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Hexagonal mesoporous silica-supported copper oxide (CuO/HMS) catalyst - synthesis of primary

amides from aldehydes in aqueous medium

Ravishankar G. Kadam,® Anuj K. Rathi Klara Cepe,” Radek Zboril,> Rajender S. Varma,” Manoj B.

Gawandeb*and Radha V. Jayarama*
Dedication

Abstract: Hexagonal mesoporous silica (HMS) supported
copper oxides (CuO/HMS) have been prepared by sol-gel
method and well-characterized by XRD, FT-IR, TEM, N sorption,
ICP, XPS, H.-TPR, NHs-TPD, and HRTEM techniques. An
analysis of these results revealed a mesoporous material
system with a high surface area (974 m?/g) and uniform pore-
size distribution. The catalytic efficacy of CuO on the HMS
support with varying Cu loadings (1, 3, 5, 10 and 15 wt%) was
investigated for the transformation of aldehydes to primary
amides; 3 wt% CuO/HMS exhibited good catalytic performance
in good to excellent yields of amides (60-92%) in benign
aqueous medium. The intrinsically heterogeneous catalyst could
be recovered after the reaction and reused without any
noticeable loss in activity.

Introduction

Amide functionality is an important building block of peptides
linkagel*-®! and for several pharmaceutical products.® This group
occupies an essential role in synthetic chemistry for the

preparation of agrochemicals, detergents, and polymeric

materials.®!  Generally, amides are synthesized either by the
reaction of activated carboxylic acid derivatives such as acid
chlorides, anhydrides, esters with amines or acid base catalyzed
hydration of nitriles.[8”1 Beckmann rearrangement and Aube—
Schmidt rearrangement are some other protocols for amide
synthesis.1% However, most of these procedures require the
use of stoichiometric amounts of hazardous reagents and also
lead to formation of various by-products. In the last few years,
several metal-catalyzed processes have been described for the
conversion of aldoximes to amides using Au,* Pd,*? Rh, 3l and

Rul*41% as catalyst.
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But these catalytic systems are expensive and required equal
guantity of organic bases, making cumbersome separation of
the final product. Apart from this, some homogeneous copper
salts have been reported for the synthesis of primary
amides.[16:17]

More recently, Cadierno and co-workers published a review on
homogeneous as well heterogeneous catalysts for synthesis of
Under

circumstances, due to the high cost of metal complexes and

amide ~ via aldoxime  rearrangement.l8l such
concomitant toxicity issues of the previously reported catalysts
system, there is a genuine need to design and develop suitable
and eco-friendly heterogeneous catalytic system.%2% For a
benign synthesis, water is ideal reaction medium and has been
well explored for various types of organic transformations, %2123l
including a one-pot synthesis of amide from aldehyde using
copper ethylene diamine complex based heterogeneous
catalyst,?® manganese oxide based molecular sieve (OMS-2) for
the formation of amide from benzyl alcohol®¥ and some other
related catalysts also investigated in water.[?225281 During the last
decade, porous solids have been explored as an imperative
class of materials due to their versatile applications in separation
purification and catalytic processes.?? Silica-based porous
materials have gained prominence in view of their high thermal
stability, large surface area and orderly pore size.Y
Mesoporous silica materials with pore diameter of 2-10 nm
M41S

heterogeneous catalysis and material science.?Y By fine tuning

commonly termed have been investigated in
the synthetic process various types of silica materials with
different pore sizes could be obtained such as hexagonal (MCM-
41), cubic (MCM-48) and lamellar (MCM-50). Tanev et al.
reported a pathway for the sol-gel preparation of mesoporous
silica materials using alkyl amines as templates.? Generally,
HMS materials have high surface area (>1000 m?/g) and their N,
sorption isotherms display a small hysteresis loop with added
flexibility that their pore size can be changed by adjusting the
length of the surfactant chains;®3 HMS has been widely used in
catalysis as a support for various catalytic transformations. 433
studies on

In  continuation of our the applications of

nanomaterials and heterogeneous catalysis,®*41 herein, we
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report the synthesis of HMS supported copper oxides (Scheme
1) as low-cost benign catalysts for the conversion of aldehydes
to corresponding amides in water.
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Scheme 1. Graphical representation for the synthesis of HMS
supported copper oxides

Results and Discussion
The synthesized CuO/HMS catalysts were examined for their
structural and chemical properties by XRD, X-ray photoelectron
spectroscopy (XPS), atomic absorption spectroscopy (AAS),
transmission electron microscopy (TEM), PSD, pore volumes,
temperature programmed desorption (TPD-NHs;), temperature-
programmed reduction (TPR), Inductively coupled plasma-
atomic emission spectroscopy (ICP-AES) and high angle
annular dark-field scanning transmission electron microscopy
(HAADF-STEM).

