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synthesis of novel functionalized
spiroindenopyridotriazine-4H-pyrans†

Atefeh Homaee, Mohammad Bayat and Hajar Hosseini

A very convenient one-potmethod for the synthesis of new biologically active compounds, spiro-4H-pyran

derivatives, has been developed. This approach, enables the incorporation of three pharmacophoric cores:

pyran, pyridine and triazine scaffolds, within a single molecular skeleton using an efficient sequential

multicomponent reaction. The starting materials include ninhydrin, cyanoacetohydrazide, ethyl

cyanoacetate, aromatic aldehydes, pyrazolone and malononitrile. In this process, spiropyran derivatives

were produced with high efficiency through three consecutive reactions. The first step involves the

synthesis of 1,6-diaminopyridinone via a three-component approach using readily available starting

materials. The second step, the synthesis of pyridotriazine, occurs in a domino way without the need to

separate the intermediate product of the first step. Finally, the third step involves the synthesis of new

spiro-4H-pyran derivatives through a one-pot three-component reaction. This method offers several

advantages, including fast and simple purification of products, the use of safe solvents, no need for

metallic and toxic catalysts, high atomic economy and excellent chemoselectivity of the reactions.
Introduction

One of the goals of organic synthesis is the search for efficient
conversion of simple raw materials into complex functional
products using methods that combine environmental and
economic aspects. In this regard, the use of multicomponent
reactions (MCRs) has been developed as a powerful synthetic
tool to achieve this purpose. MCRs have signicant advantages
over linear multistep processes. In these reactions, by changing
each component, a large number of products can be created
around a common framework. Also, unlike linear processes,
there is no need for purication aer each transformation.
Therefore, due to the saving of time, cost and consumption of
many chemical solvents, multicomponent reactions have been
introduced as one of the most attractive topics in green
chemistry.1–9 Indeed, performing multicomponent reactions in
which cyclization is possible as a process step, is a powerful
strategy for the facile synthesis of diverse heterocyclic frame-
works. Increasing attention to diversity-oriented synthesis,
which is easily achievable in multicomponent reactions, has
increased interest to this approach.10–14

The compounds containing the spirocyclic moiety have
prominent medicinal activities and are present in the structure
of many natural molecules with diverse biological effects. The
presence of a spiro center has a signicant impact on biological
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activities due to the rigidity of themolecule structure. The three-
dimensional nature of spiro compounds and natural bioactive
structures (e.g. proteins) makes such compounds have more
effective interactions with binding sites in proteins, which is an
important feature in the drug development process.15–18

Meanwhile, spiro-4H-pyrans exhibit various biological
properties, including: antibacterial, anti-anaphylactic, anti-
fungal, antitumor and antirheumatic activities.19–21 The struc-
ture of some synthetic products with biological properties is
shown in Fig. 1.20,22–25

Some spiro structures have also been found to act as anti-
oxidants (AO), compounds that prevent damage from reactive
oxygen and nitrogen species (ROS and RNS). These types can be
produced naturally in living cells or caused by some biological
disorders such as anxiety. AOs are free radical scavengers and
therefore protect proteins, DNA and lipids from oxidative
degradation.25 Among the compounds whose antioxidant
properties have been investigated is spiro-4H-pyran (VII), which
is very similar to the products synthesized in this work.26

In publications, there are several reports on the reaction of
cyclic compounds containing active carbonyl moiety (isatin,
ninhydrin, acenaphtoquinone) with malononitrile (or ethyl/
methyl cyanoacetate) and various CH-acids in order to synthe-
size fused spiro-4H-pyrans through multicomponent reactions
(Fig. 2(A–C)).27–34

In recent years, novel carbonyl structures have been
synthesized as a starting material for the preparation of new
spiro-4H-pyrans. As shown in Fig. 2, these compounds include
indenopyridazine (D),18 indenoquinoxaline (E)35–40 and indolo-
quinazoline (F).24,41,42 Recently, we used indenopyridotriazine as
RSC Adv., 2025, 15, 7103–7110 | 7103
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Fig. 2 Reports on the synthesis of various spiro-4H-pyrans.

Scheme 1 Synthetic scheme for the formation of pyridinones 4.

