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Abstract
A novel protocol for ionic liquid (IL)-mediated C(sp3)–H bond functionalization of 3,5-dimethyl-4-nitroisoxazoles 4 to 
substituted o-amino benzaldehydes 5 was developed in excellent yields. Isoxazolyl aryl ethanones 7 have been synthesized 
from isoxazolyl aryl ethanol synthon 6. Furthermore, utilizing the later as synthons for IL promoted Friedlander synthesis 
of highly functionalized isoxazole substituted quinoline libraries 9. The merit of this synthesis is easily available and eco-
nomical starting materials, effective utilization of all the reactants, and simple workup procedure. It is noteworthy that ionic 
liquid used in C(sp3)–H bond functionalization and Friedlander synthesis reactions can be recycled and reused five times 
without significant decrease in activity.
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Introduction

It is well known that heterocyclic compounds play an impor-
tant role in developing a new class of structural entities for 
pharmaceutical applications. Isoxazoles functionalized with 
an additional nitrogen-containing group have had applica-
tions in medicinal chemistry [1–14]. They possess interest-
ing medicinal or crop protection properties as well as other 
industrial utility. They are important constituents of various 
drugs such as COX-2 selective inhibitor Valdecoxib (I) [15], 
anti-rheumatic Leflunomide (II) [16], β-lactamase-resistant 
Cloxacillin (III) [17] (Fig. 1). The immense bioactivity of 
isoxazole ring may be attributed to the facile cleavage of 
N–O bond, which leads to the formation of other more reac-
tive species. Because of their versatility towards chemical 
transformations to useful intermediates involved in various 
natural product synthesis, substituted isoxazoles are consid-
ered as one of the important synthons [18–20].

Among the heterocyclic compounds quinoline and its 
derivatives are pharmacologically important because of 

their wide spectrum of biological activities [21]. One of 
the quinoline derivatives, Quinine (IV) shows antimalarial, 
antipyretic, anti-inflammatory and analgesic properties. Qui-
noline based compound Mefloquine (V) is known for potent 
anti-tubercular activity [22–25] have exhibited moderate to 
sub micromolar anti-TB activity [26, 27]. Tibotec Medic-
inal Compound TMC207 (VI) (Fig. 1) has emerged as a 
lead molecule in the development of new anti-TB agent and 
currently this compound is approved by US-FDA on 28th 
December 2012. It is also known as Bedaquiline (VI). It is 
first new drug for TB in more than forty years. It is on World 
health organization’s list of essential medicines [28, 29].

For decades, it had been generally believed that the cleav-
age of a C–H bond via oxidative addition was a difficult pro-
cess because of its strong bond strength. Consequently, the 
majority of studies focused on the cleavage of C–H bonds 
via the use of stoichiometric amounts of transition metal 
complexes. At present, it has been accepted that the cleav-
age of C–H bonds is not always a difficult process, and that 
the cleavage of a C–H bond is often not the rate determining 
step [30]. On the basis of a recent literature survey, C(sp3)–H 
bonds which are adjacent to a heteroatom are, however, more 
reactive than those surrounded by carbon atoms.

The development of new strategies for the direct func-
tionalization of C(sp3)–H bonds of methyl azaarenes has 
become a major topic of research [31]. The C(sp3)–H bond 
activation [32] adjacent to nitrogen followed by C-C bond 
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forming reactions of azaarenes provide [33] straightforward 
access to useful building blocks for the design and synthesis 
of biologically active compounds. In view of significance 
of isoxazole and bioactive quinoline skeletons and as our 
continuous efforts on the synthesis of heterocycles with 
potential bioactivities [34–40], herein we report ionic liquid 
mediated C(sp3)–H bond functionalization of 3,5-dimethyl-
4-nitroisoxazole to substituted o-amino benzaldehydes, and 
furthermore, utilizing the later as synthons for the Fried-
lander synthesis of highly functionalized isoxazole substi-
tuted quinoline libraries.

Experimental

General procedure for the addition of 3,5-dimethyl-4-ni-
troisoxazole-C(sp3)–H bond to substituted o-amino benza-
ldehydes (6a–k).

A mixture of 3,5-dimethyl-4-nitroisoxazole 4 (1 mmol) 
and substituted o-amino benzaldehyde 5 (1 mmol) were 
taken in triethyl amino acetic acid (TEAA) ionic liquid 
(5 mL) and the reaction mixture was stirred at 60 °C. After 
the completion of the reaction (monitored by TLC), the 
reaction mixture was extracted with diethyl ether. The com-
bined layers were separated and dried over anhyd.  Na2SO4, 
and evaporated under reduced pressure to afford the crude 
products (6a–k). The ionic liquid left over in the reaction 
was washed with ethyl acetate and dried over 80 °C under 
vacuum and was reused for 5 consecutive runs. The proce-
dure was followed for all the reactions, as listed in Table 2.

