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Abstract MgO nanoparticles were prepared by an
improved sol-gel technique which appeared to have nar-
row size distributions. The synthesized magnesium oxide
nanoparticles were used as an efficient catalyst in aza-
Michael reaction for addition of amines to a series of a,[3-
unsaturated carbonyl compounds and nitro olefins under
solvent-free conditions at room temperature to afford high
yields of the B-amino carbonyl and B-nitro amines. The
catalyst can be recovered and reused at least five successive
runs without loss of activity.

Keywords MgO nanoparticles - Conjugate addition -
Aza-Michael - o,B-Unsaturated compounds -
Solvent free

Introduction

The aza-Michael reaction, involving the conjugate addition
of nitrogen nucleophiles to a,B-unsaturated compounds, to
generate a C-N bond constitutes an important step in the
synthesis of bioactive natural compounds. B-Nitro amines
are important intermediates for the synthesis of many
organic compounds [1-3], They can be transformed into
1,2-diamines by reduction, and o-amino acids by Nef oxi-
dation [4, 5]. B-Amino carbonyl compounds are versatile
synthetic intermediates for the synthesis of a variety of
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biologically important natural products such as antibiotics
[6], B-amino alcohols [7], B-lactams [8], B-amino acids [9,
10], heterocycles [11], peptides [12] and other nitrogen-
containing molecules. These compounds also find wide
applications in pharmaceuticals as antispasmodic [13],
analgetic [14], local anesthetic [15] and antibacterial
activity [16]. Although B-amino carbonyls and B-nitro
amines can be prepared by classical Mannich reaction, it has
some drawbacks, such as, harsh reaction conditions [17]
and long reaction time [18, 19]. Among the different syn-
thetic methodologies, one of the most frequently used is the
conjugate addition of amines to o,fB-unsaturated carbonyl
compounds, which is termed as aza-Michael reaction [20].

Aza-Michael reaction protocols often employ Lewis
acids (La [21], Li [21], Bi [22], Sm[23], Y [24], etc.),
Brgnsted acids [25, 26], base [27] and ionic liquids [28-32].
Accordingly, several other reagents have been developed as
a mild promoter of the aza-Michael reaction, i.e., B-cyclo-
dextrin [33], sodium dodecylsulfate (SDS) [34], cinchona
alkaloids [35], hexafluoroisopropyl (HFIP) alcohol [36],
silica-supported perchloric acid [37], alkaline Al,O5 [38],
amberlyst-15 [39], silica gel [40], organocatalyst [41],
enzyme [42, 43], tetrabutylammonium bromide [44],
Dolomite (CaMg(COs),) [45], nanocrystalline CuO [46],
FeCly/montmorillonite K10 [47], HPA/MCM-41 [48],
Ps-AICl; [49], polystyrenesupported Cul-imidazole com-
plex [50] and MOF-199 [51]. However, some of these
methods are associated with drawbacks, such as, high price
and toxicity of catalyst, harmful solvents, long reaction
time, low yields of the products, harsh reaction conditions,
and polymerization of Michael acceptors as unexpected
side reactions.

While searching for economical, cheap and better cat-
alysts, it is worthwhile to perform a controlled reaction
condition for the Michael reaction using nanoparticles.
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Nanoparticles are core base materials for implementing
nanotechnology and attracted researchers in the field of
chemistry because of their current promising applications
in organic synthesis [52-55]. Surface of metal oxides
exhibit both Lewis acid and base character which is char-
acteristic of many metal oxides, especially TiO,, Al;Os,
Zn0O, MgO; they are excellent adsorbents for a wide variety
of organic compounds and increase reactants reactivity.
The high surface area-to-volume ratio of metal oxide
nanoparticles is mainly responsible for their catalytic
properties [56, 57]. High yield, selectivity and recyclibility
have been reported for a variety of nanocatalyst-based
organic reactions [58].