XRD patterns of HMS and CuO/HMS samples showed typical
reflections of the corresponding silica structure (Figure 1). The
wide angle powder XRD patterns of calcined HMS material
(15CuO/HMS) display two peaks positioned at 35.5° and
38.7°corresponding to (002) and (111)

monoclinic CuO species.[* The XRD patterns in (Figure 1)

lattice planes of

suggest that there are no visible diffraction peaks representing
crystalline CuO present in the sample with Cu loading less than
10 wt%. These CuO nanoparticles might be present as smaller
crystallites in diameter, which are undetectable by XRD. At
higher Cu loadings (15wt% Cu), small XRD reflections are
noticed due to crystalline CuO and the intensities of these
reflections are found with the increase of Cu loading.3 Broad
and diffuse diffraction peak around 206 = 21.7° indicates
amorphous nature of silica. In low angle measurement for fresh
catalyst, the presence of only peak at 2 theta position 2.363°
(equivalent to d-spacing 3.7348 nm) point that silica does not

exhibits neither hexagonal nor cubic ordering. This only line
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indicates mesoporous structure of material with random
orientation of silica.
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Figure 1. XRD patterns of the CuO/HMS catalysts.

This observation, along with the TEM results (Figure 2a, 2b and
Figure S2, see Sl) indicate that most of copper oxide is
incorporated on the inside walls of HMS and found to be of
spherical in shape. 3 wt% CuO/HMS as analyzed by TEM

images show a wormhole-like mesopore structure and well

dispersion of CuO nanoparticles of nearly 20 nm size (Figure 2a
and 2b).

200 nm

30 m|

Figure 2. TEM images of 3 wt% CuO/HMS with scale bars of
(a) 200 nm; (b) 20 nm.

The FT-IR spectrum of CuO-HMS shows a broad absorption
around 3600-3200 cm ascribed to the overlapping of the O-H
stretching of adsorbed water bands and silanols see (Figure S3,
supporting Information).y The band observed near 1640 cm™
corresponds to the bending mode of vibration of -OH groups of
adsorbed water.[*®! The differentiation between copper hydroxide
at around 938 and 694 cm and copper hydrosilicate at ca. 670
cm™ can be made from the frequencies of the O-H bands.[*]
Figure S2 indicates that there is no band corresponding to Cu-
O-H bond at 690 cm?, suggesting the absence of Cu(OH); after
calcination. The shoulder peak at around 600 cm™ corresponds
to Cu(ll)-O species*”] and the new band observed at around

964 cm imply a bond formation (Cu-O-Si)*® during catalyst
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preparation. The surface textural properties of the catalyst
supports and CuO/HMS indicate that with increase in copper
loading, the surface area of the mesoporous material decreases
(Table 1).

Table 1. Surface properties of HMS and CuO/HMS catalysts.

BET
surface CL_J ‘Pore Pore
Catalysts loading  diameter volume
area (wt %) (nm) (cmsg-1)
(m*g-1) ’
HMS 974 0 29 0.73
1CuO/HMS 951 0.8 2.8 0.70
3CuO/HMS 894 2.6 3.0 0.68
5CuO/HMS 825 4.3 2.8 0.66
10CuO/HMS 788 8.8 35 0.60
15CuO/HMS 754 135 3.7 0.56

The N adsorption-desorption isotherms and the pore size
distribution curves of the catalysts and the bare support are
provided in (see Figure S4 a and b, Supporting Information). The
HMS and CuO/HMS materials show type IV isotherms with a
sharp inflection due to capillary condensation at P/P, = 0.4-0.8
with Hg-type hysteresis loop? corresponding to a typical
mesoporous material with slit channels. As the synthesis of HMS
is based on the hydrogen bonding interaction, the pore size is
With an

temperature, the interaction between inorganic species and

sensitive to reaction temperature. increased
surfactants can be weakened, resulting in a large spacing
between them and thus a large pore size observed under such
conditions.

