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Abstract
In the present study, the catalytic efficiency of 1,1′-butylenebis(3-sulfo-3H-imidazol-1-ium) hydrogensulfate (BBSI-HSO4) 
as a versatile sulfonic acid-functionalized ionic liquid was demonstrated for the one-pot mechanosynthesis of pyrano[4,3-b]-
pyrans using planetary ball mill at room temperature under solvent-free conditions. This efficient mechanosynthesis approach 
to the 4H-pyran scaffolds displays a combination of the structure–activity relationship of ionic liquids with ecological benefits 
of a mechanocatalytic procedure. The ionic liquid was easily recycled and reused several times with no significant loss of 
its catalytic activity.
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Introduction

The synthesis and the application of ionic liquids (ILs) are 
continuing to grow exponentially in all fields of pure and 
applied chemistry due to their chemical tunability which 
allows different properties of ILs can be tailored by an 
appropriate selection of anion/cation components and func-
tional groups [1–3].

Mechanochemistry has been developed as a clean and 
green approach to chemical transformations which minimize 
the use of toxic and volatile organic solvents and reduce 
environmental pollution [4]. The ball milling process plays a 
significant role in a solvent-free organic synthesis as a solid-
state process which fits well with the principles of green 
chemistry. It can lead to improvements including the reduced 
amount of catalyst loading, shorter reaction time, and 
higher yield [5]. Planetary ball mills were broadly utilized 
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in laboratories for the synthesis of catalysts [6], heterocy-
cles [7], metal complexes [8], catenanes and rotaxanes [9], 
the formation of metal–organic frameworks (MOFs) [10], 
C–C bond formation reactions, protection functional groups, 
fullerenes, and redox processes [11].

The pyran moiety has received the broad attention of 
chemists both from the academic organizations and phar-
maceutical industries due to a wide array of biological 
activities, particularly against cancer [12–14]. Based on the 
in vitro, in vivo, and in silico experiments, pyran derivatives 
could be heterocycle candidates with potentially exploitable 
structures and diverse biological properties for the develop-
ment of new cytotoxic and anticancer agents [15]. There-
fore, a variety of catalysts were developed for the synthesis 
of these versatile compounds as a valuable lead compound 
[16]; however, some of the reported methods have the draw-
backs such as long reaction times, high temperature, moder-
ate yields, expensive reagents, and use of:

• Toxic or volatile organic solvents,
• expensive catalysts,
• require safety measures in handling and storage of the 

catalysts,
• Lewis acids containing metals and transition metals.

The use of Lewis acids for the synthesis of pharmaceuti-
cal products is not desirable because of their toxicity [17]. 
Moreover, aldehydes bearing the coordinating functional 
groups, such as methoxy, nitro, or cyano groups, and het-
erocyclic aldehydes containing nitrogen or sulfur atom, are 
unsuitable for use as a substrate in a Lewis acid catalyzed 
because these functional groups could deactivate the acidic 
sites of Lewis acid catalyst by coordination. Hence, the 
development of an environment-friendly and sustainable 
catalytic protocol is a high demand for organic reactions. 
Furthermore, developing the novel reagents, catalysts and 
protocols provides a useful and wide range of selectivity.

In pursuit of our studies on the preparation of sulfonic-
functionalized acidic ionic liquids and their applications 
as solvent, catalyst or dual solvent/catalyst in the vari-
ous organic transformations [18–21], herein, the catalytic 

efficiency of 1,1′-butylenebis(3-sulfo-3H-imidazol-1-ium) 
hydrogensulfate (BBSI-HSO4) as a versatile sulfonic acid-
functionalized ionic liquid (SAIL) was demonstrated for the 
synthesis of the 4H-pyrans using planetary ball mill under 
solvent-free conditions. Easy separation and purification of 
product, a broad substrate-scope, handling and recycling of 
the SAIL as well as the possibility of continuous operation 
of the reactor are attractive features for the present protocol. 
Moreover, the catalytic effect of the functional groups and 
anions on this multi-component reaction was studied under 
optimal conditions.

