Journal of Sciences, Islamic Republic of Iran 28(2): 113 - 118 (2017)

University of Tehran, ISSN 1016-1104

http://jsciences.ut.ac.ir

Green Synthesis and Characterization of Bi.Os Nanorods
as Catalyst for Aromatization of 1,4-Dihydropyridines

F. Farzaneh®, L. Jafari Foruzin, Z. Sharif, and E. Rashtizadeh

Department of Chemistry, Faculty of Physics and Chemistry, Alzahra University, Vanak, Tehran,
Islamic Republic of Iran

Received: 13 April 2016/ Revised: 26 September 2016/ Accepted: 5 November 2016

Abstract

Bismuth oxide (Bi-O3) nanorods was prepared via one pot sol-gel method using
Bi(NO3)3.5H20 and starch (as template) in water under hydrothermal condition
followed by calcination at 320°C within 3 h. The resultant solid product was
characterized by scanning electron microscope (SEM), X-ray diffraction (XRD),
thermogravimetry (TGA), and FTIR techniques. Based on the obtained results, the
formation of Bi»Os nanoparticles and nanorods at lower and higher percentage of starch
is promising. It was found that Bi»Os nanorods catalyse the aromatization of 1,4-
dihydropyridines (DHPs) with 100% conversion and 100% selectivity.
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Introduction

Over the past few years, considerable interest has
been focused on the synthesis of nanostructures with
controllable morphologies because of the strong
relationship between the structures and their attractive
physical or chemical properties [1]. Due to the unique
structural and surface properties, inorganic three-
dimensional (3D) spherical structures with nanometer to
micrometer size are proposed to have potential
applications in catalysis, chemical sensors, photo
catalysis, controlled delivery and release of drugs [1].
Bi,03 is an important p-type semiconductor with four
main crystallographic polymorphs denoted as a-, -, y -,
and J-Bi,Os [2]. Bi,Os; has received considerable
attention because of its various applications such as
photo catalyst [3], solid oxide fuel cell [4], gas sensor
[2] and catalyst for oxidation of hydrocarbons [5].
Several methods have been used for preparation of
Bi;Os; nanoparticles such as microwave-assisted

synthesis [6, 7], electrodeposition route [8], thermal
oxidation [9], thermal plasma and heat treatment [10],
laser ablation [11] and chemical vapour deposition
(CVvD) [12].

Dihydropyridines  (DHPs) are analogues of
nicotinamide adenosine dinucleotide hydride (NADH).
The 1,4-DHP present in coenzymes NADH and
NADPH mediates hydrogen-transfer reactions in
biological systems [13]. It has been found that NADH
initially undergoes oxidative aromatization to the
corresponding  pyridine  derivative  during  the
metabolism by the action of cytochrome P-450 present
in liver [14]. In order to understand these biological
processes, as well as to develop a useful synthetic
approach to poly substituted pyridines, the oxidative
aromatization of 1, 4- dihydropyridine (DHP)
derivatives has received considerable attention from
synthetic chemists [15]. Numerous methods for the
aromatization of 1,4-DHPs have been developed for that
purpose including the use of metallic salts, non-metallic
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reagents, catalytic methods [16]. Dihydropyridines have
been aromatized to pyridines by various reagents such
as SiO,-VO(OH), [17], K2CO3 [18], silica supported
cobalt catalysis[19], Vanadium-Substituted Wells-
Dawson heteropolyacid [20], Si-Zr-Mo  [21],
H202/Nal[22], MoOCls and MoCls [23] and radical
cation salts [24].

Herein, we report the one-pot, sol-gel synthesis and
characterization of Bi»O3 nanorods in water and using it
as catalyst for oxidative aromatization of Hantzsch 1,4-
DHPs to the corresponding substituted pyridines.

Materials and Methods

Materials and Instrumentation Details

Starch, Bismuth nitrate Bi(NO3)s-5H20, nitric acid
(65%), ethanol, benzaldehyde, ethyl acetoacetate and
ammonium acetate were purchased from Merck
Chemical Company and wused without further
purification. X-ray powder diffraction (XRD) data were
recorded on a diffractometer type, (Philips PW1800) at
room temperature, operating at 40 kV and 30 mA, using
Cu koy radiation (A = 1.5406 A). The nanostructures of
the sample were analysed by scanning electron
microscope (SEM, S-4160 Hitachi), thermal studies
were performed using Mettler-Toledo TGA/SDTA-851
at heating rate of 25°C/min, under oxygen atmosphere.
FT-IR spectra were recorded on a Bruker Tensor 27
FTIR spectrometer with KBr powder and UV spectra
measured on Perkin Elmer Lambda 35, double beam
spectrophotometer. Oxidative aromatization products were
analyzed by GC and GC-MS using an Agilent 6890 Series
with FID detector, HP-5, 5% phenyl methyl siloxane
capillary and an Agilent 5973 network, mass selective
detector, HP-5 MS 6989 Network GC system, respectively.

