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A simple and efficient one-pot multicomponent approach for the synthesis of 3,5-disubstituted
isoxazoles directly from ‘corresponding aldehydes and terminal alkynes using recyclable
montmorillonite clay supported Cu(ll)/ NaN; catalytic system under aqueous conditions have
been developed. The ‘domino’ one-pot MCR approach involves hydroxyamination of aldehydes
followed by chlorination and then generation of reactive ‘nitrile oxide’ which undergoes 1,3-
dipolar cycloaddition with alkynes to produce 3,5-disubstituted isoxazoles. The method is
operationally. simple, regioselective, economical and possesses excellent functional group
compatibility to synthesize structurally diverse isoxazoles in good yields.

2013 Elsevier Ltd. All rights reserved.

Isoxazoles are commonly encountered in variety of natural
products and drugs and are known to exhibit diverse range of
pharmacological activities! Because of their medicinal
importance, synthetically® this scaffold has been extensively
investigated.>® The cycloaddition approach has been extensively
used for the preparation of isoxazoles® and structurally related
triazoles.* To access 3,5-disubstituted isoxazoles,® the 1,3-dipolar
cycloaddition of nitrile oxides with alkynes is most direct and
frequently used approach.” This method involves in situ
generation of Cu(l) from Cu(ll) using reducing agent like sodium
ascorbate because Cu(l) is unstable; moreover in reported
protocols excess base was employed for the generation of nitrile
oxide. In general, the nitrile oxides react with terminal alkynes
without catalyst, but this leads to formation of both isoxazole
regioisomers. The significant formation of byproducts has been
the major concern (particularly with reactive nitrile oxides)
leading to poor yields and difficulty in product isolations.
Furthermore, currently available protocols mostly involve the use
of homogeneous catalytic systems. With the advent of green
chemistry protocols, in recent years heterogeneous catalysts are
becoming overwhelmingly important. Since isoxazole class of
compounds are medicinally important, development of simple,
efficient and economical protocol for their synthesis using
recyclable catalyst will be of great use.

As a part of our work on development of tandem protocols®’ for
the preparation of medicinally important scaffolds and in
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continuation to our recent work on synthesis of 1,2,3-triazoles,’
herein we report one-pot multicomponent approach for the
synthesis of 3,5-disubstituted isoxazoles 1 directly from
aldehydes 2 and acetylenes 5 via cycloaddition reaction between
in situ generated nitrile oxide and acetylenes (Figure 1).
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Figure 1. Clay-Cu(ll)-catalyzed one-pot synthesis of 3,5-disubstituted
isoxazoles

The hydroximyl chlorides 4 are the key precursors which are
essential for in situ generation of reactive nitrile oxides which
takes part in 1,3-dipolar cycloaddition reaction for the synthesis
of 3,5-disubstituted isoxazoles. The precursor 4a was synthesized
from corresponding aldehyde 2a using a two-step procedure as
shown in Scheme 1.
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Scheme 1. Synthesis of hydroximyl chloride 4a from aldehyde 2a

After the synthesis of hydroximyl chloride 4a, we explored the
utility of clay-Cu(ll)/NaN; catalytic system for in situ formation
of reactive intermediate nitrile oxide from 4a followed by its 1,3-
dipolar cycloaddition reaction with alkyne 5a. The optimization
results of catalyst and sodium azide loading are shown in Table
1. In this study, a mixture of clay-Cu(ll) catalyst and sodium
azide in water was stirred at room temperature for 4 h, after
which the reaction mixture color changed from brown to black
indicating conversion of Cu(ll) to Cu(l) state.” The treatment of
hydroximyl chloride 4a with alkyne 5a in presence of this active
catalytic system furnished desired 3,5-disubstituted isoxazole la
as depicted in Table 1 (entries 2-4). Catalyst loading studies
indicated that 15 mol% of clay-Cu(ll) catalyst and 7.5 mol% of
NaN; was optimum, producing good yields of desired product 1a
(Table 1, entry 4). We also performed a control experiment with
normal CuSQ, instead of clay-Cu(ll) catalyst. When 10 mol% of
CuSO, and 7.5 mol% of NaN; were used, desired isoxazole la
was produced in 83% yield (entry 6). This result indicated that
both Cu(ll) sources are efficient, however clay-Cu(ll) catalyst
have recyclability advantage.