General procedure for the synthesis of 2-(3-methyl-4-
nitro-5-isoxazolyl)-1-aryl-1-ethanones (7a–k).

A mixture of 2-(3-methyl-4-nitro-5-isoxazolyl)-1-aryl-
1-ethanols 5 (1 mmol) and o-iodoxybenzoic acid (IBX) 
(1 mmol) in EtOAc (10 mL) was refluxed at 80 °C for 4 h. 
After completion of the reaction (monitored by TLC), the 
reaction mixture was cooled to room temperature and fil-
tered. The separated solid was washed with water and recrys-
tallized from ethanol.

General procedure for Friedlander synthesis of highly 
functionalized isoxazole substituted quinoline libraries 
(9a–q).

A mixture of 2-(3-methyl-4-nitro-5-isoxazolyl)-1-aryl-
1-ethanones 7 (1  mmol) and α-methylene carbonyls 8 
(1 mmol) were taken in triethyl amino acetic acid (TEAA) 
ionic liquid (5 mL) and the reaction mixture was stirred at 
60 °C. After the completion of the reaction (monitored by 
TLC), the reaction mixture was extracted with diethyl ether. 
The combined layers were separated and dried over anhyd. 
 Na2SO4, and evaporated under reduced pressure to afford 
the crude products (9a–q). The ionic liquid left over in the 
reaction was washed with ethyl acetate and dried over 80 °C 
under vacuum and was reused for 5 consecutive runs.

Results and discussion

Until today most, of the methods for obtaining pyridine and 
quinoline derivatives is the direct C(sp3)–H functionaliza-
tion of alkyl substituted azaarenes [41–43]. Zhang and co-
workers reported the ionic liquid (IL) promoted addition of 

Fig. 1  Clinically used drugs 
containing isoxazole and quino-
line motif
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C(sp3)–H bond to aldehydes [44]. Here in we considered 
the oxa-azaarene viz., 3,5-dimethyl-4-nitro isoxazole 4 [45, 
46] in the place of oxa-azaarenes viz., pyridine and qui-
noline derivatives for direct C(sp3)–H functionalization of 
alkyl substituted oxa-azaarenes. Considering the similarity 

between compounds 1, and 4, we posed the question of 
whether the later could be employed in addition of C(sp3)–H 
bond to aldehyde (Scheme 1). Resulting oxa-azaarene sub-
stituted aryl ethanols contain several chemo-differentiable 
functionalities and could be subsequently employed to gen-
erate chemical diversity.

To establish the feasibility of the strategy, and optimize 
the reaction conditions, the reaction was initially carried out 
in the presence of different ILs (Scheme 2). Among the ILs 
employed triethylamino acetic acid (TEAA) [47, 48] proved 
to be the most effective in terms of yields, reaction time and 
more recyclability. Utilization of other ILs was found to be 
quite unsatisfactory (Table 1). For comparison purpose, we 
attempted addition of isoxazole C(sp3)–H bond to aldehyde 
under microwave irradiation using different ILs. As can be 
seen from Table 1, a moderate yield (61%) of desired prod-
uct was isolated when ionic liquid TEAA was used (Table 1, 
Entry 8). We further investigated the reactions with ILs in 
presence of  H2O. When  H2O was employed as a solvent with 
ILs, lower yields were obtained (Table 1, Entries 15–21). 
The reason that the lower yields of this reaction may be 
somewhat be attributed to the low solubility of reactants 
in  H2O.

We presume the mechanism of this reaction may be 
shown in scheme 3. Only 5-methyl group of 3,5-dimethyl-
4-nitro isoxazole is activated by the nitro group, which is in 
agreement with literature observation [49]. The nucleophilic 
addition of intermediate A to aromatic aldehyde which was 
activated by TEAA would occur to afford the desired adduct.

