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1-Butyl-3-methylimidazolium Tetrafluoroborate (( BMIM|BF,):
An Efficient Ionic Liquid Medium for the Synthesis of Novel
2-(Oxazolo|[5,4-b]pyridin-2-yl)-N-phenylbenzamides
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Abstract—A series of novel 2-(oxazolo[5,4-b]pyridin-2-yl)-N-phenylbenzamide derivatives have been prepared
by one-pot three-component synthesis using 2-aminopyridin-3-ol, dimethyl phthalate, and anilines in 1-butyl-
3-methylimidazolium tetrafluoroborate ((BMIM]BEF,) at 80—-85°C for 90—120 min. This method offers remarkable
advantages of good yields, straightforward protocol, environmental friendliness, short reaction times, and mild
reaction conditions. The need in catalysts and solvents is avoided by using a catalytically active ionic liquid as a

medium.
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INTRODUCTION

Multicomponent reactions (MCRs) are an important
technique for successful and swift synthesis of a broad
range of composite heterocyclic frameworks [1, 2]. Such
reactions are specifically focused on organic synthesis
due to their ability to make composite molecular
functionalities from three or more starting materials
via one-pot reaction [3—5]. The development of new,
environmentally benign multicomponent reactions has
received ample attention in view of the prospect of
compliance with green chemistry principles [6].

The rising environmental consciousness of chemical
industry creates a demand for clear and clean methods
that avoid use of hazardous and harmful organic solvents.
Ionic liquids (ILs) have become popular as novel and
promising solvents for heterocyclic synthesis [7, 8]. The
main useful property of ILs is their negligible vapor
pressure at temperatures below the decomposition point.
For this reason, ILs are considered as green chemistry
solvents. The thermal stability of ILs is limited by the
strength of their heteroatom—carbon and heteroatom—
hydrogen bonds [9].

Over the past years special attention has been
focused on 1-butyl-3-methyl imidazolium salts as
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environmentally sustainable and efficient media for in
various heterocyclic transformations including hydro-
genations [10], as well as Heck [11], Friedel-Crafts
[12], and Bishler—Napieral reactions [13]. Among
representatives of this family of ILs, 1-butyl-3-methyl
imidazolium tetrafluoroborate ((BMIM]BF,) has found
the most marvelous applications in various organic
conversions [14]. The weak electrostatic interactions of
the tetrafluoroborate anion with the imidazolium cation
impart good thermal and electrochemical stabilities to
[BMIM]BF,. The other favorable physical and chemical
properties, like mildness, lack of inflammability,
neutral nature, commercial availability, volatility, envi-
ronmental sustainability, and ability to dissolve many
organic products, make this ionic liquid preferred over
the others [15].

Oxazolopyridines are significant heterocyclic
structures incorporated in various biologically active
substances, which have found applications as anti-
inflammatory, analgesic, anti-pyretic, and antifungal
agents [16]. Oxazolopyridine derivatives can also act
as inhibitors of fatty acid amide hydrolaze (FAAH)
[17, 18], inhibitors of monoterpenoidindole alkaloid
production in catharanthus roseus cells [19], inhibitors
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of acetyl- and butyrylcholinesterases [20], and SIRTI
activators [21]. The fact that many oxazolopyridine
derivatives fluoresce in the visible spectral range makes
them good candidates for application in LED devices or
nonlinear optical systems [22].

In the present work we prepared a series of 2-(oxa-
zolo[5,4-b]pyridin-2-yl)-N-arylbenzamide derivatives
with good yields by one-pot three-component synthesis
using dimethyl phthalate, anilines, and 2-aminopyri-
din-3-ol in a [BMIM]BF, medium at 80-85°C for
90-120 min.

RESULTS AND DISCUSSION

The conditions of the synthesis of 2-(oxazolo[5,4-b]-
pyridin-2-yl)-N-arylbenzamide derivatives were opti-
mized in the model one-pot synthesis of 2-(oxazolo[5,4-
b]pyridin-2-yl)-N-phenylbenzamide 4a in the reaction
of equimolar amounts of dimethyl phthalate (1), aniline
(2a) and 2-aminopyridin-3-ol (3) (Scheme 1, Tables 1
and 2) by varying the nature and amount of the ionic
liquid and the reaction temperature. Of the four tested
ionic liquids, specifically [BMIM]BF,, [BMIM]Br,
[BMIM]CI, and [BMIM]OH, the highest yield of
compound 4a was obtained in [BMIM]BF, (Table 1,

entry 1).

