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A simple, facile and efficient route was developed for the synthesis of nano
ZnAl,O, using ethanolamine. ZnAl,O, nanoparticles were found to be smaller
when calcined at 500 °C than at 700 °C. The synthesized nano ZnAl,O4
exhibited a high surface area of 147 m*/g with pore volume 0.2 cm’/g.
ZnAl,O, nanoparticles were found to be spherical in shape with size ranging
from 3 - 7 nm. For the first time, we explored the catalytic activity of nano
ZnAl,0, for the synthesis of propargylamines by A* coupling of aromatic
aldehydes, piperidine and phenyl acetylene. High yields were achieved without
any side product. We developed Cu/ nano ZnAl,O, and utilized it for

imidazo[ 1,2-a]pyridines synthesis by three component coupling of aromatic
aldehydes, 2-aminopyridine and phenylacetylene under N, atmosphere. We
achieved good yields, and both nano ZnAl,0, and Cu/ nano ZnAl,O, were
recycled for five times successfully. Both the protocols were simple, one pot,
solvent-free, economical and involved no additive. They could be an
alternative to the existing protocols which involve homogeneous and expensive
noble metal catalysts for these reactions.

INTRODUCTION Propargylamines are the important key components of various
natural products,'  versatile precursors for the synthesis of
quinolines,*® indolizines,®oxazoles,® pyrroles,* and
pyrrolidines,” and also potential building blocks for the synthesis
of the therapeutic drug molecules such as isosteres,*® allylamines,®
B-lactams,>®  conformationally  restricted  peptides, and
oxotremorine analogs.’® Recently propargylamine derivatives have
attracted attention due to their excellent pharmacological activity.
They are strong neuroprotective® *® and anti-apoptotic agents*.
Propargylamine derivative rasagiline is used for treating early
Parkinson's disease’. Whereas, imidazo[l,2-a]pyridines are the
versatile scaffolds mainly occurred in wide range of bioactive
molecules and also known for their antiviral,®® anti-
inflammatory,®®®  analgesic,® antipyretic,’® antiulcer® and
antibacterial properties.®® Commercial drugs such as Alpidem

Multicomponent coupling reactions (MCRs) are the potential tool
to synthesize diverse complex organic scaffolds from simple
organic moieties via one-pot process. These MCRs have gained
extensive interest of researchers because of their uniqueness in
yielding high atom economy and often high selectivity. In recent
times, intense investigation for the development of eco-friendly
solvent free MCRs have been a great concern in order to reduce
environmental pollution caused by hazardous organic solvents.
Among the MCRs, A® coupling of (i) aldehyde, alkyne, and amine
and (ii) aldehyde, alkyne, and 2-aminopyridine via activation of a
terminal alkyne C-H bond have been great importance in recent
years. The resulting propargylamines and imidazo[1,2-a]pyridines
are nitrogen containing compounds with diverse applications:
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(anxiolytic agent),”® Zolpidem (insomnia),’Olprinone (for the
treatment of acute Heart failure),” and Minodronic acid (for the
treatment ofosteoporosis)’® contain imidazo[1,2-a]pyridine moiety.
In addition to the above applications, imidazo[1,2-a]pyridine
derivatives have incurred significant importance as central ligands
in the field of electronic devices.®

Conventional method of synthesizing propargylamines requires
the generation of metallated alkynes utilizing various strong bases
such as alkoxides®, hydroxide,”® LiAlH,* butyl lithium®*®,
LDA%” and Grignard reagents’ and attack of the generated
metallated alkynes to imines. The major drawbacks of this protocol
are the need of highly moisture-sensitive reagents in stoichiometric
quantity and harsh reaction conditions. In recent years, A® coupling
of aldehydes, amines and alkynes via C-H activation have been
developed as alternative to the traditional method, wherein water is
the only byproduct. Variety of homogeneous catalysts like
Zn(OAc),,'™ AglL'® AuCL'* Aul,'® AuCl,,'% AuBr;,'% FeCl,,'*
CdL,'™ InCL,'""f InBr;,'® CuCL'™ CuBr,'™ Cul,'™ NiCL,"
Hg,CL,'% Au(Ill) complexes,!! Ag(I) complexes'> have been
applied. Theses catalysts mostly require hazardous solvents like
acetonitrile, toluene, and tedious workup process and often need
inert atmosphere. In order to replace the homogeneous catalysts,
in recent years, heterogeneous catalysts have been employed: Au
nanoparticles,”a Ag nanoparticles,13b Au/Ce0,,'"* Au/ZrO,,'* Au
Au and Ag
immobilized on ZnO