To investigate the scope of TEAA IL in the addition of 
isoxazole C(sp3)–H bond to aldehyde (Scheme 2), several 
substituted o-amino benzaldehydes are examined and the 
result are summarized in Table 2. As shown in Table 2, sub-
stituted o-amino benzaldehydes with electron with draw-
ing groups attached to benzene ring, such as chloro, bromo 
could react with 3,5-dimethyl-4-nitro isoxazole smoothly 
to generate the corresponding products in excellent yields 
(Entry 2,3, and 5). When electron-donating groups attached 
to benzene ring such as methoxy and methyl were subjected 
to this reaction, slightly, lower yields were realized. There 

Table 1  Optimization of reaction conditions for the synthesis of 6a

Reaction conditions: 3,5-Dimethyl-4-nitro isoxazole 4 (1 mmol), 
o-amino benzaldehyde 5a (1 mmol) and IL (5 mL)
a Isolated and unoptimized yields
b Conventional Heating
c Microwave Condition. Irradiation Power: 850 W; Ramp time: 1 min. 
70 oC; holding temp: 100 °C

Entry Ionic liquid Solvent Condition Time (min) Yielda (%)

1 TEEA None CHb 25 96
2 [bmIm]BF4 None CHb 40 25
3 [bmIm]OH None CHb 35 41
4 [bmIm]Br None CHb 85 36
5 [HmIm]BF4 None CHb 40 32
6 [HmIm]

[HSO4]
None CHb 60 65

7 [Hnhm][HSO4] None CHb 75 25
8 TEEA None MWc 15 61
9 [bmIm]BF4 None MWc 20 41
10 [bmIm]OH None MWc 10 29
11 [bmIm]Br None MWc 10 45
12 [HmIm]BF4 None MWc 25 38
13 [HmIm]

[HSO4]
None MWc 20 41

14 [Hnhm][HSO4] None MWd 15 30
15 TEEA H2O MWc 20 38
16 [bmIm]BF4 H2O MWc 40 11
17 [bmIm]OH H2O MWc 35 22
18 [bmIm]Br H2O MWc 40 12
19 [HmIm]BF4 H2O MWc 25 16
20 [HmIm]

[HSO4]
H2O MWc 50 20

21 [Hnhm][HSO4] H2O MWc 60 19
22 None H2O MWc 100 trace

Scheme 1  Addition of C(sp3)–
H bond to aldehydes
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is no considerable hindrance of amino group on yields of 
the reaction. In all the cases, the products were obtained in 
good to excellent yields.

All the reactions were carried out with 4 (1 mmol), 5 
(1 mmol) and TEAA (5 mL) at 60 °C. Isolated and unopti-
mized yields.

With the findings of addition of 3,5-dimethyl-4-nitroisox-
azole 4 C(sp3)–H bond to aldehyde 5, we utilize these syn-
thons viz., isoxazolyl aryl ethanols 6 as building blocks 
for the synthesis of novel highly functionalized isoxazolyl 
quinolines. The initial reaction was explored by refluxing 
1-(2-aminophenyl)-2-(3-methyl-4-nitroisoxazol-5-yl)ethanol 
6a with o-iodoxy benzoic acid (IBX) in DMF at 80 °C to 
afford the 1-(2-aminophenyl)-2-(3-methyl-4-nitroisoxazol-
5-yl)ethanone 7a in excellent yields [36] (Table 3). The reac-
tion was carried out with different isoxazolyl aryl ethanols 
6a-k, and in each case the reaction proceeded smoothly and 
products are obtained in excellent yields (Scheme 4).

Heterogenous catalysis has also been employed in Fried-
lander synthesis by Das and co-workers [26]. Vittal Rao 
et al., have observed in Friedlander synthesis of quinolines, 
catalysed by BDMS, heterocyclic aldehydes/ketones gave 
low yields, and aliphatic and aromatic aldehydes were 
not good substrates and reaction did not progress [51]. To 
establish the TEAA IL promoted Friedlander synthesis of 
isoxazolyl quinolines, we started our investigation by react-
ing, 1-(2-aminophenyl)-2-(3-methyl-4-nitroisoxazol-5-yl)
ethanone 7a and α-methylene carbonyl 8a [36] in TEAA 
IL (5 mL) as a model reaction. To our surprise the reaction 
resulted in the formation of isoxazolyl substituted quinoline 
viz., 3-methyl-5-((3-(3-methyl-4-nitroisoxazol-5-yl)-2-phe-
nylquinolin-4-yl)methyl)-4-nitroisoxazole 9a in excellent 

yield (90%) (Scheme 5). The generality of the reaction 
was investigated by employing heterocyclic ketones, cyclic 
ketones, 1,3-diketones and so forth, and results are pre-
sented in Table 4. Both electron-rich and electron deficient 
isoxazolyl aryl amines 7 provided excellent yields. Electron 
deficient α-methylene carbonyls 8 reacted with isoxazolyl 
aryl amines 7 very effectively in excellent yields, but some 
electron-rich α-methylene carbonyls took more time compar-
atively. This set of experiments set a proof of principle for 
the desired isoxazolyl quinolines and this method is general 
and tolerate to substitutions as well as changes in carbonyls.