Fig. 1 Bioactive synthetic spiro-4H-pyrans.

Scheme 2 Synthetic scheme for the formation of pyridotriazines 6.

Table 1 Optimization of reaction conditions for the generation of 9aa

Entry Solvent Catalyst Time (h) Temp (°C) Yieldb (%)

1 H2O — 10 100 No reaction
2 MeOH — 8 64 25
3 MeCN — 6 82 33
4 DMF — 12 120 No reaction
5 EtOH — 10 25 No reaction
6 EtOH — 6 78 86
7 EtOH Piperidine 6 78 45
8 EtOH NEt3 6 78 35
9 EtOH HOAc 6 78 Trace

a Reagents and conditions: 6a, 7, 8 (1 mmol), catalyst (0.1 mmol),
solvent (10 mL). b Isolated yield based on 9a.
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the active carbonyl component for multicomponent synthesis of
polysubstituted fused spiro-4H-pyran derivatives (G,H).43 Most
of the methods reported in the synthesis of spiro-4H-pyrans are
associated with disadvantages such as the use of toxic solvents,
expensive and metallic catalysts and the difficulty of the
synthetic steps.27,30,36,44

In this research, we succeeded in synthesizing new products
from the spiro-4H-pyrans family by using multicomponent
reactions compatible with green chemistry. In these structures,
the frameworks of spiropyran and pyridotriazine are connected
7104 | RSC Adv., 2025, 15, 7103–7110
to each other, which according to the available references, each
one is a part of the biologically privileged cores.

Results and discussion

First, the pyridinone products 4 were synthesized from the
reaction of cyanoacetohydrazide 1, ethyl cyanoacetate 2 and
benzaldehyde derivatives 3 according to the previously reported
method (Scheme 1).45 Subsequently, pyridotriazine 6 was ob-
tained by adding ninhydrin 5 in acetic acid to the pyridinone
intermediate (Scheme 2).46 Finally, the target spiropyran
compounds 9, were prepared by investigating the reaction of
pyridotriazine 6 with malononitrile 7 and pyrazolone 8.

Optimization of the conditions

To nd the optimal conditions for these reactions, dihy-
droindeno[1,2-e]pyrido[1,2-b][1,2,4]triazine-1-carboxylate 6a,
malononitrile 7 and 3-methyl-1-phenyl-1H-pyrazol-5(4H)-one 8
were used as model substrates under different conditions. As
© 2025 The Author(s). Published by the Royal Society of Chemistry
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shown in Table 1, performing the reaction in water did not yield
the desired product (entry 1, Table 1). Similarly, using organic
solvents such as methanol, acetonitrile and dimethylforma-
mide resulted in either low efficiency or no formation of spiro-
4H-pyran product 9a (entries 2–4 respectively, Table 1). No
product was obtained when ethanol was used at room temper-
ature (entry 5, Table 1). However, at 78 °C within 6 hours,
product 9a was synthesized with 86% yield (entry 6, Table 1).
The use of acidic or basic catalysts under these condition
reduced the efficiency of the nal product (entry 7–9, Table 1). A
detailed analysis of these reactions showed that the TLC of the
nal mixture, revealed a spot corresponding to pyridone. This
observation suggests that some triazines decompose into their
constituent components, probably due to the presence of the
catalyst.

Based on the information obtained from Table 1, we
successfully synthesized a series of new spiro-4H-pyran deriva-
tives 9a–g using triazines 6a–g, malononitrile 7 and pyrazolone
8 as starting materials in ethanol at reux conditions without
the use of any catalyst (Scheme 3). The target products,
spiroindenopyridotriazine-pyranopyrazole 9a–g, were obtained
with high efficiency (78–90%) and their information is given in
Table 2.
Structure determination

The structure of the synthesized products 9a–g is clearly were
conrmed by evaluating their spectral data, including IR, 1H
NMR, 13C NMR and mass spectroscopic analyses (see the ESI†).

