= ASIAN JOURNAL
OF CHEMISTR

Asian Journal of Chemistry; Vol. 23, No. 3 (2011), 1273-1275

AsiaN JOURNAL OF CHEMISTRY

www.asianjournalofchemistry.co.in

352 Joumal of Chem's:S)

Ionic Liquid, [bmim]Br, as An Efficient Promoting Medium for Synthesis of
2-Amino-3,5-dicarbonitrile-6-thiopyridines

A. Davoopnial, P. Attar!”, H. EsHGHI%, A. MorsaLl', N. TavakoLi-Hoseint! and A. TAVAKOLI-NISHABURI!

'Department of Chemistry, Faculty of Sciences, Islamic Azad University-Mashhad Branch, Mashhad, Iran
*Department of Chemistry, Faculty of Sciences, Ferdowsi University of Mashhad, Mashhad, Iran

*Corresponding author: Fax: +98 511 8424020; Tel: +98 511 8417015; E-mail: attar_paria@yahoo.com

(Received: 3 May 2010; Accepted: 8 November 2010) AJC-9285

| A simple, efficient and rapid method for the synthesis of 2-amino-3,5-dicarbonitrile-6-thiopyridines through one-pot multi-component |

| reaction of a variety of aryl aldehydes with malononitrile and thiophenol in the presence of ionic liquid 1-butyl-3-methylimidazolium |

INTRODUCTION

Multi-component reactions have recently received the
attention of organic chemists because of the many advantages
these reactions offered over conventional multi-step synthesis
as well as their potential applications in medicinal chemistry
for the generation of diverse scaffolds and combinatorial
libraries for drug development', In this type of reactions three
or more components are reacted to form ideally one product,
which contains the essential parts of all the initial reactants.
Multicomponent reactions contribute to the requirements of
an environmentally friendly process by reducing the number
of synthetic steps, energy consumption and waste production.
Therefore, the discovery for new multi-component reactions
and improving the already known multi-component reactions
are of considerable interest.

The presence of the pyridine ring system in a number of
natural products, vitamins and pharmacologically significant
molecules’ has made it a prime target for scientific research.
In particular, 2-amino-3,5-dicarbonitrile-6-thiopyridines
exhibit diverse pharmacological activities and are useful as
antiprion®, antihepatitis B virus’, antibacterial® and anti-
cancer’ agents. In addition, they serve as potassium channel
openers for the treatment of urinary incontinence'’. Recently,
some of these compounds have been recognized as potential
targets for the development of new drugs for the treatment of
Parkinson's disease, hypoxia, asthma, kidney disease, epilepsy
and cancer'".

bromide, [bmim]Br, as an efficient promoting medium without the use of any catalyst has been developed. This method has the advantages
of good yields, milder reaction conditions, no catalyst and environmentally benign procedure. |
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These compounds are generally synthesized via one-pot
three-component condensation of an aldehyde, malononitrile
and a thiol in the presence of several catalysts such as 1,4-
diazabicyclo[2.2.2]octane (DABCO) or triethylamine'?,
piperidine", 1,5-diazabicyclo[5.4.0]undec-5-ene (DBU)",
silica nanoparticle”, [bmim][OH]'®, ZnCl," and H;BO;".
However, some of these methodologies encounter some
limitations, such as long reaction times, unsatisfactory yields,
harsh reaction conditions, requirement of expensive catalysts
and hazardous organic solvents. Thus, alternative procedures
with more general applicability, considerably faster reaction
with high yields and environmentally friendly conditions are
still in demand.

The development of environmentally friendly catalysts
and solvents for organic chemistry is an area of considerable
importance. From both economical and environmental points
of view, the use of non-volatile solvents and non-metallic
catalysts is very promising. In the last few years room tempe-
rature ionic liquids (RTILs), especially those based on 1,3-
dialkylimidazolium cations'®, have been recognised as a
possible environmentally benign alternative to chemical
volatile solvents because of their unique properties, such as
non-volatility, non-flammability and high thermal stability™.

As part of our current studies on the development of new
routes for the synthesis of organic compounds in ionic
liquids®'"*, herein we wish to report a green and rapid method-
ology for the synthesis of 2-amino-3,5-dicarbonitrile-6-
thiopyridines in ionic liquid 1-butyl-3-ethylimidazolium bro-
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mide, [bmim]Br (Fig. 1) as an efficient promoting medium
without the use of any catalyst (Scheme-I).
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Fig. 1. Ionic liquid structure
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Scheme-I: Synthesis of 2-amino-3,5-dicarbonitrile-6-thiopyridines

EXPERIMENTAL

All compounds were known and their physical and spectro-
scopic data were compared with those of authentic samples
and found to be identical. [Bmim]Br was prepared according
to the literature procedure®. Melting points were recorded on
an electrothermal type 9100 melting point apparatus. The IR
spectra were obtained on a 4300 Shimadzu spectrophotometer
as KBr disks. The '"H NMR (500 MHz) spectra were recorded
on Bruker DRX500 spectrometer.

