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ABSTRACT 
 

An efficient one-pot multi-component synthesis of medicinally important 2-amino-4H-pyran-3-carbonitrile derivatives using a 
new heterogeneous calcium loaded boron nitride (CaBNT) catalyst is described herein. This transformation transpires by 
Knoevenagel condensation, Michael addition and intramolecular cyclization. Alkaline earth metal-based green catalyst was 
successfully prepared and characterized by XRD, SEM with EDX, Raman spectroscopy, BET, DSC-TGA and FT-IR. The 
reaction works up is facile and CaBNT catalyst can easily be separated from the reaction mixture and re-used more than five 
times in subsequent reactions. This methodology offers several advantages such as excellent yields, use of inexpensive solvent 
and relatively shorter reaction time. Copyright © 2016 VBRI Press. 
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Introduction  

One-pot multi-component reactions (MCRs) are simple and 
efficient synthetic routes for sustaining diverse 
heterocycles. These reactions are a straight forward one-
step transformation which offers significant advantages 
over conventional linear type synthesis due to its flexible, 
convergent and atom efficient nature. Thus, the 
development of multi-component reactions has attracted 
considerable attention from the view of ideal synthesis by 
virtue of their efficiency, facile implementation and 
generally high yield of the products. These reactions are 
designed to produce elaborate biologically active 
compounds hence are an important area of research in 
organic, combinatorial and medicinal chemistry.  

The known multi-component procedures for the synthesis 
of 2-amino-4H-pyran-3-carbonitriles employ a three-
component condensation of cyclic 1,3-diketones, aldehydes 
and malononitrile and is performed under a variety of 
reaction conditions. Catalysts such as 

piperidine/ammonium acetate [1], triethylamine [2] are 
reported and the yields are in the range of 70-85 %. Alkyl 

ammonium salts in water [3], (S)-proline in aqueous media 

[4] afford the corresponding carbonitriles in higher yields 
(75-95 %), however they suffer from long reaction times up 
to 10 hours. As a consequence, reagents such as 

benzyltriethylammonium chloride (TEBA) [5], NaBr [6], 

microwave irradiation [7] and amino functioned ionic 

liquid [8] are reported to catalyze these reactions including 

ammonium chloride [9], ethylenediamine diacetate [10], 

surfactant metal carboxylates [11] and b-cyclodextrin [12]. 
However, some of the reporting procedures have 

drawbacks such as tedious work-up, use of expensive 
reagents, long reaction times and low yields of products. 

Insulating oxides such as SiO2, Al2O3, silica-alumina and 
various zeolites are the materials commonly used as 

catalyst supports [13]. These oxides possess low thermal 
conductivity, generating sintering of the assisted metal on 
hot spots, various acidic and basic sites and the coverage of 
the catalyst with water at low temperature due to its 
hydrophilic surface. Various two-dimensional (2D) 
nanomaterials have received considerable developments for 
heterogeneous catalysis. Among them, boron nitride has 
attracted more attention because of its high elastic modulus, 
high melting-point, excellent thermal conductivity and a 
large and direct band gap. Such properties can be of high 
value for ultraviolet-light emitters, advanced ceramic 
composites, electrical insulators, solid lubricants and ideal 

substrates [14] so we have fixed boron nitride (BNT) as 
catalyst support. The graphene like hexagonal boron nitride 

[15] is a most stable isomer. A giant planar network of 
hexagonal boron nitride has an acid-base resistance, good 
thermal and electrical conductivity and chemically very 
inert. Moreover, BNT is hydrophobic, hence preventing 
moisture condensation on its surface. Activated BNT 
exhibits an excellent adsorption performance for various 
metal ions such as Cr

3+
, Co

2+
, Ni

2+
, Ce

3+
, Pb

2+
 and organic 

pollutants (tetracycline, methyl orange and congo red) in 
water, as well as volatile organic compounds (benzene) in 

air [16]. 
Herein we report the synthesis and characterization of a 

new calcium loaded boron nitride catalyst which is 
subsequently used for a one-pot three component synthesis 
of 2-amino-4H-pyran-3-carbonitrile derivatives.   
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Experimental 

Materials and methods 

All chemicals were purchased from Sigma-Aldrich and 
used without further purification. Solvents used were of 
analytical grade. Melting points were determined by Stuart 
SMP10 and are uncorrected. IR spectra were recorded on 
KBr discs on a Varian Scimitar 1000 FT-IR and Perkin 
Elmer. The values are expressed as νmax cm

-1
. 

1
H-NMR and 

13
C-NMR spectra were recorded on BRUKER 400 MHz 

spectrometer using tetramethylsilane (TMS) as an internal 
standard. The chemical shift values are recorded on δ scale 
and the coupling constants (J) are in hertz. The DSC-TGA 
analysis was conducted with TA Instruments. The X-ray 
diffraction analysis was conducted with a Philips PW 1050 
diffractometer set at 1min with a scanning step size of 0.02º 
from 40º to 100º 2Ѳ using monochromated Cokα radiation. 
Data were captured with a sietonics 122D automated 
microprocessor linked to the diffractometer. A Carl Zeiss 
Ultra Plus scanning electron microscope with EDX detector 
was used.  The progress of the reaction was monitored by 
TLC using aluminium plates with silica gel (Sigma 
Aldrich). 
 