The Friedlander synthesis proceeds via., aldol condensa-
tion 8 and imine formation 9. A rate limiting aldol reac-
tion, followed by elimination of water and imine formation 
with further loss of water leads to quinoline 9 (Scheme 6). 
Alternatively, Schiff’s base formation followed by aldol reac-
tion and water elimination also leads to the formation of 
quinoline 9. However, in this case aldol reaction is the first 
step, because reaction does not proceed at low temperature. 
Since aldol condensation, being an equilibration reaction, 
which can be propelled only by heating. TEAA plays active 
role in enolization as well as Schiff’s base formation and 
cyclization.

The assigned structures of new products (6a–k, 7a–k 
and 9a–q) were established from their spectroscopic 
data (IR, 1H NMR and 13C NMR). IR spectra of 6a-k 
showed absorption bands around 3440–3478 cm−1 for 
hydroxyl group. Similarly, IR spectra of compounds 
7a-k have showed absence of absorption band around 
3440–3478 cm−1 for hydroxy group and exhibited new 
absorption band around 1641–1684 cm−1 for the formation 
of carbonyl group. The IR spectra of 9a-q have exhibited 

Scheme 2  Addition of 
3,5-dimethyl-4-nitroisoxazole-
C(sp3)–H bond to aldehydes
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Table 2  Substrate scope of the 
3,5-dimethyl-4-nitroisoxazole, 
substituted o-amino 
benzaldehyde

 
Entry 

3,5-dimethyl-
4-nitro 

isoxazole 4 

substituted       
o-amino 

benzaldehyde 5 

 
Product 6 

 
Time 
(min) 

 
Yield 
(%) 

 
M.P. 
(oC) 

 
 
1 

 
 

4 

 

NH2

OHC

 
5a 

O
N

CH3 NO2
OH

NH2  
6a 

 
25 

 
90 

 
126-128 

 
 
2 

 
 

4 

 

NH2

OHC Cl

 
5b 

O
N

CH3 NO2
OH

NH2

Cl

 
6b 

 
30 

 
96 

 
137-139 

 
 
3 

 
 

4 

 

NH2

OHC Br

 
5c 

O
N

CH3 NO2
OH

NH2

Br

 
6c 

 
35 

 
95 

 
135-137 

 
 
4 

 
 

4 

 

NH2

OHC CH3

 
5d 

O
N

CH3 NO2
OH

NH2

CH3

 
6d 

 
25 

 
90 

 
109-111 

 
 
5 

 
 

4 

 

NH2

OHC

Cl  
5e 

O
N

CH3 NO2
OH

NH2 CH3  
6e 

 
30 

 
96 

 
103-105 

 
 
6 

 
 

4 

 

NH2

OHC

O
CH3

 
5f 

O
N

CH3 NO2
OH

NH2 O
CH3

 
6f 

 
35 

 
92 

 
131-333 

 
 
7 

 
 

4 

 

NH2

OHC

O
CH3

O
CH3

 
5g 

O
N

CH3 NO2
OH

NH2

O
CH3

O
CH3

 
6g 

 
25 

 
91 

 
128-130 

 
 
8 

 
 

4 

 

NH2

OHC

O

CH3

O

CH3

 
5h 

O
N

CH3 NO2
OH

NH2 O

CH3

O

CH3

 
6h 

 
35 

 
89 

 
121-123 

9 4
NH2

OHC

O
CH3

5i

O
N

CH3 NO2
OH

NH2

O
CH3

6i

30 89 119-121

10 4
NH2

OHC

OH

CH3

O

5j

O
N

CH3 NO2
OH

NH2

CH3

O

OH

6j

30 90 116-118

11 4
NH2

OHC
CH3

O

5k

O
N

CH3 NO2
OH

NH2

CH3

O

6k

25 90 140-142

c All the reactions were carried out with 4 (1 mmol), 5 (1 mmol) and TEAA (5 mL) at 
60 °C. Isolated and unoptimized yields
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a sharp band at 1650–1654 cm−1 due to C=N stretching 
vibration confirming cyclization. In particular, it must be 
pointed out that 1H NMR of compounds 6a–k showed two 
doublet of doublets at δ 3.18 and 3.29 due to methylene 
protons and triplet at δ 4.81 asymmetric CH proton. A 
characteristic peak as broad singlet at δ 4.39 confirm the 

formation of hydroxy group. In 1H NMR spectra of com-
pounds, 7a–k absence of triplet at δ 4.81 confirms the 
formation of carbonyl group. In 1H NMR spectra of 9a–q 
exhibited singlet at δ 4.21 due to methylene protons and 
absence of broad singlet at δ 8.66 in the reactant 7 due to 
amino group confirm the cyclization product 9. The 13C 

