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We describe a green and efficient procedure for the
hydroacylation of aldehydes with diisopropyl azodicarboxylate,
using CuO nanoparticles supported on silica (CuO-np/SiO,) as a
catalyst, in good to excellent yields. A wide range of aldehydes,
including aromatic and aliphatic compounds, were considered.
The catalyst is found to be truly heterogeneous in the reaction
mixture and can be reused without loss of catalytic activity.

One of the most important reactions, which finds applica-
tions in the synthesis of many substances such as drugs,
materials, and natural products,! is the formation of new carbon—
nitrogen bonds from simple and easily available starting
materials.> Over the last few decades, a very efficient reaction,
which involves the use of azodicarboxylates as electrophiles for
the formation of carbon—nitrogen bonds, has been successfully
used.® The efficiency of the reaction is reported to be the result
of the strong electron-withdrawing nature of azodicarboxylate
acceptors possessing a vacant orbital.* Over the years, various
reactions such as zwitterion intermediate reactions,>® electro-
philic az-amination of carbonyl compounds,’® C-H activation at
the a-positions of amines and ethers,>'? and ene-type reactions
with olefins!'"!3 in the presence of azodicarboxylates have
been extensively studied. In addition, various other methods
for hydroacylation reactions with aldehydes using a range of
reagents and catalysts, for example, ionic liquids such as 1-n-
butyl-3-methylimidazolium bis(trifluoromethanesulfonyl)imide
([BMIM][NTf2])'* including water'® without a catalyst, and
transition-metal catalysts,'® have been reported. All the above
methods suffer from drawbacks and limitations such as choice of
substrate, atom economy, reusability of the catalyst, and the
reaction efficiency. Nanocatalysts having high surface area to
volume ratios are expected to display unique electronic proper-
ties that may influence the reaction. To our knowledge, the
reactions of aldehydes with azodicarboxylates have not yet been
explored using nano copper oxide as a catalyst. Herein, we
report a green cross-coupling reaction of a range of aldehydes
with an azodicarboxylate, using a novel catalyst, namely CuO
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Scheme 1. CuO-np/SiO,-catalyzed hydroacylation reaction of
aldehydes and azodicaboxylate.
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nanoparticles supported on silica!” (Scheme 1). The factors
affecting the reactions are also discussed.

Hydroacylation reactions between benzaldehyde and diiso-
propyl azodicarboxylate were studied, using CuO nanoparticles
supported on silica as a catalyst, at a temperature of 60 °C, using
different solvents. The catalyst requires no ligands and additives
to accelerate the reaction, which is an added advantage in
making the process clean. The pertinent data are presented in
Table 3. The yield of the reaction varies in the range 60-95%,
depending on the substrate and conditions used for the reaction.
The CuO-np/SiO, catalyst was prepared as described in the
literature.'® The catalyst was characterized by powder X-ray
diffraction, transmission electron microscopy, and atomic
absorption spectroscopy (see the Supporting Information).'

First, we studied the effect of the solvent on the hydro-
acylation reaction between benzaldehyde and diisopropyl
azodicarboxylate. Remarkably, acetonitrile gave the hydroacy-
lation product smoothly in good to excellent yield, whereas
methanol, THF, toluene, dioxane, and dichloromethane gave
slower reactions with moderate yields. The results are summa-
rized in Table 1.

We screened various catalysts for the hydroacylation
reaction in acetonitrile solvent at 60 °C; the results are summa-
rized in Table 2. It is clear from the table that only CuO-np/SiO,
provides good yields of the product compared to RuCl;, RhCls,
Cu(OAc),, CuO, and CuO-np without the support provided a
poor yield with the problem of catalyst recovery. We also studied
the effect of different CuO-np loadings on the silica support for

Table 1. Effect of solvent on hydroacylation reaction catalyzed
by CuO-np/SiO,*

(0]
QCHO \VOYNQNLOJ\ CuO-np/Sio, ©\(0 o
O —_— 0. _N_ )k )\
Oy o
Solvent, 60 °C a

0
Entry Solvent Yield®/%
1 CH;CN 88, 57°
2 THF 62
3 Toluene 56
4 Dioxane 69
5 Methanol 73

“Reaction conditions: diisopropyl azodicaboxylate (1 mmol),
CuO-np/SiO, (10mol %), benzaldehyde (1.2 mmol), solvent
(5mL), 60°C, 24 h. "Isolated yields. “Reaction carried out at
room temperature, 24 h.
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Table 2. Effect of catalyst loading on hydroacylation reaction®

Q{‘HO YOIN*NJO\OJ\ M Q\KO i

CH;CN, 60 °C \E
Entry  Catalyst 5?;‘31”}75 Yield®/%
1 RuCl; 10 47
2 RhCl; 10 39
3 Cu(OAc), 10 58
4 CuO 10 26
5 CuO-np 10 57
6 Without catalyst — No reaction
7 CuO-np/SiO, 2 48
8 CuO-np/SiO, 5 62
9 CuO-np/SiO, 10 88

®Reaction conditions: diisopropyl azodicaboxylate (1 mmol),
benzaldehyde (1.2 mmol), CuO-np/SiO, (10mol %), CH;CN
(5mL), 60°C, 24h. YIsolated yields.

the hydroacylation reaction, and the data are presented in
Table 2. The table shows that a 10mol % copper(Il) oxide
nanoparticle loading on silica gives excellent results compared
to 2 and 5 mol % copper loadings on silica, indicating the role of
catalyst size in the reaction. However, needless to say, no
product formation occurs in the absence of the catalyst under the
same reaction conditions.