The effect of the temperature was studied in the
model reaction of 1 with 2a and 3 in [BMIM|BF,. It was
found that the reaction at 95-100°C was complete in
75 min, yielding 75% of compound 4a, while the
reaction at 60—65°C gave 80% of compound 4a, but
the reaction time was as long as 8 h. The highest yield
of compound 4a (85%) in a relatively shorter time
(90 min) was obtained at 80—85°C (Table 1, entry 1).

In a continuation of the optimization of the reaction
conditions, the model reaction between equimolar
amounts of 1, 2a, and 3 to form product 4a was
performed with different amounts of [BMIM]BF, at
80—85°C (Table 2). The best results were obtained with
6 equiv of [BMIM]BF, as a medium (Table 2, entry 2).

Thus, as the optimal conditions for the model one-pot
synthesis of compound 4a we chose 6 equiv of [BMIM]
BF, as a medium and the reaction temperature 80—
85°C. Under these conditions we reacted from dimethyl
phthalate (1) and 2-aminopyridin-3-ol (3) with anilines
2a-2f to obtain a series of novel 2-(oxazolo[5,4-b]-
pyridin-2-yl)-N-phenylbenzamide derivatives 4a—4f
in yields of 81-85% (Scheme 1, see Experimental).
The compositions and structures of the products were
confirmed by elemental analysis and 'H and '*C NMR
spectroscopy and mass spectrometry.

Table 1. Optimization of the ionic liquid and temperature for the one-pot synthesis of compound 4a

Entry no. Tonic liquid (6 equiv) Temperature, °C Time, min Yield of 4a, %
1 [BMIM]BF, 80-85 90 85
2 [BMIM]Br 80-85 120 75
3 [BMIM]CI 80-85 240 70
4 [BMIM]OH 80-85 360 50
5 [BMIM]BF, 60-65 480 80
6 [BMIM]BF, 90-95 75 75
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EXPERIMENTAL

The melting points were determined on in open
capillary tubes in an H,SO, bath. The FTIR spectra
were recorded on a Bruker VERTEX 80 spectrometer
in KBr. The 'H and '*C NMR spectra were obtained on
a Bruker DRX-400 spectrometer at 400 and 100 MHz,
respectively, in DMSO-d;; internal standard TMS.
The mass spectra were recorded on an Agilent LCMS
instrument. Silica gel-G plates (Merck) were used
for thin layer chromatography (TLC) analysis with a
mixture of n-hexane and ethyl acetate (6 : 4) as eluent.

Synthesis of 2-(oxazolo[5,4-b]pyridin-2-yl)-/V-
phenylbenzamides 4a—4f (general procedure). A
mixture of 10 mmol of dimethyl phthalate (1), 10 mmol
of aniline 2a-2f, and 10 mmol of 2-aminopyridin-3-ol
(3) was heated in 6 equiv of [BMIM]BF, at 80-85°C
for 90-120 min. After the reaction had been complete
(by TLC), the reaction mixture was cooled to 40—45°C,
diluted with 50 mL of water, stirred for 15-20 min at the
same temperature, and cooled to 25-30°C. The colorless
precipitate that formed was filtered off, washed with
50 mL of water, and dried at 60-65°C for 12 h. The
crude product was recrystallized from ethanol to obtain
the target product.

2-(Oxazolo[5,4-b]pyridin-2-yl)-N-phenylbenz-
amide (4a) was synthesized by the general procedure
from compounds 1, 3, and aniline (2a), reaction time
90 min. Yield 85%, mp > 220°C. 'H NMR spectrum,
o, ppm: 7.40-8.40 m (12H, H,,,,), 10.8 s (1H, CO-
NH). 3C NMR spectrum, 6, ppm: 114.0, 121.5, 121.9,
124.2, 126.9, 128.3, 128.5, 129.9, 130.3, 130.7, 131.9,
134.3, 136.7, 138.9, 139.7, 149.0, 149.2, 169.9. Mass
spectrum, m/z: 316. Found, %: C 72.48; H4.19; N 13.54.
C,9H3N;0,. Calculated, %: C 72.37; H 4.16; N 13.33.

N-(4-Chlorophenyl)-2-(oxazolo[5,4-b]pyridin-
2-yl)benzamide (4b) was synthesized by the general
procedure from compounds 1, 3, and 4-chloroaniline
(2b), reaction time 120 min. Yield 82%, mp > 220°C.
"H NMR spectrum, 8, ppm: 7.40-8.40 m (12H, H,,.,,),
10.8 s (1H, CO-NH). '3C NMR spectrum, §, ppm: 114.5,
120.5, 121.4, 124.0, 127.5, 128.3, 128.7, 129.5, 129.9,
130.2, 131.3, 134.6, 136.9, 138.6, 139.9, 151.3, 152.5,
169.5. Mass spectrum, m/z: 349. Found, %: C 65.15;
H3.54;N 12.12. C,oH,CIN;O,. Calculated, %: C 65.24;
H3.46; N 12.01.

