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ABSTRACT

An efficient and rapid protocol for the synthesis of 2-amino-3-cyanopyridines by the cyclocondensation reaction of aromatic
aldehydes, methyl ketones, malononitrile and ammonium acetate catalyzed by SnO,/SiO, nanocomposite material at refluxed
condition in ethanol was investigated. Nanocomposite (SnO,/SiO,) catalytic material has been synthesized by using the sol-gel
method. The prepared catalytic materials were characterized by using X-ray diffraction (XRD), transmission electron microscopy
(TEM), scanning electron microscopy (SEM), energy dispersive spectroscopy (EDS), Fourier transform infrared spectroscopy
(FT-IR), Brunauer-Emmer-Teller (BET) surface area, and temperature-programmed desorption of ammonia (NH,-TPD). Advan-
tages of the present method include a simple work-up procedure, high yields of the products, low toxicity and easy recovery and

reusability of the catalytic materials.
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1. Introduction

Tin oxide is an important n-type semiconducting material with
a band gap of 3.65 ev at 300 K." It has been widely used for
various applications such as optoelectronic devices, fabricating
solar cells, electrochemical applications, electrode material
for Li-ion batteries and as gas sensors.”"’ Nanosized SnO,
particles have been prepared by using chemical methods such as
precipitation, hydrothermal, sol-gel, gel combustion and spray
pyrolysis."* Tin oxide and tin oxide-supported metal oxides
have been extensively used as solid acid or redox catalyst for the
oxidative dehydrogenation of propane, CO oxidation, esterifi-
cation, reduction of NO/NO, to N, and hydrogenation of
nitriles.”*For these applications, SnO,with small particle size or
large surface area is essential to have high performance.

Recently, mesoporous SiO, has been proved to be significant
new kind of functional material with regular channels, large
surface area, high thermal stability and tunable pore sizes over a
wide range. It is used in different fields such as catalysis, func-
tional materials, nanodevices, sorption and energy storage
devices.** A composite material can be defined as a combina-
tion of two or more materials that results in better properties
than those of the individual components used alone. In contrast
to metallic alloys, each material retains its separate chemical,
physical and mechanical properties. The main advantage of
composite materials is that they provide high thermal stability
and chemical resistance. The use of such a hybrid approach
results in the enhancement of surface acidity (Bronsted or
Lewis). Nowadays silica-supported heterogeneous materials
have shown considerable importance in the field of catalysis.
Hence, we report herein the catalytic application of different
compositions of SnO,/SiO, for the synthesis of 2-amino-3-cyano-
pyridines.

Many naturally occurring and synthetic compounds contain-
ing the pyridine scaffold possess interesting pharmacological

* To whom correspondence should be addressed. E-mail: mkl_chem@yahoo.com

properties.” 2-Amino-3-cyanopyridines are an important class
of heterocyclic compound owing to their chemotherapeutic
activity such as anticancer, antitubercular, antimicrobial, anti-
cardiovascular,” etc. In addition, these compounds have also
been used as ligands for the formation of transition metal
complexes, in an IKK-b-inhibitor drug® and as intermediates for
the synthesis of vitamins.*

Numerous methods have been reported for the synthesis of
2-amino-3-cyanopyridines. This method involves the condensa-
tion of a chalcone or carbonyl compound with malononitrile and
ammonium acetate. Some common procedures need multiple
steps,” long reaction times, toxic benzene as solvent,* high
temperature or microwave assistance,” triethylamine,” DME*
acetic acid,” ethylammonium nitrate* and [Yb(PFO)3].* How-
ever, some of the commonly used methods are plagued by
certain drawbacks such as long reaction time, use of volatile
solvents, low yields and harsh reaction conditions. Therefore, it
is necessary to develop an improved route for the synthesis of
2-amino-3-cyanopyridines under mild reaction conditions.

In continuation of our interest towards the development of
new heterogeneous catalytic materials for the synthesis of
bioactive heterocycles,®* here we report SnO,/SiO, catalyzed
synthesis of 2-amino-3-cyanopyridine derivatives using aromatic
aldehydes, methyl ketones, malononitrile and ammonium
acetate.

2. Results and Discussion

The present communication reports the one-pot four-compo-
nent synthesis of 2-amino-3-cyanopyridines using SnO,/SiO, as
a catalyst. To optimize the reaction conditions, the reaction of
benzaldehyde, acetophenone, malononitrile, and ammonium
acetate was considered as a standard model reaction (Scheme 1).