Amongst these metal oxides, magnesium oxide (MgO),
as an exceptionally important material for use in catalysis
[59, 60], toxic waste remediation [61], or as additives in
refractory, paint, and superconductor products [62, 63], has
been attracting both fundamental and application studies
[64, 65]. Recently, many papers have been reported for the
synthesis of pyranopyrazoles derivatives [66, 67], o-sul-
fanyl-B-amino acid [68], o-aminoalkyl naphthol [69],
organic dithiocarbamates [70], spirooxindoles [71], pyri-
dines and 1,4-dihydropyridines [72], epoxidation, asym-
metric Michael and Henry reactions, etc., using
heterogeneous nanocrystalline MgO [73-81].

Availability, non-volatility, stability, non-toxicity,
reusability, and low cost are advantages of this catalyst
which makes it a good candidate for green processes.

To the best of our knowledge in the open literature, aza-
Michael-type reactions catalyzed by the nanosized mag-
nesium oxide have not yet been reported. The most con-
ventional method for synthesis of Nano MgO is the
decomposition of various magnesium salts or magnesium
hydroxide (Mg(OH),, brucite) [64, 65, 82, 83]. Several
novel methods such as controlled preparation, sol-gel
route, sol—gel followed by hypercritical drying, amorphous
citrate method, and preparation under hydrothermal con-
ditions, have been reported in the literature for the prepa-
ration of nanosized MgO particles [84, 85]. Method of
synthesis of NP MgO has been discussed in detail in the
earlier work. We wish to report for the first time the use of
nanocrystalline MgO-catalyzed Michael-type reaction
between o, -unsaturated compounds and amines following
an eco-friendly pathway with high yields.

Results and discussion

In this study, nanosized magnesium oxide was synthesized
and used as an efficient catalyst in the synthesis of B-amino
ketones and B-nitro amines. The particle size and surface
morphology of the synthesized MgO depend upon several
factors such as the rate of magnesium salts hydrolysis,
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Fig. 1 X-ray diffraction pattern of synthesized MgO nanoparticles

temperature, type of base, the salt concentration, and cal-
cination procedure. Proper choice of these parameters can
lead to particles of uniform morphology and size. In this
work, nanosized MgO was prepared by improvement of the
method reported by Kumar et al. [86]. Changing the
parameters mentioned above resulted in the synthesis of
MgO with particles size between 10 and 15 nm.

The XRD pattern of the synthesized MgO particles in the
20 range of 30°-70° is shown in Fig. 1. Broad and intense
peaks were observed at 20 values of 36.8, 42.7 and 62.1,
corresponding to the d values of 2.43, 2.11, and 1.49 A,
respectively. These peaks indicate the presence of face
centered cubic structure (fcc) of the synthesized sample.

The scanning electron micrograph (SEM) of the MgO
sample is presented in Fig. 2a. As indicated in this figure,
narrow size distributions with a monodisperse nature and
nanoparticles of lamella-like surface morphology are
observed. The transmission electron micrograph (TEM,
Fig. 2b) of the MgO particles showed particles size
between 10 and 15 nm.

The synthesized MgO was used as catalyst in aza-
Michael reaction and compared with other catalysts. In a
model reaction, chalcone (1.1 mmol) was treated with
aniline (1 mmol) in the presence of different catalysts
under solvent-free conditions at room temperature
(Scheme 1). The results are presented in Table 1.

As it is clear in this table, TiO,, Fe,O3, Al,O3 (nano),
ZnO (nano) and commercial MgO gave a low yield of the
expected product after 12 h (entries 1-5). NbCls and KF/
Al,O5 after a long reaction time gave only a trace amount
of the product (entries 6 and 7). The aggregated MgO
nanoparticles gave a moderate yield, but when this sample
was sonicated for 20 min and then used as catalyst in the
model reaction, the highest yield of the product was
obtained (entries 8 and 9). This could be due to conversion
of agglomerated MgO particles to a monodisperse nature.
When aniline reacted with chalcone in the absence of the
catalyst, only a trace amount of the product was formed
(entry 10), implying the role of the catalyst in this reaction.
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Fig. 2 a SEM image of MgO nanoparticles, b TEM image of MgO nanoparticles

