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A cascade formation of N-pyridylacrylamides
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Various N-(pyridin-2-yl)acrylamides bearing 4H-chromene
fragment were synthesized via the condensation of
4H-chromene-3-carbaldehydes and their fused analogues
with 2H-pyrido[1,2-a]pyrimidine-2,4(3H)-diones employing
NH,OAc/AcOH system. Possible mechanism of this hetero-
domino reaction involves the consecutive Knoevenagel
condensation, oxa-67-electrocyclization, aza-6m-electrocyclic
ring-opening, nucleophilic addition, retro-Alder-ene reaction
and oxa-6m-electrocyclic ring-disclosure.
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2H-Pyrido[1,2-a]pyrimidine-2,4(3H)-dione derivatives are of
interest as starting compounds for the preparation of fluorescent
whitening agents,! dyes? as well as different polyfused
heterocycles with valuable biological properties.*!! Among
these derivatives, representatives with antimicrobial,>!>!3
bronchodilatory,” urease inhibition,'* anticancer and anti-
oxidant" activities were found. Being rather strong CH-acids,
they are capable of entering into condensation at the methylene
group with electrophilic agents. In this case, as a rule, these
reactions retain the 4H-pyrido[1,2-a]pyrimidin-4-one fragment.
In very rare cases, the opening of this heterocyclic system
occurs.'®!7 When aldehydes were used as electrophiles, the
Knoevenagel  adducts,>7!81°  4-aryl-3,4-dihydro-2H,5H-
pyrano|2,3-d]pyrido[1,2-a]pyrimidine-2,5-diones*® and penta-
cyclic pyrido[1,2-a]pyrido[1",2":1",2"lpyrimido[5'4"5,6]-
pyrano[2,3-d]pyrimidines'® were obtained. We have previously
shown?! that short-term boiling of 2H-pyrido[1,2-a]pyrimidine-
2,4(3H)-dione 1a and 1H-benzo[ f]chromene-2-carbaldehyde 2a
in AcOH in the presence of ammonium acetate gave
pyrido[1,2-a]pyrimidinone 3 (Scheme 1).

In this work, we report that the prolonged heating of an
equimolar mixture of 2H-pyrido[1,2-a]pyrimidine-2,4(3H)-
diones la—c and 1H-benzo[f]chromene-2-carbaldehydes 2a—c
or 4H-chromene-3-carbaldehydes 5a—f leads to N-(pyridin-2-yl)-
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acrylamide derivatives 4a—f and 6a—g as individual trans-isomers
in 44-75% yields (Scheme 2). 4-Methyl-2-oxo0-2H,10H-
pyrano[2,3-fJchromene-9-carbaldehyde 7 can also be introduced
into the condensation to afford product 8." The reactions were
carried out in AcOH under reflux for 8 h in the presence of
1.0 equiv. of ammonium acetate. When piperidine was used
instead of AcONH,, the yield of product 4a was only 20%,
apparently due to the Michael addition of piperidine to aldehyde
2a.2223 Increase in the quantity of AcCONH, (>1 equiv.) as well
as prolongation of the reaction up to 15 h did not substantially
affect the product yield. In boiling acetonitrile or DMF as well as
in the absence of AcONH, the reaction did not proceed.
Apparently, the base is necessary to promote the Knoevenagel
condensation. At the same time, the method does not require
strong bases for successful annulation, perhaps owing to the
high acidity of 2H-pyrido[1,2-a]pyrimidine-2,4(3H)-diones.
4H-Chromene-3-carbaldehydes containing electron-donating (Bu',
1-adamantyl) and electron-withdrawing (NO,, Br) substituents
in the benzene ring are good substrates for this cascade reaction.

New aldehydes Sa—e can be easily obtained by a previously
developed method?*?> from salicylic alcohols as precursors of
o-quinone methides?® and 3-(diethylamino)acrylaldehyde.

The proposed mechanism of formation of products 4, 6, 8
comprises  the  Knoevenagel  condensation  between
2H-pyrido[ 1,2-a]pyrimidine-2,4(3H)-diones 1 and aldehydes 2, 5,
7 followed by the disrotatory 6m-electrocyclization of the
1-oxatriene intermediates A formed (Scheme 3). Apparently, the
presence of AcONH, is necessary for the activation of the

* Synthesis of N-(pyridin-2-yl)acrylamides 4a—f, 6a-g, 8 (general
procedure). A mixture of chromenecarbaldehyde 2a—c, Sa—f, 7 (1 mmol),
2H-pyrido[1,2-a]pyrimidine-2,4(3H)-dione 1a—c (1 mmol) and AcONH,
(77 mg, 1 mmol) in AcOH (4 ml) was stirred under reflux for 8 h. When
the reaction was complete, the mixture was stored at 10 °C for 1 h, the
solid formed was filtered off, washed with AcOH (1 ml) and ice-cold
MeOH (2 x3 ml) and dried at 120 °C for 10 h.
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Scheme 2 Reagents and conditions: i, AcCONH, (1 equiv.), AcOH, reflux,
8 h.

carbonyl group of the aldehyde by transforming it into a more
electrophilic iminium salt,2"-?7-28 although non-catalytic versions

of the Knoevenagel condensation are also known.?’ In the
resulting cyclic acetal B, an electrocyclic opening of the
pyrimidinone fragment may occur with the formation of ketene
intermediate C which would trap a water molecule to give
carboxylic acid D. As a result of decarboxylation, which
proceeds as a retro-Alder-ene reaction through a 6-membered
transition state, a fused pyrano[2,3-b]pyran E is formed. Finally,
electrocyclic opening of the 2H-pyran ring in it leads to thermo-
dynamically more stable frans-isomers of N-(pyridin-2-yl)-
acrylamides 4, 6, 8 (see Scheme 3).

In summary, we have developed a facile procedure for the
synthesis  of  trans-N-(pyridin-2-yl)acrylamides  bearing
4H-chromene fragment based on a cascade two-component
reaction of 4H-chromene-3-carbaldehydes and 2H-pyrido[1,2-a]-
pyrimidine-2,4(3H)-diones. The procedure is advantageous for
easily accessible starting materials, good functional group
tolerance, satisfactory yields, employment of very cheap and
nontoxic catalyst, atom- and step-economy, simple reaction
conditions, and easy isolation by a chromatography-free
protocol.

This work was supported by the Russian Science Foundation
(grant no. 19-13-00421) with the use of scientific equipment of
the Center for Collective Use ‘Investigation of the
Physicochemical Properties of Substances and Materials’.
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