Preparation of calcium loaded boron nitride catalyst  

To a solution of Ca(OAc)2 (19.7 mg, including 7.6 % mg of 
Ca metal; 0.5 wt % of Ca metal vs. BNT) in methanol        
(50 mL) was added boron nitride (2.66 g) and the 
deferment was stirred at room temperature for a week. The 
resulting suspension was filtered and the solid was washed 
with MeOH, dried under reduced pressure to yield 0.3 % 
CaBNT catalyst as a white powder; yield: 2.679 g. 

 
General procedure for the preparation of 2-amino-4(H)-
pyran-3-carbonitrile derivatives 
 
In a 100 mL round bottom flask, a mixture of an aryl 
aldehyde (1 mmol), malononitile (1 mmol) and CaBNT 
(0.10 g, 10 mol % of the substrate) in ethanol (15 mL) was 
refluxed with stirring on an oil bath. After one hour, 5, 5-
dimethylcyclohexane-1, 3-dione was added. The progress 
of the reaction was monitored by TLC. After completion of 
the reaction, the solvent was allowed to evaporate. The 
product was purified by column chromatography (eluent 
ethyl acetate: petroleum ether, 50 %). The catalyst was 
recovered by filtration. The products were characterized by 
IR, 

1
H-NMR and 

13
C-NMR. 

 

Results and discussion 

The study was initiated by the synthesis of a new 
heterogeneous catalyst containing calcium and boron 
nitride which was prepared by stirring at inert atmosphere 
for 7 days. The CaBNT was characterized by several 
techniques: XRD analysis, SEM with EDX, BET analysis, 
Raman spectroscopy, DSC-TGA and FTIR. XRD analysis 

of the catalyst (Fig. 1) showed the crystalline nature of 
CaBNT; the characteristic Bragg’s XRD peaks at 26.09, 
41.05, 54.43 and 75.34 respectively and are indexed to       
(0 0 2), (1 0 0), (0 0 4) and (2 2 0) whilst Ca peaks at 43.19 
and 49.56 were indexed to (1 1 0), (1 1 2). 
 

 
 
Fig. 1. XRD characterization for calcium loaded boron nitride catalyst. 

 

Fig. 2(A, B) illustrated the SEM morphologies of 
CaBNT at 1 µm and 2 µm range. The plates like structures 
are clearly visible. The spherical shaped particles can be 
observed in the image could be explained as molten B2O3 
particles that were not converted into BNT during 

synthesis. Fig. 2C showed the Energy Dispersive X-ray 
(EDX) spectrum of the catalyst. The Ca peaks were 
observed at 0.3, 3.7 and 4.0 KeV respectively. The 
appearance of Au peaks is due to the coating with gold 
during sample preparation. 
 

 
 
Fig. 2. SEM image for calcium loaded boron nitride at 1 µm (A) and       

2 µm (B) and EDX spectrum (C). 

 
Brunauer-Emmett-Teller (BET) analysis showed the 

specific surface area of CaBNT by nitrogen multilayer 

adsorption. Fig. 3 illustrated the nitrogen adsorption and 
desorption isotherm and the pore size distribution for the 
catalyst. The observed BET surface area for CaBNT was 
21.52m

2
/g, pore volume 0.1028cm

3
/g and pore size      

191.15 A˚. 

Raman Spectrum of the CaBNT (Fig. 4) clearly showed 
three peaks located at approximately 900 cm

-1
,                

1380 cm
-1

 and 1795 cm
-1 

for BNT with Ca metal. The peak 

at 1380 cm
-1

 is identified with BNT phonon mode [17] 
whilst the peaks observed at 900 cm

-1
 and 1795 cm

-1
 are 

related to the component of boron, nitrogen and calcium. 
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Fig. 3. BET surface area and surface size for calcium loaded boron 
nitride. 

 

 
 
Fig. 4. Raman spectrum for calcium loaded boron nitride. 

 

 
 
Fig. 5. DSC-TGA for calcium loaded boron nitride catalyst. 

 
The thermal stability of the synthesized CaBNT catalyst 

was measured from room temperature to 800 ˚C (Fig. 5). A 
broad exothermic peak on the DSC curve was observed at 
150 ˚C. The corresponding TGA curve revealed two mass 
loss viz., 19.34 wt % in the temperature range of 93 to        
95 ˚C and 29.98 wt % in the temperature 102 to 300 ˚C 

which was due to the partial decomposition of the CaBNT. 
A mass loss of water was observed at 100 ˚C. Above       
400 ˚C the weight was found to slightly increase                    
(̴ 1.5 wt.%) which may be associated with the partial 
formation of Ca3N2.  
 