Schemel The reaction of
chalcone with aniline as a model
reaction

1

Table 1 Aza-Michael reaction of chalcone with aniline using various
catalysts

Entry Catalyst Time (h) Yield (%)
1 TiO, 12 40

2 Fe, 03 12 30

3 Al,O3 (nano) 12 30

4 ZnO (nano) 12 35

5 MgO (commercial) 12 45

6 NbCls 48 Trace
7 KF/Al1,03 48 Trace
8 MgO (nano)* 7.0 68

9 MgO (nano)® 5.0 80
10 None 24 Trace

The reactions were performed using 1.1 mmol of chalcone, 1 mmol
of aniline in the presence of 0.024 g catalyst under solvent-free
conditions at room temperature

% Before sonication

® After sonication for 20 min

In order to examine the applicability and generality of
this method, different amines reacted with various o,p-
unsaturated compounds in the presence of nanosized
MgO and results are summarized in Table 2. All the
reactions were performed smoothly under optimized mild
reaction conditions resulting in high yields of the
expected products (Table 2, entries 1-32). The cyclic
enones reacted smoothly with aliphatic and aromatic

0 NH,
N
0

NAP-MgO(10-15nm,50 mol%)

Solvent free

2 3

amines to give high yields of the corresponding B-amino
ketones (Table 2, entries 2, 4, 9, 10, 15). Acyclic enones
in reaction with aromatic amines required longer time to
complete the reaction (Table 2, entries 1, 3, 5-8, 11-14,
23, 24). Aliphatic and cyclic amines treated with different
enones under reaction conditions to afford high yields in
shorter reaction times (Table 2, entries 16, 17, 25-30).
However, secondary aromatic amine (entry 18) and
imidazole (entry 19) in reaction with chalcone gave the
corresponding products in lower yields and required
much longer reaction time. p-Nitroaniline did not react
with chalcone and cyclohexenone even after 24 h
(Table 2, entries 33 and 34). This could be due to lower
nucleophilic character of the p-nitroaniline. Higher elec-
trophilic character of C=C bond in nitrostyrenes resulted
in a fast reaction with high yields of the corresponding B-
nitro amines (Table 2, entries 8, 20-22, 31, 32).

A plausible mechanism for this reaction is shown in
Scheme 2. It is assumed that coordination of the cationic
center of Mg™? with the carbonyl oxygen of the o,p-
unsaturated carbonyl substrate on its surface could increase
the electrophilicity of the B-carbon and enhance the sub-
sequent nucleophilic attack of the amine group to form the
intermediate I. Elimination of proton from intermediate I
lead to formation B-amino ketones. Similar mechanism for
MgO as catalyst in organic transformations reported in the
literature [75].

The superiority of the present protocol over reported
methods can be seen by comparing the aza-Michael
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Table 2 Aza-Michael reactions of various aromatic amines with o,-unsaturated compounds catalyzed by MgO (nano) at room temperature