This model reaction was carried out using various solvents
such as methanol, acetone, acetonitrile, THF and ethanol.
Results show that methanol, acetone, acetonitrile and THF
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Scheme 1.
Standard model reaction.

gave moderate to good yields of 2-amino-3-cyanopyridine.
However, when the reaction was run in ethanol, the yield was
found relatively better (Table 1, entry 5). Therefore, ethanol was
selected as a solvent for further reactions.

Similarly, in order to optimize the amount of catalyst, the
model reaction was carried out in the absence and presence of
various amounts of catalyst [Table 2 (a—f)]. In the absence of
catalyst reaction does not proceed. Pure SiO, exhibits less
catalytic activity in terms of reaction time and yield of the
products (Table 2, entry 2b). After optimizing the model reaction
it was observed that 15 wt% SnO,/SiO, is sufficient to carry out
the reaction smoothly in short time with excellent yields (Table
2, entry 2e). It was found that the use of different wt% (10%,
20%) of SnO,/SiO, resulted in a reduction of the reaction rate and
yield of the product (Table 2, entries 2d, 2f). Hence, we selected
15 wt% SnO,/SiO, as the catalyst for the synthesis of the
2-amino-3-cyanopyridine derivatives.

Table 3 shows the generality of the present protocol for various
substituted methyl ketones and a variety of aldehydes to synthe-
size 2-amino-3-cyanopyridines (Scheme 2). Under these condi-
tions the yields are significantly good to excellent (82-91%).
Several aromatic aldehydes bearing electron donating and
electron withdrawing substituents as well as substituted methyl
ketones gave good to excellent yields of the desired products.

Recyclability of a catalyst is very important from an industrial
and economic point of view. Therefore, the catalyst was separated
by simple filtration, washed with n-hexane and dried at 80 °C for
2 h before the next catalytic run. It was observed that such
isolated catalytic material could be reused at least three times for
running the conversion with similar yields under the same
reaction conditions (Table 3, entry 5a).

A plausible mechanism for the synthesis of 2-amino-3-cyano-
pyridines is depicted in Scheme 3.* The reaction may proceed
via enamine 6, which is formed from reaction between the
ketone and ammonium acetate, and then activated by catalyst
Sn0,/Si0,. From the condensation of the aldehyde with
malononitrile, the alkylidenemalononitrile 7 is formed. It then
reacts with the enamine to give intermediate 8. In the final steps,
corresponding to cycloaddition, isomerization, aromatization
and aerial oxidation, the final product is obtained as shown in
the scheme”*,

Table 1 Effect of various solvents on the synthesis of 2-amino-4,6-
diphenylpyridine-3-carbonitrile.

Entry Solvent Time /h* Yield /% °
1 Methanol 5 80
2 Acetone 6 75
3 Acetonitrile 45 80
4 Tetrahydrofuran (THF) 5 75
5 Ethanol 4 91

2 All ractions were carried out using Sn0O,/SiO, under reflux. PIsolated yields.

Table 2 Effect of different weight percent of SnO, on the SnO,/SiO, cata-
lysts.

Entry Catalyst Time /h* Yield /% °
2a - 9 -
2b Sio, 8 35
2¢c SnO, 5.5 80
2d 10 wt% SnO,/SiO, 5 85
2e 15 wt% SnO,/SiO, 4 91¢
2f 20 wt% SnO,/Si0, 45 87

@ Reaction conditions: benzaldehyde (2 mmol), acetophenone (2 mmol), malono-
nitrile (2 mmol), ammonium acetate (3 mmol), catalyst (0.1 g) was refluxed in
15 mL ethanol.

b Isolated yields.

¢ Reaction performed three times with average yield reported. For 2 b-d, f, yields
are for single reactions.

In order to show the merits of 15 wt% SnO,/SiO, over the
reported catalysts, our results were compared with other cata-
lysts utilized for the synthesis of 2-amino-3-cyanopyridines in
Table 4. Advantages of the 15 wt% SnO,/SiO, include a simple
work-up procedure, high yields of the products, non-toxicity
and easy recovery and reusability of the catalytic materials.