As a representative example, we were investigated the proton
and carbon spectrum data of compound 9a (Fig. 3). In the 1H
NMR spectrum of 9a, the NH2 group appears at d 7.96 ppm (this
peak is exchangeable with D2O). Two methyl groups appear at
d 1.07 and 1.40 ppm (triplet and singlet respectively). A quartet
signal at d 4.15–4.20 ppm corresponds to the methylene group.
Other signals in the range of 7.40 to 8.16 are related to the
aromatic protons. In the 1H-decoupled 13C NMR spectrum of 9a,
32 distinct resonances conrm the proposed structure. The key
signals include two methyl carbons (2CH3, at d 12.3, 13.7 ppm),
the spiro carbon (Cspiro, at d 47.7 ppm), the C]CNH2 and CH2

carbons (at d 56.4 and 61.6 ppm) respectively. The carbonyl
groups are observed at d 163.9 and 160.1 ppm. Two signals at
d 95.5, 96.9 are assigned to C–COO and C]C–O (Fig. 3). In the
FT-IR spectrum, absorption bands of 9a appeared at 3365, 2199,
1727, 1682 cm−1 due to NH2, CN and 2CO groups respectively.
Themass spectrum of 9a did not display the molecular-ion peak
Scheme 3 Synthesis of products 9a–g.

© 2025 The Author(s). Published by the Royal Society of Chemistry
(m/z 678) but the observation of the [M − 29]+ peak and the
fragmentation pattern conrm the proposed structure.
Scope and limitations

To further expand the scope of the reaction, we also tested
various aromatic aldehydes (bearing electron-donating or
electron-withdrawing groups) and 2-cyanoacetamide, ethyl-2-
cyanoacetate, and malononitrile38 under the optimized condi-
tions. However, reactions with aldehydes such as 2-nitro and 2-
hydroxybenzaldehyde did not result the desired product. With
these derivatives, the synthesis of primary pyridone, in pure
form was unsuccessful. TLC analysis indicated, the formation of
two-component product likely resulting from the reaction of
cyanoacetohydrazide with aldehyde. This outcome suggests that
the amide group is hydrolyzed in ethanol under the reaction
conditions. When malononitrile was used as the substrate spi-
rane products were obtained with good to high yields.

With the established conditions in hand, we are continuing
to explore the reaction's scope. Our ongoing research focuses on
synthesizing diverse spirane products using other CH-acids,
alkyl-2-cyanoacetate and pyrazolone derivatives. This work
aims to enhance method for creating various complex spiro
compounds.

We began our synthesis (of model substrates) with the
preparation of a series of spiroindenopyridotriazine-4H-pyrans
in just three steps on gram scale. This simple and scalable
method signicantly improves the ability to obtain useful
quantities of these molecules for further research and potential
applications.
Proposed mechanism

A plausible mechanism for the formation of spiropyrans 9 (as
an example 9a) is shown in Scheme 4. At rst, from the reaction
of ninhydrin 5 and pyridone 4, during two sequential conden-
sation steps between the amino groups and the carbonyl
groups, the 6-membered triazine ring is closed. It is clear that,
the amine group attached to nitrogen participates rst due to its
higher nucleophilicity and attacks to the middle carbonyl group
of ninhydrin, which is more electrophile. Then, the interme-
diate 10 is formed through the Knoevenagel condensation
between pyridotriazine 6 and malononitrile 7. The Michael
addition of pyrazolone 8 to adduct 10, generates intermediate
11, which undergoes intramolecular cyclization via the nucle-
ophilic attack of oxygen on the nitrile group to form
RSC Adv., 2025, 15, 7103–7110 | 7105
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Table 2 Compounds 6a–ga

Entry Triazine Product Yield (%) M.P. (°C)

1 86 253–255

2 82 266–268

3 90 260–262

4 78 275–278

5 80 295–297

7106 | RSC Adv., 2025, 15, 7103–7110 © 2025 The Author(s). Published by the Royal Society of Chemistry
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Table 2 (Contd. )

Entry Triazine Product Yield (%) M.P. (°C)

6 82 245–247

7 85 282–284

a The reactions were done using pyridotriazine (1 mmol), pyrazolone (1 mmol), malononitrile (1 mmol), EtOH (10 mL), reux.

Fig. 3 1H and 13C NMR chemical shifts of 9a.

Scheme 4 Proposed mechanism for the synthesis of products 9.

