
RESEARCH

Journal of Fluorescence (2023) 33:1995–2001
https://doi.org/10.1007/s10895-023-03212-4

of applications in various fields [8, 9] as fluorescence, and 
pharmacology [10]. Multi-compound reaction is one of the 
most methods to produce heterocyclic derivatives [11–13]. 
However, the synthesis of pyrano[3,2-c]pyridones have 
been reported. In 2010,Xuesen Fan et al. [14] reported the 
synthesis of novel pyrano[3,2-c]pyridines via a multicom-
ponent reaction of 5-formyl-2’-deoxyuridine and 4-hydrox-
ylpyridones and malononitrile using [bmim]BF4 as an 
ionic liquid at 80 °C. Then, Anatoliy et al. [15] reported 
two stepwise versions of this process involving the syn-
thesis of the intermediate Knoevenagel products and their 
subsequent reactions with 4-hydroxy-6- methyl-2(1H)-
pyridone derivative in refluxing methanol in the presence 
of NEt3.In 2016,Michail studied another domino reac-
tion for synthesized Spiro[indoline-3,4’-pyrano[3,2-c]
pyridine]-2,5‘(6’H)-diones, by condensing of one pot isatin, 
4-hydroxy-6-methylpyridin-2(1H)-one, and malononitrile 
in the presence sodium acetate as a catalyst under refluxing 
ethanol for 15 min [16]. Fluorescencebased on heterocy-
clicmolecules gives solution of several chemistry problems, 
such as metal ion detection, cancer imaging, cyanure elimi-
nation [17].Therefore, the development of fluorescent 
properties of molecules adds a considerable value for envi-
ronmental and life science. Several researchers reported the 
synthesis of fluorescent molecules such as coumarins [18], 
imidazole [19], pyrazole [20, 21], chromene [22], pyrim-
idin-one [23] and bis-3-cyano-2-pyridones [24], this later 
presented a high fluorescent intensity and can be used as 
ion indicator.

Introduction

Pyrano[3,2-c]pyridines are functionalized oxygen and 
nitrogen containing heterocyclic consisting of pyrane and 
pyridone units (Fig. 1). Generally, pyranes compounds have 
been considered as biologically active molecules, and valu-
able scaffolds founded in many natural products including 
carbohydrates, antibiotics, and pheromones [1]. Also, it 
can be used as ligands for metal complexes, electrolumi-
nescent devices,and medicinal chemistry [2, 3] because of 
their potential fluorescent properties [4]. However, pyrane 
[5] and 2-pyridone rings were used as fluorophores and pre-
sented a high fluorescent properties [6].Also, it formed a 
new fluorescent dyes [7].

Recently, the N-Alkylated 2-pyridone is one of the 
most important heterocyclic compounds which have lately 
attracted considerable interest owing to their wide range 
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Abstract
New highly fluorescent 2-imino-2H-pyrano[3,2-c]pyridin-5(6H)-onesderivatives were synthesized using a simple route. 
The present molecules were prepared by two methods with good yield. The structures were characterized by NMR1H, 
13 C, and elemental analysis. Also, the effect of solvent and concentration on the fluorescence properties were demon-
strated. However, the high fluorescence intensity in the range of 70,000–75,000 a. u. was obtained with a concentration 
equal to 10− 6 M of prepared molecules. The intensity was influenced also by the molecule structure and solvent.
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As a part of our aim at the development of new simple 
and efficient procedures for the synthesis of some important 
heterocyclic systems and their application [25], herein, we 
report a novel approach to synthesize various pyrano[3,2-
c]pyridones derivatives. Also, to our knowledge, the fluo-
rescence properties of substituted pyrano[3,2-c]pyridones 
derivatives was studied for the first time till now.

Results and Discussions

Synthesis of Heterocyclic Molecules

Initially, we were interested tosynthesize2-imino-
2H-pyrano[3,2-c]pyridin-5(6H)-ones derivatives alkylated 
on nitrogen. Theretrosynthetic pathway for their synthe-
sis is shown in Scheme 1. Two methods has been investi-
gated for the 2-imino-2H-pyrano[3,2-c] pyridin-5(6H)-ones 
synthesis.