Table 1. Effect of optimization of CaBNT catalyst. 

 

Entry Catalyst Mol % Time (h) Yield (%) 

1 BNT 25 upto 24 Trace 

2 CaBNT 5 6 70 

3 CaBNT 10 6 95 

4 CaBNT 15 6 95 

5 CaBNT 20 6 95 

 
 

 

Fig. 6. Illustrated the Fourier transform infrared (FTIR) 
spectrum of the CaBNT. The pure BNT possesses richer 
surface bonds, such as N-B-N (1630 cm

-1
), B-N             

(1530 cm
-1

), B-N-B (814 cm
-1

) whilst Ca-N (940 cm
-1

, ant 
symmetric and 1532 cm

-1
, symmetric) stretching 

frequencies exhibit an increase with increased electron-
donating capacity as reflected by the Hammett substituent 

constant [18]. 
 

 
 

Fig. 6. FT-IR spectrum for calcium loaded boron nitride catalyst. 

 
Thereafter we used the novel catalyst for the synthesis     

2-amino-4H-pyran-3-carbonitrile derivatives by means of 
one-pot, three component condensation of aromatic 
aldehydes, malononitile and dimedone in ethanol medium 
(Scheme 1). 

In an initial experiment, an equivalent mixture of 
benzaldehyde 1a (1 mmol), malononitile 2a and dimedone 
3a in presence of boron nitride in toluene at 110 °C proceed 
to completion in 24 hours to afford trace amounts of 4a 
(R1=H). When the same substrate mixture was reacted in 
presence of CaBNT catalyst (5 mol %), the yield of the 
product 4a was 70 %. In another attempt, in the presence of 
(10 mol %) catalyst, the yield of the product 4a 

substantially increased to 95 % within 6 hrs (Table 1, entry 
3). However, on further increasing the amount of the 
catalyst to 15 mol% and 20 mol % respectively, no 

improvement in the yield was observed (Table 1, entries 4 
and 5). This shows that the best yield of the product was 
obtained when the catalyst is taken at 10 mol %. This 
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protocol was used with the appropriate starting compounds 

to synthesize 4j-n. The structures of the products (4a-n) 
were deduced from their IR, 

1
H-NMR, 

13
C-NMR and 

physical data (mp.) with those reported in the literatures 

(Supplementary data).  
 

Table 2. Effect of different solvent system on reaction. 

 

 Entry Solvent Time (h) Yield (%) 

1 DCM 10 80 

2 Ethyl Acetate 8 85 

3 Ethanol 6 95 

4 Acetonitrile 6 80 

5 Toluene 8 78 

6 Methanol 10 75 

7 Water 10 72  
 

 

 
 
Scheme 1. Three component synthesis of 2-amino-4H-pyran-3-
carbonitriles. 

 
Also the model reaction in presence of 10 mol % of the 

catalyst was carried out at different solvents to assess the 
effect on the reaction yield. We investigated different 
solvents such as dichloromethane, ethyl acetate, ethanol, 

acetonitrile, toluene, methanol and water (Table 2). 
Ethanol was found to be the ideal solvent for this domino 

reaction which afforded maximum yield of 4a (Table 2, 
entry 3) for 6 hours under reflux at 110 °C. Increasing the 
reaction time or temperature did not improve the yield. 
Subsequently, all the syntheses mentioned above were 
carried out at 110 °C with 10 mol % of CaBNT. The 
separated catalyst was washed with MeOH followed by 
drying in an oven at 100°C. 

The reusability of the catalyst is one of the most 
important benefits and makes them useful for commercial 
applications. To investigate the catalytic efficiency of 
recycled catalyst, five successive cycles of the model 
reaction of benzaldehyde, malononitile and dimedone in 

ethanol (Scheme 1) were run under the optimal reaction 
conditions using recycled CaBNT. The activity of the 
catalyst did not show any significant decrease in the yields 
after five successive runs for the model reaction. It was 
observed that the catalyst displayed good reusability 

(Fig.7). 
In order to show the accessibility of the present work, we 

compared the results with the previously reported catalysts 

for the preparation of 2-amino-4(H) pyran-3-carbonitrile 
derivatives.  

It should be noted that the reaction time is longer and the 
percentage yield is less for some catalysts mentioned in 

Table 3.  
 

Table 3. Effect of comparison of reported catalysts with CaBNT 
heterogeneous catalyst. 

 
Entry Catalyst Condition Solvent Time Yield (%) Refs 

1 NaOH/Piperidine MW EtOH 5-9 h 71 19 

2 KF-Al2O3 Reflux DMF 10-14 h 90 20 

3 HTMAB Reflux Water 8 h 93 21 

4 L-proline Reflux EtOH 4 h 90 22 

5 RE(PFO)3 Reflux EtOH 5 h 90 23 

6 Trifluoroethanol Reflux EtOH 5 h 90 24 

7 I2 Reflux DMSO 4 h 86 25 

8 CaBNT Reflux EtOH 6 h 95 This work 

 
 

 

 
 
Fig. 7. Recyclability of the calcium loaded boron nitride catalyst. 