stabilized on montmorillonite,"
on Egg shell,'® Ag
nanoparticles,''nanocrystallineMgO stabilized Au nanoparticles,'®

nanoparticles
nanoparticles

polystyrene supported NHC-Ag(I) catalyst,19 Au nanoparticles on
ALO;®  Cu modified
montmorillonite.”” Although these are heterogeneous in nature,

nanoparticles stabilized on

21
they are expensive and often require toxic toluene, THF solvents,
prolonged duration to achieve good yields and metals often lost
during the reaction. Ionic liquids immobilized catalysts containing
imidazolium molecule with BF, or PF¢ anions have been
reported®?. These catalysts have serious limitation due to their high
cost and disposable problem as they are highly toxic. Metal oxides
such as Cu/Si0,,> Cu-Zeolite,”* Zinc titanate namopowderz5 and
C0;04%® and copper aluminium based nanocomposites®’ have been
investigated for propargylamines synthesis. However, most of the
catalysts need organic solvent and require long time to achieve
high yields.

Various protocols are available in the literature for the synthesis of
imidazo[1,2-a]pyridines using Cu-MOF,® Cu(OTf),,® CuCL?
InBry/Et;N*  CuSO,-glucose,’’  Todine,*?Cul/NaHSO,-Si0,,”
CuSO,/TSOH,** ZnCL/CuCl*® as catalysts. These protocols suffer
from serious issues such as need of homogeneous catalysts, long
duration and often require additives (like glucose, TsSOH and Et;N)
along with metal catalysts.

Considering the biological and therapeutic importance of
propargylamines and imidazo[l,2-a]pyridines, and also the
their
continuation of our previous reports,’® >’ herein, we developed a

inefficiency of existing protocols for synthesis, in
facile synthetic method for nano porous ZnAlLO, with large
surface area and employed it as an efficient catalyst for the
synthesis of propargylamines. Cu nanoparticles supported on the
synthesized nano ZnAl,O4 were efficiently used as catalyst for
imidazo[1,2-a]pyridines. To the best of our knowledge, this is the

2| J. Name., 2012, 00, 1-3

first report for nano ZnAl,O, synthesis using ethanolamine and
protocols for the one pot synthesis of propargylamines and
imidazo[1,2-a]pyridines using nano ZnAl,O, and Cu/nano
ZnAl,Oyrespectively. The synthetic route of nano ZnAl,0O4 was
very simple. Being solvent free, environmentally friendly, the
protocols for A® coupling reactions utilize low cost reusable
catalysts.

Results and discussion

Powder XRD and BET analysis

Figures la and 1b display powder XRD patterns of ZnAlL,O,
calcined at 500 °C (ZAOS5) and ZnAl,O, calcined at 700 °C
(ZAO7) were phase pureand
crystallized in face centered cubic phase. All the peaks were
indexed based on the standard ICDD data (# 821043). XRD peak
broadening of ZAO7 was found to be lesser than that of ZAOS.
This indicates the crystallite size of nano ZnAl,O, increased with

respectively. Both materials

increase in calcination temperature. The average crystallite size of
ZAOS5 and ZAO7 determined from Scherrer’s formula was 5 nm
and 7 nm respectively. XRD pattern (Fig. 2) of Cu/ZAOS affirmed
the presence of copper diffraction peaks (20 = 43.31 and 50.44)
along withZnAl,O, peaks. No other metal oxide peaks were
observed in XRD. From the BET method, the specific surface area
and pore volume of ZAOS5 and ZAO7 were found to be 147 m?/g,
0.2 cm’/g and 100 m%*/g, 0.14 cm?/grespectively. This evidenced
decrease in the surface area and pore volume of ZnAlL,O4 upon
increasing the calcination temperature from 500 °C to 700 °C.
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Fig. 1 Powder X-ray diffraction patterns of (a) ZAOS5 and (b) ZAO7
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Fig. 2 Powder X-ray diffraction pattern of Cu/ZAO5

In the present work, ethanolamine acted as complexing as well
as precipitating agent. The gradual addition of ethanolamine led to
the formation of the complex with zinc nitrate and aluminium
nitrate, which upon calcinations resulted in nanosized particles of
ZnAl,O,. The evolution of NH; and CO, gases during calcinations
left the pores in the catalystsIn our previous report®, we
synthesized ZnAl,O, in the absence of ethanolamine. From the
micrographs and powder X-ray analysis, it was identified that the
particles were in the range of 5 um. Hence, these observations
indicated the presence of ethanolamine controlled the ZnAl,O,
particle size.