Preparation Bi.O3 nanoparticles

Bismuth nitrate (4.2 mmol, 2 g) was dissolved in 10
mL nitric acid solution (65% in 20 mL water,). After
formation of a clear solution, desired amount of starch
was added and the mixture stirred for 1h in 90°C using a
water bath. The solution was then transferred into a
Teflon-lined stainless steel reaction autoclave followed
by heating at 100°C for 48 h. After cooling to room
temperature, the mixture was centrifuged, filtered,
washed with deionised water and then dried at room
temperature. Subsequent calcination of the solid at 320°
C for 3 hours finally afforded the nanostructured Bi,Os.

Synthesis of 1,4 dihydropyridines (1, 4-DHPs)
1,4-DHPs was prepared as reported [25]. A 10 mL

round-bottom flask was charged with ethyl acetoacetate

(2 mmol), aldehyde (benzaldehyde, formaldehyde,
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acetaldehyde, 1mmol) and ammonium acetate (1.5
mmol) and stirred under solvent-free conditions. The
reaction was completed within 0.25-4.5 hours at 80 °C.
The crude product was isolated by precipitation upon
addition of cooled water followed by vigorous shaking
and decanting the aqueous layer. The residue was then
dissolved in a suitable solvent and dried with anhydrous
Na,SQO,. After evaporation of the solvent under reduced
pressure, 1,4-DHPs were obtained and used without
further purification.

Oxidative aromatization of Hantasch 1,4-DHPs with
Bi20O3

A stirring suspension of 1,4-DHP (0.06 mmol) and
Bi,O3 nanorods (10 mg) in ethanol (15 mL) was heated
at reflux for 6 h. After completion of the reaction as
indicated by TLC, the mixture was poured into H,O (10
mL) and extracted with CH2Cl,. The organic layer was
dried with anhydrous Na,SO.. The product was
analysed with GC and GC-MS techniques.

Results and Discussion

Characteristics of BizOs nanoparticles

Bi,O3 nanoparticles and nanorods were prepared
from bismuth nitrate in water using 23.1% and 53.4%
starch as template respectively.

The XRD patterns of Bi2Os; nanorods before and
after calcination are shown in Figurela, b respectively.
As seen in the XRD pattern of the prepared Bi-Starch
hybrid (Figure 1.a) the characteristic peaks with d
values of 5.32, 4.24, 3.97, 2.97 and 2.66 are related to
the starch [26], the remaining peaks consistent with
JPCDS card no. 044-1246 are related to Bi specioes
(trigonal with Space group : R-3m) in hybrid. The XRD
pattern of calcined sample at 320° C consistent with
JCPD standard card no (27- 0050) indicates the
formation of tetragonal B-Bi,O3 [27]. The XRD pattern
of Bi,0O3 nanoparticles is similar to the nanoroads in
which indicated the formation of tetragonal B-Bi,Os.

The FTIR spectra of Starch, BiNO3.5H,0, Bi-Starch
Hybrid before and after calcination at 300°C and reused
catalytst are shown in Figure 2 (a-e) respectively. The
appeared two peaks centered at 1385 and 1170 cm™ are
attributed to the C-O vibrations of starch (Figure 2- a)
[28]. Two rather medium peaks observed at 600-500
cmtin the FTIR spectrum of the precursor are attibuted
to the vibration of Bi-O [29] and a band appearing at
880 cm is attributed to the C-O-Bi vibration in the
hybride formation step (Figure 1c). After calcination
two new peaks appeared at 550 and 600 cm™ due to the
Bi-O vibrations (Figureld) [30]. Particularly significant
is the similarity observed in the FTIR spectra of nano
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Figure 1. The XRD patterns of (a) hybrid Bi-starch and (b)

nano Bi20:s.
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Figure 2. The FT-IR specra of (a) starch (b) BiNO3.5H20,

(c) hybrid Bi-Starch, (d) after calcination at 300°C, (e)
reused as catalytst.

Bi,03 before and after using as catalyst (Figure 1 e).

In order to investigate the appropriate calcination
temperature for transformation of hybrid to Bi,O3, the
TGA was conducted under free atmosphere. The
obtained results as well as the corresponding differential
thermo analysis DTA curves are shown in Figure 3a,b
respectively. Three parts consisting the approximate
weight losses of 0.4%, 26% and 1.41% at 150°, 320°C
and 310° to 650°C due to the adsorbed water
evaporation, starch template decomposition, and
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Figure 3. The TGA-DTA of nano hybrid Bi-starch.

L

ure 4. Scanning electron microscopy of (a,b) hybrid

Fig
Bi-starch with 0.6g starch, before and after
calcination, (c,d) with 2,2 g starch before and after
calcination.

complete decomposition of template, respectively are
evident in TGA analyses data. The DTA curve
indicating an exothermic peak located around 300°C
exhibits the template decomposition temperature [31].
The observed exothermic peaks in the range 300°-
400°C in the DTA curve is assigned to the exothermic
starch combustion.