 
Also, catalysts such as L-proline, RE(PFO)3, 

trifluoroethanol and iodine was offered 90 % of yield in 
less reaction times. The adopted procedure provided a way 
to compare the effectiveness of CaBNT with other reported 
catalysts and 95 % of yield was observed in relatively 
shorter reaction time. 

 
Table 4. Synthesis of compounds (4a-n) from aldehydes, malononitrile 
and 1,3-dicarbonyl compounds (dimedone and ethyl acetoacetate) under 
reflux conditions in presence of 10 mol % CaBNT. 

 

Entry Ar 
1,3-

diketone 
Product 

Yield 

(%) 

Melting Point (℃) 

Observed Reported 

1 H (1a) C8H12O2 4a 95 233-235 234-235 [26] 

2 4-NO2 (1b) C8H12O2 4b 95 176-178 177-178 [27] 

3 4-FB (1c) C8H12O2 4c 85 199-201 200 [28] 

4 
4-MeO 

(1d) 
C8H12O2 4d 80 199-201 199-200 [28] 

5 2-NO2 (1e) C8H12O2 4e 94 223-226 224-226 [29] 

6 4-ClB (1f) C8H12O2 4f 94 208-210 209-210 [30] 

7 4-Me (1g) C8H12O2 4g 90 219-222 220-222 [31] 

8 2-OH (1h) C8H12O2 4h 75 175-177 − 

9 
Furfural 

(1i) 
C8H12O2 4i 94 215-217 216 [32] 

10 H (1j) C6H10O3 4j 95 194-196 − [33] 

11 4-NO2 (1k) C6H10O3 4k 94 177-179 −  

12 4-FB (1l) C6H10O3 4l 83 159-161 − [33]   

13 
2-NO2 

(1m) 
C6H10O3 4m 94 176-178 −  

14 4-Me (1n) C6H10O3 4n 75 171-173 − 

 
 

 

Conclusion  

In conclusion, we have developed a facile and convenient 
practical method for easy access to a wide range of 
pharmaceutically interesting functionalized 2-amino-4H-
pyran-3-carbonitriles in the presence of CaBNT via. A one-
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pot tandem Knoevenagel-cyclocondensation of aldehydes, 
malononitile and 1, 3-diketone in ethanol at room 
temperature. Mild reaction conditions, excellent yields, 
operational simplicity, clean reaction profiles as well as the 
use of inexpensive solvent and catalysts are the key 
advantages of the present method. Moreover, reusability of 
the catalyst is an added advantage to this protocol. Keeping 
in mind that the synthetic importance of such biologically 
relevant pyran-annulated heterocyclic scaffolds directly 
relate to medicinal chemistry, the present methodology with 
mild reaction conditions and operational simplicity offers 
the possibility of its use with cost-effective way for large-
scale industrial syntheses as well. 
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Supporting Information 

FTIR, 
1
H-NMR and 

13
C-NMR for the synthesized 

compounds (4a-n)  
 

2-amino-7,7-dimethyl-5-oxo-4-phenyl-5,6,7,8-

tetrahydro-4H-chromene-3-carbonitrile (4a) 
 

 

White solid, Yield: 95 %, M.P:233-235 ℃; IR (ATR, cm
-1

): 
3394 NH2, 1036 C-N, 2201 CN, 1456 C=C, 1642 C=O, 
1036 C-O, 2963 CH. 
1
H-NMR (400 MHz, DMSO-d6): δ (ppm) 7.26-7.30 (t, 2H, 

ArH). 7.12-7.17 (m, 3H, ArH), 7.00 (brs, 2H, NH2), 4.16 
(s, 1H, Ar-CH), 2.49-2.51 (m, 2H, CH2), 2.01 (d, J= 14.76 
Hz, 2H, CH2), 1.03 (s, 3H, CH3), 0.94 (s, 3H, -CH3). 
13

C-NMR (400 MHz, DMSO-d6): δ (ppm) 206.54, 195.66, 
162.47, 158.45, 144.69, 128.29, 127.09, 126.53, 119.68, 
112.69, 58.28, 49.93, 40.06, 35.53, 31.76, 30.64, 28.34, 
26.75. 
 