RS
A RZW'*’ . R‘N? NAP-MgO (10-15nm,50 mol%) R/NW R
fo) R Solvent free, r.t R 0O
R'=aryl, alkyl R?= aryl
0 0
5 _ P\n NAP-MgO (10-15nm,50 mol%)
R3 Solvent free, r.t N’R
n nA
n= 0, 1 R
R\N,R3
c Rz/\/No2 R\NH NAP-MgO (10-15nm,50 mol%) )\/No
R3 Solvent free, r.t R2 2
R2=aryl
Entry Reaction Amines R! R? Time (min) Yield (%)* Ref.
1 A PhNH, Ph Ph 5h 80 [30]
2 B PhNH, n=1 n=1 70 86 [30]
3 A p-CH;0-C¢H,NH, Ph Ph 150 90 [30]
4 B p-CH30-C¢H,NH, n=1 n=1 90 90 [30]
5 A p-CH;0-C¢H,NH, CH; Ph 190 88 -
6 B p-CH;0-C¢H,NH, Ph p-CH;—CcH, 36 96 [91]
7 A p-Cl-C¢H,NH, Ph Ph 10h 95 [30]
8 C p-Cl-C¢H,NH, - Ph 24 90 [92]
9 B p-Cl-C¢H,NH, n=1 n=1 200 96 [30]
10 B PhNH, n=0 n=20 90 84 [30]
11 A p-Cl-C¢H,NH, Ph p-CH;—CcH, 80 95 [91]
12 A PhNH, CH; Ph 5h 70 [89]
13 A PhNH, Ph p-CH3—CeH, 90 95 [93]
14 A p-CH;—CgH,NH, Ph Ph 3h 87 [30]
15 B p-CH;—C¢H,NH, n=1 n=1 90 92 [30]
16 A PhCH,NH, Ph Ph 3h 80 [88]
17 A PhCH,NH, Ph p-CH;0-CgH, 100 85 [88]
18 A PhNHCH; Ph Ph 8h 65 [94]
19 A Imidazole Ph Ph 12h 45 [90]
20 C PhNH, - Ph 24 95 [92]
21 C p-CH;0-CgH,NH, - Ph 18 98 [92]
22 C PhNH, - 0-O,N-C¢H, 30 99 [92]
23 A PhNH, Ph p-CH;0-CgH, 80 96 [30]
24 A PhNH, Ph p-Cl-C¢H, 4h 94 [30]
25 A PhCH,NH, Ph p-Cl-C¢H, 100 93 [88]
26 B PhCH,NH, n=1 n=1 130 82 [87]
27 B CH;CH,CH,CH,NH, n=1 n=1 35 65 [87]
28 A Morpholine Ph p-CH;0-CgH, 18 96 -
29 B Morpholine 1 n=1 15 97 [87]
30 B Piperidine 1 n=1 18 91 [90]
31 C Morpholine - Ph 5 90 [92]
32 C Piperidine - Ph 3 84 [45]
33 A p-0,.N-CgH,NH, Ph Ph 24 h 0 -
34 B p-0,N-C¢H,NH, n=1 n=1 24 h 0 -

Reaction condition: a mixture of amine (1.0 mmol), conjugated alkene (1.1 mmol) and 0.024 g catalyst was stirred at room temperature for appropriate

time

 Isolated yield

@ Springer
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Table 3 Comparison of 2 . . . .
nanosized MgO catalyst with Entry" Solid catalyst Conditions Time (h) Yield (%) (Ref.)
other reported catalysts for aza- [TMGI[Lac] (0. 2 mmol) Solvent-free, rt 8 85°(95]
Michael reaction ;
2 Catalyst-free Glycerol (I mL), 150 °C 36 97%[96]
3 [emim][Gly] (0.015 mmol) EtOH, rt 5 91%[28]
4 DBU[Ac] (0.3 mmol) Solvent-free, rt 8 8830]
5 nano-CsPW (0.02 mmol) EtOH, rt 8 76%97]
6 MgO (nano) Solvent-free, rt 2.5 90?
7 FeCls/montmorillonite K10 (10 %wt/w) Solvent-free, 60 °C 2 65°[47]
8 Catalyst-free Glycerol (1 mL), 100 °C 24 90b[96]
9 RuCl; (0.05 mmol) PEG (4 g), 1t 12 87°[87]
10 [emim][Gly] (0.015 mmol) EtOH, rt 5 35°[28]
TMG tetramethylguanidine 11 DBU[Ac] (0.3 mmol) Solvent-free, rt 5 89°[30]
? Aza-Michael reaction of p- 12 Sodium dodecyl sulfate (8 x 1073 M)  Stirred vigorously, rt 2.30 90°[34]
iﬂethoxy‘amh“e with chalcone 13 [TMG][Lac] (0. 2 mmol) Solvent-free, rt 4 80°[95]
Aza-Michael reaction of 14 MgO (nano) (0.5 mmol) Solvent-free, rt 70 min 86"

aniline with cyclohexenone

reaction of chalcone with p-methoxy-aniline and cyclo-
hexenone with aniline using NP MgO with other catalysts
reported in the literature (Table 3).

