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N-Arylidene-2-aryl-imidazo[1,2-a]azin-3-amines were synthesized via a one-pot, four-component con-
densation reaction using a 2-aminoazine, toluene-4-sulfonylmethyl isocyanide (TsCH,NC), and two
equivalents of readily available aromatic aldehydes. The reaction was performed in diethyl ether as
the solvent, with p-toluenesulfonic acid (p-TSA) as the catalyst at reflux temperature.

© 2014 Elsevier Ltd. All rights reserved.

Imidazo[1,2-a]azines are an important class of fused
heterocyclic compounds which demonstrate a wide spectrum of
biological activities.! Due to these useful properties, the syntheses
of these heterocyclic compounds have been studied extensively.
The classical synthetic method for the preparation of imidazo[1,2-
alazines involves the condensation of o-haloketones with 2-amino-
azines.” However, this reaction is not suited for the generation a
large number of compounds. Multi-component reactions (MCRs)
are widely used in synthetic and combinatorial chemistry to gener-
ate large libraries of compounds.®* For this reason, MCR approaches
have been used for the synthesis of imidazo[1,2-a]azines.”® One of
well-known methods is the Groebke-Blackburn-Bienayme three-
component reaction that was reported in 1998. In this reaction an
isocyanide, an aldehyde, and a 2-aminoazine and/or aminoazole
are reacted in the presence of an acid catalyst.® In this context,
N-arylidene-2-aryl-imidazo[1,2-a]pyridin-3-amines have also been
produced by means of MCRs.”~!! Hulme et al. synthesized N-arylid-
ene-2-aryl-imidazo[1,2-a]pyridin-3-amines using a four-compo-
nent approach employing trimethylsilyl cyanide, two aldehyde
molecules, and 2-aminopyridine (route A, Scheme 1).° In similar
routes, Voskressensky'® and Adib!! generated the same products
by using 2-hydroxypropanenitrile and imidazoline-2,4,5-trione
instead of trimethylsilyl cyanide (routes B and C, Scheme 1). In
continuation of this research, we have synthesized N-arylidene-2-
aryl-imidazo[1,2-a]pyridin-3-amines and N-arylidene-2-aryl-imi-
dazo[1,2-a]pyrazin-3-amines via a one-pot, four-component
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condensation utilizing toluene-4-sulfonylmethyl isocyanide (route
D, Scheme 1).

In a pilot experiment, 2-aminopyridine (1 equiv) and p-chloro-
benzaldehyde (1 equiv) were treated with TsCH,NC (1 equiv) in
acetonitrile (5mL) in the presence of p-toluenesulfonic acid
(5 mol %) as catalyst under reflux conditions. After 48 h, monitor-
ing of the reaction showed the presence of a new product along
with unreacted starting materials (2-aminopyridine and TsCH,NC).
After separation of the reaction mixture, the spectroscopic data of
the product indicated that N-(4-chlorobenzylidene)-2-(4-chloro-
phenyl)imidazo[1,2-a]pyridin-3-amine (4a) had been obtained
via a four-component reaction. The results showed that two equiv-
alents of p-chlorobenzaldehyde had been incorporated into the
structure of the final product (route D, Scheme 1).

To optimize the conditions for this four-component reaction,
2 equiv of p-chlorobenzaldehyde with 2-aminopyridine (1 equiv)
and TsCH,NC (1 equiv) was used. First, different solvents in the
presence of p-TSA (5 mol %), at 15-20 °C and under reflux condi-
tions, were utilized for investigation of the solvent and tempera-
ture effects (Table 1). Among the different solvents, diethyl ether
was found to be the best solvent (Table 1). Also, between the var-
ious temperatures, reflux temperature was the best.

Next, in order to find the best catalyst, a number of Lewis and
Bronsted acids (5 mol %) were screened. The employed catalysts
are listed in Table 2. The experiments showed that the highest yield
was obtained using p-TSA as the catalyst. The optimum catalyst
loading was next investigated by studying the reaction with differ-
ent amounts of p-TSA under reflux conditions. The best results were
obtained in the presence of 5 mol % of p-TSA. The results showed
that reducing or increasing the amount of catalyst from 5 mol %,
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Scheme 1. Methods for the synthesis of N-arylidene-2-aryl-imidazo[1,2-a]pyridin-3-amines.