Table 3  Substrate scope of 
isoxazolyl aryl ethanols
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All reaction were carried out with 6 (1 mmol) and o-iodoxybenzoic acid (IBX) (1 mmol) in EtOAc 
(10 mL) was refluxed at 80 °C for 4 h
a Isolated yields
b Melting Point found reported

Scheme 4  Synthesis of isoxa-
zolyl aryl ethanones
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NMR spectra of 6a–k exhibited a prominent peak at δ 
160.87 assignable to hydroxyl carbon. The 13C NMR spec-
tra of 7a–k exhibited signal at δ 191.83 assignable to car-
bonyl carbon. The formation of isoxazolyl quinolines 9a–q 

was supported by 13C NMR spectra of the compounds, 
which shown a peak at δ 157.10 due to CN carbon, with 
the disappearance of carbonyl carbon peak at δ 191.83 
present in 7a–k.

Table 4  Friedlander synthesis 
of highly functionalized 
isoxazole substituted quinolines

Entry Amino 
isoxazolyl 

aryl 
ethanones 7

α-methylene 
carbonyls 8

Product 9 Yieldb

(%)
Time 
(min)

M.P. 
(oC)

1 7a
O

N

CH3O2N
O

8a

O
NCH3

O2N

O
N

N

CH3O2N

9a

90 50 208-210

2 7b
O

N

CH3O2N
O

8a

O
NCH3

O2N

O
N

N

CH3O2N

Cl

9b

88 55 242-244

3 7c
O

N

CH3O2N
O

8a

O
NCH3

O2N

O
N

N

CH3O2N

Br

9c

87 60 283-285

4 7d
O

N

CH3O2N
O

8a

O
NCH3

O2N

O
N

N

CH3O2N

CH3

9d

91 50 239-241

5 7e
O

N

CH3O2N
O

8a

O
NCH3

O2N

O
N

N

CH3O2N

CH3

9e

91 60 246-248

6 7f
O

N

CH3O2N
O

8a

O
NCH3

O2N

O
N

N

CH3O2N

CH3

O

9f

88 55 233-235

7 7g
O

N

CH3O2N
O

8a

O
NCH3

O2N

O
N

N

CH3O2N

CH3

O

CH3

O

9g

89 60 257-259

8 7h
O

N

CH3O2N
O

8a

O
NCH3

O2N

O
N

N

CH3O2N

O
CH3

O
CH3

88 60 263-265
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Table 4  (continued) Entry Amino 
isoxazolyl 

aryl 
ethanones 7

α-methylene 
carbonyls 8

Product 9 Yieldb

(%)
Time 
(min)

M.P. 
(oC)

9 7i
O

N

CH3O2N
O

8a

O
NCH3

O2N

O
N

N

CH3O2N

CH3

O

9i

87 55 241-243

10 7j
O

N

CH3O2N
O

8a

O
NCH3

O2N

O
N

N

CH3O2N

OH

O
CH3

9j

89 60 264-266

11
7k O

N

CH3O2N
O

8a

O
NCH3

O2N

O
N

N

CH3O2N

O

CH3

9k

88 55 256-258

12 7a O
N

CH3O2N
O

CH3

8b

O
NCH3

O2N

O
N

N

CH3O2N

CH3

9l

89 85 231-233

13 7a
O

N

CH3O2N
O

CH3

O

8c

O
NCH3

O2N

O
N

N

CH3O2N

O

CH3

9m

87 55 253-255

14 7a
O

8d

O
N

CH3

O2N

N

9n

86 80 291-293

15 7a CH3

O

N

8e

O
N

CH3

O2N

N
N

9o

86 75 285-287
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Conclusions

In summary, we have developed an efficient ionic liquid 
promoted addition of 3,5-dimethyl-4-nitroisoxazole to 
aldehydes through C(sp3)–H bond functionalization in 

excellent yields. Further investigation is applied utilizing 
these synthons viz., isoxazolyl aryl ethanols as building 
blocks for the Friedlander synthesis of novel highly func-
tionalized isoxazolyl quinolines.
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O

O

CH3
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All the reactions were carried out with 7 (1 mmol), 8 (1 mmol) and TEAA (5 mL) at 60 °C
a Isolated and unoptimized yields
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