In the case of Cu/ZnAl,O,, surface area was found to be 50
m?/g with pore volume 0.07 cm®/g. This confirmed the occupancy
of copper over the surface and pores of nano ZnAL,O,.

Microscopic and TPD analysis

SEM images of ZAOS5 (Fig. 3a) and Cu/ZAOS5 (Fig. 3b) showed
aggregation of the particles. EDX spectra (supplementary data)
affirmed the presence of Zn, Al, O and Zn, Al, Cu and O elements
in the catalysts ZAOS and Cu/ZAOS5 respectively. The atomic
percentage matched with the theoretical values. EDX spectra of
ZAOS5 and Cu/ZAOS5 showed the absence of C and N peaks,which
indicates the absence of ethanolamine.

TEM images of ZAOS5 and Cu/ZAO5are shown in Fig. 4a and
4b.The particles were spherical in shape. Crystalline nature and
homogeneous distribution of ZAOS5 particles were evident from
Selected Area Electron Diffraction (SAED) Pattern (Fig. 4a inset).
Presence of copper nanoparticles on ZAOS5 was identified by
TEM-EDX analysis (Supplementary data). Crystalline nature of
the Cu/ZAOS particles was seen from Selected Area Electron
Diffraction (SAED) Pattern (Fig. 4b inset). The obtained histogram
revealed the narrow size distribution of ZAOS5 nanoparticles with
3-7 nm size (Fig. 5).

NH;-TPD pattern (Fig. 6a) shows two peaks at 194 °C and 367
°C. The ZAOS5 possessed medium acidic sites. The total acidity
was 5 mmol py/g. CO, - TPD pattern (Fig. 6b) exhibited three
peaks at 154 °C, 334 °C and 438 °C. The peak at 154 °C was
associated with weak basic site (surface hydroxyl group). The
peaks at 334 °C and 438 °C were associated with medium (due to

This journal is © The Royal Society of Chemistry 20xx
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M"™-O>pair) and strong (due to isolated O*") basic sites on the
catalyst’s surface respectively.’® The total basicity of the catalyst
was found to be 2.5 mmol CO,/g.

XPS analysis was carried out for the sample Cu/ZAOS to know
the oxidation state of copper. Fig. 7 shows the XPS spectrum of
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Fig. 3 SEM images of (a) ZAOS and (b) Cu/ZAO5

Fig. 4 TEM images of (a) ZAO5 and (b) Cu/ZAO5; Inset show respective electron diffraction
patterns
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Cu/ZAOS. The peaks appeared at 943 eV and 962 eV,
characteristic satellite peaks, belong to Cu®'. The peakappeared at
953 eV associated with Cu 2p,,,.>*Thisconfirmed that the copper
underwent surface oxidation and that the copper surface was in the
form of CuO.

Catalytic role of nano ZnAl,04 and Cu/nano ZnAl,O, for A3
coupling reactions

Initially we investigated the catalytic activity of commercial ZnO,
Al,O;, bulk ZnAl,O4and synthesized nano ZnAl,O, for the
propargylamine synthesis by refluxing benzaldehyde (3 mmol),
piperidine (3.3 mmol) and phenylacetylene (3.6 mmol) in toluene
at 90 °C for 6 h. We found that nano ZnAl,0, gave better yield
compared to other catalysts (Table 1).

Due to the smaller surface area and lesser number of active
sites, bulk ZnAl,O, showed poor yield. In order to optimize the
solvent system for the propargylamine synthesis using nano
ZnAl,0,, the reaction was carried out in various solvents including
water. It was found to end up with moderate yields. We observed
that under neat conditionsnano ZnAl,O, resulted in 99.9% yield of
propargylamine (Table 2) (Scheme 1).