© 2025 The Author(s). Published by the Royal Society of Chemistry

Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

5 
M

ar
ch

 2
02

5.
 D

ow
nl

oa
de

d 
on

 1
/1

8/
20

26
 7

:4
6:

58
 A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
intermediate 12. Finally, intermediate 12 undergoes imine-
enamine tautomerization to afford the target product 9a.23,43

Experimental
Materials

All Reagents and solvents for this work were purchased from
Merck and Aldrich chemical companies andwere used as received.
The 1HNMR (300MHz) and 13C NMR (75.4MHz) spectra were run
on a Bruker DRX-300 AVANCE instrument using DMSO-d6 as
solvent. The chemical shi values were recorded on a d scale
in ppm and the coupling constants (J) given in Hertz. All melting
points were determined on an electrothermal 9100 apparatus. IR
spectra (KBr discs) were recorded with Bruker Tensor 27 spec-
trometer and the values were expressed as �ymax in cm−1. Mass
spectra data weremeasured with by an Agilent 5975C VLMSDwith
Triple-Axis detector operating at an ionization potential of 70 eV.
The progress of the reaction and the purity of products were
checked by TLC analytical silica gel plates (Merck 60 F250).

Typical procedure for the synthesis of pyridotriazines (6a–g)

Firstly, 1,6-diaminopyridine-2-one compounds 4 were easily
prepared via a three-component reaction between cyanoace-
tohydrazide 1, benzaldehyde derivatives 3 and ethyl cyanoa-
cetate 2 according to reported method in our previous work.40

Then, a stoichiometric ratio (1 mmol) of ninhydrin 5 and acetic
acid (5 mL) was added to the above mixture in a 25 mL round-
bottomed ask connected to a reux condenser, in a one-pot
cascade manner. The resulting mixture was magnetically stir-
red in an oil-bath (50 °C, for 60 min). The completion time of
the reaction was monitored by TLC using EtOAc/n-hexane (1 :
RSC Adv., 2025, 15, 7103–7110 | 7107
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1) as the eluent. The reaction mixture was cooled to room
temperature. As a result, an orange solid was obtained. The
solid was separated, washed with water (2 × 10 mL) and
subsequently with Et2O (2× 10 mL) to give the pure pyrido[1,2,4]
triazines products 6.
Synthetic procedure of spiroindenopyridotriazine-4H-pyrans
(9a–g)

Indenopyrido[1,2,4]triazine 6 (1 mmol), malononitrile 7 (1
mmol), pyrazolone 8 (1 mmol) and 10 mL EtOH were placed in
a 25 mL round-bottomed ask mounted on a magnetic stirrer-
heater. The reaction mixture was reuxed for 6 hours. Aer
completion of the reaction as determined by TLC, the cooled
insoluble crude product was collected by simple ltration and
subsequently washed with warm ethanol to give the novel spiro-
4H-pyrans 9 without the need for chromatography column or
recrystallization.

Ethyl 1,6-diamino-4-(4-chlorophenyl)-3-cyano-2-oxo-1,2-
dihydropyridine-5-carboxylate (4a). White solid; 87%; mp:
245–247 °C; IR (KBr): 3387, 3226, 2984, 2923, 2215, 1686, 1651,
1585, 1473, 1207, 1092, 839, 618 cm−1; 1H NMR (300 MHz,
DMSO-d6): d: 0.57 (3H, t, 3JHH = 7.2 Hz, CH3), 3.73 (2H, q, 3JHH =

7.2 Hz, CH2), 5.67 (2H, s, N–NH2), 7.25 (2H, d, 3JHH = 8.4 Hz,
ArH), 7.49 (2H, d, 3JHH = 8.4 Hz, ArH), 8.42 (1H, brs, NH2), 8.72
(1H, brs, NH2);

13C{1H} NMR (75.4 MHz, DMSO-d6): d 13.2 (CH3),
60.5 (O–CH2), 88.1 (C–CN), 91.4 (C–CO2Et), 117.0 (CN), 128.4,
129.2, 133.4, 138.1 (Ar), 156.6 (C-4), 158.6 (C–NH2), 159.2 (C]
O), 166.1 (CO2Et); MS (EI, 70 eV):m/z (%)= 334 (35) [M + 2]+, 333
(21) [M + 1]+, 332 (100) [M]+, 303 (5), 286 (13), 251 (13), 229 (21),
187 (5), 162 (12), 138 (7), 111 (4), 75 (4), 58 (3), 43 (5).

