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Abstract A novel palladium-based catalysts supported
on Fe;04/ZnO nanoparticles have been prepared by a
simple method. The catalyst was characterized by trans-
mission electron microscopy, X-ray powder diffraction,
X-ray photoelectron spectroscopy, atomic absorption
spectrophotometry, FT-IR, and BET analysis. The catalyst
afforded efficient synthesis of 2-oxazolines and ben-
zoxazoles from aromatic nitriles under solvent-free condi-
tions. The significant features of this method are short
reaction times, good to high yields of the products, simple
operation, solvent-free condition, non-toxicity, reusability
of the catalyst without significant loss of catalytic activity,
and using ultra small amount of Pd (0.004 g of catalyst
contains 9.16 x 10~ mmol Pd which was determined by
ICP).

Introduction

Benzoxazoles and 2-oxazolines are important classes of N-
heterocycle compounds that are exist in variety of natural
products, biologically active compounds, drug and agro-
chemicals, enzyme inhibitors as well as other applications
[1, 2]. For example, anticancer agent NSC-693638 [3], HIV
reverse transcriptase inhibitor L-697,661 [4], and antitumor
agent BE-70016 [5, 6], include the benzoxazole and
oxazoline core structure, respectively (Fig. 1). These
compounds have received much attention due to their
unique structures and biological activities.

M. Hosseini-Sarvari (D<) - A. Khanivar - F. Moeini
Department of Chemistry, Shiraz University, 71454, Shiraz,
Islamic Republic of Iran

e-mail: hossaini @shirazu.ac.ir

A large number of methods for the synthesis of be-
zoxazoles and 2-oxazolines are known via the condensa-
tion of a 2-aminophenol or amino alcohol with nitriles (For
synthesis of 2-oxazolines from nitriles see [7], for synthesis
of benzoxazole from nitriles see [8—12]), carboxylic acids
[13-15], and their derivatives [16-21]. Witte and Seeliger
in 1974 [7] reported for the first time a simple one-pot
reaction, where a nitrile is converted to the corresponding
2-oxazoline by reaction with an amino alcohol in the
presence of a Lewis-acid catalyst. Using nitriles, which a
wide range of them, are commercial available makes this
reaction an ideal method to prepare benzoxazoles and
2-oxazolines. Although these methods have considerable
progress, but there are still suffer from some disadvantages
such as long reaction time, high temperature, corrosive
reagents or catalysts, tedious work-up, and specially these
methods cannot be utilized to synthesize both benzoxazoles
and 2-oxazolines. Recently, Prasad and coworkers [22]
reported the synthesis of aryl 2-oxazolines from aromatic
nitriles and aminoalcohols using magnetically recoverable
Pd/Fe;0,. In particular, magnetically Pd/Fe;O, are attrac-
tive as the most catalyst for this reaction; however, it suffer
from some drawbacks such as using toxic organic solvent
(toluene), long reaction time (10 h), and large amount of
Pd/Fe;0, (3 mol%).

In general, heterogeneous catalysts are more favored
over homogeneous catalysis because of their ease of han-
dling and reusability. But heterogeneous catalysts suffer
from a disadvantage in comparing to the homogeneous
catalysts. The former have less active site than their
homogeneous counterparts. To overcome this drawback,
nanomaterials have emerged as sustainable alternatives to
conventional heterogeneous catalysts and catalyst supports
[23-26]. The nanomaterials present high specific surface
area of the active component, thereby enhance the contact
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Fig. 1 Example of several biological compounds

between reactants and catalyst support [27]. Although a
higher surface area affords nanomaterials with more active
sites, they are easy to agglomerate and hard to be separated.
One strategy has focus on combining the advantages of
different type of materials in order to prepare a new cata-
lyst. In this regard, the use of magnetic nanoparticles which
they can be readily separated at the end of reaction by an
external magnet is very promising.

In recent years, our research group has been reported the
catalytic activity of both bulky and nano sized zinc oxide.
ZnO as a cheap and environmentally friendly metal oxide
shows very active catalyst for many different organic
transformations [28-30]. Encouraged by these results,
herein we demonstrate the preparation and well charac-
terization of Fe;0,/Zn0O supported Pd(0) nanoparticles. To
the best of our knowledge, this is first report preparing nano
Pd/Fe;04/ZnO catalyst. This new catalyst shows high
catalytic activity as an effective heterogeneous catalyst for
the synthesis of both 2-oxazoline and benzoxazole
derivatives under solvent-free condition.