General procedure for the synthesis of 2-amino-3,5-
dicarbonitrile-6-thiopyridines: A mixture of aromatic alde-
hyde (2 mmol), malononitrile (4 mmol), thiophenol (2 mmol)
and [bmim]Br (1.2 mmol) was heated on the oil bath at 120
°C for a few minutes. The progress of the reaction was moni-
tored by TLC. After completion of the reaction, the reaction
mixture was cooled to room temperature and then +-BuOH
was added. The precipitated solid was filtered off, recrystallized
from +-BuOH and washed with n-hexane to give compounds
4a-g in good yields.

RESULTS AND DISCUSSION

It is well-known that choosing an appropriate solvent and
reaction temperature is crucially important for an efficient
organic synthesis. To find the optimal conditions, the synthesis
of 2-amino-4-(4-chlorophenyl)-3,5-dicarbonitrile-6-(thio-
phenyl)pyridine (4d) was selected as a model reaction. There-
fore, a mixture of 4-chlorobenzaldehyde, malononitrile and
thiophenol was heated under various reaction conditions. The
corresponding results are summarized in Table-1. As shown
in this table, at 110 °C under solvent-free conditions and with-
out the use of any catalyst no product could be detected even
after 1 h (entry 7). Also, the reaction was carried out in various
solvents (entries 1-6). As shown, no product could be detected
in CHCI; and CH;CN as solvent (entries 1 and 2) and only
trace amount of the product 4d was obtained in EtOH or H,O
(entries 3 and 4), while, in comparison to conventional solvents,
good results were obtained in [bmim|Br (entries 5 and 6). The
yield increased as the reaction temper-ature was raised and at
120 °C the products 4d was obtained in good yield. Subse-
quently, therefore, all reactions were carried out in [bmim]Br
and at 120 °C as optimal conditions.

TABLE-1
RESULTS OF THE SYNTHESIS OF
COMPOUND 4d IN DIFFERENT SOLVENTS

Entry Solvent Reactz‘(’)él)temp. 2;?3 S((L;f)l 3
1 CHCl, Reflux 60 None
2 CH,CN Reflux 60 None
3 EtOH Reflux 60 Trace
4 H,0 Reflux 60 Trace
5 [bmim]Br 85 30 74
6 [bmim]Br 120 6 82
7 Solvent-free 110 60 None

*Isolated yields.

In order to evaluate the generality of this model reaction
we then prepared a range of 2-amino-3,5-dicarbonitrile-6-
thiopyridines under the optimized reaction conditions. In all
cases, aromatic aldehydes with substituents carrying either
electron-donating or electron-withdrawing groups reacted suc-
cessfully and gave the products in good yields. The results are
summarized in Table-2.

TABLE-2
SYNTHESIS OF 2-AMINO-3,5-
DICARBONITRILE-6-THIOPYRIDINES®

Entry Ar PrOdUCtSb (’Ir‘:lrlr;le) Y(ILeZt)d C Founndl-p- gg}‘))orted
1 CH 4w 1275 20212 22
2 3-BrCH, 4b 4 86 254256 25[61'62]58
3 4-BICH, dc 5 78 250252 25[51'42]57
4 4-CICH, 4d 6 82 230232 22[21‘62]25
5 4HOCH,  de 5 84  306-308 31{‘1‘83]16
6 4MeOCH, 4f 5 79 247-249 24[21'82]43
7 SMeCH e s 83 213215 20821

[16]

*2 mmol aromatic aldehyde, 4 mmol malononitrile and 2 mmol
thiophenol in 1.2 mmol [bmim]Br at 120 °C. ®All the products were
characterized by '"H NMR and IR spectral data and comparision of
their melting points with those of authentic samples. ‘Isolated yields.

Conclusion

A very simple and efficient method is developed for the
synthesis of 2-amino-3,5-dicarbonitrile-6-thiopyridines through
one pot multi-component reaction of an aryl aldehyde, malono-
nitrile and thiophenol in the presence of ionic liquid 1-butyl-
3-methylimidazolium bromide, [bmim]Br, as an efficient pro-
moting medium without the use of any catalyst. Compared
with other methods, this new method has the advantages of
easier workup, milder reaction conditions, no catalyst and a
more environmentally benign procedure.
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