2-amino-7, 7-dimethyl-4-(4-nitrophenyl)-5-oxo-5,6,7,8-

tetrahydro-4H-chromene-3-carbonitrile (4b) 

                        

Yellow solid, Yield: 95 %, M.P: 185-187 ℃; IR (ATR,    
cm

-1
): 3314 NH2, 1043 C-N, 2191 CN, 1514 C=C, 1603 

C=O, 1112 C-O, 2971 CH. 
1
H-NMR (400 MHz, DMSO-d6): δ(ppm) 8.15-8.17 (d, 

J=7.12 Hz, 2H, ArH). 7.43-7.45 (d, J= 5.36, 2H, ArH), 
7.16 (brs, 2H, NH2), 4.36 (s, 1H, Ar-CH), 2.49-2.53 (t, J= 
3.52 Hz, 2H, CH2), 2.23 (d, J= 16.08 Hz, 1H, CH2), 2.01 
(d, J= 16.04 Hz, 1H, -CH2), 1.03 (s, 3H, CH3), 0.95 (s, 3H, 
-CH3).  
 

2-amino-4-(4-fluorophenyl)-7,7-dimethyl-5-oxo-5,6,7,8-

tetrahydro-4H-chromene-3-carbonitrile (4c) 
 

 
White solid, Yield: 85%, M.P:130-132 ℃; IR (ATR, cm-
1): 3408 NH2, 1063 C-N, 2234 CN, 1508 C=C, 1594 C=O, 
938 C-O, 3049 CH. 

1H-NMR (400 MHz, CDCl3): δ (ppm) 11.85 (brs, 2H, 
NH2), 7.00-7.03 (m, 2H, ArH), 6.90-6.94 (m, 2H, ArH), 
5.46 (s, 1H, Ar-CH), 2.31-2.41 (m, 4H, -CH2), 1.19 (s, 3H, 
CH3), 1.07 (s, 3H, -CH3). 
 

2-amino-4-(4-methoxyphenyl)-7,7-dimethyl-5-oxo-

5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile (4d) 

 

 
 

Pale yellow solid, Yield: 80 %, M.P: 212-214 ℃; IR (ATR, 
cm-1): 3334 NH2, 1075 C-N, 2197 CN, 1456 C=C, 1641 
C=O, 1036 C-O, 2962 CH. 
1H-NMR (400 MHz, CDCl3): δ (ppm) 7.11-7.13 (dd, J= 
4.56 Hz, 2H, ArH). 6.78-6.80 (dd, J= 4.60 Hz, 2H, ArH), 
4.48 (brs, 2H, NH2), 4.33 (s, 1H, Ar-CH), 2.41 (s, 2H, 
CH2), 2.18-2.19 (d, J= 5.08 Hz, 2H, CH2), 1.08 (s, 3H, 
CH3), 1.01 (s, 3H, -CH3).  
13C-NMR (400 MHz, CDCl3): δ (ppm) 195.94, 161.21, 
158.61, 157.32, 135.45, 128.62, 128.32,27. 118.76, 114.24, 
113.98, 63.90,68, 52.21, 50.69, 40.67, 34.74, 32.19, 28.88. 
 

2-amino-7,7-dimethyl-4-(2-nitrophenyl)-5-oxo-5,6,7,8-

tetrahydro-4H-chromene-3-carbonitrile (4e) 

 

 
 

Dark yellow solid, Yield: 94 %, M.P: 234-236 ℃; IR 
(ATR, cm-1): 3324 NH2, 1145 C-N, 2195 CN, 1521 C=C, 
1602 C=O, 1042 C-O, 2959 CH. 
1H-NMR (400 MHz, DMSO-d6): δ(ppm) 7.63-7.67 (t, J= 
7.56 Hz, 1H, ArH), 7.34-7.36 (t, J= 7.76 Hz, 2H, ArH), 
0.87 (s, 3H, -CH3), 7.34-7.35 (d, J= 7.8 Hz, 2H, NH2), 
4.93 (s, 1H, Ar-CH),   1.00 (s, 3H, CH3), 2.50 (m, 2H, 
CH2), 2.17-2.21 (d, J= 16.12 Hz, 1H, CH2), 1.99-2.03 (d, 
J= 16.12 Hz, 1H, CH2).  
13C-NMR (400 MHz, DMSO-d6): δ (ppm) 196.27, 
163.19, 159.65, 149.43, 139.42, 133.82, 130.74, 128.33, 
124.18, 119.52, 112.78, 56.82, 50.02, 39.35, 32.30, 30.40, 
28.75, 27.16. 
 

2-amino-4-(4-chlorophenyl)-7,7-dimethyl-5-oxo-5,6,7,8-

tetrahydro-4H-chromene-3-carbonitrile (4f) 
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White solid, Yield: 94 %, M.P: 217-219 ℃; IR (ATR, cm
-

1
): 3330 NH2, 1091 C-N, 2195 CN, 1607 C=C, 1643 C=O, 

1038 C-O, 2969 CH. 
1
H-NMR (400 MHz, CDCl3): δ(ppm) 7.33-7.35 (d, J= 8.16 

Hz, 2H, ArH), 7.16-7.18 (d, J= 8.2 Hz, 2H, ArH), 7.05 
(brs, 2H, NH2), 4.19 (s, 1H, Ar-CH), 2.50 (m, 2H, CH2), 
2.22-2.26 (d, J= 16.08 Hz, 1H, CH2), 2.08-2.12 (d, J= 
16.04 Hz, 1H, CH2), 1.02 (s, 3H, CH3), 0.94 (s, 3H, -
CH3).  
13

C-NMR (400 MHz, CDCl3): δ (ppm) 196.12, 163.07, 
158.90, 144.20, 131.58, 129.57, 128.74, 120.00, 112.81, 
58.27, 55.34, 50.42, 40.61, 39.36, 35.57, 32.25, 28.77, 
27.33. 
 