The pore size can be continuously adjusted with extended
reaction durations®® and pore size distribution curves derived
from desorption are shown in (Figure S3b). The increase of CuO
loading in Cu/HMS catalysts leads to less capillary condensation

as indicated by the decrease in surface area and pore volume

(Tablel), presumably because of the pore filling by CuO species.

The surface composition and chemical state of 3 wt% CuO/HMS
was further examined through XPS analysis which shows that
the nature of copper in the form of CuO by the presence of
peaks at 933.83 eV (assigned to Cu2p3/2 in (Figure 3).5% 52
Further, elemental mapping of copper, silica and oxygen was
accomplished by HRTEM analysis. The high resolution (HR)
TEM image clearly revealed that the silica nanoshere are of
spherical shape, (200-250 nm) which was also discerned by

10.1002/cplu.201600611
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high-angle annular dark-field imaging scanning TEM (HAADF-
STEM) (Figure 4). In TEM and HRTEM images, we tried to
locate the CuO nanoparticles but they are not clearly visible
because of their small size; the average particle size was
observed between 13-18 nm (Figure 2, Figure 4, and Figure S5).
From elemental mapping images, it clearly shows that the Cu
species are homogeneously dispersed among Si and O
elements, indicating the possible immobilization outer surface of
the silica matrix (Figure 4 c-f).

Catalysts performance:

Catalytic activity of the prepared CuO/HMS materials was
investigated for the amidation reaction using benzaldehyde as a
model substrate. To optimize the reaction conditions, a series of
experiments with varying amounts of CuUO/HMS (1 to 15 wt%
CuO/HMS) were conducted (Table 2). The results revealed that

933.83 eV (Cu2+), 100%
939.11 eV (satelite)

Intensity (a.u.)

T T T T T T T
942 940 938 936 934 932 930
Binding energy (eV)

Figure 3. XPS spectra of 3 wt% CuO/HMS.

Figure 4. (a) HRTEM image (b) HAADF-STEM image, (c-f) EDS
elemental mapping showing the spatial distributions of Cu (c), O
(d), Si (e) and Cu, O, and Si together (f).

This article is protected by copyright. All rights reserved.
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3 wt% CuO/HMS catalyst was optimum for getting 100%
conversion and 92% selectivity of benzamide within 10 h (Table
2, entry 8), while 5 wt% CuO/HMS, 10 wt% CuO/HMS and 15
wt% CuO/HMS provided less catalytic activity for the amidation
reaction using benzaldehyde as a model substrate. To optimize
the reaction conditions, a series of experiments with varying
amounts of CuO/HMS (1 to 15 wt% CuO/HMS) were conducted
(Table 2). The results revealed that 3 wt% CuO/HMS catalyst
was optimum for getting 100% conversion and 92% selectivity of
benzamide within 10 h (Table 2, entry 8), while 5 wt% CuO/HMS,
10wt% CuO/HMS and 15 wt% CuO/HMS provided less amounts
of products (Table 2, entries 9-12). Furthermore to elucidate the
catalyst role we have performed the control experiment, in which
we have carried out reaction without catalyst in the presence of
hydroxylamine hydrochloride (NH.,OH.HCI) to check whether the
reaction can be catalyzed by the small amount of HCI content in
hydroxylamine. We found without catalysts even after increasing
the loading of NH,OH.HCI (1-3 equivalent) no amide formation
observed (Table 2, entries 1-2). All experiment later on carried out

by using base treated NH,OH.HCI as per mentioned in procedure.

Effect of reactant concentration:

To evaluate the effect of reactant concentration, reactions were
carried out with different concentrations of hydroxyl amine and
aldehyde 0.5, 1, 2, 3 and up to 4 equivalents by keeping one
reactant constant, we found that 1:1 equivalent concentration of
aldehyde to hydroxylamine hydrochloride is adequate to provide
excellent yield (Table S1, entries 1-7).

Effect of Catalyst Loading:

The effect of catalyst loading was studied in the range of 20 mg
to 60 mg for catalyst 3% CuO/HMS to check the selectivity
towards the product (Table S1, entries 8-11). The conversion
was linear for all catalyst loading. However the selectivity toward
benzamide increases from 65%-92%. This is may be increase in
the number of active sites of CuO species in the catalyst.
However, beyond a catalyst loading of 50 mg there was no
significant increase in product yield. Hence further experiments
were carried out using 50 mg catalyst.