Ethyl 3-cyano-2-(4-nitrophenyl)-4,7-dioxo-4,7-dihydroindeno
[1,2-e]pyrido[1,2-b][1,2,4]triazine-1-carboxylate (6c). Orange
solid; 85%); mp: 305–307 °C; 1H NMR (300 MHz, DMSO-d6): d:
1.04 (3H, t, 3JHH = 6 Hz, CH3), 4.13 (2H, q, 3JHH = 6 Hz, CH2),
7.83 (2H, d, 3JHH = 9 Hz, ArH), 8.07–8.22 (4H, m, ArH), 8.45 (2H,
d, 3JHH = 9 Hz, ArH; 13C{1H} NMR (125.7 MHz, DMSO-d6) d:
13.6 (CH3), 61.8 (OCH2), 99.0 (C–COO), 111.9 (C–CN), 115.0
(CN), 123.8, 124.8, 125.0, 129.5, 136.0, 137.0, 137.8, 140.2, 140.4
(Ar), 144.9 (C]N), 148.5 (C]N), 154.9 (CAr-NO2), 155.8 (N–C–
N), 157.9 (N–C]O), 163.9 (CO2Et), 183.5 (C]O).

Ethyl 60-amino-2-(4-chlorophenyl)-3,50-dicyano-30-methyl-4-
oxo-10-phenyl-10H,4H-spiro[indeno[1,2-e]pyrido[1,2-b][1,2,4]
triazine-7,40-pyrano[2,3-c]pyrazole]-1-carboxylate (9a). Brown
powder, 86%, mp: 253–255 °C; IR (KBr): 3365, 3196, 2960,
2199, 1727, 1682, 1594, 1525, 1463, 1399,1092, 761 cm−1; 1H
NMR (300 MHz, DMSO-d6) d: 1.07 (3H, t, 3JHH = 6.0 Hz,
CH3CH2), 1.40 (3H, s, Me), 4.18 (2H, q, 3JHH = 6.0 Hz, CH2),
7.40–7.87 (11H, m, ArH), 7.96 (2H, s, NH2), 8.00 (1H, d, 3JHH =

6.0 Hz, ArH), 8.15 (1H, d, 3JHH = 6.0 Hz, ArH); 13C{1H} NMR
(75.4 MHz, DMSO-d6) d: 12.3 (CH3), 13.7 (CH3CH2), 47.7
(CSpiro), 56.4 (C]CNH2), 61.6 (OCH2), 95.5 (C-COO), 96.9 (C]
C–O), 111.4 (C–CN), 115.9 (CN), 117.7 (CN), 120.5, 125.3, 125.6,
126.9, 128.9, 129.5, 129.7, 131.4, 133.5, 135.0, 137.1, 138.7,
144.4 (Ar), 144.9 (C–C6H5Cl), 146.5 (Me–C]N), 153.4 (C]N–
N), 154.8 (C]N), 156.0 (N–C–N), 157.4 (O–C–N), 160.1 (N–C]
O), 160.8 (CNH2), 163.9 (CO2Et); MS (EI, 70 eV): m/z (%) = 649
7108 | RSC Adv., 2025, 15, 7103–7110
(0.6) [M − 29]+, 621 (0.1), 553 (0.4), 523 (0.5), 495 (2), 461 (2),
409 (4), 352 (4), 324 (3), 293 (4), 239 (14), 189 (28), 137 (18), 109
(81), 81 (52), 43 (100), 29 (22).