Results and discussion

Synthesis of pyrano[4,3‑b]pyrans in the presence 
of BBSI‑HSO4

Initially, the optimum conditions for the reaction were inves-
tigated using the condensation reaction of 4-chlorobenzal-
dehyde (1a), 4-hydroxy-6-methyl-2-pyrone (A), and malo-
nonitrile as a model reaction (Scheme 1).

The model reactants were ground using the planetary 
ball mill in the absence of catalyst and solvent at room tem-
perature. No 2-amino-4-(4-chlorophenyl)-7-methyl-5-oxo-
4H,5H-pyrano[4,3-b]pyran-3-carbonitrile (2a) was obtained 
after 4 h (Table 1, entry 1). Next, BBSI-HSO4 was added to 
the model reactants, and the mixture was milled for 4 h at 
room temperature. Deionized water was added to this mix-
ture and BBSI-HSO4 was washed from the grinding beaker 
and separated by simple filtration. The SAIL was recovered 
through the evaporation of the water and used for the next 
run. The residue was washed from the grinding beaker with 
hot ethanol and was crystallized to afford the desired product 
2a in 86% yield (Table 1, entry 2). No significant difference 
in yield was observed when the reaction time was curtailed 
to 1 h (Table 1, entry 3), while the yield drop when the reac-
tion time was reduced from 60 to 30 min (Table 1, entry 
4). A small drop of the yield for 2a was observed when 
the BBSI-HSO4 loading was decreased to 5 mol% (Table 1, 
entries 5 and 6) but further decrease of SAIL loading to as 

Scheme 1
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low as 2 mol% decreased yield to 55% (Table 1, entry 7). 
Then, the influence of technical parameters such as revo-
lution per minute (rpm), size and number of ball mill on 
performing the model reaction was investigated. As shown 
in Table 1, the experimental results revealed that rpm has 
a significant effect on the yield of the desired product, at 
which point the best yield for 2a was observed at 600 rpm of 
the planetary ball mill within 30 min (Table 1, entries 8–12). 
Also, further decrease in the milling time to 20 min led to a 
lower yield of 2a (Table 1, entry 10).

While the other parameters were kept constant, the size 
and the number of milling balls were changed. As reported 
in the literature [22], these parameters directly influence the 
active surface area and the total mass of the milling balls, 
which are important variables for the energy transfer and 
increase of internal temperature and pressure. As a conse-
quence, the higher yields for 2a were observed when the 
experiments were conducted with a larger size and higher 
number of mill balls (Table 1, entries 13 and 14).

The scope and generality of the present protocol for the 
preparation of pyrano[4,3-b]pyran derivatives was evalu-
ated through the reaction of various aldehydes 1a–1m and 
heteroaldehyde 1n and 4-hydroxy-6-methyl-2-pyrone (A), 
and malononitrile under optimized reaction conditions 
based on entry 9 in Table 1 (Scheme 2).

A broad range of pyrano[4,3-b]pyrans was prepared in 
good to excellent yield under optimal reaction conditions 
(Table 2). Aldehydes bearing electron-withdrawing sub-
stituents afforded a slightly higher yield of pyrano[4,3-b]-
pyran than electron-donating substituents at same position 
and conditions due to increasing the electrophilicity of 
carbonyl group. As shown in Table 3, the acid-sensitive 
aldehydes afforded the desired product in good yield with 
no decomposition under the optimized reaction conditions 
(Table 2, entries 9, 10).

The achieved experimental data for the synthesis of 
pyrano[4,3-b]pyrans showed that BBSI-HSO4 could be an 
efficient catalyst for the one-pot multicomponent reactions.