To clarify and understand the influence of different supports with
CuO, we have prepared three catalysts with 3wt% loading of
CuO/SiO,, CuO/Al,O3 and CuO/MCM-41 and tested the catalytic
reactions; 72%, 55% and 81% selectivities were obtained,
respectively (Table 2, entries 14-16). Even with 1 g scale of
benzaldehyde the corresponding product was obtained in good

yield (88%,Table 2, entry 17). Further, we learnt that by
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controlling the loading of CuO would attain the smaller

crystalline size and it shows more pronounced effect.
Consequently, we found that that the smaller crystalline nature
of 3wt% of CuO/HMS shows efficient activity than other catalysts.
Furthermore to explore the role of HMS support, we have carried
out experiments with individual catalysts namely HMS and CuO;
the benzamine (2a) product was obtained with less selectivity
(20% and 50% respectively; Table 2, entries 4 and 5). Even the
physical mixture of HMS and CuO powder (Table 2, entry 13)
provided comparatively less yield, which is less than intact
3wt%CuO/HMS.

Effect of Temperature:

Effect of temperature on the conversion of aldehyde to amide
was studied from 40 to 100 °C (Figure S6 a). It was observed
that as the temperature increases, the conversion of aldehyde
increased and formation product amide also increased
simultaneously. However, in between the 80 to 100 °C, the
selectivity toward benzamine increases. Initial rates of reaction
were calculated and used to make the Arrhenius plot from which
apparent activation energy of 11 kcal/mol obtained (Figure S6
b).

The significance of immobilizing CuO on HMS has clearly
demonstrated the synergism between the silica support and
copper nanoparticles. HMS is mesoporous material in present
catalysts that provides the high surface area, and thermal
stability to the supported metal oxide species. It also assists to
minimize the leaching problem of metal species in the reaction
medium to avoid the contamination of the metal oxide species
with reaction products; sintering and agglomeration of metal
species support play key role to keep the all supported species
finely dispersed in small crystalline size. Supported catalyst can
easily be separated out during the final purification of the
product. The acidic properties of catalyst CUO/HMS are mainly
ascribed to the very high dispersion of the oxidic phase. High
dispersion of metal oxide onto an inorganic HMS matrix offers
improved active sites and also allows enhances electronic and
catalytic properties.3!

With the comparatively low loading of CuO on silica support, we
did observe the smaller crystalline nature of oxide species which
display good performance than other catalysts.[> The acidic
nature of the CuO/HMS catalyst was measured by TPD, NHjs;
we found the moderate acidic sites 871.47 pmol/g.

Herein, the TPR experiment with
3wt%CuO/HMS and 15wt% CuO/HMS

dispersion of CuO on the support and found the catalyst

we also performed

to evaluate the

3wt%CuO/HMS reduced at low temperature with sharp peak
than 15wt% CuO/HMS (Figure 5). In the literature it is also

This article is protected by copyright. All rights reserved.
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reported that lower metal loading display higher dispersion, and
larger reactive surface area.®® Further increase in metal loading
up to 15 wt %, the comparative influence dispersed CuO
crystallites decreases whereas that of the poorly dispersed
species becomes much more visible. 5%

8000

ST1718:

3wt% CuO/HMS
6000-] 15wit% CuO/HMS

zﬁn I 400 sﬁn 800
Temperature /°C

Figure 5. TPR analysis of 3wt% CuO/HMS and 15wt%.

In CuO/HMS catalysts copper with (+2) oxidation state would
form possible coordinate bond with nucleophiles like oxime and
nitrile in reaction and assist the formation of primary amide
throug dehydration via rearrangement mechanism. In case of
reduced copper (0) HMS we found the low vyield of the
corresponding product (Table 2, entry 9) and can be associated
with the less Lewis acidic nature of Cu(0) as compared to
Cu(+2), which presumably did not allow better coordination with
oxime/nitrile and only helped to anchor the nanoparticles on the
HMS support.

After optimizing the reaction conditions, the versatility of
catalysts was established using an array of substituted and
heteroaryl aldehydes; corresponding products were obtained in
good to excellent yields (Table 3, entries 1-13, 60-92%). As
expected, electron donating and withdrawing groups affected the
rate of reaction and the yield of product formation; reaction with
benzaldehyde and ortho- and para- substituted methoxy
benzaldehydes gave excellent yields (Table 3, entries 1, 4, and
5) whereas ortho- and para-substituted chloro- and nitro aryl
aldehydes gave good yields (Table 3, entries 2, 3, 12, and 13).
In contrast, 4-cyanobenzaldehyde gave only moderate 60%
yield (Table 3, entry 10).

