH;Ph de
4-BrPh 4f
3-CIPh 4g
4-CIPh 4h
4-OHPh 4i
4-CHOPh 4j
4-NHCH3Ph 4k

412

Product
CHj3
(@]

EtO B CN
H,C” 07 "NH,
Br

O
HsC™ 07 "NH,
Cl
(0]
Hs,C” 07 "NH,
Cl
O
B0 ) CN
HsC” Y07 NH,
OH
(0]
H,C” 07 "NH,
H_O
(@]
H,C” 07 "NH,
NHCH,4
(6]
CN

o
HsC” 0" "NH,

M.P. (°C)

142-144

145-147

110-112

160-162

170-172

100-102

150-152
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Table 2. Continued...

Entry R Composition Product M.P. (°C)
OH
OH
12 3,4-OHPh 4] 0 125-127
HsC” 07 "NH,
Cl
0}
13 3-CIPh 4m CN 112-115
EtO |
HsC” 07 "NH,
COOH
14 4-COOHPh 4n 0 103-105
HsC” 0”7 "NH,
OCHj
O
15 3-OCH;Ph 40 CN 96-98
EtO |
HsC” 0" "NH,
HsC._O
16 4-COCH;Ph 4p 0 102-104
H,C” 07 “NH,

After each reaction, dichloromethane was
added to the reaction mixture, and then the
product was filtered, the catalyst was separated,
and finally it was washed with CH>Cl; and reused.
Thereafter, the recovered catalyst was used in
the same reaction. The results show that the
activity of the catalyst has not changed much
compared to the original catalyst (Table 3, entry
2). This experiment was repeated several times,
and at each stage the activity of the catalyst
decreased to a small amount compared to the
catalyst, which can be caused by
deactivation of very few active sites of the
catalyst.

original

413

In this reaction, a sequential mechanism is
carried out, which was determined by examining
the reaction by TLC that at the beginning of this
reaction, a Knoevenagel reaction was performed,
then a Michael addition, and at the last stage, the
main product is formed by an intramolecular
attack.

The reaction mechanism starts through cyano
arylidene (3) as the result of the condensation of
aryl aldehyde (1) and malononitrile (2), and
simultaneously combines with (4) to form the
intermediate (5). After cyclization, it produces
compound (6), which can be mentioned that the
water removal in the initial stage plays an
essential role in the cyclization process.
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Table 3. Investigation of the activity of recycled catalyst in the model reaction

Entry Improved catalyst Time/minute Efficiency (%)
1 The first stage 30 85
2 The second stage 30 79
3 The third stage 30 77
0]
H A~ ZrCl,/Arabic Gam HOS CN -H,0 H o CN
+ NCC CN ——> H H —— >—<
A CN AY CN
1 2 3
/V
O O ZrCly/Arabic Gam ( OH O H _/"C ;N
H,C OFEt H;C OEt] £/ N
4
O Ar (0] Ar
cH CN
EtO” CN EtO
— > |
0] H;C~ O 'NH
H;C 1 3 2
5 6

Scheme 3. Reaction mechanism of dihydropyran synthesis using ethyl acetoacetate, malononitrile, and aryl
aldehydes.

Conclusion

In this study, ZrCls@Arabic Gum Nano catalyst
was used as a very efficient, useful, and

The Research Council of Payamenoor University
is gratefully acknowledged Yazd Payame Noor
University for the financial support for this work.

recyclable catalyst for the synthesis of Orcid
dihydropyran derivatives. In this reaction,
dihydropyran derivatives were synthesized Fatemeh Hakimi“*:0000-0002-4580-4139

through the multi-component reaction of ethyl
acetoacetate, malononitrile and different aryl
aldehydes and the aforementioned catalyst in
solvent-free conditions and at 50 °C. The results
of the reaction showed that this reaction was
carried out at a high speed, at a low temperature
and without the use of harmful organic solvents.
One of the advantages of this catalyst is its easy
application, cheapness, and availability, and this

Elham Golrasan “*': 0000-0003-0853-0033
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