Table 1  Optimization of the 
synthesis of pyrano[4,3-b]-
pyrans under a variety of 
reaction conditions

Reaction conditions: 4-chlorobenzaldehyde (1a, 1.0  mmol), hydroxy-6-methyl-2-pyrone (A, 1.0  mmol), 
malononitrile (1.0 mmol), room temperature
a Isolated yield
b Monitored by GC–MS

Entry Loading BBSI-
HSO4/mol%

Number of 
ball mill

Speed/rpm Ball mill diam-
eter/mm

Milling time/
min

Yield/%a

1 0 4 300 7 240 –b

2 20 4 300 7 240 86
3 20 4 300 7 60 84
4 20 4 300 7 30 65
5 10 4 300 7 60 84
6 5 4 300 7 60 82
7 2 4 300 7 60 55
8 5 4 600 7 60 90
9 5 4 600 7 30 92
10 5 4 600 7 20 76
11 5 4 500 7 30 88
12 5 4 400 7 30 67
13 5 4 600 5 30 48
14 5 2 600 7 30 46

Scheme 2
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Based on the theoretical and experimental reports in the 
literature [27], a mechanism was postulated and illustrated 
in Scheme  3. The SAIL simultaneously activates alde-
hyde and 1,3-diketone to initiate the process through the 
increased electrophilicity of the aldehyde and the enhanced 
hydrogen bond network, respectively. A nucleophilic attack 
from 1,3-diketone to activated aldehyde gives intermediate 
I. Dehydration of the intermediate I could be promoted in 
the presence of the SAIL liquid as an efficient dehydrating 
agent [28, 29], and Knoevenagel intermediate II is produced. 

In the next step, the knoevenagel intermediate II acts as a 
Michael acceptor in the reaction with the activated malon-
onitrile by hydrogen bond network of BBSI-HSO4 which 
produces the intermediate III. Then, an intramolecular 
nucleophilic attack from the oxygen atom to nitrile group 
followed by tautomerization will give the desired product.

A comparison is made between the current protocol with 
some reported methods in the literature. For example, 2e was 
obtained in 83% yield in the presence of 10 mol% urea in 
aqueous ethanol at room temperature after 7 h [30], whereas 

Table 2  The one-pot 
multicomponent synthesis of 
pyrano[4,3-b]pyran derivatives 
in the presence of BBSI-HSO4 
under optimized reaction 
conditions

Reaction conditions: aldehyde 1a–1 m (1.0 mmol), 4-hydroxy-6-methyl-2-pyrone (A, 1.0 mmol), malon-
onitrile (1.0 mmol), BBSI-HSO4 (0.05 mmol), four ball mill with diameter 7 mm, revolution rate 600 rpm, 
room temperature, milling time 30 min
a Isolated yield

Entry Aldehydes 1a–1m Pyrano[4,3-b]-
pyran

Yield/%a Melting point/°C

Found Reported

1 4-Cl–C6H4− 2a 92 219–221 228–230 [23]
2 C6H5– 2b 90 246–248 236 [23]
3 4-CH3–C6H4– 2c 88 226–228 218–220 [23]
4 4-(CH3)2CH–C6H4− 2d 86 220–222 –
5 4-NO2–C6H4− 2e 90 216–218 220–222 [23]
6 3,5-Cl2–C6H3− 2f 87 212–214 –
7 4-(CH3O)–C6H4− 2g 90 205–207 210–212 [24]
8 2-Cl–C6H4− 2h 89 258–260 270–272 [25]
9 2-(CH3O)–C6H4− 2i 84 242–244 –
10 3,4,5-(CH3O)3–C6H2− 2j 82 227–229 235–237 [25]
11 4-Br–C6H4– 2k 90 219–221 217–219 [24]
12 4-CF3–C6H4– 2l 91 217–219 –
13 4-F–C6H4– 2m 92 220–222 223–225 [26]

Table 3  The comparison of the present protocol with other reported strategies for the synthesis of 2-amino-4-phenyl-7-methyl-5-oxo-4H,5H-
pyrano[4,3-b]pyran-3-carbonitrile

a 2-Amino-4-(4-chlorophenyl)-7-methyl-5-oxo-4H,5H-pyrano[4,3-b]pyran-3-carbonitrile

