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A basic ionic liquid, [bmIm]OH, efficiently promotes a one-

Note

azatrieneg! catalytic oxidation of 1,4-dihydropyridines by
RuCk/O,;%9 carbon transfer reaction of functionalized oxazo-
lidines and their open-chain enamine tautomers to enamine
nucleophileg" [4+2] cycloadditions of oximinosulfonaté;
conversion of conjugated oximes under Vilsmeier conditfhs;
reaction ofN-methylenetert-butylamine with enamine%;Di-
els—Alder reaction of #-1,4-oxazinones with acetylenic
compoundg™ and conversion of ketene dithioacetals to sub-
stituted pyridine2" Among these, one of the very convenient
approaches which attracted our attention is the three-component
condensation of aldehyde, malononitrile, and thiol to the highly
substituted pyridines developed by Evdokimov eéPalowever,
one of the serious limitations of this procedure is formation of
considerable amounts of a side product, enaminonitrile, reducing
the yields of pyridines to 2048%, using bases such as DABCO
and EtN in ethanol under reflux. As a part of our continuing
program to explore the novel uses of ionic liquids in organic
reactions’ we discovered that our recently reported task-specific
ionic liquid, [bmIim]OH22 completely suppressed this side
reaction of enaminonitrile formation and raised the yields
(isolated) of pyridines to the level of 682% (Scheme 1).

The experimental procedure is very simple. A mixture of an

pot, three-component condensation of aldehydes, malono-aromatic aldehyde, malononitrile, and ionic liquid, [omIim]OH,

nitrile, and thiophenols to produce highly substituted py-

ridines in high yields at room temperature. This reaction does
not involve any hazardous organic solvent and toxic catalyst.
The ionic liquid is recovered and recycled for subsequent

reactions.

was stirred at room temperature. After an exothermic reaction,
a solid product appeared which was dissolved with ethanol.
Thiophenol was then added, and the reaction mixture was stirred
for a period of time until completion of the reaction (TLC).
Usual workup and purification by recrystallization provided the
pure pyridine. The residual ionic liquid was rinsed with ethyl
acetate, dried under a vacuum, and recycled.

A wide range of substituted aromatic as well as heteroaro-

The pyridine nucleus is of considerable interest as this ring : _ C
is the key constituent in a range of bioactive compounds, both Matic aldehydes underwent this three-component condensation
naturally occurring and synthetic, and often of considerable with malononitrile and several substituted thiophenols by this
complexity! Thus, the synthesis of highly substituted pyridines Procedure to produce 2-amino-3,5-dicyano-6-sulfanyl pyridines.
has attracted much attention, and a number of procedures havd he results were summarized in Table 1. Several functionalities
been developédusing a variety of protocols, such as hetero- Such as Cl, Br, N@ SMe, OH, methylenedioxy, and OMe were
Diels—Alder reaction of 3-siloxy-1-aza-1,3-butadienes with found to be compatible under the reaction conditions. However,

electron-deficient acetylenésthree-component condensation N contrast to the findings of Evdokimov et & aliphatic

of aldehyde, malononitrile, and thié?; ruthenium-catalyzed
cycloisomerization of 3-azadienyn&sMannich reaction of
aldehydes and iminium salt8;Vilsmeier—Haack reaction of
o-hydroxyketenedithioacetal8; 6z-azaelectrocyclization of
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aldehydes did not produce the pyridines; instead, gummy
products of unidentified constituents were isolated. Accordingly,
also aliphatic thiols remained inert in this reaction. Wioeo
disubstituted aldehydes (entries 18 and 19) were used in this
condensation process, the corresponding 1,4-dihydropyridines
were obtained in high yields.