Table 1. Screening of the catalysts for one-pot synthesis of propargylamines

Page 4 of 10

Entry Catalyst Reaction time (h) % Yield ®
1 Zn0 6 50
2 Al,04 6 45
3 Bulk ZnAl,0, 6 60
4 Nano ZnAl,O, 6 82

T T T T T T T T

100 20 300 400 500 600 100 20 300 400
Temperature ('C) Temperature (C)

Fig. 6 NH3-TPD (a) and CO,-TPD of ZAOS

Cu 2p Satellite

Satellite

Intensity (a.u.)

? T T T ¥ T
970 960 950 940
Binding Energy (eV)

Fig. 7 XPS spectrum of Cu/ZAO5
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Reaction conditions: Reactants: benzaldehyde (3 mmol), piperidine (3.3 mmol) and
phenylacetylene (3.6 mmol); solvent: 5 ml toluene, temperature: 90 °C, > GC

Table 2. Effect of solvents on the synthesis of propargylamines

SI. No. Solvent (5 ml) Reaction time (h)
/Yield (%)°
1 Toluene 4/82
2 Ethanol 4/61
3 Tetrahyrofuran 4/50
4 Methanol 4/62
5 Acetonitrile 4/51
6 - 4/99.9

Reaction conditions: Reactants: benzaldehyde (3 mmol), piperidine (3.3 mmol) and
phenylacetylene (3.6 mmol), temperature: 90 °C, ° GC

CHO _
A Z nano ZnAl, O,
L+ + . “«
/‘ N 90 l]C, solvent free = N
H \ \,
3 mmol 3.3 mmol 3.6 mmol Ry

Scheme 1. Nano ZnAl,O,catalyzed synthesis of propargylamine derivatives under solvent
free conditions

This journal is © The Royal Society of Chemistry 20xx




This evidenced the efficiency of nano ZnAl,O,4 under solvent free
condition. Further, we explored the catalytic activity of nano
ZnAl,O, for various benzaldehyde derivatives in order to
understand the generality of the catalysts. We found 98-99.9%
yield (Table 3).

The plausible mechanism for propargylamine synthesis using nano
ZnAl,Oy4 (Scheme 2)was proposed based on the literature reports.
Iminium ion was formed from aldehyde and

Table 3. One-pot synthesis of propargylamine derivativesusing nano ZnAl,0,4

SI. No. R; Reaction time
(h)/yield®
1 H 4/99.9
2 4-CH, 4/99
3 4 - OCH; 4/ 99
4 4-Cl 4/99.9
5 4-F 4/ 99
6 2-F 4.5/98
7 2 - MeO 4.5/ 98
8 2,4-Cl 5/98
9 3,4 - OCH; 5/98

Reactants: benzaldehyde (3 mmol), piperidine (3.3 mmol) and phenylacetylene (3.6
mmol), solvent free, temperature: 90 °C, °GC

Ph

R,—CHO

R2 Ry

\/

R,
\
ZnAl,O,nanoparticles

Ry %

Ph

Scheme 2. Plausible mechanism for propargylamine synthesis using nano ZnAl,0, under
solvent free conditions

piperidine at room temperature in the initial step. Due to the
presence of acidic and basic sites, catalyst nano ZnAl,O, involved
in the activation of the C—H bond of acetylene forming ZnAl,0,—
acetylide intermediate in the second step. In the final step, iminium
ion reacted with ZnAl,O4—acetylide intermediate and resulted
propargylamine.

In order to reuse the catalyst, after every cycle the catalyst was
recovered by filtration using whatman filter paper, washed with

This journal is © The Royal Society of Chemistry 20xx
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acetone to remove organic moieties and dried at 100 °C. We
recycled the catalyst for 5 cycles without significant loss of activity
(Fig. 8). Powder XRD pattern of nano ZnAl,O,, before and after
reusability appeared to be the same indicating the re-existence
ofcatalyst without any change (Fig. 9a and 9b).

We compared the activity of nano ZnAl,0O4 with reported
catalysts for propargylamines synthesis (Table 4) and understood
that most of the reported catalysts are expensive, require solvent
and inert atmosphere and also need prolonged reaction time. Nano
ZnAl,0O, yielded high yield of propargylamine in lesser reaction
time under solvent free condition.