Entry Catalyst Calayst loading/mol% Conditions Time/min Yield/% References

1 Succinimide-N-sulfonic acid 10 Neat, 60 °C (Solar energy) 35 94 [23]
2 [BBMIm][HSO4] 120.5 Neat, 60 °C 35 94 [24]
3 Urea 10 EtOH:H2O (1:1 v/v), r.t. 420 81 [30]
4 TMGT 1.0 100 °C 60 77 [31]
5 Porcine pancreas lipase 120 U i-Propanol, 60 °C 600 89 [32]
6 [BMIM][BF4] 664 80 °C 180 85 [26]
7 Piperidine 1-2 drops per 1.0 mmol benzalde-

hyde
MeOH, reflux 60 79 [33]

8 – – H2O, 80 °C 630 65 [34]
9 Thiurea dioxide 10 H2O, 80 °C 40 92 [35]
10 4-(Succinimido)-1-butanesulfonic 

acid
4.2 Neat, 60 °C 60 88 [36]

11 KF-Al2O3 100 mg per 2.0 mmol 4-chloroben-
zaldehyde

EtOH, reflux 480a 76 [37]

12 BBSI-HSO4 5 Ball milling, r.t. 30 89 This work
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the same product was offered in 90% yield at room tempera-
ture within 30 min in the presence of 5 mol% BBSI-HSO4 
under solvent-free conditions by the present method.

The 2a was obtained in 77% yield in the presence of 
1  mol% of 1,1,3,3-N,N,N′,N′-tetramethylguanidinium 
trifluoroacetate (TMGT) at 100 °C within 1 h [31]. The 
same product was isolated in 92% yield through the cur-
rent method.

Also, the product 2a was obtained in 89.2% yield within 
10 h in the presence of 120 unit of porcine pancreas lipase 
at room temperature [32], whereas the same reaction gave a 
90% yield for 2a after 30 min of stirring at room temperature 
in the presence of 5 mol% BBSI-HSO4 under solvent-free 
conditions. In addition, in entries 2 and 6 use of a consider-
able amount of catalyst is unavoidable.

The commercially available catalysts such as thiourea 
dioxide (formamidinesulfinic acid) and piperidine are self-
heating and highly flammable and toxic, respectively; there-
fore, it requires safe handling and storage (Table 3, entries 
7 and 9).

The feasibility of the present method on gram scaled exper-
iment with 4-chlorobenzaldehyde (1.40 g, 10 mmol), malon-
onitrile (0.66 g, 10 mmol), and 4-hydroxy-6-methyl-2-pyrone 
(1.26 g, 10 mmol) using 5 mol% BBSI-HSO4 at room tem-
perature under optimized reaction conditions which afforded 
the desired product, 2-amino-4-(4-chlorophenyl)-7-methyl-
5-oxo-4H,5H-pyrano[4,3-b]pyran-3-carbonitrile in 81% iso-
lated yield within 30 min, almost similarly in all respects with 
mmol scale entry. Therefore, the efficiency of the present pro-
tocol for large-scale production was demonstrated.

It is well known that the physical and chemical properties, 
effect, or catalytic activity associated with ionic liquids are 

related to the chemical structure of the cations and anions 
and their interaction with reactants, determine its catalytic 
efficiency. The chemists often change the chemical struc-
ture of catalysts to insert new functional groups and test 
the modifications for their catalytic efficiency in the model 
reaction under identical conditions [38]. This process can 
be one of attempting to understand and reveal how proper-
ties relevant to catalytic activity of ionic liquid are encoded 
within and determined by the chemical structure cation and 
anion. This can be particularly the case in the area of cata-
lyst design, where ILs with desired physical and chemical 
properties and catalytic activities are sought. This allows 
modification of the catalytic effect or the potency of an ionic 
liquid by changing its functional groups.

Herein, we start to study on the determination of the func-
tional group responsible for inducing a catalytic efficiency 
in this one-pot multi-component reaction. The catalytic effi-
ciency of di-cationic ionic liquids including (BBMI) cation 
and (BBSI) along with nonacidic  (Cl−) and acidic  (HSO4

−) 
counter anion was compared under aforementioned opti-
mized conditions (Table 4). The ionic liquids were prepared 
according to the literature [21, 24].