As it is clear from Table 3, the present method gives
high yields of the products in shorter reaction times under
very mild reaction conditions (entries 6 and 14).

The reusability of the catalyst was examined for the
model reaction (Table 2, entry 1). After completion of the
reaction, ethylacetate (5 mL) was added to the reaction
mixture, the catalyst was removed by filtration, washed
with methanol (3 x 10 ml) and dried at 150 °C overnight.
The recovered catalyst could also be activated by heating at

Table 4 Reusability of the catalyst for the synthesis of 1,3-diphenyl-
3-(phenylamino)propan-1-one (Table 2, entry 1)

Number of runs Fresh 1 2 3 4 5

Isolated yield (%) 80 80 80 78 78 75

Reaction condition: aniline (1 mmol) with chalcone (1.1 mmol) at
room temperature for 5 h

450 °C for 2 h. The reactivated catalyst was reused for five
subsequent runs without significant loss of its activity
(Table 4).
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Experimental section
General procedure

Melting points were measured on a Micro Scientific Works
apparatus and are uncorrected. IR spectra were recorded on
a JASCO IR spectrophotometer using KBr pallets. 'H and
3C NMR spectra were recorded with Bruker NMR spec-
trometer at 300 MHz using TMS as internal standard.
Reactions were monitored by thin layer chromatography
(TLC) on 0.2 mm silica gel F254 plates. All the products
are known compounds and are characterized by comparing
their IR, 'H NMR, and melting points with those reported
in the literature. The XRD pattern of the MgO sample was
recorded in the 2q range of 30°-70° using a Shimadzu XD-
D1 diffractometer employing Cu Ko radiation
() = 1.5418 A). Scanning electron micrograph pictures
were taken using Jeol JSM-5300 microscope (acceleration
voltage 10 kV). The sample powder was deposited on a
carbon tape before mounting on a sample holder. In order
to reduce the charge developed on the sample, gold sput-
tering was done for 3 min. The transmission electron
micrographs (TEM) were obtained with a Jeol-1200EX
microscope. The MgO sample for TEM was prepared by
dispersing the powdered sample in ethanol by sonication
and then drop drying on a copper grid (400 mesh) coated
with carbon film.

Modified procedure to synthesize nanosized MgO

MgO nanoparticles were synthesized by modification of the
procedure reported by Kumar et al. [86]. In a typical pro-
cedure, Mg(NO3)>6H,0 is used as the magnesium source.
MgO nanoparticles were obtained by precipitation of the
magnesium hydroxide gels in aqueous solution using Mg
(NO3), as salt and liquid ammonia as the precipitating
agent. Initially, the pH of 200 ml of distilled water was
adjusted to 10.5 by addition of liquid ammonia. To this
solution, 0.2 M magnesium nitrate solution was added
dropwise with continuous stirring. The rate of addition of
the salt solution was kept at 30 ml/h. During the addition,
the pH of the mixture decreased due to hydrolysis of the
salt. The pH was maintained at 10.5 by controlled addition
of liquid ammonia solution. The hydration water in Mg
(NO3),.6H,0 seems enough to ensure a completion of this
reaction. After completion of the precipitation procedure,
the mixture was stirred at room temperature for 20 h Then
the sample was kept at room temperature for 10 h, filtered,
were repeatedly washed with distilled water and dried at
150 °C to give a white powder. The white powders were
calcined in air in a muffle furnace using a step temperature
controller. The temperature of the furnace was raised lin-
early from room temperature to 450 °C with an increment
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of 10 °C/min and finally at 450 °C for 2 h. The tempera-
ture was increased very slowly to maximally avoid the
sudden collapse of the brucite structure, so as to preserve
the morphological features in the final MgO sample.
Finally, the sample was sonicated to convert the agglom-
erated MgO particles to the lamellar structures.