For the method (a): The first step is based on the for-
mation of pyrane ring from the reaction of intermediate 1 
with malononitrile or ethylcyanoacete in methanol in pres-
ence of piperidine as basic catalyst at reflux for 4hresulting 
in the formation of 2imino-2H-pyrane as starting material. 
The intermediate 2-((diméthylamino)methylene)-3-oxobu-
tanoate d’éthyle was synthesized according to the previous 
literature procedure [26]. The second step involved the use 
of enaminopyranes (3a-b) as key intermediates. These lat-
ter were prepared by the reaction of 2-iminopyranes (2a-b) 
derivatives with amount of dimethylacetal dimethyl-for-
mamide (DMFDMA). The mixture was stirred at room tem-
perature for 48 h without solvent, this leads to a precipitate 
corresponding to 3a-b. Thus, new enaminone esters (3a-b) 
are prepared in moderate yields (59–67%).The enaminones 
formed are then condensed with various primary amines 

(Phenethylamine, Benzylamine, Cyclohexylamine, Aniline, 
Sec-butylamine, propylamine, Buthylamine, Hexylamine) 
as nucleophilic agents at 90 °C during 3 h, under solvent 
freeconditions to give the iminopyranopyridone ring(4a-h). 
The synthetic method was shown in Scheme 2 respectively.

Secondly,the2-imino-2H-pyrano[3,2-c]pyridin-5(6H)-
ones derivativeswere also synthesized by method (b) which 
consisting the multicomponent reaction between synthe-
sized2H-iminopyranes (2a-b),triethylorthoformate, and 
primary amine in the presenceof acetic anhydride at 80 °C 
for 5 h (Scheme 3). Various primary aliphatic, aromatic, 
and cyclic amines were used to investigating the versatility 
of this methodology and synthesizing new structures. The 
resultsof afforded products prepared by method (a) and (b) 
were showed in Fig. 2.

Figure 2 shows that the 2-iminopyranes intermediates 
(2a-3b) were synthesized with moderate yields (40–59%). 
For the synthesis of 2-imino-2H-pyrano[3,2-c]pyridin-
5(6H)-ones by the method (a) give high yield (59–85%) 
compared with the method (b).The mechanism proposed 
for the preparation of substituted 2-imino-2H-pyrano[3,2-
c]pyridin-5(6H)-ones (4a-h) was described in Scheme 4. 
First, intermediate I was obtained by a nucleophile addi-
tion reaction between primary amines and double bond of 
enamino-2-imino-2H-pyran (3a-b). Then, an intermolecu-
lar cyclization reaction between thedouble bond of amino 
group and ester groupin intermediate I to obtain intermedi-
ate II. Finally, thesubstituted 2-imino-2H-pyrano[3,2-c]pyr-
idin-5(6H)-ones (4a-h) were obtained by an aromatization 
step with the elimination of ethanol.

Scheme 1 General retro-synthetic 
rote of 2-imino-2H-pyrano[3,2-c]
pyridin-5(6H)-ones

 

Fig. 1 Alkaloids based on pyrano[3,2-c]pyridone scaffolds
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Fluorescence Properties of 2-imino-2H-
Pyrano[3,2-c]pyridin-5(6H)-ones Derivatives

The photophysicalproperties of fluorescent molecules were 
recorded to identify the highly, more intense and sensi-
tive prepared molecules. However, the effect of concen-
tration, and solvent on the intensity was studied for six 
derivatives:4a, 4b, 4c, 4e, 4f, and 4h at room temperature.
First, four solutions were prepared withdifferent concentra-
tions of each heterocyclic molecule in methanol:10− 4, 10− 5, 
10− 6, and 10− 7 M with specific excitation wavelengths λex 
for each compound (Fig. 3).The fluorescence spectra of all 
products showed good fluorescence intensity at theirwave-
length excitation in methanol except in higher concentra-
tion (10− 4, 10− 5), where the intensity decreases. With higher 
concentration, all spectra demonstrate a red shift of bands 
to higher wavelength with a curios decreasing of fluores-
cence intensity (Table 1). The results closed that molecular 
aggregation and the fluorescence quenching occur when the 
concentration increases [27].