Experimental
Materials and instruments

NMR spectra were recorded on a Bruker Avance DPX-250
("H NMR 250 MHz and '>C NMR 62.9 MHz) in pure
deuterated solvents with tetramethylsilane (TMS) as
internal standards. Scanning electron micrographs were
obtained by SEM instrumentation (SEM, XL-30 FEG
SEM, Philips, at 20 kV). A transmission electron microscopy
TEM was also used for TEM (Philips CM10) image. Spec-
troscopic methods including X-ray diffraction (XRD, DS,
Advance, Bruker, axs) and FT-IR spectroscopy (Shimadzu
FT-IR 8300 spectrophotometer) were employed for charac-
terization of the heterogeneous catalyst. Surface area
measurements were conducted according to the Brunauer—
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Emmett-Teller (BET) gas (nitrogen) adsorption method.
The porous structural parameter used in this paper was
taken from Barret-Joyner—Halenda (BJH) data. Metal
contents were obtained by an ICP analyzer (Varian, vista-
pro). Melting points determined in open capillary tubes in a
Biichi-535 circulating oil melting point apparatus. The
purity determination of the substrates and reaction
monitoring were accomplished by TLC on silica gel
PolyGram SILG/UV254 plates or by a Shimadzu gas
chromatograph (GC-10A) instrument with a flame ioniza-
tion detector using a column of 15 % carbowax 20 M
chromosorb-w acid washed 60-80 mesh. Column chro-
matography was carried out on short columns of silica gel
60 (70-230 mesh) in glass columns (2-3 cm diameter)
using 15-30 g of silica gel per one gram of crude mixture.
Chemical materials were purchased from Fluka, Aldrich,
Alfa Aesar, and Merck Companies.

Preparation of Fe;04/ZnO nanoparticle [31]

ZnO/Fe;0,4 nanoparticle was synthesized by direct-pre-
cipitation method. 9.35 mL of ferric chloride aqueous
solution (0.3 M) and 9.35 mL of anhydrous sodium sulfite
aqueous solution (0.1 M) were mixed together and stirred
till the color of aqueous solution changed from light yellow
to crimson. Then commercially ZnO (Merck 108849,
0.031 mmol, 0.24 g) were immersed in the above solution
at room temperature for 5 min concomitant stirring. Then
14.02 mL ammonia solution was added into the above
mixture and kept at 90 °C for 2 h with stirring. The
obtained black precipitates were collected after being
washed with distilled water and absolute alcohol several
times and dried at 80 °C for 3 h.

Preparation of Pd/Fe;O,4 nanoparticle

The nitrate solution of palladium (0.0025 g/mL) and
Fe;04/Zn0O (0.01 g/mL) were sonicated for 5 min. Then
two solutions were mixed under vigorous stirring at room
temperature. Subsequently, HCIl solution (0.1 M) was
added drop-wise to the mixed solution until the final pH of
the solution was about 2.5. Then the products were washed
with deionized water and ethanol, two times and dried at
80 °C for 3 h.

Preparation of Pd/Fe;04/ZnO nanoparticle

The nitrate solution of palladium (0.0025 g/mL) and
Fe;04/Zn0O (0.01 g/mL) were sonicated for 5 min. Then
two solutions were mixed under vigorous stirring at room
temperature. Subsequently, Na,CO; solution (0.1 M) was
added drop-wise to the mixed solution until the final pH of
the solution was about 6.8. The products were washed with
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deionized water and ethanol two times and dried at 80 °C
for 3 h.

General procedure for the synthesis of benzoxazoles
and 2-oxazolines 3 and 5

To a round-bottom flask, a mixture of benzonitrile (1 m-
mol), 2-aminophenol or aminoethanol (1 mmol), and Pd/
Fe;04/Zn0 nanoparticle (0.004 g) was stirred at 120 °C in
an oil bath. After the reaction was completed, the reaction
mixture was diluted with EtOH (10 mL) and then the
catalyst removed by an external magnet. The solvent was
evaporated and the crude product was purified by column
chromatography. All products were characterized by 'H
NMR, 13C NMR techniques.

All compounds are known and were characterized by
comparison of their physical and spectroscopic data with
the authentic described in the literature [32-36].