In accordance with the mechanism delineated by Evdokinov
et al.2 the first step of this process involves the Knoevenagel
condensation of an aldehyde with malononitrile to form the
corresponding Knoevenagel product (A). The second molecule
of malononitrile then undergoes Michael addition to A followed
by simultaneous thiolate addition to=IN of the adduct and
cyclization to dihydropyridine (B) which on aromatization and
oxidation (air) under the reaction conditions leads to pyridine
(Scheme 2). It may be speculated that the difference in basicity
of [bmIm]OH used in this reaction compared to DABCO and
Et;N2> may play a crucial role in suppressing the enaminonitrile
formationZ® and a systematic investigation regarding the precise
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SCHEME 1. Synthesis of Pyridines TABLE 1. Synthesis of Substituted Pyridines Catalyzed by
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SCHEME 2. Plausible Mechanism of 1,4-Dihydropyridine 1 11 a2 216-218 2b
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function of [omIm]OH has been undertaken. The presence of o—/
ionic liquid, [omIm]OH, is essential, as in the absence of this
ionic liquid the reactions did not proceed at all. The use of other 10 \©\ @ 15 82 238-240 2b
ionic liquids such as [bmIm]Br or [bmIim]Bffailed to push OCHs
the reaction to the pyridine stage, and the reaction was stopped 14 \©\ ©\/ 2.0 75  228-230 6b
at an intermediate step with the formation of compound A. OCHs
Presumably, the reactionstmb-disubstitut_ed aldehydgs (entries  ,, || | O 15 62 208-210 4
18 and 19) were arrested at the 1,4-dihydropyridine stage as s
further aromatization did not occur due to steric hindrance at OCH;
the 4-position by two ortho substituents at the aromatic ring. ' 20 81 218-220
In general, the reactions were very clean and high yielding. on
No side products were detected in any reaction except that with 15 65 256 258
piperanaldehyde (entry 9) where a small amounb%) of
enaminonitrile was formed. All the products were crystalline Br
compounds and were easily identified by their melting points
and spectroscopic data. 15 O 1.2 74 242-244
The highly substituted pyridine derivatives are of intense
attention be_ce}use of their potential for_ biological _act_ivities, z_;md 16 \©\ @ 15 e7  208-211 2m
thus an efficient procedure for their synthesis is of high Me
importance. The present procedure using a basic ionic liquid, OMe
[bmIm]OH, in place of conventional bagégrovides a selective, 17 ‘O \©\ 2.0 72 257-260
high yielding one-pot synthesis of highly substituted pyridines cl
through a three-component condensation process. Significantly, ct c ) "
the formation of a side product, enaminonitdbayas virtually 10 95"  319-320
eliminated. The other advantages of this procedure are the use cl al
of no hazardous organic solvent in the reaction and the 4¢ \©\ 1.0 94> 334-335
reusability of ionic liquids. Encouraged by these results, we are al

pursuing further application of ionic liquids for such useful

. 2Yields refer to those of pure isolated products characterized ,
transformations. p p bHR

13C, and mass spectroscopic dat&ubstituted 1,4-dihydropyridine.

Experimental Section phenyl-6-phenylsulfanyl-pyridine-3,5-dicarbonitrile (Entry 1,

General Experimental Procedure for the Synthesis of Sub- Table 1). A mixture of benzaldehyde (106 mg, 1 mmol), malono-
stituted Pyridines. Representative Procedure for 2-Amino-4- nitrile (132 mg, 2 mmol), and the basic ionic liquid, [bmIm]&H
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(80 mg, 0.5 mmol), was stirred at room temperature. Immediately, for four runs after which a fresh ionic liquid was added to
an exothermic reaction took place and a solid product appeared.compensate the loss during washing by ethyl acetate. This procedure
This solid was dissolved in a minimum amount (0.5 mL) of ethanol was followed for all the reactions listed in Table 1. Although this
(possibly, the function of ethanol is just to carry out the reaction procedure was described wia 1 mmol scale, 10 mmol scale

in a solution phase), and the solution was stirred for 30 min after reactions also provided uniform results.

which thiophenol (110 mg, 1 mmol) was added. The reaction = Many of these products are known compounds and were easily
mixture was stirred for another 30 min (TLC) until completion of identified by comparison of their spectroscopic data and mp’s with
the reaction. Ethanol was evaporated under reduced pressure, anthose reported (refs in Table 1). The unknown compounds were
the residue was extracted with ethyl acetate X310 mL). properly characterized by their spectroscopic 1R,NMR, 13C
Evaporation of solvent left the crude solid which was recrystallized NMR, HRMS) data. The purity of all compounds was also checked
(acetonitrile) to furnish crystals (mp 2318 °C) of 2-amino-4- by IH NMR, 13C NMR, and HRMS.
phenyl-6-phenylsulfanyl-pyridine-3,5-dicarbonitrile (301 mg, 92%).
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