Comparing the fluorescence intensity of compounds in 
methanol (10− 6 M), they are classified in order of decrease 
as follows: 4c, 4a, 4f, 4b, 4e, and 4h (Table 1). It is known 
in the literature that the cyclic substituents and the presence 
of electron donor groups (-OH, = NH) increase the fluo-
rescence intensity, which verifies the principle of fluores-
cence based on the delocalization of π electrons, the reason 
why that high intensity were recorded [28].The compound 
4cgave the highest intensity due to the presence of the ben-
zyl ring (aromatic ring and H acid of -CH2), and it decreases 
for the compound 4f (2 H acid - CH2-CH2) to 4h which 
contains a linear aliphatic chain (R = Hexyl).

Secondly, the solvent effect on the fluorescence was stud-
ied using the concentration 10− 6 M for 4a-c, 4e-f, and 4h 
molecules. Figure 4 shows the solvent effect on the fluores-
cence of 4a, 4b and 4c compounds. For the compound 4a, 
the best fluorescence intensity was recorded with methanol, 
acetonitrile, and H2O and slowly lowers with dichlorometh-
ane. While the 4b compound presentsa high intensity in 
methanol and chloroformwith a shift of bands to lower wave-
length in the lastone and it presentsmoderatefluorescence 

Scheme 3 One pot cascade syn-
thesis of 2-imino-2H-pyrano[3,2-
c]pyridin-5(6H)-ones (4a-h)

 

Scheme 2 Approach to 2-imino-2H-pyrano[3,2-c]pyridin-5(6H)-ones(4a-h)
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dichloromethane, acetonitrile, ethyl acetate, and chloro-
form.This result confirms also that the number of methylene 
fragment influenced the fluorescence intensity.In addition, 
the presence of the acid protons on R substituent of the 
pyrano[3,2-c]pyridine ring has a positive effect.

The result shows that the solvation power increases the 
fluorescence intensity; moreover, the use of polar solvents 
such as methanol confirms the solvation parameter as well 
as the possibility of intermolecular hydrogen bonds forma-
tion with the free doubles of oxygen and nitrogen atoms of 
pyridine-2-one group (Fig. 6).

intensity with other solvent. For the compound 4c, the fluo-
rescence intensity in chloroform and dichloromethane was 
slowly lower then methanol. And it demonstrates a very 
lower intensity with H2O and acetonitrile.The difference 
between the three compounds 4a, 4b, and 4c is the number 
of methylene fragment between azote and the phenyl ring. 
So, decreasing the methylene group between the phenylic 
and other cyclic fragment leads to the decrease of fluores-
cence intensity in polar and apolar solvents.

In the case of 4e, 4f, and 4h (Fig. 5), high intensity was 
afforded with different solvents. The 4h compound pres-
ents a high intensity with polar solvent such as methanol, 

Fig. 2 Various 2-iminopyranes 2a-b and substituted 2-imino-2H-pyrano[3,2-c]pyridin-5(6H)-onesprepared by method a and b
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(40–85%) [25]. The method (a) gives products using two 
steps, and the method (b) involves the one pot synthesis of 
the derivatives. This one gives moderate yields (58–69%). 
Thesynthetic derivatives presented a high fluorescent 
intensity in methanol with a concentration of 10− 6 M. The 

Conclusion

In the present study, the heterocyclic 2-imino-
2H-pyrano[3,2-c]pyridin-5(6H)-ones derivatives were pre-
pared successfully with two methods affording high yield 

Table 1 Concentration effect on the fluorescence intensity of compounds
Concentration (mol/L) λ max (nm), Fluorescence intensity (a. u)

4a 4b 4c 4e 4f 4h
10− 4 417,4182 415, 6096 415, 4843 417, 4304 417, 4314 417, 4203
10− 5 413,19372 417,6012 412, 19,640 414,7068 414, 9881 414, 21,108
10− 6 412, 73,354 414, 71,596 411, 75,102 414, 70,203 415,73351 414, 69,779
10− 7 / 414, 37,531 411, 32,291 414, 45,089 414,40497 414, 26,778

Fig. 4 Fluorescence spectra of 4a, 4b, and 4c compound in different 
solvents (10− 6M)

 

Fig. 3 Fluorescence spectra of 4a-c, 4e-f, and 4h products in methanol

 

Scheme 4 Proposed mechanism for the synthesis of 2-imino-2H-pyrano[3,2-c]pyridin-5(6H) -ones
(4a-h)
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