Results and discussion

Preparation and characterization of nano Pd/Fe;0,/ZnO
catalyst

The magnetic Pd/Fe;04/ZnO nanoparticle, used for the
synthesis of benzoxazoles and oxazolines, was synthesized
via two steps from cheap and commercial sources. In the
first step, Fe;04/ZnO was prepared according to the lit-
erature [31]. Then Pd were immobilized on Fe3;04/Zn0O
nanoparticle by controlling the pH of the solution about 6.8
in aqueous media. In order to evaluate the Pd contents of
the catalyst, the catalyst was treated with concentrated HCl
to digest the metals and the analyzed by induced coupled
plasma (ICP) and atomic absorption spectroscopy (AAS).
The result revealed that the loading amount of Pd on the
catalyst was found to be ~2.29 mmol/g. This catalyst was
also characterized by XRD, TEM, XPS, FT-IR, and BET
analysis.

The XRD patterns of Fe;04/Zn0O, Pd/Fe;0,4, and Pd/
Fe;04/Zn0O nanoparticles are shown in Fig. 2. The peaks
appeared at 29.9°, 35.3°, 42.8°, 53.0°, 58.3°, and 62.1° can
be assigned to scattering from the (220), (311), (400),
(422), (511), and (440) lattice planes of face-centered cubic
(fcc) Fez04. Besides, the peaks at 31.8° (100), 34.3° (002),
36.0° (101), 56.7° (110), and 62.7° (103) corresponding to
hexagonal wurtzite phase ZnO, respectively. As seen from
Fig. 2b, the diffraction peaks at 20 = 39.3°, and 45.9° are
the characteristic signals of the face-centered cubic crys-
talline phase of Pd. The XRD peaks for Pd/Fe;04/ZnO
(Fig. 1) were similar to those of the pattern of Fe;O,4 and
ZnO. The diffraction intensity of Pd/Fe;0,/Zn0O is not as
strong as that of the pure samples. This can be attributed to

the effect of doping. No characteristic peaks from other
impurities are detected in the patterns. Due to the ultrafine
grain size, the XRD diffraction peak of Pd could not be
identified in the XRD pattern of Pd/Fe;04/ZnO nanopar-
ticle catalyst. Furthermore, using Debye—Scherrer formula:
D = 0.94/fcosf (where D is the average crystallite size, 4
is the wavelength of Cu Ka, f is the full width at half
maximum (FWHM) of the diffraction peaks, and 6 is the
Bragg’s angle), the average sizes of Fe;04/ZnO and Pd/
Fe;04/ZnO are estimated to be about ~23.0 and
~25.9 nm, respectively. This is indicating that the Fe;O,
and ZnO crystalline do not change a little before and after
palladium modification. Calculation the size particles of Pd
by XRD was impossible because of very small amounts of
Pd loaded on ZnO so the peak of Pd(0) is not strong.

The surface morphologies of Pd/Fe;0,/ZnO nanoparti-
cle are shown in Fig. 3. It should be noted that, due to
various reasons such as the same morphology and size
distribution of each Fe304, ZnO and Pd nanoparticles,
partially the same contrast of the electron beam through the
Fe;04, ZnO, and Pd nanoparticles during the TEM analysis
and finally owing to the phenomenon such as relative co-
agulation of the synthesized nanoparticles, no significant
difference was observed between the morphology and
structure of Fe;04/Zn0O and Pd nanoparticles during char-
acterization by TEM (Fig. 2b), even after enhancing the
contrast by Au sputtering.

The surface structure of the Pd/Fe;04/ZnO nanoparticles
was also investigated using XPS analysis and the results
are shown in Fig. 4. All of the peaks on the curve can be
ascribed to Pd, Fe, Zn, O, and C elements, while C 1 s at
285.0 eV is due to hydrocarbon from the XPS instrument
itself. It is clear that all the peaks are ascribed on Zn, O, Fe,
Pd, and no peaks characteristic of impurities are observed
(Fig. 4a). Figure 3b shows peaks at 335.4 and 340.7 eV for
Pd 3ds/, and Pd 3ds,,, respectively. In general, the binding
energy (BE) of Pd 3d2} appeared at 337.0 eV according to
the BE handbook of the XPS instrument. Thus, the BE of
Pd 3ds,, appeared at 335.4 eV clearly indicates that the
palladium is in the zero oxidation state. BE of Fe 2p;,, and
Fe 2p;; is 711.1 and 724.6 eV, respectively, which cor-
responds to the XPS spectrum of Fe;0, that is shown in
Fig. 3c. In Fig. 4d, the peak position of Zn 2p is shown.
Because of strong spin—orbit coupling, the Zn 2p peak split
into Zn 2ps, and Zn 2p;, with a doublet peak energy
separation of ~23 eV. The peak positions at 1021.1 and
1043.4 eV corresponds to the Zn 2ps, and Zn 2py,
respectively, which confirm that the Zn in the catalyst
mainly exists in the form of Zn*". Finally, the peak cen-
tered at 530.5 eV is closely associated with the lattice
oxygen of ZnO and Fe;O,4. The peak centered at about
532.7 eV is attributed to the oxygen of surface hydroxyl
group (Fig. 4c¢).
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Fig. 2 XRD pattern of a Fe;0,/
ZnO nanoparticles; b Pd/Fe;04
nanoparticles; and ¢ Pd/Fe;O04/