2-amino-7,7-dimethyl-5-oxo-4-(p-tolyl)-5,6,7,8-

tetrahydro-4H-chromene-3-carbonitrile (4g) 

 
White solid, Yield: 90 %, M.P: 222-224 ℃; IR (ATR, cm

-

1
): 3333 NH2, 1143 C-N, 2194 CN, 1512 C=C, 1603 C=O, 

1037 C-O, 2961 CH. 
1
H-NMR (400 MHz, DMSO-d6): δ(ppm) 7.09-7.07 (d, J= 

7.84, 2H, ArH), 7.00-7.02 (d, J= 7.8, 2H, ArH), 6.95 (brs, 
2H, NH2), 4.12 (s, 1H, Ar-CH), 2.45-2.55 (m, J=3H, Ar-
CH3), 2.22-2.26 (t, J=6.92, 4H, CH2), 1.03 (s, 3H, CH3), 
0.94 (s, 3H, -CH3).  
13

C-NMR (400 MHz, DMSO-d6): δ (ppm) 196.10, 162.75, 
158.90, 142.27, 136.08, 129.33, 127.53, 120.21, 113.34, 
58.94, 50.46, 40.59, 39.75, 39.34, 35.64, 32.24, 28.88, 
27.22, 21.04. 

 

2-amino-4-(2-hydroxyphenyl)-7,7-dimethyl-5-oxo-

5,6,7,8-tetrahydro-4H-chromene-3-carbonitrile (4h) 

 
Dark brown solid, Yield: 75 %, M.P:175-177 ℃; IR (FTIR, 
cm

-1
): 2958 NH2, 1147 C-N, 2201 CN, 1579 C=C, 1642 

C=O, 1025 C-O, 2900 CH. 
1
H-NMR (400 MHz, CDCl3): δ(ppm) 7.10-7.11 (m, 1H, 

ArH), 6.99-7.00 (m, 1.00 (s, 3H, CH3),  3H, ArH), 7.11 

(brs, 2H, NH2), 4.64 (s, 1H, Ar-CH), 2.47 (s, 2H, CH2), 
1.15 (s, 2H, CH2), 0.98 (s, 3H, -CH3). 
13

C-NMR (400 MHz, CDCl3): δ (ppm) 200.92, 169.17, 
151.03, 127.98, 127.52, 124.58, 124.29, 118.32, 115.74, 
111.03, 49.92, 41.55, 32.29, 30.95, 29.69, 29.16, 27.76, 
27.18. 

 

2-amino-4-(furan-2-yl)-7,7-dimethyl-5-oxo-5,6,7,8-

tetrahydro-4H-chromene-3-carbonitrile (4i) 

 
Brown solid, Yield: 94 %, M.P: 220-222 ℃; IR (FTIR, cm

-

1
): 2925 NH2, 1174 C-N, 2224 CN, 1465 C=C, 1613 C=O, 

1082 C-O, 2852 CH. 
1
H-NMR (400 MHz, CD3OD): δ(ppm) 7.32-7.33 (d, J= 4.0, 

1H, ArH), 6.28-6.30 (m, 1H, ArH), 1.05 (s, 3H, -CH3), 
6.10 (d, J= 3.16 Hz, 1H, ArH), 7.32 (brs, 2H, NH2), 4.44 
(s, 1H, Ar-CH), 2.47-2.55 (q, 2H, CH2), 2.22-2.36 (q, 2H, 
CH2), 1.08 (s, 3H, CH3).  

 

2-amino-6-methyl-4-phenyl-5-propionyl-4H-pyran-3-

carbonitrile (4j) 

 
White solid, Yield: 95 %, M.P: 194-196 ℃; IR (ATR, cm

-

1
): 3395 NH2, 1061 C-N, 2190 CN, 1411 C=C, 1693 C=O, 

1121 C-O, 2970 CH. 
1
H-NMR (400 MHz, DMSO-d6): δ (ppm) 7.22-7.32 (t, J= 

7.28, 3H, ArH). 7.18-7.22 (t, J= 8.08 Hz, 1H, ArH), 7.13-
7.15 (d, J= 7.04 Hz, 2H, ArH), 6.89 (brs, 2H, NH2), 4.28 
(s, 1H, Ar-CH), 3.94-3.97 (m, 2H, -CH2),), 2.12 (s, 3H, 
CH3), 1.00-1.03 (t, J= 7.08, 3H, -CH3).  
13

C-NMR (400 MHz, DMSO-d6): δ (ppm) 206.48, 165.40, 
158.43, 156.55, 144.83, 128.39, 127.14, 126.77, 119.68, 
107.20, 60.10, 57.21, 38.82, 30.62, 18.07 13.66.  
 