Typical SEM images of the prepared Bi salt and
starch hybrid designated as precursor sample containing
starch 23.1% (0.6 g) and 53.4% (2.2 g) before and after
calcination are shown in Figures 4a-b and 4c-d,
respectivly. Before (Figure 4a) and after calcination (the
hybrid with 0.6g starch) (Figure 4b), the formation of
nanoparticles wih particle size of 50- 80 nm is evident.
By increasing the amount of starch to 2.2 g, a change in
the morphology from spherical to nanorods is observed.
As seen in Figure 4c, whereas the sample is nanorods
before calcination, more similar nanorods sample
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Figure 5. The effect of amount of catalyst on

aromatization of 1,4-DHP.
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Figure 6. The effect of time on aromatization 1,4-DHP.

aligned to each other with approximate diameter of 50
nm is formed after calcination (Figure 4d).

Catalytic dehydrogenation of DHPs
The prepared nanoparticles and nanorods were found
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to successfully catalyse the Hantzsch aromatization of
1,4-DHPs. The effect of the amount of catalyst and time
on aromatization of 1,4 dihydro-4-phenyl-2,6 dimethyl-
3,5 pyridinedicarboxylate designated as 1,4-DHP as
representative model are shown in Figures 5 and 6
respectively. Whereas quantitative aromatization was
observed in the presence of 30 mg of the catalyst within
8 h (Figure 5), conversions were partially proceeded
during 2 or 8 h (Figure 6). Therefore, other DHP
aromatizations were investigated under optimized
reaction conditions. As indicated in Table 1 (entries 2,
4, 6), for R=H, R= CH3 and R= Ph have proceeded
within 4, 6 and 8 h (with 30mg catalyst), conversion and
selectivity were 100%. As indicated in this Table the
optimum time for using 15 mg catalyst were also
reported (entries 1, 3, 5, Table 1). The observed rate
decreasing trend when R is Ph (entry 5, Table 1) is in
accord with the increasing steric hindrance at the
substituted carbon. The !H-NMR and GCMS
chromatograms of products were also given in
supplementary Figures Si-Szand Ss-Se respectively.

Notably, utilization of the used Bi»Os; nanorods as
catalyst in the second, third and fourth run
aromatization  reactions proceeded with 100%
conversions with100% selectivities, respectively (Figure
7). Accordingly, the FT-IR spectrum of the recovered
Bi,O3 nanorods (Figure 2e) was similar to the freshly
prepared catalyst (Figure 2d). These evidences clearly
indicate the reusability and stability of our prepared
catalysis system.

Finally, the nanoparticles were also used under
optimized reaction conditions. Compared to the
catalytic activity of nanorods, similar activities were
observed using 30 mg of the nanospecies as catalyst.

In comparison to the obtained results with those
reported before, it was found that dihydropyridines have
been aromatized to pyridines by various reagents as

Table 1. The effect of R group on aromatization of 1,4-DHP 's with Bi2Os nanorods.?

| | | R | |
H R
EtO,C CO,Et EtO,C Sy, ~COREL
. | B1,0; | .
N — -
H;C”™ N "Hs HC N CH;
H R_H. CH: Ph
Entry R Time (h) Amount of catalyst (mg) Conversion (%) Selectivity (%)

1 H 6 15 100 100
2 4 30 100 100
3 CHs 8 15 100 100
4 6 30 100 100
5 Ph 24 15 72 100
6 8 30 100 100

#Conditions: substrate ; 20 mg (0.06 mmol), solvent ; ethanol, heated at reflux open to atmosphere.
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Table 2. Oxidative aromatization of Hantzsch1,4-DHPs using different catalysts.

Catalyst Oxidant Time (min) Yield (%) Reference
SiO2-VO(OH)2 H202 60 50 [17]
K2.COs(base) - 120 77 [18]
Silica supported cobalt 02 600 90 [19]
TiO2/SiO2 H202 300 96 [20]
Si-Zr-Mo H202 3 100 [21]
MoOs H202 3 88 [22]
MoCls e 3 93 [23]
Ce(S0s )2 .4H20 Oain) 10 98 [24]
Bi203 O2 (air) 480 100 current work®
| | Conversion (%) Bl Selectivity (%)
_ 100100 100100 100100 100100
~~~
S
Runl  Run2 Run3 un4
Figure 7. The reusability of catalyst on aromatization of 1,4-DHP.
shown in Table 2. Some of these methods need oxidants gratefully acknowledged.
such as hydrogen peroxide or oxygen and longer
reaction time. In fact these results indicated the unique
Bi»Oz nanorods using as heterogeneous catalyst for References

Hantzsch oxidative aromatization of 1,4-DHPs to the
corresponding substituted pyridines under air condition
with high activity and selectivity is considerable.

Conclusion

In this study, Bi»O3 nanoparticles and nanorods were
prepared in water under hydrothermal condition. The
starch percentage as template was realized as
determining factor on the product morphology due to
the generation of Bi,O3 nanoparticles and nanorods at
lower and higher template ratio, respectively. It was also
found that the prepared nanorods catalyse the Hantzsch
oxidative aromatization of 1,4-DHPs with 100%
conversion and 100% selectivity.
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