Table 1
One-pot synthesis of N-(4-chlorobenzylidene)-2-(4-chlorophenyl)imidazo [1,2-a]pyridin-3-amine in different solvents and at different temperatures®
Cl
O H o0 o
N\ NH2 \\S//\/NC p-TSA N —
| N . . N
= 2 i Vi
Y
N
3 Cl
1 Cl 2

Entry Solvent Yield® (%) Yield® (%)
1 Et,0 38° 481
2 MeCN 25¢ 37¢
3 EtOH 20° 344
4 MeOH 30° 414
5 1,4-Dioxane 0° o4
6 DMF 0° 224
7 CHCl3 13¢ 204
8 H,0 0° o
9 [bmim]BF, 0° 12¢

@ p-Chlorobenzaldehyde (2 mmol), TsCH,NC (1 mmol), 2-aminopyridine (1 mmol), in the presence of p-TSA (5 mol %), solvent (5 mL), 48 h.
Isolated yields.

Reactions run at 15-20 °C.

Reactions run under reflux conditions.

Reaction runs at 100 °C.

Table 2
Effects of various catalysts on the synthesis of N-(4-chlorobenzylidene)-2-(4-chlorophenyl)imidazo[1,2-a]pyridin-3-amine®
Entry Catalyst Amount (%) Time (h) Temperature (°C) Yield" (%)
1 Nano-Si0,-CF3S0sH 02¢g 48 Reflux 30
2 Si0,_H,S04 02g 48 Reflux 28
3 AcOH 5 mol 48 Reflux 38
4 InCl; 5 mol 48 Reflux 41
5 CF5S0sH 5 mol 48 Reflux 14
6 CCl3COH 5 mol 48 Reflux 11
7 p-TsOH 10 mol 48 Reflux Trace
7 mol 48 Reflux 36
5 mol 48 Reflux 48
2 mol 48 Reflux 34
1 mol 48 Reflux 23
0.5 mol 48 Reflux 15
8 p-TsOH 5 mol 48 25 42
5 mol 48 15 38
9 p-TsOH 5 mol 6 Reflux 18
5 mol 12 Reflux 28
5 mol 24 Reflux 36
5 mol 72 Reflux 48

¢ Benzaldehyde (2 mmol), TsCH,NC (1 mmol), 2-aminopyridine (1 mmol), Et,0 (5 mL), reflux.
b Isolated yields.
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Table 3
Synthesis of N-arylidene-2-aryl-imidazo[1,2-a]pyridin-3-amines
R!
R? F\
\
Os_H o o YS
+ X —_— R X
Pz 2 ‘ + /©/ Et,O / Y
7
X XY reflux, 48 h ,\\ N>\/
R RZ / _
3 SY
1 2 R
X=CH, N Y=CH, N

Entry X Y R! R? Product Yield® (%) Mp (°C)Ref

1 CH CH 4-Cl H 4a 48 163-164

2 CH CH 4-F H 4b 57 150-151112

3 CH CH 4-CN H 4c 79 284-286

4 CH CH 4-NO, H 4d 82 312-313

5 CH CH 3-NO, H 4e 77 289-291

6 CH CH 2-NO, H af 65 248-250

7 CH CH 2-Cl 4-Cl 4g 69 191-193

8 CH N H H 4h 63 223-224°°

9 N CH 3-NO, H 4i 80 270-272
10 N CH 2-NO, H 4j 67 225-226
11 N CH 2-Cl 4-Cl 4k 73 226-228
12 N CH 2-Cl 6-Cl 41 71 207-209
13 N CH 2-Cl 6-F 4m 67 213-215

2 Isolated yield.

gave decreased yields. The reaction was then repeated at various
temperatures (Table 2, entry 8) in Et,O with the results showing
that the best yields were obtained under reflux conditions (Table 2,
entries 7 and 8).