Table 1. Optimization of catalyst loading for synthesis of 3,5-disubstituted
isoxazole 1a*

.OH o —
N @ .0
[ j ‘ *Cl [j///N >
Cu(ll)/NaN3

4a H20

Entry  Cu(ll) catalyst NaNs; Reaction Yield”
(mol%) (mol%) conditions ©

1 None None rt, 4.5 h 0
2 Clay-Cu(ll) (5) 25 rt, 4.5h 52
3 Clay-Cu(ll) (10) 5 rt, 4.5 h 65
4 Clay-Cu(ll) (15) 75 rt,45h 95
5 Clay-Cu(ll) (15) 0 rt, 4.5 h 0
6 CuS0, (10) 7.5 rt, 45h 83

# A mixture of Clay-Cu(l1) and NaNs in water was stirred for 4 h. Hydroximyl
chloride 4a and alkyne 5a were added. Reaction further stirred for 30 min;

b Isolated yields after silica gel column chromatography;

¢ The combined reaction time-is mentioned which includes time required to
prepare Cu(l) from Cu(Il) plus actual reaction time.

Next we-investigated the protocol for one-pot multicomponent
synthesis of 3,5-disubstituted isozaxole 1a directly from aldehyde
2a and alkyne 5a. In order to optimize reaction conditions for
one-pot ‘multicomponent protocol, we investigated effect of
variation in sequence of addition of substrates and reagents on
formation of desired isoxazole la. During this study, we
investigated three methods A-C as mentioned in the Table 2.
Method A involved mixing together all substrates and reagents at
one time, which mainly produced intermediate oxime 3a (entry
1) and an azido linked oxime 6a (entries 2-3) as a major side
product when reaction was performed in a mixture of water and
organic solvent. In method B, the clay-Cu(ll) and NaN; were pre-
mixed in water and stirred for 4 h until the solution color changed
from brown to black. The treatment of all substrates 2a, 5a and
reagents (NH,OH.HCI and NCS) together with this prepared
active clay-Cu/NaN; catalytic system led to the formation of
desired isoxazole 1a, but only in 20% yield (Table 2, entries 4-5).
In method C, a stepwise addition of substrates and reagents was

done viz. 2a + NH,OH.HCI, stirred for 30 min; NCS was added
and stirred for 3 h; clay-Cu/NaN; solution and 5a were added,
stirred for 3 h. With this protocol, desired isoxazole la was
formed in >70% yield (Table 2, entries 6-8). Further, solvent
optimization studies indicated that water: acetonitrile (1: 3) as
best solvent for this one-pot multicomponent protocol (entry 8 of
Table 2).

Table 2. Optimization of reaction conditions for synthesis of 3,5-
disubstituted isoxazole 1a using one-pot MCR strategy

2a Clay-Cu(ll) lNaN3

room temp

Entry Method Solvent Yield (%)

3a 4a 6a 1la
1 A Water 80 0 0 0
2 A Water: EtOH (1: 3) 22 0 58 0
3 A Wiater: MeCN (1: 3) 25 0 62 0
4 B Water: EtOH (1: 3) 0 55 0 18
5 B Water: MeCN (1: 3) 0 60 0 20
6 C Water 0 0 0 70
7 C Water: EtOH (1: 3) 0 0 0 82
8 © Water: MeCN (1: 3) 0 0 0 84
9 C

Water: t-BuOH (1:1) 0 0 0 50

Method A:*A mixture of aldehyde 2a (1 mmol), NH,OH.HCI (1.2 mmol),
NCS (1.3 mmol), phenylacetylene 5a (1.3 mmol), clay-Cu(ll) (15 mol%) and
NaNs (7.5 mol%) in water stirred at rt for 6 h; Method B: Aqueous solution of
clay-Cu(Il) and NaNj (7.5 mol%) was stirred until the color changes from
brown to black. To this mixture was added aldehyde 2a (1 mmol),
NH,OH.HCI (1.2 mmol), NCS (1.3 mmol), phenyl acetylene 5a (1.3 mmol).
Resulting mixture stirred for 6 h; Method C: A mixture of aldehyde 2a (1
mmol), NH,OH.HCI (1.2 mmol) in water stirred at rt for 30 min. NCS (1.3
mmol) was added and stirred for 3 h. To this mixture was added aqueous
solution of clay-Cu(ll)/NaN; (prepared as per method B) followed by
adsdition of phenylacetylene 5a (1.3 mmol) and reaction mixture stirred for 3
h.

