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Abstract—Very efficient, simple, and high yield procedures for the transformation of heterocyclic aldehydes into heterocyclic
methylidene-p-hydroxyanilines, heterocyclic �-iminonitriles, and finally into heterocyclic �-oxoacetic acids were described.
Considering that many of these compounds have biological activity, the synthetic methodology was optimized using readily
available, inexpensive starting materials, and the purification of the product involved only simple crystallization. © 2002 Elsevier
Science Ltd. All rights reserved.

Aromatic imines, better known as Schiff bases, can
easily be prepared from corresponding aromatic alde-
hydes and substituted anilines by acid-catalyzed con-
densation in an inert organic solvent.1 Heteroaromatic
imines (Schiff bases) containing the phenol moiety are
of particular interest due to their wide biological prop-
erties, such as antioxidative and anticancer properties.2

They are also precursors for the preparation of other
biologically important compounds. For instance,
reduced and sulfonated heterocyclic Schiff bases have
antiplasmodic activity,3 while acylated Schiff bases
made from heterocyclic aldehydes and p-aminophenol
form liquid crystals.4 Our own preliminary results with
tribarbiturates derived from these valuable intermedi-
ates show promising immune-modulating activity.
Therefore, it is very important to have a simple and
efficient method for the preparation of these com-

pounds. Here we present an exceptionally simple proce-
dure, applicable to multi grams if not to multi kilogram
preparation of these valuable materials. The procedure
involves simple mixing of both the heterocyclic alde-
hyde and p-aminophenol in methanol as a solvent,
refluxing the resulting reaction mixture, and crystalliza-
tion of the solid product from methanol.5 In this way
heterocyclic imines were prepared in high purity and in
almost quantitative yields (Table 1).

�-Iminonitriles as structural derivatives of the men-
tioned Schiff bases also have interesting biological
activities.6 There are many synthetic procedures for the
preparation of aryl(arylimino)acetonitriles but only a
few include heterocyclic aromatic compounds, and the
procedures for preparation are not so simple. For
instance, aromatic amides were converted into �-imi-

Scheme 1. Transformation of heterocyclic aldehyde into heterocyclic �-oxoacetic acid.
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Table 1. The isolated yields (%) of imines (1), �-iminonitriles (3), and �-oxoacetic acids

nonitriles through reactions with thionyl chloride fol-
lowed by substitution with copper(I) cyanide.7 These
compounds are also prepared from aromatic aldehydes
through thioethers,8 aldimines,9 �-iminochlorides under
phase-transfer catalysis,10 etc.

Considering the structural similarity between Schiff
bases and �-iminonitriles (Scheme 1) one would expect
that simple substitution of the hydrogen of the car-
bon�nitrogen double bond (compound 1, Scheme 1)
would result in the preparation of the corresponding
�-iminonitrile. This is actually accomplished through
the addition of cyanogen bromide, followed by elimina-
tion of hydrogen bromide.11 One can envision a similar
reaction path where the addition of hydrogen cyanide is
the first step followed by the elimination of the hydro-
gen molecule via oxidation. There are also some studies
that involve the cyanide anion mediated coupling of
aromatic Schiff bases into the corresponding �,��-
dianilino derivatives.12 This approach was used for the
preparation of substituted benzyl derivatives13 with lim-
ited application to heterocyclic aromatic diketones.14

According to the proposed mechanism, the cyanide
anion was added to the carbon�nitrogen double bond
of the imine, followed by the 1,2-hydrogen shift that
produced a new carbon nucleophile C which adds to
the carbon�nitrogen double bond of the second imine
molecule A, generating a new anion D (Scheme 2).
Anion D rearranges into the second carbon nucleophile
E that eliminates the cyanide ion to form dienamine F.

The dienamine F oxidizes in air to the final product of
the cyanide-catalyzed imine dimerization G (Scheme 2).