This article is protected by copyright.
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Table 3. CuO/HMS catalyzed conversion of various
aldehydes to primary amides.?

. Yield
Entry Substrate Time (%)°
1 o] o
©)LH ©)LNH2 84
o o
© oo o ®
Cl Cl
o o
s I o
cl cl
o o
4 CfLH @\)LNHZ 85
o~ o~
o o
5 /Q)LH Q)‘\NHz 75
o o
o o
H NH,
e o o
o )
o o
H NH,
S GRS G
S S
o) o
8 ‘\ H ‘\ NH, 85
N7 N7
o o
g g
o o
10 /@AH /Q)LNHZ 98
NC NC
o o
11 82
/\)J\H /\)LNHZ
o o
12 H Q)LNHZ 98
O,N H,N
NO, O NO, O
13 @AH ij)LNHZ 95
[ ®
14 N H N7 NH, 84
o] o)
H NH,
15 m B 85
S (0] S (e}
aReaction conditions: benzaldehyde (Immol),

hydroxylamine (1 mmol), 3wt%CuO/HMS (50 mg), water
(3 mL), 100 °C, 10 h.
blsolated yields. °Yields were determined by using GC
using biphenyl as an internal standard.
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Table 2. Comparison of various catalysts for the conversion of
aldehyde to benzamide.?
NOH  ¢N

(0] Q |
, Catalyst ©)\NH2 . ©) N
Water, 100 °C

1 - NH,OH 2a 2b 2

) Yield (%) TON

No Conversio
Catalyst n (%) 2a | 2b 2c

1 NH4OH.HCP 95 - 95 5 NA
2 | NH4OH.HCI® 100 - 98 2 NA
3 NH,OH 100 - 98 2 NA
4 | HMS 100 20 | 70 10 NA
5 CuO powder 100 50 | 40 10 59
6 Cu powder 100 25 | 60 15 29
7 1CuO/HMS 100 45 | 40 15 5874
8 | 3CuO/HMS 100 92 | 8 - 3655
9 | 5CuO/HMS 100 85 | 10 | <5 1991
10 | 10CuO/HMS 100 60 | 36 | <4 694
11 | 15CuO/HMS 100 37 | 60 3 281
12 | 3Cu(0)/HMS 100 30 | 64 6 1370
13 | HMS and Cu0O¢ 100 52 | 36 12 148
14 | 3CuO/SiO, 100 72 | 19 2860
15 | 3CuO/MCM41 100 81 | 14 3218
16 | 3CuO/Al,O3 80 55 | 34 16 2185
17 | 3CuO/HMS® 100 88 | 13 - 3456

@Reaction conditions: aldehyde (1 mmol), hydroxylamine (1 mmol),
CuO/HMS (3 wt%, 50 mg), water (3 mL) 100 °C, 10 h. Yields were
determined by GC analysis using biphenyl as an internal standard;
5NH,OH.HCI(3mmol),*°NH,OH.HCI(3 mmol)10h; 24 h; Cu powder,
24 h.%Physical mixture of HMS and CuO powder. ®1 gm scale
reaction.

Incorporation of CuO species, more than 3 wt%, might increase
the particle size of CuO via agglomeration, which may block the
active site of the catalysts thus lowering the activity.

The reaction profile for the conversion of benzaldehyde to
benzamide 2a (Figure 6) showed that benzaldoxime 2b, was
initially formed with high selectively as a major product with high
reaction rate as well benzonitrile 2c also with minimum
selectivity. As the reaction proceeded further, we found the
gradually increase in the formation of benzamide 2a and in the
meanwhile selectivity of benzaldoxime 2b and benzonitrile 2c
slowly decreased. Finally at the 10" hour of reaction 92%
selectively benzamide 2a was observed and benzaldoxime 2b
remained with only 8%. The reaction pathway goes through a
maximum indicating a consecutive reaction. The previously
reported protocols are quite comparable and reaction gets

completed within 10 h (Table S2, Supporting Information).

10.1002/cplu.201600611
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Figure 6. Conversion of benzaldehyde to benzamide.