The initial results revealed that the catalytic efficiency of 
these SAILs is influenced by the functional groups on the 
cationic moiety and nature anion following the order: BBSI-
HSO4 > BBSI-Cl > BBMI-HSO4 > BBMI-Cl. The best result 
was obtained with the BBSI-HSO4 while much reduction of 
the catalytic effect was observed with BBMI-Cl. It seems 
that SAILs containing sulfonic acid moiety along with acidic 
anion are more efficient than that without acid groups and 
with a non-acidic anion.

Scheme 3
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Table 4 displays an initial theme viz. sulfonic acid func-
tionalized ionic liquids bearing counter anion  HSO4

− which 
is a most efficient catalyst to promote this one-pot multicom-
ponent reaction under solvent-free conditions. More studies 
are conducting in our group to develop principals of the 
role sulfonic acid functional group and nature anion in the 
catalytic activity of SAILs.

Reusability of BBSI‑HSO4

Two routes were investigated to check the reusability of 
BBSI-HSO4 under optimized reaction conditions. In the 
first route, the desired products were readily extracted 
using hot ethyl acetate, and the remained SAIL was con-
centrated under reduced pressure. Then, the reaction flask 
was recharged with new model reactants for another run. 
The 2a was obtained in an average 92–90% yield for three 
subsequent runs in the presence of BBSI-HSO4, respectively. 
Furthermore, the chemical structure of BBSI-HSO4 showed 
no significant change under the present workup.

In the second route, the ionic liquid was separated by wash-
ing with deionized water after completion of the reaction 
followed by evaporation of water from an aqueous solution 
containing BBSI-HSO4. The recovered ionic liquid was suc-
cessfully reused for the subsequent runs without significant 
loss of catalytic activity. Therefore, the isolation of the product 
or the separation of ionic liquid was efficient for the recovering 
of BBSI-HSO4 after reactions.

Conclusion

In summary, the catalytic efficiency of BBSI-HSO4 was dem-
onstrated for a one-pot multicomponent reaction under mild 
conditions. The structure–activity relationship (SAR) of the 
binuclear sulfonic-functionalized acid was studied in compari-
son with some previously reported sulfonic-functionalized ILs 
which proved the superiority of binuclear ionic liquids con-
taining sulfonic-functionalized imidazolium moiety with an 
acidic counter anion. The current protocol has the advantages 
such as simple experimental and sustainable procedure, high 
yield of the desired products within short reaction times, a 
wide substrate-scope, and recyclable sulfonic acid-function-
alized ionic liquid. The application of BBSI-HSO4 in the one-
pot multicomponent reactions has highlighted the importance 
of binuclear sulfonic acid-functionalized ionic liquids as an 
efficient and recyclable catalyst in organic chemistry, and we 
hope that our work will encourage further research in this area 
with promising results for future applications of BBSI-HSO4.

Experimental

Unless specified, all chemicals were of analytical grade and 
purchased from Merck, Aldrich, and Fluka Chemical Com-
panies and used without further purification. Products were 
characterized by their physical constant and IR, NMR, and 
elemental analysis. The purity determination of the sub-
strates and reaction monitoring was accompanied by TLC 

Table 4  Comparison of the result obtained for the synthesis of 2a in the presence of some sulfonic-functionalized ionic liquid containing a di-
cationic nucleus with four-carbon spacer

