One-pot three-component synthesis of
3-cyano-4-methyl-2,6-dioxopyridine amino enones
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(2)-5-(Arylaminomethylidene)-4-methyl-2,6-dioxo-1,2,5,6-tetrahydropyridine-3-carbonitriles were obtained by three-component
condensation of 4-methyl-2,6-dioxo-1,2,5,6-tetrahydropyridine-3-carbonitrile with aromatic amines and trimethyl orthoformate in
DMF. According to X-ray data, in the solid phase they exist as amino enone tautomers.

Interest in the three-component condensation of orthoformates,
amines and active methylene compounds has been caused by a
large diversity of the thus obtained amino enones.12 Bioactive
amino enones were synthesized from derivatives of barbituric
and thiobarbituric acids,3oxindoles,4 pyrazolones45and a number
of other heterocycles.

However, pyridine-2,6-diones have not been explored in this
reaction. These compounds are very promising due to their
spectral and fluorescent properties6 and biological activity.7 Here
we studied the reaction of 4-methyl-2,6-dioxo-1,2,5,6-tetra-
hydropyridine-3-carbonitrile |18 with trimethyl orthoformate 2
and a number of aromatic amines 3a-j.

Generally the condensation of ortho esters with a methylene
and amine components is earned out by heating in acetic acid
or another high boiling solvent in the presence of acid catalyst.
We have shown that the use of DMF as a solvent without any
catalyst simplifies this process to the level of click-procedure
(Scheme 1).4 In fact, the two-minute heating of the reactants
in DMF is sufficient to complete the reaction with excellent
yields. The precipitated crude product does not require further
purification. Moreover, the reaction readily proceeds with both
electron-donor and electron-acceptor substituted amines 3, and
stoichiometric ratio of the reactants is enough to achieve good
yields of pure products.

Synthesized compounds 4a-j may in principle exist as two
tautomeric forms, amino enones A or hydroxy enimines B
(Figure 1). Both of them are equally stabilized by intramolecular
hydrogen bonds. However, signals of only one tautomeric form
are observed in their :H NMR spectra. Unfortunately, on the
basis of :H NMR spectra it is not possible to make an adequate
choice between the forms. It is known that the azo dyes con-

t General procedure. A mixture of 150 mg (1 mmol) of 4-methyl-2,6-
dioxo-1,2,5,6-tetrahydropyridine-3-carbonitrile 1, 0.09 ml (1 mmol) of
aniline and 0.1 ml (1 mmol) of trimethyl orthofomiate was heated in
0.3 ml DMF for 2 min. The yellow precipitate was filtered off and washed
with DMF to give 0.24 g of (Z)-4-methyl-2,6-dioxo-5-(phenylamino-
methylidene)-1,2,5,6-tetrahydropyridine-3-carbonitrile 4a. Yield 94%
Yellow solid, rnp 299-301 °C. ‘H NMR (200 MHz, DMSO-d6) 6: 2.53 (s
3H, Me), 7.29 (t, 1H, HAr,J 7.6 Hz), 7.46 (t, 2H, H", J 7.6 Hz), 7.62 (d.
2H, HAr,/7.6 Hz), 8.58 (d, 1H, CH./12.8 Hz), 1151 (s, 1H.NH), 12.97
(d, 1H, NH, J 12.8 Hz).MS (El, 70 eV) m/z: 253 (M+). Found (%): C, 66.37
H, 4.39; N. 16.61. Calc, for CHNnH302 (%): C, 66.40; H, 4.38; N. 16.59.

Compounds 4b-j were prepared similarly. For their characteristics, see
Online Supplementary Materials.
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Scheme 1

taining the 4-methyl-2,6-dioxo-1,2,5,6-tetrahydropyridine-3-carbo-
nitrile moiety exist as hydrazone tautomers in solid phase and a
DMSO solution.9 Structural similarity for tautomeric forms A of
compounds 4a-j and these azo dyes allowed us to suppose that
compounds 4a-j exist as amino enones. X-ray diffraction study
of compound 4d confirmed our assumption.

A B

Figure 1 Potential tautomeric forms for compounds 4a-j.

Two molecules of compound 4d in the asymmetric part of
the unit cell have the same tautomeric form (Figure 2).4 The
C(1)-0(1) bond length corresponds to the double C=0 bond
with average value 1.231 A Dand is rather far from single C-OH
bond (av. 1.331 A). The C(5)-C(8) bond length is much closer to
that for double C=C bonds (1.376 A) than for single C-C bonds
in hydroxy enimines (1.434 A). DAt the same time, lengths of
the C(1)-C(5) and C(8)-N(l) bonds fully correspond to values

133 .


mailto:paponov.chem@gmail.com

Figure 2 Structure of compound 4c according to the X-ray diffraction
data. Only one of two molecules in the asymmetric part of the unit cell is
given. Selected bond lengths (A): C(I)-0(1) 1.239(4), C(l )-C(5) 1.461(6),
C(5)-C(8) 1.385(5), C(8)-N(l) 1.321(4) in the first molecule; and C(1A)-
0(1A) 1.227(5), C(1A)-C(5A) 1.462(6), C(5A)-C(8A) 1.403(6), C(8A)-
N(1A) 1.324(4) in the second one.

of the single bonds (1.446 A for C-C and 1.332 A for C-N,
respectively10). These geometrical parameters unambiguously fit
the amino enone tautomeric form (see Figure 1). The similarity
of spectral and physico-chemical properties of compounds 4a-j
allows us to extend this assertion to all molecules in this series.
In summary, the one-pot three-component click-procedure
for the synthesis of new 3-cyano-4-methyl-2,6-dioxopyridines

* Crystallographic datafor 4d. Crystals of C IH I/BrN40 3 (M =405.26) are
monoclinic, P2Xn, a = 13.7132(6), b = 13.2761(9) and ¢ = 19.8463(13) A,
P = 95.129(5)°, V =3598.7(4) A3 Z = 8, dQic = 1.496 g cnr3 p =
=2.308 mnrl, F(000) = 1648. 30154 reflections (6397 independent, 72int =
=0.130) were collected on an Xcalibur-3 diffractometer (MoKa radiation,
CCD-detector, graphite monochromator, to-scanning, 20mex = 50°). Struc-
ture was solved by direct methods and refined against F2 within aniso-
tropic approximation for all non-hydrogen atoms by full-matrix least
squares procedure using OLEX2 program packagell with SHELXS and
SHELXL modules.12 All H atoms were placed in idealized positions
[rf(C-H) = 0.93-0.96 A, 4(N-H) = 0.86 A] and constrained to ride on
their parent atoms, with Uiso = 1.2U (except Uiso = 1.5Ueq for methyl
groups). Final refinement was converged at wR2 = 0.0889 for all reflec-
tions [7?! = 0.0602 for 2736 reflections with F >40 ('w), S =0.96].

CCDC 1004677 contains the supplementary crystallographic data for
this paper. These data can be obtained free of charge from The Cambridge
Crystallographic Data Centre via http://www.ccdc.cam.ac.uk.

of amino enone type was accomplished with excellent yields
in DMF without any catalysis. Further study of this procedure
for the three-component condensation of other ortho esters,
methylene active compounds and amines is underway.

Online Supplementary Materials
Supplementary data associated with this article can be found
in the online version at doi:10.1016/j.mencom.2015.03.019.
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