3. Experimental
3.1. Characterization Techniques

All chemicals were purchased from Merck and Fluka and used
without further purification. Melting points were taken in an

X
R
CHO
N CN 15wt % Sn0,/SI0,  NONN
R1—,/ + Ry “CH, + <+ NH,0AC g | _
CN , reflux H,N N R,
1 (a-h) 2 3 4 5 (a-h)

Scheme 2.
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Entry R, R, Time /h™ Yield /% "® M.p./°C
5a H CH; 4 91(91,90,90) 187-189
5b 4-CH, C.H. 45 82 175-177
5c 4-F CH; 4.5 91 217-218
5d 4l C.H. 4 89 234-236
Se 4-C1 4-OHCH, 4 87 266-268
5f 4-Cl 4-FCH, 4.5 82 220-222
5g 4-Cl CH, 4.5 87 172-174
5h 4l 4-OCH,CH, 5 85 196-198

@ Reaction conditions: aromatic aldehydes (2 mmol), methyl ketones (2 mmol), malononitrile (2 mmol), ammonium acetate (2 mmol),

catalyst (0.1 g) was refluxed in 15 mL ethanol.
b Isolated yields.
€Yield after consecutive cycles.

open capillary and are uncorrected. The sample morphology
was characterized with CM-200 PHILIPS transmission electron
microscopy (TEM) operated at 200 kv, resolution at 0.23 nm.
FT-IR spectra were recorded on JASCO-FT-IR/4100, Japan, in
KB disc. 'H NMR spectra were recorded on a 300 MHz FT-NMR
spectrometer in DMSO-d, as a solvent and chemical shift values
are recorded 0 (ppm) relative to tetramethylsilane (Me,Si) as an
internal standard. The X-ray diffraction (XRD) patterns were
recorded on a Bruker 8D advance X-ray diffractometer using
monochromator Cu-Ke radiation of wavelength = 1.5405 A.
Conventional scanning electron microscopy (SEM) images and
energy dispersive spectroscopy (EDS) were obtained on JEOL;
JSM-6330 LA operated at 20.0 kv and 1.0000 nA. BET surface area
was measured by means of N, adsorption at 77.74 K preformed
on a Micromeritics, ASAP 2010 and Temperature-Programmed
Desorption of NH, (NH,-TPD) measurements were carried out
on a Micromeritics Chemisorb 2750 TPD/TPR.

3.2. Preparation of Pure Silica

Silica samples were synthesized by using a sol-gel process.
Tetraethyl ortho-silicate (TEOS) (2.408 g) was placed in an auto-
clave bottle and 1% cetyltrimethylammonium bromide (CTAB)
in 20 mL ethanol was added drop-wise with constant stirring.
The pH of the reaction mixture was maintained at 10 using
aqueous ammonia. This mixture was then hydrothermally
treated at 60 °C for 12 h in an autoclavable bottle. After drying at
110 °C for 7 h in an oven, the obtained powder was pulverized
using mortar and pestle and finally calcined at 400 °C for 2 h.

3.3. Preparation of SnO,/SiO, Catalyst

A series of SnO,/SiO, nanocomposite catalytic materials were
synthesized by using a sol-gel method. The 15 wt% SnO,/SiO,
catalyst was synthesized by using 0.846 g of tin(IV) chloride
dissolved in 20 mL double-distilled water and tetraethyl
orthosilicate solution (2.408 g) was added drop-wise in an auto-
clave bottle. The resulting mixture was stirred and a 1% solution

/M+ o
0 NH,OAC NH HN
(4) O
RZ)\ - RZ)H O RZ/I\/H
Ho T H (6) -
(2)
M o} R1
: . _CN -H20 /[
Ri~~0 <
CN NH,OAC NC”~ “CN
(1 (3) (M _
ME O H
Ra~ «NH C}\l Ry _N.__NH R, § NH,
- | u
H CN CN
H
R, CN R, H™ Ry
i (8) (9) (10)
R,
O, (air) NC AN
-H2 | s
H,N" "N” "R,
(5)
Scheme 3.

Plausible mechanism for the formation of 2-amino-3-cyanopyridine.
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Figure 1 XRD patterns of (a) SiO,, (b) SnO,, (c) 10 wt% SnO,/SiO,, (d) 15 wt% SnO,/SiO, and (e) 20 wt% SnO,/SiO,.

Table 4 Comparison of 15 wt% SnO,/SiO, with other catalyst for the synthesis of 2-amino-3-cyanopyridines.

Entry Method Time /min Yield /% References
1 Microwave irradiation 7-9 72-86 37
2 ethylammonium nitrate 120-150 80-90 41
3 [Yb(PFO)3] 90-240 60-95 42
4 15 wt% Sn02/Si02 240-300 82-91 a

a = this work.

of cetyltrimethylammonium bromide (CTAB) in 20 mL ethanol
was added drop-wise with constant stirring. The pH of the
reaction mixture was maintained at 10 using aqueous ammonia.
This mixture was then hydrothermally treated at 60 °C for 12hin
an autoclavable bottle, filtered washed with distilled water then
dried at 110 °C for 7 h in an oven, and the obtained powder was
pulverized using mortar and pestle and finally calcined at 400 °C
for 2h. 10 wt% and 20 wt% SnO,/SiO, catalysts were prepared in
the same manner.