100 -

80 4

60 4

% Yield

40 4

20

i 2 3 4 5
Number of cycle

Fig. 8 Reusability of ZAOS5 for the synthesis of propargylamie

Intensity (a.u.)

10 20 30 40 50 60 70
20 (°)

Fig. 9 Powder X-ray diffraction patterns of (a) fresh ZAO5 and (b) reused ZAO5

To understand the scope of the synthesized catalyst nano
ZnAl,O, for three component coupling reaction, we tested the

J. Name., 2013, 00,1-3 | 5
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catalytic activity of nano ZnAl,0O, for the coupling reaction
between benzaldehyde, 2-aminopyridine and phenylacetylene. But
unfortunately no reaction took place (Table 5).

Table 4. Comparison of the activity of the ZnAl,0, with other catalysts for the synthesis of
propargylamines

SI. Catalyst Solvent Temperature/ Reaction | Yield | Referenc
N reaction time (%) e
o. condition
1 NiCl, Toluene 110 °C/Argon 8h 95 10 (i)
2 Cul PEG 100 12 h 87 10 (h)
°C/Nitrogen
3 Si0,@Cu Toluene 110°C 5h 94 23
4 InCl3 Toluene 120 °C/Argon 20 h 90 10 (f)
5 | *NAP-  Toluene 100 °C 15h 98 18
Mg-
Au(0)
6 Nano Toluene 130°C 15h 87 26
Co30,4
7 Nano - 90 °C 4h 99.9 present
ZnAl,04 work

* Nano Active Magnesium Oxide Plus

Reactants: benzaldehyde piperidine, phenylacetylene

Table 5 Comparison of the activity of the catalysts for imidazo[1,2-a]pyridine

Sl. No. catalyst Yield (%)a

1 ZnAl,0,4 nil

2 CuO 61

3 Cu powder 69

4 8 wt% Cu/ nano 90
ZnAl, 0,

5 8 wt% Ni/ nano 51
ZnAl,0,

6 8% Cu-Ni/ hano 55
ZnAl,0,

Reusability of the catalyst was performed for the coupling
between benzaldehyde, 2-aminopyridine and phenylacetylene by
recovering the catalyst after every cycle. This was followed by
washing with acetone and drying under vacuum. After every cycle,
leaching of the metal ion was tested by AAS, and was found to be
nil. We successfully recycled the catalyst five times without
change in its activity (Fig. 10) and the catalyst was recovered
without any change (Figs. 11a and 11b).

The plausible mechanism for imidazo[1,2-a]pyridines synthesis
using nano ZnAl,O4 (Scheme 4)was proposed on the basis of
literature reports. In the initial stage, imine was formed by the
condensation of 2-aminopyridine with aldehydes. Formation of
propargylamine occurred due to the nucleophilic attack of alkyne
to imine. Due to the C-H activation of alkyl triple bond by copper
on ZnAl,O,intramolecularnucleophilic attack of nitrogen in
pyridine ring to the triple bond either in 5-exo-dig (C-a attack) or
6-endo-dig way (C-b attack) took place. Which was later followed
by aromatic isomerization of the cyclic intermediate led to
imidazo[1,2-a]pyridines.

f
N =
CHO Y N\ 7/
7 N

A AN
| + | " nano copper/ nano ZnAl,O, } CH,

N N/ NH, 90 °C, solvent free, N, atm.

R 2

3 mmol 3 mmol 3 mmol

Scheme 3 Cu/nano ZnAl,Oycatalyzed synthesis of imidazo[1,2-a]pyridine derivatives under
solvent free condition

Table 6. One-pot synthesis of imidazo[1,2-a]pyridine derivatives

Reactants: benzaldehyde (3 mmol), 2-aminopyridine (3 mmol) and phenylacetylene (3
mmol), solvent free, N, atmosphere, temperature: 90 °C, °GC

Understanding the need of copper and other transition metal
catalysts for this reaction, we explored the catalytic activity of
various catalysts such as CuO, Cu powder, 8 wt% Cu/ nano
ZnAl,04, 8 wt% Ni/ nano ZnAl,0O,4 and 8% Cu-Ni/ nano ZnAl,O,
under solvent-free condition as well as with solvent. The catalysts
Ni/nano ZnAl,O, and Cu-Ni/ nano ZnAl,O, resulted in moderate
yields, whereas, 8 wt% Cu/ nano ZnAl,O, resulted in better yields
under solvent-free and in the presence of N, atmosphere (Scheme
3). Hence, it was evident that the active site for imidazo[1,2-
a]pyridine synthesis was copper and that nano ZnAl,O, acted as
support for copper nanoparticles because it provided large surface
area and also aggregation of the copper nanoparticles was reduced.
We carried out the reaction for other benzaldehyde derivative and
94-89% yields were achieved in 4-6h(Table 6).