Entry Ionic liquid Abbrevia�on Yield /%a

1
N

N
N

N
CH3

H3C

Cl Cl

BBMI-Cl 58

2
N

N
N

N
CH3

H3C

HSO4HSO4

BBMI-HSO4 76

3

N
N

N
N

SO3H
HO3S

Cl

Cl BBSI-Cl 86

4
N

N
N

N
SO3H

HO3S

HSO4
HSO4

BBSI-HSO4 92

Reaction conditions: 4-chlorobenzaldehyde 1a (1.0 mmol), 4-hydroxy-6-methyl-2-pyrone (A, 1.0 mmol), malononitrile (1.0 mmol), ionic liquid 
(0.05 mmol), four ball mill with diameter 7 mm, revolution rate 600 rpm, room temperature, milling time 30 min, solvent-free conditions
a Isolated yield
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using silica gel SIL G/UV 254 plates. The FT-IR spectra 
were recorded on a Perkin Elmer 781 Spectrophotometer 
in the range of 4000–400 cm−1. In all the cases, the 1H 
and 13C NMR spectra were recorded with Bruker Avance 
400 MHz instruments. All chemical shifts are quoted in parts 
per million (ppm) relative to TMS using deuterated solvent. 
Microanalyses were performed on a Perkin-Elmer 240-B 
microanalyzer. Melting points were recorded on a Büchi 
B-545 apparatus in open capillary tubes. The mass spectra 
of the products were recorded using an Agilent 6560 iFunnel 
Q-TOF LC–MS instrument. Ball milling was performed in 
a Retsch PM100 planetary ball mill using a 25 cm3 stainless 
steel chamber and two or four stainless steel balls (diameter: 
5 or 7 mm) with 300–600 revolution per minute (rpm).

Typical procedure for the synthesis 
of pyran‑annulated derivatives in the presence 
of BBSI‑HSO4

The aldehyde (1.0  mmol), malononitrile (1.0  mmol), 
hydroxy-6-methyl-2-pyrone (A, 1.0 mmol), and BBSI-HSO4 
(5 mol%) were ground at 600 rpm using the planetary ball 
mill at room temperature for 30 min. The progress of the 
reaction was monitored by TLC. After completion of the 
reaction, the product was extracted by hot ethyl acetate, 
which after evaporation of solvent provided a solid crude 
product. The pure product was obtained by recrystalliza-
tion from ethanol without tedious column chromatographic 
purification. The structure of each purified pyran annulated 
derivatives was confirmed by melting point and spectral 
studies including FT-IR, 1H NMR, 13C NMR, MS, and ele-
mental analysis. All the known compounds had physical and 
spectroscopic data identical to the literature data.

2‑Amino‑4‑(4‑isopropylphenyl)‑7‑methyl‑5‑oxo‑4H,5H‑py‑ 
rano[4,3‑b]pyran‑3‑carbonitrile (2d,  C19H18N2O3) M.p.: 220–
222 °C; FT-IR (KBr): v̄ = 3365, 3300, 2200, 1715, 1670, 
1640, 1615, 1375, 1265 cm−1; 1H NMR (400 MHz, DMSO-
d6): δ = 7.20–7.18 (m, 4H), 7.10 (d, J = 8.8 Hz, 2H), 6.28 
(s, 1H), 4.25 (s, 1H), 2.89–2.82 (m, 1H), 2.21 (s, 3H), 1.20 
(s, 3H), 1.18 (s, 3H) ppm; 13C NMR (100 MHz, DMSO-
d6): δ = 163.1, 161.7 (C=O), 158.5, 158.4 (C–NH2), 147.3, 
141.3, 127.7, 126.7, 119.8 (C≡N), 101.2, 98.2, 58.3, 36.1 
(CH), 33.3  (CH3–CH–CH3), 24.2, 24.2, 19.6 ppm; MS: 
m/z = 323.14 ([M+H]+).

2‑Amino‑4‑(3,5‑dichlorophenyl)‑7‑methyl‑5‑oxo‑4H,5H‑ 
pyrano[4,3‑b]pyran‑3‑carbonitrile (2f,  C16H10Cl2N2O3) Mp.: 
212–214 °C; FT-IR (KBr): v̄ = 3404, 3330, 2194, 1708, 
1676, 1645, 1615, 1382, 1262 cm−1; 1H NMR (400 MHz, 
DMSO-d6): δ = 7.46 (t, J = 1.8 Hz, 1H), 7.20–7.18 (m, 2H), 
6.98 (s, 2H), 6.30 (s, 1H), 4.46 (s, 1H), 2.28 (s, 3H) ppm; 
13C NMR (100 MHz, DMSO-d6): δ = 164.1, 162.0 (C=O), 

160.3, 158.7 (C–NH2), 145.7, 134.6 (C–Cl), 127.4, 122.5, 
117.3 (C≡N), 104.0, 98.4, 56.3, 39.5 (CH), 19.6 ppm; MS: 
m/z = 349.01 ([M+H]+).