3.4. General Procedure for the Synthesis of
2-Amino-3-cyanopyridines (5a-h)

A mixture of aromatic aldehyde (2 mmol), methyl ketone
(2 mmol), malononitrile (2 mmol), ammonium acetate (3 mmol)
and a catalytic amount of 15 wt% SnO,/SiO, (0.1 g) was refluxed
in ethanol (15 mL) for the time as mentioned in Table 3. The
progress of the reaction was monitored by thin layer chromatog-
raphy in Merck pre-coated silica gel 60-F254 plates using petro-
leum ether: ethyl acetate as a solvent system. After completion of
the reaction, the reaction mass was filtered, and the filtrate
was concentrated under reduced pressure, the crude product
obtained was crystallized from ethanol to afford pure products
(5a-h)

3.4.1 Spectral Data of Representative Compound
2-amino-4,6-diphenylpyridine-3-carbonitrile (5a): IR (KBg, v, ):

3363 and 3342 (NH,), 3225 (Ar-H), 2212 (CN) cm™. 'H NMR

(300 MHz, DMSO-d,) ¢: 7.31-7.60 (m, 11H), 6.67 (s, 2H, NH,).

ES-MS: m/z 272.15 (M").

2-amino-6-phenyl-4-p-tolylpyridine-3-carbonitrile (5b): IR (KBr,
v,.): 3363 and 3342 (NH,), 3225 (Ar-H), 2214 (CN) cm™. '"H NMR
(300MHz, DMSO-d,) : 7.08-8.04 (m, 10H), 6.85 (s, 2H, NH,), 2.50
(s, 3H). ES-MS: m/z 286.10 (M").

2-amino-4-(4-fluorophenyl)-6-phenylpyridine-3-carbonitrile (5c):
IR (KBr, v, ) 3365 and 3342 (NH,), 3225 (Ar-H), 2212 (CN)) cm™.
"H NMR (300 MHz, DMSO-d,) 6: 7.02-8.0 (m, 10H), 6.83 (s, 2H,
NH,). ES-MS: m/z 290.05 (M").

3.5. XRD Analysis

Figure 1(a—e) shows that the XRD patterns of synthesized
materials. Figure 1(a) shows the broad peak at 22.27 ° corre-
sponding to the amorphous nature of silica. Figure 1 (b) and (c—e)
represent the XRD patterns for SnO, nanoparticles and
SnO,/SiO, which shows presence of highly crystalline and sharp
intense peaks, which are in good agreement with that obtained
by JCPDS card (411445),* suggesting the tetragonal lattice
symmetry of this SnO, nano particles. Similarly, broad peaks
at 22.71° in SnO,/SiO, were observed, corresponding to the
presence of amorphous silica.

3.6. TEM Image

Figure 2(a—c) shows the TEM images of synthesized materials.
Figure 2(a) shows the presence of varying sphericals, which is a
characteristic property of mesoporous silica having particle size
in between 288-320 nm. Figure 2(b) shows the presence of flake
like SnO, nanoparticles with an average particle size about
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Figure 2 TEM image of (a) SiO, (b) SnO, and (c) 15 wt% SnO,/SiO,; (d) SAED patterns of SnO,.

7-9 nm.” Figure 2 (c) shows that the SnO, nanoparticles clearly
deposited on spherical shaped SiO, composite and therefore,
their particle size has ultimately reduced. This may be due to the
reaction between Sn(OH), nanoparticle and Si(OH), during the
polymerization process, which results in the particle size of
about 25-27 nm. The selected area electron diffraction (SAED) is
a crystallographic experimental technique that can be per-
formed inside a transmission electron microscope (TEM). The
typical SAED pattern for SnO, nanoparticle is depicted in
Figure 2(d) which indicates the presence of (110), (200), (211) and
(310) planes, respectively, and predict the tetragonal lattice
symmetry of SnO, nanoparticles as evidenced from XRD
analysis.

3.7. SEM-EDS Analysis
Figure 3(a—c) shows the surface morphology of synthesized

Figure 3 SEM image of (a) SiO, (b) SnO, and (c—d) 15 wt% SnO,/SiO,.

materials. Figure 3(a) shows good agglomeration of particles of
mesoporous silica with a spherical shape, whereas a compact
arrangement is due to uniform sized SnO, nanoparticles which
are responsible for importing irregular shapes, Fig. 3(b).*
Figure 3 (c—d) shows the presence of some porosity, which may
be due to the insertion of 15 wt% SnO, nanoparticles on the
surface of SiO,.