6 | J. Name., 2012, 00, 1-3

Sl. No. Ry Reaction time (h)/yield"
1 H 6/ 90
2 4-CH, 4/ 89
3 4-OCH; 4/ 89
4 4-cl 4/ 94
5 4-F 4/94
6 2-F 4.3/90

Reactants: Aldehyde (3 mmol), 2-aminopyridine (3 mmol) and phenylacetylene (3
mmol), solvent free, N, atmosphere, temperature: 90 °C, °GC

% Yield

Number of cycle

Fig. 10 Reusability of ZAOS for the synthesis of imidazo[1,2-a]pyridines

This journal is © The Royal Society of Chemistry 20xx
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Fig. 11 Powder X-ray diffraction patterns of (a) fresh Cu/ZAO5 and (b) reused Cu/ZAO5

(j
—_— R/Il\N/
N

. + E—
R;—CHO RQ/I\ P -H,0 R
N” “NH, N

CH=F—R; NH
| o }
Lo
R{ w“
N N
Rz—: 1 N R2_|
k Ro] I
N SN «—— KN Ny € NN

Scheme 4. Plausible mechanism for the synthesis of imidazo[1,2-a]pyridine using Cu/nano
ZnAl,04 under solvent free conditions

We compared the activity of Cu/nano ZnAl,0O4 with reported
catalysts for imidazo[1,2-a]pyridinessynthesis (Table 7). Most of
the reported catalysts are expensive, require additive and need
prolonged reaction time. Cu/ nano ZnAl,O, provided good yield of
imidazo[1,2-a]pyridinesin lesser reaction time under solvent free
condition.

This journal is © The Royal Society of Chemistry 20xx
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Table 7. Comparison of the activity of the Cu/ZnAl204 with other catalysts for the synthesis
of propargylamines

SI. Catalyst Solvent Temperatur Reac | Yield Referenc
No. e/reaction tion (%) e
condition time
1 CuCl + Toluene 120°C/ 16 h 93 28
Cu(OTf), Nitrogen
2 InBr3 Toluene Reflux/ EtsN 12 h 82 30
3 lodine Water 60 °C 6h 85 32
4 CuSO0./ Toluene 110 °C 18 h 60 34
TSOH
5 Cu/nano - 90 °C 6h 90 Present
ZnAl,0,4 work
Reactants: Benzaldehyde, 2-aminopyridine and phenylacetylene
EXPERIMENTAL
Materials
Zn(NO3),.6H,0, AI(NO3);.9H,0 and ethanolamine were

purchased from Himedia. Organic chemicals were purchased from
Sigma Aldrich. All the chemicals were of high purity and used
without further purification.

Synthesis of ZnAl,O,4 nanoparticles

In a typical synthesis, the aqueous solutions of Zinc nitrate (1 M)
and Aluminium nitrate (2 M) were mixed under vigorous stirring.
The above homogeneous solution was stirred for 2 h followed by
the addition of aqueous solution of ethanolamine (ethanolamine to
water volume ratio of 6: 4) drop wise until the white precipitation
stopped. The white precipitate was collected by filtration, washed
with double distilled water, followed by acetone and it was then
dried in oven at 80 °C overnight. The dried precursor was calcined
at 300 °C, 500 °C and 700 °C with intermittent grinding.

Synthesis of copper supported on ZnAl,0, nanoparticles

The above synthesized nano ZnAl,0O, was dispersed in known
amount of copper nitrate solution under vigorous stirring. The
stirring was continued for 6 h followed by filtration. The
precipitate was washed with water to remove excess of copper
nitrate, and was dried with acetone. The above precipitate was
dispersed in water using ultrasonication and the dispersion was
heated at 60 °C - 70 °C on hot plate under nitrogen atmosphere. To
this dispersion, 2 ml of hydrazine hydrate was added drop wise
under vigorous stirring under nitrogen atmosphere. Stirring was
continued for 2 h. The obtained precipitate was collected by
filtration followed by vacuum drying.