On the basis of literature accepted mechanism pathway has
been  proposed  through various metal catalysed
rearrangement.*13151 |In our case for this reaction, we used
supported copper CUO/HMS species copper is present of Cu (ll)
state. The mechanism of reaction mostly proceeds via the
formation benzaldoxime 2b from the reaction of aldehyde 1 and
hydroxylamine hydrochloride. Subsequently, benzaldoxime 2b
forms coordination bond with acidic sites of CuO to produce
benzonitrile 2c via dehydration. In the next step, the benzonitrile
2c and benzaldoxime 2b will form the coordination bond with
active acidic CuO sites and nucleophilic centre will be formed at
nitrile carbon, followed by generation of metal containing five
member ring culminating in attack of oxime as a nuleophilile
(Figure 7). Further

decomposition of five member ring. In agueous reaction medium

benzamide 2a will be generated via
water acts as a nucleophile, as suggested by Williams et.al by
performing the experiment with oxygen labelled water." (Figure
6) shows the mechanistic pathway wherein consumption of
initially formed nitrile species progressed with the reaction to
generate the final amide product.

Reusability of a catalyst is an important factor from economic
point of view. The activity of CuO/HMS catalyst was investigated
by repeating experimental cycles under optimized conditions
After

completion of the reaction, the catalyst was recovered (by

using benzaldehyde as the substrate (Figure 8).
filtration or centrifugation), washed with water and methanol and
dried at 80 °C and reused for next cycle. The concentration of
Cu species leached into the reaction mixture was determined by
ICP analysis and found be 0.002 mmol of the total Cu content in
3 wt% CuO/HMS catalyst even after seven cycles. This clearly
indicates the stability and reusability of the chosen catalyst

system.

This article is protected by copyright. All rights reserved.
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Figure 7. Proposed mechanism for formation of primary amide.
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Figure 8. Reusability test for the catalyst.
Conclusion

We have established an effective mesoporous silica copper-
catalysed amide synthesis from aldehydes with superb
functional group tolerance in aqueous medium under mild
reaction conditions. The copper loading has profound effect on
the structure and textural properties and the catalytic activity.
The oxidation state of copper in the catalysts was confirmed to
be Cu (II) (CuO) and an interaction with the HMS support was
established. Notably, 3 wt% catalysts delivered excellent results
comparative to other catalysts containing lower and higher
copper content. This protocol facilitates an easy access to

10.1002/cplu.201600611
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amides from reaction of aldehydes with hydroxylamine. Activity
of the catalysts enhances as the CuO loads on the HMS support
up to some extent in which 3wt%CuO/HMS and 5wt%CuO/HMS
showed the highest catalytic performance. Kinetic studies reveal
the enhancement of active sites with catalyst loading. The
catalysts were stable and reusable without any considerable
loss in activity for several cycles making them economically and

environmentally viable.

Experimental

Catalyst Preparation

In a typical synthesis, 6.4 g dodecyl amine (DDA) was dissolved
in a mixture of 50 mL of ethanol and 70 mL of deionized water
under vigorous stirring. A dilute aqueous solution of 0.7 g of Cu
(NOs),-3H,0 was then added followed by the drop wise addition
of stoichiometric amount of tetraethylorthosilicate (TEOS) in
ethanol and isopropyl alcohol (IPA); molar composition of this
solution being 1:7:1 (TEOS: EtOH: IPA). The stoichiometric
amount of Si is relative to the amount of copper. The solution
was then stirred at 323 K for 4 h and the gel was aged for 24 h
at 313 K. The gel was then collected by centrifugation, washed
thoroughly with deionized water and absolute ethanol, and dried
in air for 24 h at 373 K, followed by calcination in air for 4 h at
723 K. Various loadings of copper metal on HMS have been
obtained by this one-pot synthesis (OPS) method.

General procedure for CuO/HMS catalyzed
synthesis of amides

A mixture of aldehyde (1 mmol), solution of hydroxylamine
hydrochloride (1 mmol) and sodium bicarbonate (2 mmol or
excess) in 3 mL water were prepared and filtered the aqueous
solution used as hydrochloride salt free hydroxyl amine, 3 wt%
CuO/HMS (50 mg) was taken in a reaction vessel and stirred at
100 °C for appropriate time (Table 3). Progress of the reaction
was monitored by GC analysis. After completion of the reaction,
the catalyst was separated by centrifugation and the reaction
mass was extracted with ethyl acetate. The organic phase was
chromatography (silica 230-400; n-hexane/ethyl acetate

mixture) to afford the desired product
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