2‑Amino‑4‑(2‑methoxyphenyl)‑7‑methyl‑5‑oxo‑4H,5H‑py‑ 
rano[4,3‑b]pyran‑3‑carbonitrile (2i,  C17H14N2O4) Mp.: 242–
244 °C; FT-IR (KBr): v̄ = 3385, 3295, 2195, 1710, 1676, 
1640, 1605, 1380, 1260 cm−1; 1H NMR (400 MHz, DMSO-
d6): δ = 7.20–7.18 (m, 1H), 7.05–6.98 (m, 2H), 6.92–6.87 
(m, 3H), 4.70 (s, 1H), 3.68 (s, 3H), 2.30 (s, 3H) ppm; 13C 
NMR (100  MHz, DMSO-d6): δ = 164.7, 162.0 (C=O), 
158.8, 158.5 (C–NH2), 155.7, 132.6, 130.6, 128.4, 120.5, 
118.3 (C≡N), 112.0, 102.9, 98.4, 56.3 (O–CH3), 55.7, 35.5 
(CH), 19.7 ppm; MS: m/z = 311.10 ([M+H]+).

2 ‑ A m i n o ‑ 4 ‑ [ 4 ‑ ( t r i f l u o r o m e t h y l ) p h e n y l ] ‑ 7 ‑ m e ‑
thyl‑5‑oxo‑4H,5H‑pyrano[4,3‑b]pyran‑3‑carbonitrile (2l, 
 C17H11F3N2O3) Mp.: 217–219 °C; FT-IR (KBr): v̄ = 3395, 
3325, 2190, 1685, 1655, 1370, 1325, 1120 cm−1; 1H NMR 
(400 MHz, DMSO-d6): δ = 7.70 (d, J = 8.4 Hz, 2H), 7.51 
(s, 2H), 7.46 (d, J = 8.4 Hz, 2H), 6.27 (s, 1H), 4.58 (s, 1H), 
2.91 (s, 3H) ppm; 13C NMR (100 MHz, DMSO-d6): δ = 
163.8, 162.4 (C=O), 159.0, 157.9 (C–NH2), 143.8, 134.6 
(q, 2JC-F = 28 Hz), 129.9, 125.6 (q, 1JC-F = 273 Hz), 125.1 
(q, 3JC-F = 4 Hz), 118.3 (C≡N), 105.2, 98.4, 55.8, 39.5 (CH), 
19.8 ppm; MS: m/z = 349.08 ([M+H]+).

2‑Amino‑4‑(4‑fluorophenyl)‑7‑methyl‑5‑oxo‑4H,5H‑py‑ 
rano[4,3‑b]‑pyran‑3‑carbonitrile (2m,  C16H11FN2O3) M.p.: 
220–222 °C; FT-IR (KBr): v̄ = 3398, 3322, 1688, 1648, 
1368, 1329, 1117 cm−1; 1H NMR (400 MHz, DMSO-d6): 
δ = 7.25–7.12 (m, 6H), 6.28 (s, 1H), 4.31 (s, 1H), 2.22 (s, 
3H) ppm; 13C NMR (100 MHz, DMSO-d6): δ = 163.4, 162.0 
(C=O), 161.7 (d, 1JC-F = 267 Hz), 158.6, 158.5 (C–NH2), 
140.2, 129.9 (d, 3JC-F = 7 Hz), 119.8 (C≡N), 115.6, 115.4 
(d, 2JC-F = 26 Hz), 100.9, 98.5, 58.2, 36.1 (CH), 19.7 ppm; 
MS: m/z = 299.08 ([M+H]+).
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