Next we sought to explore the scope of this multicomponent
protocol. The wide range of aromatic aldehydes/ nitrile oxides
and acetylenes were investigated. Both aromatic (e.g. la-le, 1g-
1n and 1p) and heteroaromatic aldehydes (1f and 10) participated
well in this reaction. The aromatic nitrile oxides substituted with
strong electron-withdrawing (e.g. —NO, substituted 1f and 10),
moderately electron-withdrawing (e.g. Cl, F substituted 1b-le
and 1g-1n) as well as electron-donating groups (e.g. —-OMe
substituted 1e, 1j and 1p) produced corresponding isoxazoles in
good yields. It was observed that electron-deficient nitrile oxides
were preferred over electron-rich nitrile oxides in this
multicomponent reaction. Amongst electron-rich benzonitrile
oxides, 4-methoxy benzonitrile reacted with phenyl acetylene to
produce desired isoxazole in 55% yield (example 1p). However,
other electron-rich benzonitrile oxides such as 4-hydroxy
benzonitrile oxide and p-N,N-dimethylamino benzonitrile oxide
did not participate in this reaction. Similarly aliphatic nitrile
oxides such as n-butyryl, acetyl, tert-butyryl nitrile oxides have
not participated in this reaction. In these substrates, the formation
of hydroximyl chloride was observed (as indicated by MS
spectra), however the cycloaddition reaction was found to be the
limiting step. In case of acetylene component, both aromatic (e.g.
la-1g and 1p) as well as aliphatic (e.g. 1lh-10) acetylenes
participated well in this reaction. The chemical structures and
yields of isoxazoles synthesized using optimized protocol
(method C) are shown in Figure 2.
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The clay-supported Cu(ll) catalyst was characterized using
XRD, SEM, TPR experiment and XPS analysis (see ESI).” The
catalyst characterization results suggested that catalyst exists in
the form of highly dispersed CuO nanoparticles supported on
montmorillonite KSF (MKSF). The Cu content and total surface
area of the catalyst were found to be 8.83% and 96.4551 m%g
respectively. Analysis of catalyst-sodium azide mixtures by XPS
evidenced the conversion of Cu(ll) supported on clay to Cu(l)
state by treatment with sodium azide.” This Cu(l) reacts with
acetylene to form copper(l) acetylide which undergoes stepwise
addition to in situ generated nitrile oxide furnishing 3,5-
disubstituted isoxazoles. The proposed mechanism for this
domino one-pot multicomponent protocol is depicted in Figure 3.
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Figure 2. Isoxazoles synthesized using optimized protocol (reaction time and

yields are mentioned).
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Figure 3. Plausible mechanism of one-pot multicomponent protocol for
synthesis of 3,5-disubstituted isoxazole 1a using clay-Cu(ll)/NaNj; catalyst
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The clay-Cu(ll) catalyst was reused repeatedly to prove its
heterogeneous nature and its recyclability. The MCR between

benzaldehyde (2a), hydroxylamine  hydrochloride,  N-
chlorosuccinamide, sodium azide and phenylacetylene (5a) in the
presence of clay-Cu(l1)/NaNj; catalytic system led to formation of
isoxazole 1a in 84, 82, 82 and 80% over four cycles respectively.
In this recyclability study, catalyst was recovered by filtration
after each experiment. The SEM image of the used catalyst
showed similar morphology and the structural integrity after 4"
run, which clearly indicated that the Clay-Cu(ll) catalyst is
robust, recyclable and was not affected under the reaction
conditions of this MCR protocol.

In summary, we have developed a simple and efficient one-pot
multicomponent protocol for regioselective synthesis of 3,5-
disubstituted isoxazoles directly from aldehydes in good yields.
As nitrile oxides are obtained directly from oximes, the isolation
and handling of potentially harmful and unstable hydroximoyl
chlorides is avoided. The clay-Cu(ll) catalyst is ligand-free,
leaching-free, easy to prepare, easy to handle, environmentally
friendly and can be recycled several times without significant
loss of catalytic activity; thus it will be highly useful for
economical synthesis of 3,5-disubstituted isoxazoles.
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