Ethyl 60-amino-2-(4-bromophenyl)-3,50-dicyano-30-methyl-4-
oxo-10-phenyl-10H,4H-spiro[indeno[1,2-e]pyrido[1,2-b][1,2,4]
triazine-7,40-pyrano[2,3-c]pyrazole]-1-carboxylate (9b). Brown
powder, 82%, mp: 266–268 °C; IR (KBr): 3347, 3195, 2960, 2199,
1732, 1683, 1591, 1525, 1461, 1399,1265, 1071, 754 cm−1; 1HNMR

(300 MHz, DMSO-d6) d: 1.07 (3H, t, 3JHH = 6.0 Hz, CH3CH2), 1.41
(3H, s, Me), 4.17 (2H, m, CH2), 7.37–7.58 (5H, m, ArH), 7.77–7.87
(6H, m, ArH), 7.97 (2H, s, NH2), 7.98–8.01 (1H, m, ArH), 8.15
(1H, d, 3JHH = 9.0 Hz, ArH); 13C{1H} NMR (75.4 MHz, DMSO-d6)
d: 12.3 (CH3), 13.7 (CH3CH2), 47.7 (CSpiro), 56.4 (C]CNH2), 61.7
(OCH2), 95.5 (C–COO), 96.8 (C]C–O), 111.3 (C–CN), 115.9 (CN),
117.7 (CN), 120.5, 123.8, 124.2, 126.8, 129.5, 129.9, 131.4, 131.9,
133.6, 133.8, 137.1, 138.2, 144.4 (Ar), 144.9 (C–C6H5Br), 146.5
(Me–C]N), 153.4 (C]N–N), 154.8 (C]N), 156.0 (N–C–N), 157.4
(O–C–N), 160.1 (N–C]O), 160.8 (CNH2), 163.9 (CO2Et); m/z
(%) = 647 (0.03), 503 (0.01), 459 (0.03), 414 (0.4), 399 (0.1), 355
(0.4), 315 (4), 269 (2), 224 (13), 178 (15), 135 (57), 91 (100), 43
(60), 15 (6).

Ethyl 60-amino-3,50-dicyano-30-methyl-2-(4-nitrophenyl)-4-
oxo-10-phenyl-10H,4H-spiro[indeno[1,2-e]pyrido[1,2-b][1,2,4]
triazine-7,40-pyrano[2,3-c]pyrazole]-1-carboxylate (9c). Red
brown powder, 90%, mp: 260–262 °C; IR (KBr): 3361, 3193,
2960, 2204, 1727, 1688, 1597, 1524, 1462, 1348,1127, 1073,
755 cm−1; 1H NMR (300 MHz, DMSO-d6) d: 1.07 (3H, m,
CH3CH2), 1.42 (3H, s, Me), 4.15 (2H, m, CH2), 7.40–7.58 (3H, m,
ArH), 7.75–7.87 (7H, m, ArH), 7.99 (2H, s, NH2), 8.15 (1H, d, 3JHH

= 9.0 Hz, ArH), 8.44–8.47 (2H, m, ArH); 13C{1H} NMR (75.4 MHz,
DMSO-d6) d: 12.3 (CH3), 13.7 (CH3CH2), 47.7 (CSpiro), 56.3 (C]
CNH2), 61.8 (OCH2), 95.5 (C–COO), 96.7 (C]C–O), 111.0 (C–
CN), 115.7 (CN), 117.8 (CN), 120.5, 124.0, 124.3, 126.9, 129.5,
131.4, 131.5, 137.1, 137.8, 138.4, 141.4, 144.4 (Ar), 145.0 (C–
C6H5NO2), 146.9 (Me–C]N), 148.4 (C–NO2), 153.5 (C]N–N),
154.0 (C]N), 156.0 (N–C–N), 157.6 (O–C–N), 160.3 (N–C]O),
160.9 (CNH2), 163.7 (CO2Et); MS (EI, 70 eV): m/z (%) = 578
(0.08), 551 (0.2), 523 (0.2), 495 (0.1), 467 (0.09), 416 (0.8), 368 (1),
343 (2), 313 (1), 287 (11), 261 (29), 230 (48), 204 (56), 174 (9), 127
(52), 78 (81), 43 (100), 18 (38).