2-amino-6-methyl-4-(4-nitrophenyl)-5-propionyl-4H-

pyran-3-carbonitrile (4k) 

 
 

Yellow solid, Yield: 94 %, M.P: 177-179 ℃; IR (ATR, cm
-

1
): 3406 NH2, 1120 C-N, 2201 CN, 1519 C=C, 1682 C=O, 

1055 C-O, 2985 CH. 
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1
H-NMR (400 MHz, DMSO-d6): δ (ppm) 8.17-8.20 (d, J= 

8.67 Hz, 2H, ArH). 7.42-7.44 (d, J= 8.63 Hz, 2H, ArH), 
7.06 (brs, 2H, NH2), 4.46 (s, 1H, Ar-CH), 3.92-3.97 (m, 
2H, -CH2), 2.34 (s, 3H, CH3), 0.99-1.02 (t, J= 7.12, 3H, -
CH3).  
13

C-NMR (400 MHz, DMSO-d6): δ (ppm) 165.05, 158.52, 
157.90, 152.51, 146.35, 128.50, 123.77, 119.29, 105.95, 
60.33, 56.10, 39.99, 38.73, 18.27, 13.64.  
 
2-amino-4-(4-fluorophenyl)-6-methyl-5-propionyl-4H-

pyran-3-carbonitrile (4l) 

 
 

White solid, Yield: 83 %, M.P:159-161 ℃; IR (ATR, cm
-1

): 
3407 NH2, 1094 C-N, 2194 CN, 1508 C=C, 1605 C=O, 
1057 C-O, 2985 CH. 
1
H-NMR (400 MHz, CDCl3): δ(ppm) 7.32-7.35 (m, 2H, 

ArH), 7.13-7.18 (t, J= 8.52 Hz, 2H, ArH), 7.24 (brs, 2H, 
NH2), 3.91-3.96 (m, 1H, Ar-CH), 2.59 (s, 2H, -CH3), 2.14 
(s, 2H, CH2), 0.85-089 (t, J= 7.12, 3H, -CH3).  

 

2-amino-6-methyl-4-(2-nitrophenyl)-5-propionyl-4H-

pyran-3-carbonitrile (4m) 

 
 

Dark yellow solid, Yield: 94 %, M.P: 176-178 ℃; IR 
(ATR, cm

-1
): 3455 NH2, 1127 C-N, 2209 CN, 1525 C=C, 

1602 C=O, 1064 C-O, 2987 CH. 
1
H-NMR (400 MHz, CDCl3): δ(ppm) 7.67-7.69 (t, J= 6.72, 

1H, ArH), 7.47-7.48 (m, 1H, ArH), 7.43-7.47 (m, 2H, 
ArH), 7.42 (brs, 2H, NH2), 5.01 (s, 1H, Ar-CH), 3.85-3.90 
(m, J=6.92, 2H, CH2), 2.84 (s, 3H, OCH3),  0.89-0.92 (t, 
J=  7.08, 3H, -CH3).  
13

C-NMR (400 MHz, CDCl3): δ (ppm) 164.79, 158.93, 
158.25, 148.47, 139.55, 133.73, 130.41, 128.06, 123.70, 
118.91, 106.30, 60.25, 55.8532.83, 18.27, 13.43. 
 

2-amino-6-methyl-5-propionyl-4-(p-tolyl)-4H-pyran-3-

carbonitrile (4n) 
 

 
White solid, Yield: 75 %, M.P: 121-123 ℃; IR (FTIR, cm

-

1
): 3049 NH2, 1133 C-N, 2229 CN, 1575 C=C, 1615 C=O, 

1046 C-O, 2979 CH. 
1
H-NMR (400 MHz, CDCl3): δ(ppm) 7.95-7.97 (t, J= 8.92, 

2H, ArH) 7.15-7.18 (t, J= 7.08, 2H, ArH), 4.48 (brs, 2H, 
NH2), 4.38 (s, 1H, Ar-CH), 4.01- 4.03 (m, 2H, CH2), 2.33 
(s, 3H, Ar-CH3), 2.27 (s, 3H, CH3), 1.01-1.07 (t, J= 7.16, 
3H, -CH3).  
13

C-NMR (400 MHz, CDCl3): δ (ppm) 207.46, 165.99, 
157.61, 156.58, 140.87, 136.71, 129.69, 129.24, 127.38, 
119.14, 108.13, 62.21, 60.64, 38.29, 30.90, 21.04, 18.38. 
 

2-amino-7,7-dimethyl-5-oxo-4-phenyl-5,6,7,8-

tetrahydro-4H-chromene-3-carbonitrile (4a) 
 

 
 

Fig. S 1. IR spectrum for 4a. 