Energy-dispersive X-ray spectroscopy (EDS) is an analytical
technique used for the elemental analysis or chemical character-
ization of a sample. An (EDS) spectrum of the sample with
composition of 15 wt% SnO,/SiO, catalysts gives the elemental
distribution of the constituent elements and is represented in
Fig. 4. The presence of constituent elements Sn, O, and Si is
confirmed on the basis of atom 3.65, 54.93, and 41.44 %, respec-
tively. This indicates that the 15 wt% SnO,/SiO, catalyst has
maintained its stoichiometric ratio.



ResearcH ARTICLE

A.A. Yelwande, M.E. Navgire, D.T. Tayde, B.R. Arbad and M.K. Lande,

136

S. Afr. J. Chem., 2012, 65, 131-137,
<http://journals.sabinet.co.za/sajchem/>.

Figure 4 EDS pattern of 15 wt% SnO,/SiO,.

3.8. FTIR Analysis

Figure 5 (a—e) shows the FT-IR spectra of the synthesized mate-
rials. Figure 5(a) shows the FT-IR spectrum of pure SnO, having
absorption band at 3205 cm™ which is due to the Sn-OH stretch-
ing vibration, and the band at 1634 cm™ is assigned for the
Sn-OH bending vibration. Figure 5(b) shows absorption band at
3410 cm™ due to the Si-OH stretching vibration, 1618 cm™ due to
the Si-OH bending mode, 1089 cm™ for Si-O stretching vibration
and 806 cm™ due to the Si-O-5i bending vibrational mode. The
strong absorption band at 631 cm™ is due to the antisymmetric
Sn-O-Snvibrational mode of SnO,. Similar results were reported
in the literature by Deshpande et al.* Similarly, Figure 5(c—e)
shows that the absorption bands at 3408, 1620, 1093, 806 and
631 cm™ are attributed to the SnO,/SiO, framework.

3.9 BET and TPD Analysis

Temperature programmed desorption (NH,-TPD) studies
were done using 100 mg of the 15 wt% SnO,/SiO, loaded on a
quartz reactor. The samples were first treated with 150 °C in
Helium flow 25 cc min™ for 1 h at room temperature. Desorption
was carried out at a heating rate of 10 °C min™'. Temperature
programmed desorption of ammonia serves as a dependable
technique for the quantitative determination of the acid strength
distribution. After cooling to room temperature, ammonia was
injected in the absence of the carrier gas flow and the system was
allowed to attain equilibrium. A current of nitrogen was used to
flush out the excess and physic-sorbed ammonia. The tempera-
ture was then raised in a stepwise manner at alinear heating rate
of about 10 °C min™. the ammonia desorbed from 100 °C to

Figure 5 FT-IR patterns of (a) SnO,, (b) SiO,, (c) 10 wt% SnO,/SiO,, (d) 15 wt% SnO,/SiO, and (e) 20 wt% SnO,/SiO,.
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500 °C. Temperature Programmed Desorption method (NH.-
TPD) was used to determine the acidic properties of solid cata-
lyst. This provides information about the total concentration and
strength of acidic sites (Bronsted and Lewis). From TPD analysis
data, it was found that the ammonia desorbed in two different
regions. In the first region 0.06238 mmol g™ of NH, desorbed at
259 °C and in the second region 0.08625 mmol g™ of NH, de-
sorbed at 507.1 °C. This indicates that both the Bronsted and
Lewis acidic sites are present in SnO,/SiO, nanocomposite mate-
rials; the total acidic strength was found to be 0.149 mmol g™

BET theory aims to explain the physical adsorption of gas
molecules on a solid surface and serves as the basis for an impor-
tant analysis technique for the measurement of the specific
surface area of a material is the so-called BET method (Brunauer,
Emmett and Teller). N, adsorption-desorption isotherms
provide information on the textural properties of 15 wt%
Sn0O,/Si0, and the specific surface area. The specific surface area
331.58 m2 g of 15 wt% SnO,/SiO, was calculated from BET
measurements.

4. Conclusion

In summary, we have synthesized series of SnO,/SiO, cata-
lytic materials by using sol-gel method. Synthesized catalytic
materials were characterized XRD, TEM, SEM-EDS and FTIR
analysis. After conformation, the catalyst was used to synthe-
size 2-amino-3-cyanopyridine derivatives using aromatic alde-
hydes, methyl ketones, malononitrile and ammonium ace-
tate.The present method offers several advantages such as
shorter reaction time, simple experimental procedure, high yield
of the products and the catalyst can be recycled and reused at
least three times without significant loss of activity.
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