General procedure for the aza-Michael additions

A mixture of amine (1 mmol) and o,f-unsaturated com-
pounds (1.1 mmol) and NAP-MgO (0.024 g) was stirred at
25 °C for appropriate time (Table 2). After completion of
the reaction (monitored by TLC), ethylacetate (5 mL) was
added, and MgO was removed by filtration. The solvent
was evaporated under reduced pressure. Further purifica-
tion was achieved by crystallization from dicholorome-
thane:petroleum ether (single spot on TLC) or by column
chromatography using ethyl acetate/hexane gradient. The
structure of the products was confirmed by physical data,
"H and 'C NMR spectra and comparison with authentic
samples.

4-(4-Methoxyphenylamino)-4-phenylbutan-2-one (Table 2,
entry 5, a yellow oil, yield 88 %)

IR: 3346 (NH), 1683 (CO) cm~'. '"H NMR (CDCl;,
300 MHz): 6 2.1, 2.2 (6H, 2S, 2CH3), 2.98-3.01 (2H, m,
CH), 4.81 (1H, J = 8.7 Hz, CHN), 6.54 and 6.91 (4H,
J = 103 Hz, 4CH), 7.23-7.39 (5H, m, Ar-H)."*C NMR
(CDCl;, 75 MHz): ¢ 30.7, 51.3, 55.7, 113.9, 114.1, 126.3,
127.1, 127.3, 136.3, 141.9, 152.1, 207.2. MS (EL, m/z) 269
(M™). Anal. Calcd for C;;H;oNO,: C, 75.81; H, 7.11; N,
5.20. Found: C, 75.78, H, 7.09, N, 5.22.

N-2-Nitro-2-(o-nitrophenyl)ethylaniline (Table 2, entry 22,
yellow oil, yield 99 %)

IR: 3446 (NH), 1640, 1605, 1475, 1352 (NO,) cm . 'H
NMR (300 MHz, CDCls): 6 4.78-5.03 (2H, m, CH,),
5.8-5.88 (1H, m, CH), 7.73-8.09 (9H, m, Ar-H). >C NMR
(CDCls, 75 MHz): 6 50.9, 78.4, 112.8, 117.5, 125.0, 128.8,
129.1, 129.5, 133.8, 134.2, 146.1, 148.6. MS (EI, m/z) 287
(M™). Anal. Calcd for C,4H;3N;0,4: C, 58.53; H, 4.56; N,
14.63. Found: C, 58. 54, H, 4.53, N, 14.62.

3-(p-Methoxyphenyl)-3-morpholino- 1-phenylpropan-1-one
(Table 2, entry 28, white solid, m.p. 150-152, yield 96 %)

IR (KBr): 3386 (NH), 1671 (CO) cm~'. 'H NMR
(300 MHz, CDCl5): 8 2.31 (3H, s, CH3), 2.36-2.55 (4H, m,
2CH,), 3.55-3.64 (4H, m, 2CH,), 4.41 (1H, t, J = 8.9 Hz,
CH), 7.44-7.57 (5H, m, Ar-H), 7.9 and 8.02 (4H, 2d,
J =905 Hz, 2CH). '*C NMR (75 MHz, CDCl5): § 21.1,
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42.2, 50.9,65.3, 67.2, 126.3, 128.0, 128.3, 119.1, 132.2,
136.6, 138.4, 141.1, 198.4. MS (EL, m/z) 325 (M™). Anal.
Calcd for C,oH,3NO5: C, 73.82; H, 7.12; N, 4.30. Found:
C, 73. 80, H, 7.10, N, 4.28.

Conclusions

A narrow size range MgO nanoparticles (10-15 nm) was
synthesized by sol—gel technique and used as a catalyst in
the aza-Michael reaction of various aliphatic or aromatic
amines with a variety of structurally diverse o,B-unsatu-
rated cyclic and acyclic compounds. The attractive features
of this protocol are: simple procedure, operable under
solvent-free conditions at room temperature, cost effec-
tiveness, use of recyclable and environmentally benign
catalyst, and in most cases good to excellent yields of the
desired 1,4-adducts and its adaptability for the synthesis of
a diverse set of B-amino carbonyls and B-nitro amines.
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