 

 
 

Fig. S 2. 1H-NMR Spectrum for 4a. 
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Fig. S 3.  13C-NMR Spectrum for 4a. 
 

2-amino-7,7-dimethyl-4-(4-nitrophenyl)-5-oxo-5,6,7,8-

tetrahydro-4H-chromene-3-carbonitrile (4b) 
 

 
 
Fig. S 4. IR spectrum for 4b. 

 

 
 
Fig. S 5. 1H-NMR Spectrum for 4b. 

 

2-amino-4-(4-fluorophenyl)-7,7-dimethyl-5-oxo-5,6,7,8-

tetrahydro-4H-chromene-3-carbonitrile (4c) 
 
 
 

 

 

 

 

 
 
Fig. S 6. IR spectrum for 4c. 

 

 
 
Fig. S 7. 1H-NMR Spectrum for 4c. 

 
2-amino-4-(4-methoxyphenyl)-7,7-dimethyl-5-oxo-5,6,7,8-tetrahydro-

4H-chromene-3-carbonitrile (4d) 

 

 
 
Fig. S 8. IR spectrum for 4d. 
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Fig. S 9. 1H-NMR Spectrum for 4d 

 

 
 
Fig. S 10. 13C-NMR Spectrum for 4d 

 
2-amino-7,7-dimethyl-4-(2-nitrophenyl)-5-oxo-5,6,7,8-tetrahydro-4H-

chromene-3-carbonitrile (4e) 

 

 
 
Fig. S 11. IR spectrum for 4e. 

 

 
 

Fig. S 12. 1H-NMR Spectrum for 4e. 

 

 
 
Fig. S 13.  13C-NMR Spectrum for 4e 

 
2-amino-4-(4-chlorophenyl)-7,7-dimethyl-5-oxo-5,6,7,8-tetrahydro-

4H-chromene-3-carbonitrile (4f) 

 

 
 
Fig. S 14. IR spectrum for 4f 
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Fig. S 15. 1H-NMR Spectrum for 4f 

 

 
 
Fig. S 16.  13C-NMR Spectrum for 4f 

 
2-amino-7,7-dimethyl-5-oxo-4-(p-tolyl)-5,6,7,8-tetrahydro-4H-

chromene-3-carbonitrile (4g) 

 

 
 
Fig. S 17. IR spectrum for 4g 

 

 
 
Fig. S 18.  1H-NMR Spectrum for 4g 

 

 
 
Fig. S 19.  13C-NMR Spectrum for 4g 

 
2-amino-4-(2-hydroxyphenyl)-7,7-dimethyl-5-oxo-5,6,7,8-tetrahydro-

4H-chromene-3-carbonitrile (4h) 

 

 
 
 Fig.S 20.  IR spectrum for 4h  
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Fig. S 21.  1H-NMR Spectrum for 4h 
 

 
 
Fig. S 22.  13C-NMR Spectrum for 4h 

 

2-amino-4-(furan-2-yl)-7,7-dimethyl-5-oxo-5,6,7,8-tetrahydro-4H-

chromene-3-carbonitrile (4i) 

 

 
             Fig. S 23. IR spectrum for 4i  

 

 
 
Fig. S 24.  1H-NMR Spectrum for 4i 

 

2-amino-6-methyl-4-phenyl-5-propionyl-4H-pyran-3-carbonitrile (4j) 

 

 
 
Fig. S 25. IR spectrum for 4j  

 

 
 
Fig. S 26.  1H-NMR Spectrum for 4j 
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Fig. S 27.  13C-NMR Spectrum for 4j 

 

2-amino-6-methyl-4-(4-nitrophenyl)-5-propionyl-4H-pyran-3-

carbonitrile (4k) 

 

 
 

Fig. S 28. IR spectrum for 4k   

 

 
 
Fig. S 29.  1H-NMR Spectrum for 4k 

 

 
 
Fig. S 30.  13C-NMR Spectrum for 4k 

 

2-amino-4-(4-fluorophenyl)-6-methyl-5-propionyl-4H-pyran-3-

carbonitrile (4l) 

 

 
 
Fig. S 31. IR spectrum for 4l   

 

 
 
Fig. S 32.  1H-NMR Spectrum for 4l 

 

2-amino-6-methyl-4-(2-nitrophenyl)-5-propionyl-4H-pyran-3-

carbonitrile (4m) 
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Fig. S 33.  IR Spectrum for 4m 

 

 
 
Fig. S 34.  1H-NMR Spectrum for 4m 

 

 
 
Fig. S 35.  13C-NMR Spectrum for 4m 

 

2-amino-6-methyl-5-propionyl-4-(p-tolyl)-4H-pyran-3-carbonitrile 

(4n) 

 

 
                                                                                                                                                  
Fig. S 36. IR spectrum for 4n . 

 

 
 
Fig. S 37.  1H-NMR Spectrum for 4n 

 

 
 
Fig. S 38.  13C-NMR Spectrum for 4n 
 