General synthetic procedure for ZnAl,O,4 nanoparticles catalyzed
propargylamines

Aldehyde (3 mmol), piperidine (3.3 mmol) and phenyl acetylene
(3.6 mmol) were placed in round bottom flask along with nano
ZnAl,0O,4 and stirred at 80 °C without solvent. The reaction was
monitored by TLC. After completion, the reaction mixture was
cooled and extracted with DCM solvent.

General synthetic procedure for Cu/ nano ZnAl,O, catalyzed
imidazo[1,2-a]pyridines

J. Name., 2013, 00, 1-3 | 7
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Aldehyde (3 mmol), 2-aminopyridine (3 mmol) and phenyl
acetylene (3 mmol) were placed in round bottom flask along with
Cu/mano ZnALO,. Nitrogen atmosphere was created in round
bottom flask and the mixture was stirredat 80 °C without solvent
under. The reaction was monitored by TLC. The reaction mixture
was cooled and extracted with DCM solvent.

Characterization

Phase purity of the synthesized catalysts was determined by
powder X-ray diffraction (XRD) patterns on Bruker X-ray
diffractometer (D8 Advanced) with Cu Ka radiation (A = 1.5406
A) in the angle range of 20 = 10 °-70 ° at room temperature.
Specific surface area of the catalysts were measured from Nitrogen
adsorption desorption isotherms on Micromeritics ASAP 2020
V3.00 H by Brunauer-Emmett-Teller (BET) method. Scanning
Electron Microscopic (SEM) images and Energy Dispersive X-ray
Analysis (EDX) data were obtained on JEOL JSM 7001F with
BRUKER- QUNTAX Version 1.8.2. Morphology and crystallite
size of the catalysts were determined by Transmission Electron
microscopic (TEM) on JEOL 3010 instrument with UHR pole
piece. Surface acidity of the synthesized nano ZnAlL,O, was
analyzed by NH; temperature-programmed desorption (TPD)
technique on Autochem 2910, Micromeritics instrument. 1.0 g of
nano ZnAlL,O, was preheated in 30 mL high pure Helium flow at
120 °C for 30 min at the heating rate of 10 °C/min. Adsorption of
NH; was done by passing 10% NH; in Helium gas at 30 mL/min
flow through the sample for 30 min followed by purging pure
Helium at 30 mL/min. NH; desorption was studied from 100 °C to
650 °C at 10 °C/min utilizing thermal conductivity detector. CO,
temperature-programmed desorption, TPD technique on the same
instrument was used for analyzing surface basicity of nano
ZnAl,O,. In a typical procedure, dried nano ZnAl,O, powder (1.0
g) was pretreated in 50 mL high pure Helium flow at 200 °C for 30
min. After which, the sample was saturated by CO, by passing
10% CO, in Helium gas with a flow rate of 75 mL/min at 30 °C.
The physisorbed CO, was removed by flushing Helium at 105 °C
over the sample for 2 h. TPD analysis was carried out from 100 °C
to 750 °C at the heating rate of 10 °C/min. XPS analysis of
Cu/ZAOS5 was performed on XMI1000 spectrometer at room
temperature with Al K radiation (h = 1486.6 eV) as the excitation
source. C 1s 284.6 eV signal was referenced for the binding energy
values. Concentration of leached metal ions of the catalyst after
every cycle of the reaction was tested by Atomic Absorption
Spectroscopic technique using Varian AA240 instrument. Organic
compounds were confirmed by GC-MS.

Conclusion

In summary, we developed a facile, simple and efficient method
for the synthesis of porous nano ZnAl,O, with large surface area.
The exploration of nano ZnAl,0, and Cu/ nano ZnAl,O, was
found to be efficient catalysts for the synthesis of propargylamines
and imidazo[1,2-a]pyridines respectively. The current protocols
were simple, solvent- free, and they did not require any additive.
Being cheap and reusable, nano ZnAl,O, was found to be superior
to the existing homogeneous and expensive noble metal catalysts.
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