To determine the scope and limitations of the reaction, we
investigated the use of various substituted benzaldehydes in the
presence of 3-aminopyridine or 3-aminopyrazine and toluene-4-
sulfonylmethyl isocyanide (Table 3).'? The reactions proceeded
only with aldehydes possessing electron-withdrawing substituents
at ortho, meta, and para positions. Benzaldehydes bearing electron-
donating substituents did not participate in the reaction under this
condition and other conditions attempted.

The structures of products 4a-m were determined from their
IR, 'H NMR, 3C NMR, and mass spectra and elemental analyses.'*
All the products are new except for 4b''?® and 4h.°®

A mechanistic rationalization for this reaction is provided in
Scheme 2. Initially, protonated Schiff base 5 is formed by the

OsH
TsOH
HoN N
U -H,0
1 2 -TsO
S
N 2H,0
/—NH -TsOH
Sy
-H,CO
(o] 2
© 6
R

addition of the aldehyde to the aminoazine solution in the presence
of p-toluenesulfonic acid. Next, compound 6 was produced by a non-
concerted [4+1] cycloaddition between protonated Schiff base 5 and
isocyanide 3, followed by tautomerization.® Subsequently, elimina-
tion of p-toluenesulfonic acid from 6 and then hydrolysis gives 3-
amino-2-aryl-1H-imidazo[1,2-a]pyridine 7. Finally, the second
equivalent of benzaldehyde reacts with the amine group and gener-
ates the N-arylidene-2-aryl-imidazo[1,2-a]pyridin-3-amines 4.

In conclusion, a convenient and efficient one-pot, four-compo-
nent synthesis of N-arylidene-2-aryl-imidazo[1,2-a]pyridin-3-
amines is reported from readily available and inexpensive alde-
hydes, 3-aminopyridine, and tosmic isocyanide starting materials.
Also, N-arylidene-2-arylimidazo[1,2-a]pyrazin-3-amines are syn-
thesized via this approach. In addition, the proposed method is a
new alternative one that could be extended to the synthesis of
other types of these compounds. The method also could be consid-
ered as a protocol in biochemistry and medicinal discovery.

Scheme 2. A mechanistic rationalization.
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General procedure for the synthesis of N-arylidene-2-aryl-imidazo[1,2-a]pyridin-
3-amines 4a-m: A solution of an aldehyde (0.2 mmol), a 2-aminoazine
(0.1 mmol), and p-toluenesulfonic acid (0.5 mol%) in Et,0 (5ml) was
magnetically stirred for 12h at room temperature. Next, TsCH,NC
(0.1 mmol) was added and the mixture was stirred for 36h at reflux
temperature. After completion of the reaction (which was followed by TLC,
EtOAc-petroleum ether, 1:5), the solvent was evaporated, and the resulting
precipitate was washed with methanol. Finally, pure solid product was
obtained by column chromatography.

Characterization data: N-(4-Chlorobenzylidene)-2-(4-chlorophenyl)imidazo
[1,2-a]pyridin-3-amine (4a): Yellow powder (0.017 g). Yield: 48%. IR (KBr) v:
3050, 2941, 2548, 1590, 1488, 1463, 1404, 1347, 1230, 1182, 1087, 1010, 929,
825,751 cm™'. 'H NMR (400 MHz, CDCls) §: 6.93 (dt, J = 6.8 Hz, ] = 1.2 Hz, 1H,
Harom), 7.28 (dt, ] = 7.4 Hz, ] = 1.2 Hz, 1H, Harom), 7.43-7.47 (m, 4H, Hyrom), 7.60
(d, J=9.2Hz, 1H, Harom), 7.79 (dt, J=8 Hz, J=0.8 Hz, 4H, Harom), 8.44 (d,
J=6.8 Hz, TH, Harom), 8.73 (s, 1H, Himine) ppm. >C NMR (100 MHz, CDCl3) &:
112.7,117.5,123.3,125.6,129.1, 129.2, 129.5, 129.6, 133.0, 133.3, 133.9, 134.7,
137.5,143.2, 155.8 ppm. MS (EI, 70 eV): m/z (%): 369 (M*+4, 2), 367 (M*+2, 25),
365 (M", 49). Anal. Calcd for CyoH;5Cl,N3: C 65.59, H 3.58, N 11.47; Found: C
65.90, H 3.60, N 11.42.
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