ZnO catalyst
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Fig. 3 a SEM; and b TEM
image of Pd/Fe;0,/ZnO
nanoparticles
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Fig. 4 a Full XPS spectra of Pd/Fe;04/ZnO nanoparticle. b Pd 3d spectra. ¢ Fe 2p spectra. d Zn 2p spectra, and e Ols spectra
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The FT-IR spectrum provides direct proof for the exis-
tence of related substances (Fig.5). The strong band
appearing at 587 cm™' is characteristics of Fe—O vibra-
tions, revealing the existence of Fe;O,4. The peak at ~3351
and 1128 cm ™' is attributed to the stretching vibrations of
OH, which is assigned to OH absorbed by Fe;0, and ZnO
nanoparticles. The absorption band at 452 cm™' was
assigned to Zn-O stretching vibration. The weak band near
1598 cm ™! is assigned to H-O-H bending vibration mode
which was presented due to the adsorption of moisture,
when FT-IR sample disks were prepared in an open air
atmosphere. These observations provided the evidence for
the presence of hydration in the structure.

r 100

r 60

3351

r 50

T T T T T T T 40
3800 3300 2800 2300 1800 1300 800 300

Fig. 5 FT-IR spectrum for the Pd/Fe;04/ZnO nanocatalyst

From further analysis of the synthesized catalyst, BET
surface area, pore volume, and pore size of the Pd/Fe;0,4/
ZnO nanoparticle sample were measured and the results are
given in Table 1. The BET surface areas of the Pd/Fe;0.,/
ZnO nanoparticle catalyst was measured about 62.79 m?/ g.

In order to evaluate the Pd contents of the catalyst, the
catalyst was treated with concentrated HCI to digest the
metals and the analyzed by ICP. The result revealed that
the loading amount of Pd on the catalyst was found to be
about 2.29 mmol/g.

The magnetic properties were also measured using
vibrating sample magnetometer (VSM). Figure 6 shows the
hysteresis loops of the Pd/Fe;0,/ZnO nanoparticles mea-
sured at room temperature. These magnetic properties
allow a fast separation of the catalyst from the reaction
media and the re-dispersion of the catalysts in solution
without severe assembly and/or aggregation in successive
reactions (Fig. 6b, c).

Catalytic activity of Pd/Fe;04/ZnO nanoparticle

After successful synthesis and well characterization of Pd/
Fe;04/Zn0O nanoparticle, its catalytic activity for the syn-
thesis of oxazoline and benzoxazoles as important classes
of heterocycles was examined. At first, the reaction
between benzonitrlie (1a) and 2-aminophenol (2) was
chosen as model compounds and parameters such as
solvents and temperature were examined. Furthermore,

Table 1 Results of BET Surface area BET surface area (mz/g) 62.79
surface area measurements for P | BIH ad . lati f ¢ 2 64.99
Pd/Fe;04/Zn0 nanocatalyst ore volume adsorption cumulative surface area of pores (m~/g) .
Single point adsorption total pore volume of pores (cm/g) 0.2
Pore size BJH adsorption cumulative volume of pores (cm>/g) 0.19
Mean pore diameter (nm) 12.95
Pore size distribution (nm) 2.74
(a) 30 T T T T T T T T (b)
20} ST
rd

e

Magnetization(emu/g)

-20 | ./)/

-30
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Applied Field(Oe)
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(c)