Ethyl 60-amino-3,50-dicyano-2-(4-uorophenyl)-30-methyl-4-
oxo-10-phenyl-10H,4H-spiro[indeno[1,2-e]pyrido[1,2-b][1,2,4]
triazine-7,40-pyrano[2,3-c]pyrazole]-1-carboxylate (9d). Orange
powder, 78%, mp: 275–278 °C; IR (KBr): 3301, 3188, 2965, 2195,
1730, 1684, 1599, 1514, 1463, 1400, 1333,1161, 1074, 764 cm−1;
1H NMR (300 MHz, DMSO-d6) d: 1.06 (3H, t, 3JHH = 6.0 Hz,
CH3CH2), 1.41 (3H, s, Me), 4.14 (2H, q, 3JHH = 6.0 Hz, CH2),
7.37–7.58 (7H, m, ArH), 7.77–7.87 (5H, m, ArH), 7.97 (2H, s,
NH2), 8.15 (1H, d, 3JHH = 9.0 Hz, ArH); 13C{1H} NMR (75.4 MHz,
DMSO-d6) d: 12.3 (CH3), 13.7 (CH3CH2), 18.62 (EtOH), 47.7
(CSpiro), 56.09 (EtOH), 56.5 (H2N–C]C–CN), 61.6 (OCH2), 95.5
(C–COO), 97.1 (C]C–O), 111.6 (C–CN), 115.8 (CN), 116.1 (d, 2JCF
= 21.8 Hz), 117.8 (CN), 120.4, 124.2, 126.8, 126.9, 129.5, 130.3
(d, 3JCF = 8.3 Hz), 130.4 (d, 4JCF = 6.0 Hz), 131.4, 137.1, 138.2,
144.4 (Ar), 145.0 (C–C6H5F), 146.4 (Me–C]N), 153.4 (C]N–N),
155.0 (C]N), 156.1 (N–C–N), 157.4 (O–C–N), 160.1 (N–C]O),
160.8 (CNH2), 161.4 (d, 1JCF = 240.5 Hz), 164.0 (CO2Et); MS (EI,
© 2025 The Author(s). Published by the Royal Society of Chemistry
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70 eV): m/z (%) = 596 (0.06), 550 (0.1), 523 (0.1), 488 (0.4), 443
(0.2), 416 (0.6), 388 (0.4), 346 (0.2), 313 (0.1), 301 (3), 255 (4), 212
(1), 174 (21), 145 (7), 105 (16), 77 (100), 51 (42), 28 (23).

Ethyl 60-amino-3,50-dicyano-2-(4-methoxyphenyl)-30-methyl-
4-oxo-10-phenyl-10H,4H-spiro[indeno[1,2-e]pyrido[1,2-b][1,2,4]
triazine-7,40-pyrano[2,3-c]pyrazole]-1-carboxylate (9e). Dark
brown powder, 80%, mp: 295–298 °C; IR (KBr): 3365, 3196,
2960, 2201, 1724, 1655, 1463, 1250, 1025, 762 cm−1; 1HNMR
(300 MHz, DMSO-d6) d: 1.10 (3H, t, 3JHH = 9.0 Hz, CH3CH2), 1.40
(3H, s, Me), 3.84 (3H, s, OCH3), 4.18 (2H, q, 3JHH = 9.0 Hz, CH2),
7.12–7.15 (3H, m, ArH), 7.40–7.43 (2H, m, ArH), 7.53–7.58 (3H,
m, ArH), 7.79–7.87 (4H, m, ArH), 7.90 (2H, s, NH2), 8.13 (1H, d,
3JHH = 9.0 Hz, ArH); 13C{1H} NMR (125.7 MHz, DMSO-d6) d: 12.2
(CH3), 13.7 (CH3CH2), 47.6 (CSpiro), 55.3 (OCH3), 56.6 (C]
CNH2), 61.4 (OCH2), 95.5 (C–COO), 96.9 (C]C–O), 111.6 (C–
CN), 114.1 (CN), 116.1 (CN), 114.6, 120.4, 124.0, 126.5, 126.7,
126.8, 129.4, 131.3, 131.4, 137.0, 138.0, 144.3, 144.9 (Ar), 145.9
(Me–C]N), 153.2 (C]N–N), 155.7 (C]N), 156.1 (N–C–N), 157.1
(O–C–N), 159.7 (CAr-OMe), 160.6 (N–C]O), 160.7 (CNH2), 164.1
(CO2Et).