2-(Oxazolo[5,4-b]|pyridin-2-yl)-N-(p-tolyl)-
benzamide (4¢) was synthesized by the general pro-

Table 2. Optimization of the amount of [BMIM]BF, for the
synthesis of compound 4a at 80-85°C

Amount
Entry no.| of [BMIM]BF,, |Time, min| Yield of 4a, %
equiv
1 4 240 80
2 6 90 85
3 8 80 75

cedure from compounds 1, 3, and 4-methylaniline (2¢),
reaction time 110 min. Yield 83%, mp >220°C. 'H NMR
spectrum, & (400 MHz, DMSO-d4;, TMS): 7.40-8.40 m
(12H, H,opy)> 10.8 s (1H, CO-NH). '*C NMR spectrum,
o, ppm: 19.5, 114.2, 119.0, 120.4, 122.2, 125.5, 127.3,
128.5, 129.0, 129.9, 130.5, 130.9, 131.5, 134.6, 135.9,
137.5, 149.7, 149.9, 167.3. Mass spectrum, m/z: 330.
Found, %: C 72.83; H 4.50; N 12.85. C,,H;5N;0.,.
Calculated, %: C 72.94; H 4.59; N 12.76.

N-(4-Methoxyphenyl)-2-(oxazolo[5,4-b]pyridin-
2-yl)benzamide (4d) was synthesized by the general
procedure from compounds 1, 3, and 4-methoxyaniline
(2d), reaction time 110 min. Yield 82%, mp > 220°C.
"H NMR spectrum, §, ppm: 7.40-8.40 m (12H, H,,,,,),
10.8 s (1H, CO-NH). '3C NMR spectrum, §, ppm:
54.2, 117.2, 121.2, 121.9, 123.4, 126.8, 128.3, 128.9,
129.2, 129.5, 130.7, 130.8, 133.1, 136.4, 137.5,
138.5, 150.0, 150.1, 167.9. Mass spectrum, m/z: 346.
Found, %: 69.43; H 4.26; N 12.19. C,,H,sN;05. Cal-
culated, %: 69.56; H 4.38; N 12.17.

N-(4-Nitrophenyl)-2-(oxazolo[5,4-b]pyridin-2-
yl)benzamide (4e) was synthesized by the general
procedure from compounds 1, 3, and 4-nitroaniline (2e),
reaction time 90 min. Yield 83%, mp >220°C. 'H NMR
spectrum, o, ppm: 7.40-8.40 m (12H, H,,,,,), 10.8 s (1H,
CO-NH). 13C NMR spectrum, §, ppm: 113.9, 121.2,
121.8, 122.9, 127.5, 127.9, 128.0, 128.9, 130.0, 130.7,
133.0, 134.9, 137.0, 138.7, 148.0, 148.9, 169.9. Mass
spectrum, m/z: 361. Found, %: 63.44; H 3.23; N 15.43.
C,9H,N,O,. Calculated, %: 63.33; H 3.36; N 15.55.

N-(4-Fluorophenyl)-2-(oxazolo[5,4-b]pyridin-
2-yl)benzamide (4f) was synthesized by the general
procedure from compounds 1, 3, and 4-fluoroaniline
(2f), reaction time 100 min. Yield 81%, mp > 220°C.
"H NMR spectrum, §, ppm: 7.40-8.40 m (12H, H,,,.),
10.8 s (IH, CO-NH). '3C NMR spectrum, §, ppm:
113.9, 120.9, 121.8, 122.9, 127.3, 127.9, 128.5, 129.0,
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129.5, 130.5, 130.9, 132.9, 135.7, 137.5, 148.0, 148.7,
169.7. Mass spectrum, m/z: 334. Found, %: 68.36;
H 3.69; N 12.78. C,yH,N;0,. Calculated, %: 68.46;
H3.63; N 12.61.

CONCLUSIONS

In summary, we developed an efficient and
environmentally benign protocol for the synthesis of
2-(oxazolo[5,4-b]pyridin-2-yl)-N-phenylbenzamides in
[BMIM]BF, as a medium. This one-pot four- component
reaction proceeds in short time with high yields and
features a straightforward work-up procedure and no
need of column purification.
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