Fig. 6 a Room temperature magnetization curves of Pd/Fe;O0,/ZnO. b Easily dispersed Pd/Fe;0,/ZnO in H,O. ¢ The Pd/Fe;0,/ZnO
nanoparticles are drawn from the solution to the sidewall of the vial by an assistant magnet field only after 5 s
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Table 2 Condition screening of reaction between 2-aminophenol and benzonitrile®

CN N ]\"/Q
VO —O
©/ * 1o 3a
1a 2

Entry Catalyst Solvent Temp. (°C) Time (h) Yield 3a (%)°
1 Pd/Fe;0,4/Zn0O H,0 Reflux 10 0
2 Pd/Fe;0,4/Zn0O DMSO 120 10 0
3 Pd/Fe;04/ZnO EtOH Reflux 10 20
4 Pd/Fe;04/ZnO Toluene Reflux 10 10
5 Pd/Fe;04/ZnO DMF Reflux 10 0
6 Pd/Fe;04/ZnO CH;CN Reflux 10 0
7 Pd/Fe;0,4/Zn0O THF Reflux 10 10
8 Pd/Fe;0,4/Zn0O - 120 3 90
9 Pd/Fe;0,4/Zn0O - 80 10 0
10 Pd/Fe;0,4/Zn0O - 100 10 70
11 Pd/Fe;04/Zn0O - r.t 10 0
12 Pd/Fe;0y4 - 120 10 35
13 Fe;04/Zn0O - 120 10 0
14 ZnO - 120 10 0

* Reaction condition: 2-aminophenol (1 mmol), benzonitrile (I mmol), solvent (1 mL), Pd/Fe;O0,/ZnO nanoparticle (0.004 g, contain

9.16 x 10~ mmol Pd)
® Isolated yield

different nano materials were tested as well (Table 2). The
results demonstrated that the Pd/Fe;04/ZnO nanoparticle
(0.004 g, which contains 9.16 x 10~2 mmol Pd) at 120 °C
under solvent-free conditions was optimal to convert ben-
zonitrile and 2-amino phenol to the corresponding ben-
zoxazole product.

Utilizing this convenient protocol, diverse benzoxazole
derivatives were synthesized (Table 3). According to this
Table, benzonitriles with both electron donating and
withdrawing group converted to the corresponding ben-
zoxazole in good to excellent yields. Also heterocyclic
nitriles gave good results. Having established the efficacy
of the Pd/Fe;04/ZnO nanoparticle in the synthesis of
benzoxazole derivatives, we next turned our attention to
synthesis of another important heterocyclic compounds
named 2-oxazoline. Under the same conditions, 2-oxazo-
line (5a) was produced in 90 % isolated yield after 4 h
when the benzonitrile and 2-aminoalcohol were used as
starting materials. So, we next set out to determine the
scope and practicality of the method through the synthesis
of small molecule of 2-oxazolines with diverse sub-
stituents. In all cases, the reaction gives the products in
good to high yields and limited problems which may
associate with using of solvents such as handling, cost,
safety, and pollution. In all cases, electron withdrawing

benzonitriles yielded better results than electron donating.
Also the ortho substituted benzonitrils which have some
steric effect produced the desired products in good yields.
The reaction of hetero-aromatic nitriles such as
3-cyanopyrimidine and 4-cyanopyrimidine with 2-ami-
noethanol underwent in excellent yields. The synthesis of
2-oxazoline 3a was scaled to 15 mmol. The desired pro-
duct was isolated in 87 % yield (entry 1).

To check the recyclability of the catalyst, as can be seen
from Fig. 7, the reaction was performed with benzonitrile
and 2-aminophenol at 120 °C for 3 h under solvent-free
condition. After completion, the reaction mixture was
diluted with EtOH (10 mL) and then the catalyst removed
by an external magnet, washed with EtOAc and water, and
finally dried at 80 °C. A new reaction was then performed
with fresh reactants under the same conditions. As can be
seen in Fig. 7a, Pd/Fe;04/Zn0O nanoparticle catalyst could
be used more than 4 times without significant changes in
activity (85-90 % yields). Also, the XRD pattern of the
catalyst after fourth recovery is shown in Fig. 7b, and no
changes or impurities were observed.

For practical applications of heterogeneous catalysts
especially in industry, the heterogeneity is very important.
To clarify this, two separate experiments were conducted
with benzonitrile and 2-aminoalcohol. In the first
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Table 3 Synthesis of benzoxazoles and 2-oxazolines using Pd/
Fe;04/Zn0O nanoparticles.