Ethyl 60-amino-2-(3-chlorophenyl)-3,50-dicyano-30-methyl-4-
oxo-10-phenyl-10H,4H-spiro[indeno[1,2-e]pyrido[1,2-b][1,2,4]
triazine-7,40-pyrano[2,3-c]pyrazole]-1-carboxylate (9f). Brown
powder, 82%, mp: 245–248 °C; IR (KBr): 3192, 2198, 1738, 1683,
1462,1126, 1017, 762 cm−1; 1HNMR (300 MHz, DMSO-d6) d: 1.05
(3H, t, 3JHH = 6.0 Hz, CH3CH2), 1.41 (3H, s, Me), 4.17 (2H, q,
3JHH = 6.0 Hz, CH2), 7.39–7.69 (9H, m, ArH), 7.80–7.87 (3H, m,
ArH), 7.98 (2H, s, NH2), 8.15 (1H, d, 3JHH = 9.0 Hz, ArH); 13C{1H}
NMR (75.4 MHz, DMSO-d6) d: 12.2 (CH3), 13.7 (CH3CH2), 47.7
(CSpiro), 56.5 (C]CNH2), 61.6 (OCH2), 95.5 (C–COO), 97.0 (C]
C–O), 111.3 (C–CN), 115.7 (CN), 117.7 (CN), 120.5, 124.2, 126.6,
126.8, 127.5, 129.5, 130.0, 130.8, 131.3, 133.3, 136.5, 137.1,
138.3, 144.4 (Ar), 144.9 (C–C6H5Cl), 146.5 (Me–C]N), 153.4 (C]
N–N), 154.3 (C]N), 156.0 (N–C–N), 157.4 (O–C–N), 160.2 (N–
C]O), 160.8 (CNH2), 163.8 (CO2Et).

Ethyl 60-amino-3,50-dicyano-30-methyl-2-(3-nitrophenyl)-4-
oxo-10-phenyl-10H,4H-spiro[indeno[1,2-e]pyrido[1,2-b][1,2,4]
triazine-7,40-pyrano[2,3-c]pyrazole]-1-carboxylate (9g). Brown
powder, 85%, mp: 283–285 °C; IR (KBr): 3351, 3196, 2223, 1732,
1686, 1532, 1464,1348, 1125, 1019, 755 cm−1; 1HNMR (300 MHz,
DMSO-d6) d: 1.00–1.07 (3H, m, CH3CH2), 1.41 (3H, s, Me), 4.13–
4.17 (2H, m, CH2), 7.40–7.42 (1H, m, ArH), 7.55 (1H, d, 3JHH =

6.0 Hz, ArH), 7.81–7.93 (5H, m, ArH), 7.98 (2H, s, NH2), 7.99–
8.03(2H, m, ArH), 8.18 (1H, d, 3JHH = 9.0 Hz, ArH), 8.30–8.47
(3H, m, ArH); 13C{1H} NMR (75.4 MHz, DMSO-d6) d: 12.3 (CH3),
13.8 (CH3CH2), 47.7 (CSpiro), 56.5 (H2N–C]C–CN), 61.6 (OCH2),
95.6 (C–COO), 97.1 (C]C–O), 111.7 (C–CN), 115.8 (CN), 116.1,
117.8 (CN), 120.5, 124.2, 126.7, 126.9, 129.6, 130.3, 130.4, 131.4,
137.1, 138.3, 144.5, 145.0 (Ar), 146.4 (Me–C]N), 153.4 (C]N–
N), 155.1 (C]N), 156.1 (N–C–N), 157.4 (O–C–N), 160.1 (N–C]
O), 160.8 (CNH2), 161.4, 164.0 (CO2Et).

Conclusion

In summary, we have developed an attractive and green
approach for the synthesis of novel highly functionalized fused
spiro-2-amino-4H-pyrans by sequential multicomponent
© 2025 The Author(s). Published by the Royal Society of Chemistry
reaction between pyridotriazines, pyrazolone as cyclic CH-acid
and malononitrile in ethanol under mild conditions. To reach
the target products, 1,6-diaminopyridine-2-one compounds
were rstly prepared, then their reaction was done with ninhy-
drin. As a result of this condensation, pyridotriazine derivatives
were synthesized as starting material for the main reaction.
These two processes were carried out as a four-component
cascade reaction. This method not only provides high effi-
ciency and reaction speed, but also prevent the use of
dangerous solvents or catalysts. Other promising points for the
introduced synthesis include: clean reaction prole, ease of
product purication, good to high yields and high atom
economy.
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