One can speculate that by a slight change of the reac-
tion conditions the final outcome of the reaction might
be replacement of the imine hydrogen by the cyanide
group to produce �-iminonitriles. That can be accom-
plished if the production of intermediate D is halted by
protonation of either intermediate B or intermediate C
(Scheme 2). Thus, the secondary amine H produced
should be possible to air oxidize into the corresponding
�-iminonitrile I in the same manner as dienamine F.
Our attempt to control the reaction by slow injection of
acid into the reaction mixture produced a small amount
of the desired product, but the exact procedure was
hard to reproduce. The best results were obtained if the
reaction was performed in weak acid media. Our exper-
iments reveal that phenols with pKa �10 are the best
acid for this reaction. Even better results are obtained if
phenol is a part of the imine structure.

To demonstrate the efficiency of this reaction we have
performed a series of NMR experiments with hetero-
cyclic imines containing the phenolic moiety. Due to its
1H NMR spectra simplicity we selected the reaction
with imine 1c to demonstrate transformation of the
heterocyclic imine into the heterocyclic �-iminonitrile
with a phenolic moiety. The 10 mM DMSO-d6 solution
of 1c was treated with 11 mmol of sodium cyanide and
NMR spectra were recorded every 5 min (Fig. 1). In
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Scheme 2. Cyanide anion-promoted oxidative dimerization of Schiff bases.

approximately 30 min at room temperature 1/3 of the
starting material was transformed into secondary amine
2c. After 2 h the reaction was practically completed
(Fig. 1). If the NMR sample is exposed to air for a few
hours then the secondary amine 2c is almost completely
oxidized into �-iminonitrile 3c (Fig. 1). The same
procedure15 was applied for high yield preparation of
additional heterocyclic �-iminonitriles (Table 1).

To fully confirm the structural properties of hetero-
cyclic �-iminonitriles we performed X-ray structural
analysis of the �-iminonitrile prepared from 4-quino-
linecarbaldehyde (Fig. 2). The mono-crystal for the
X-ray analysis was obtained by slow crystallization of
3f from methanol.16 Determined structural properties
agree well with the proposed structure of �-iminoni-
triles. The C(11)�N(12) and the C(19)�N(20) bond dis-

Figure 1. The NMR following the oxidative cyanide addition.

Figure 2. The ORTEP drawing of 3f with one methanol molecule.
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tances of 1.2751(15) and 1.1418(15) A� , respectively,
indicate the double and triple C�N bonds in the �-imi-
nonitriles. Both aromatic moieties (quinoline and phe-
nol) are slightly puckered in regard to the �-iminonitrile
moiety. For instance, the C(3)�C(4)�C(5)�C(6) torsion
angle of the quinoline moiety is 176.77(12)°, while the
same kind of torsion angle of the phenol moiety
C(18)�C(13)�C(14)�C(15) is 3.6(2)°. Both rings form an
angle of �25° with C�N �-iminonitrile moiety.17

�-Iminonitriles are compounds that should be easy to
hydrolyze to the desirable heterocyclic-�-oxoacetic
acids.18 These-�-oxoacetic acids either have biological
activity or they are key intermediates for larger organic
molecules with pharmaceutical or industrial applica-
tions.19 In addition to the hydrolysis of heterocyclic
�-iminonitriles for the formation of �-oxoacetic acids,
there are some other methods of preparation, such as
base hydrolysis of heterocyclic �-oxoamides,20 potas-
sium cyanide and DBU (1,8-diazabicyclo[5.4.0]undec-7-
ene)-catalyzed carbonation of heterocyclic aldehydes,21

a low yield (10–30%) PdCl2(PPh3)2-catalyzed CO car-
bonylation of heterocyclic halides in the presence of
H2O and Et3N.22 Our approach is exceptionally simple,
it involves stirring an aqueous hydrochloric acid sus-
pension of heterocyclic �-iminonitrile followed by the
separation of heterocyclic �-oxoacetic acid from p-
aminophenol.23 The isolated yields are very high (Table
1).

It can be concluded that a very systematic study of the
transformation of heterocyclic aldehydes into hetero-
cyclic Schiff bases, heterocyclic �-iminonitriles, and
finally into heterocyclic �-oxoacetic acid was per-
formed. The resulting synthetic methods are exception-
ally simple, applicable to multi grams if not to multi
kilograms production of industrially and biologically
valuable materials.
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