HZN]@ N@
|
HO N

| S nano Pd/Fe;0,/Zn0O (0.004 g, 9.16x10 mmol Pd) R// 3
T : N 120°C N
' J ~ o
HOA LJ s
Entry R Product Time (h)  Yiled (%)
1 H @ 3 90
i b
o
3a
2 4-Cl /@ 1 96
I
o
cl
3b
3 3-Cl /@ 15 95
N
(t1\©/l0
3c
4 2-Cl /@ 2 92
o N
o
3d
5 4-Me 45 78
o
(8]
3e
6 4-NH, N @ 6 67
o
H,N
3f
7 2-Pyridin N /@ 1 91
N ’0
‘ =
3g
8 4-Pyridin X @ 1 03
Y °
N2
3h
[ j 0
Sa
10 4-Cl N 2 93
fon
al
5b
11 3-Cl N 3 92
cl
108
Sc

@ Springer

Table 3 continued

Entry R Product Time (h) Yiled (%)*
12 2-Cl &3 3 78
(8]

5d
13 4-Br o 2.5 84
(6]
SO
Se
14 4-Me T‘/I 5.5 80
Jon
5f
15 4-MeO N 3 67
(6]
S
Sg
16 4-NH, N 7 68
(6]
Neg
5h
17 2-Me @{L 5.5 72
(o]
5i
18 2-Pyridin N “,’0 3 90
‘ Z
5j
19 4-Pyridin 0 1 95
i N 0
N
5k

Reaction condition: compound 2 or 4 (1 mmol), aromatic nitriles
(1 mmol), Pd/Fe;04/ZnO  nanoparticle  (0.004 g,  contain
9.16 x 10~ mmol Pd), 120 °C, solvent-free

 Tsolated yield
® Reaction performed on a 15 mmol scale with 0.004 g of catalyst

experiment, the reaction was terminated after 2 h, the
catalyst was separated from the reaction mixture by an
external magnet and the reaction was continued with the
filtrate for an additional 2 h. In the second experiment, the
reaction was terminated after 2 h. In both cases, the desired
product was obtained in the same yield (43 %). Pd was not
detected in the filtrate in either experiment by ICP
analyzer. These studies demonstrate that the reaction pro-
ceeds on the heterogeneous surface. In addition, no Pd
metal was detected in the final products.

A proposed mechanism is shown in Scheme 1. The
reaction presumably proceeds via activation of nitrile by
Pd/Fe;04/Zn0O nanoparticle followed by imine formation,
and the resulting imine further reacts with —OH group of
aminophenol resulting in the formation of hydro-
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Fig. 7 a Reuseability and 1601 *Zno
b XRD pattern of rec?overed Pd/ (a) 140 1 (b) # #Fe,0,
Fe304/Zn0O nanoparticle Yield 1201
20 % 100 -
70 3 80
50 = 601
30 401
20 A
10+ 4 "
Fresh °y°'° 20 30 40 50 60 70 80

Scheme 1 Proposed
mechanism for the synthesis of

2 Theta (degree)

(o)
b 1
enzoxazole NH; + Ar—<\ j@ H, H
% Pd/Fe,0,/Znt \(AJCN
HtN
Ar‘?L Ar'/\
H \ H-
2 /‘) \ {h "H lH
// \\ ( I ll
1 \ ] I 1
a . HN ! ' \
' Pd O C
\—/ I )
! \
1 1
l \
| Pd/Fe;0,4/ZnC 04/Zn
benzoxazole. Subsequently hydrobenzoxazole undergoes  investigating other catalytic metals and metal combina-

aromatization under aerial oxidation to give benzoxazole.

Conclusions

In this study, a novel magnetite Pd/Fe;04/ZnO nanopar-
ticle catalyst was synthesized by a simple and low cost
process. As an example of its catalytic potential, Pd/
Fe;04/Zn0O nanoparticle was evaluated and found to ex-
hibit high catalytic activity toward the synthesis of two
important classes of heterocyclic compounds (2-oxazoline
and benzoxazole derivatives) in solvent-free condition in
air. The present catalytic system effectively couples the
advantages of heterogeneous (e.g., low cost, air-stability,
easy separation by an external magnet, and good reusa-
bility) and supported a ultra small amount of Pd
on a mixed metal oxides surface, making it a promising
material for practical application. We are currently

tions in an effort to demonstrate the versatility of the
Fe;04/Zn0O support.
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