Electronic factors also play an important role in the reaction.
In order to understand the electronic factors, the study was
extended to aldehydes with different substituents. Table 3
presents the relevant data. Benzaldehydes with electron-donating
groups, such as 4-methoxybenzaldehyde, 3.4,5-trimethoxy-
benzaldehyde, 4-methylbenzaldehyde, 4-hydroxybenzaldehyde,
and 3-hydroxybenzaldehyde, provided excellent yields in short
reaction times (Table 3, Entries 2-6) compared to benzaldehyde
with electron-withdrawing groups, such as 4-bromobenzalde-
hyde, 4-chlorobenzaldehyde, 2,6-dichlorobenzaldehyde, and 4-
nitrobenzaldehyde, which needed longer reaction times and gave
moderate yields (Table 3, Entries 7-10). Thiophen-2-carbalde-
hyde provided an excellent yield (Table 3, Entry 11). Aliphatic
aldehydes (Table 3, Entries 12 and 13) underwent smooth
reactions with excellent yields, compared to benzaldehyde
(Table 3, Entry 1). A dialdehyde provided a poor yield (Table 3,
Entry 14), compared to the other aldehydes. It is clear from the
table that aliphatic aldehydes give better yields than aromatic
aldehydes, indicating the influence of the electronic properties of
the substrates. It is also apparent from the table that electron-
withdrawing groups decrease the overall yields of the reactions.
These results make the process more attractive and interesting
with respect to the economy and simplicity of the process.

The reusability of the silica-supported CuO nanoparticles
catalyst was studied for the hydroacylation reaction of benzal-
dehyde with diisopropyl azodicarboxylate in acetonitrile solvent
at 60 °C. CuO-np/SiO, was recovered quantitatively by simple
filtration, and reused; it gave consistent activity even after the
fifth cycle (Table 3, Entry 1). The absence of copper in the
filtrate, measured by atomic absorption spectroscopy, confirmed
that no leaching of copper occurred during the reaction. These
results make the process more attractive and interesting with
respect to the economy and simplicity of the process.
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Table 3. CuO-np/SiO,-Catalyzed hydroacylation reaction of
aldehyde and isopropyl azodicaboxylate®

Q CuO-np/SiO. RYO [}
R—CHO NP J\ : Py J\
NT o —_— O_N.
* \r T CH,CN, 60 °C \r T N o
Time Yield"

Entry Aldehyde Product h 1%

1 { H-cno 0 24 85

\(UIN\EJKOJ\ e
H3CO.

2 Haco<{_)-cHO \ro\gN\NjiO 5 24 90

HCO HaCO. .
3 H;CO CHO HSCO\(()YN\NEOJ\ 26 92
HyCO 5
"
o
4 HaC—~{_)-CHO Oy A 18 87

o
5 Ho~{_)-cHo \(OENII:JIJLOJ\ 26 89

CHO O_N,
N
6 H OQ TrN© 28 88
cl
o, N
O N A
7 e~ )-cHo Yoo 24 79
Br-
o, N
8 Br—{ Y-CHO O Ny A, 24 82
I \( g g O
Cl Cl
CHO cr °9
9 o N Lok 36 78
Cl o H
0N
OYOO
10 oN+{ H-cHo \(OENHJ\OJ\ 24 60
@YO
\ 2 1
11 [)\CHO O N 12 95
S \( 70( g O

12 }CHO \(%(N\g*oj\ 15 93

O._N
3 :
1 ~_CHO \( ﬁo( g ¢} 18 90
O
I
14 OHC._~_CHO : mo N 30 63
Y
o

#Reaction conditions: diisopropyl azodicaboxylate (1 mmol),
benzaldehyde (1.2 mmol), CuO-np/SiO;, (10 mol %), CH;CN
(5mL), 60 °C. YTsolated yields. ‘Isolated yield after fifth cycle.
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In conclusion, a green, inexpensive, and efficient method for
the hydroacylation of various aldehydes with diisopropyl
azodicarboxylate, using a silica-supported nanocopper catalyst,
in good to excellent yields is provided. The effects of solvent,
catalyst loading, and substituents on the aldehyde are studied.
The choice of aldehyde is paramount in the selectivity of the
reaction. The protocol used is inexpensive and the CuO-np/SiO,
catalyst is recyclable; no additional ligands and additives are
required, so the method is simple, economical, and has practical
advantages for the synthesis of biologically active heterocyclic
compounds.

Financial assistance from the Indira Gandhi Centre for
Atomic Research (IGCAR), Kalpakkam, India is kindly ac-
knowledged.
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