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ABSTRACT 

A ligand free, Palladium nanoparticles catalyzed synthesis of pyran derivatives using C-H activated compound, malo- 
nonitrile and aryl aldehyde via Knoevenagel condensation followed by Michael addition reaction using Palladium nano- 
particles as catalyst in one-pot is described herein. The advantages of this method lie in its simplicity, low catalyst lo- 
ading, cost effectiveness and easy to handle. The Palladium Nanoparticles can be reused without loss of activity even 
after recycling four times. The palladium nanoparticles were characterized by powder X-ray diffraction (XRD), trans- 
mission electron microscopy (TEM). The present method also allows us to synthesize highly functionalized title com- 
pounds from simple and readily available inputs. 
 
Keywords: Palladium Nanoparticles; Multi-Component Reaction; Pyran Derivatives; Dimedone;  
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1. Introduction 

Pyran derivatives are of considerable interest in industry 
as well as in academia owing to their promising biologi- 
cal activity such as anticoagulant, anticancer, diuretic, 
spasmolytic and anti-anaphylactin agents. [1] Further- 
more, recent studies have revealed several medicinal ap- 
plications such as, for the treatment of alzheimer’s di- 
sease, Huntington’s disease, amyoprophic lateral scle- 
rosis, Parkinson’s diseases, AIDS associated dementia 
and Down’s syndrome as well as for the treatment of 
schizophrenia and myoclonus. [2,3] These heterocycles 
are also used as cosmetics, pigments and biodegradable 
agrochemicals and photoactive materials. [4,5] A con- 
siderable effort has been made for the synthesis of pyran 
annulated heterocyclic derivatives due to their wide 
applications. Recently, a few methods have been reported 
by using various catalyst e.g: β-cyclodextrin, [6] TEBA, 
[7] N-methylmorphine, [8] Et3N, [9] I2, [10] organocatalyst, 
[11] DBU, [12] KF/basic Al2O3, [13] ionic liquid, [14] 
NaBr. [15] Although most of these processes offer 
distinct advantages, but at the same time they suffer from 
certain drawbacks also such as longer reaction time, un- 
satisfactory yields, high costs, harsh reaction conditions, 
use of stoichiometric amounts of catalyst as well as 
environmentally toxic catalysts. Thus the development of 
simple, highly efficient methodologies remains desired. 

As a part of our interest in this area, we initiated an 
investigation to explore the potential of metal nanopar-  

ticles for C-C bond formation. The use of palladium 
nanoparticles has recently received considerable attention 
in the synthesis of various important heterocycles. [16,17] 

These metal nanoparticles exhibit size-induced quantum- 
size effects (i.e., electron confinement and surface effect) 
and can be exploited for a number of advanced functional 
applications such as sensors, electronics and catalysis, 
[18] In general, the catalytic property of metal nanoparti- 
cles are a function of their size, crystal lattice parameters. 
The development of new catalysts in nanorange has 
emerged as a fertile field for research and innovation. 
The ability of nanotechnology to enhance catalytic acti- 
vity opens the potential to replace expensive catalysts 
with lower amounts of inexpensive nanocatalysts. 

Our literature survey at this stage revealed that, there 
are no reports yet available on the synthesis of pyrans 
derivatives in one-pot catalyzed by Pd nanoparticles. In 
the present work, we report here a novel, ligand-free pro- 
tocol for synthesis of pyran derivatives catalyzed by pa- 
lladium(0) nanoparticles. 

2. Experimental 

2.1. Apparatus 

General. Melting points were determined in open 
capillaries and are uncorrected. IR spectra were recorded 
on Spectrum BX FT-IR, Perkin Elmer (υmax in cm–1) on 
KBr disks. 1H NMR and 13C NMR (400 MHz and 100 
MHz respectively) spectra were recorded on Bruker  
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Avance II-400 spectrometer in CDCl3 (chemical shifts in 
δ with TMS as internal standard). Mass spectra were re- 
corded on Waters ZQ-4000. Transmission electron mi- 
croscope (TEM) was recorded on JEOL JSM 100CX. 
XRD was recorded on Bruker D8 XRD instrument SWAX. 
CHN were recorded on CHN-OS analyzer (Per- kin Elmer 
2400, Series II). Silica gel G (E-mark, India) was used for 
TLC. Hexane refers to the fraction boiling between 60˚C 
and 80˚C.  

2.2. Synthesis of Pyran Derivatives (6a-k, 7a-e 
and 8a-i) 

A mixture of aryl aldehyde (1 mmol), malononitrile (1 
mmol) and activated C-H (3, 4 and 5) (1 mmol) was  

taken in r.b to that palladium chloride (0.04 mmol), 
tetrabutylammonim bromide (1 mmol) and sodium car- 
bonate (3 mmol) in acetonitrile (15 mL) was refluxed for 
the time mention in Table 1. After completion of the 
reaction monitored by TLC the reaction mixture was 
cooled, filtered and the solvent was removed under re- 
duced pressure. The residue was extracted ethyl acetate 
(3 × 10 mL) and the combined organic extract was 
washed with water (3 × 10 mL), brine (10 mL) and dried 
over anhydrous Na2SO4. After removing the solvent the 
crude product was purified by column chromatography 
over silica gel (60 - 120 mesh) using hexane-ethyl acetate 
(7:3) mixture as eluent to afford the pure products (6a-k, 
7a-e and 8a-i). 

 
Table 1. Synthesis of pyran derivatives under palladium nanoparticles catalyzed condition. 

Entry Ar-CHO Product Time (h) Yield (%)a m.p (˚C) 

1 C6H5 6a 5 87 230 - 232 

2 4-CH3C6H4 6b 4.3 88 215 - 217 

3 4-OCH3C6H4 6c 4.3 85 196 - 198 

4 4-FC6H4 6d 4 89 189 - 191 

5 4-NO2C6H4 6e 4 90 174 - 176 

6 4-BrC6H4 6f 4 88 195 - 197 

7 4-N(CH3)2C6H4 6g 5 86 198 - 199 

8 4-ClC6H4 6h 4.2 88 213 - 215 

9 4-CNC6H4 6i 4 87 223 - 225 

10 2-ClC6H4 6j 4.3 89 212 - 213 

11 C10H10 6k 5 90 210 - 211 

12 C6H5 7a 4.5 91 255 - 257 

13 4-CH3C6H4 7b 5 87 256 - 258 

14 4-NO2C6H4 7c 4 90 250 - 252 

15 4-OCH3C6H4 7d 4.3 86 227 - 229 

16 4-CNC6H4 7e 4 91 225 - 226 

17 C6H5 8a 4 90 167 - 169 

18 4-CH3C6H4 8b 4.3 90 176 - 178 

19 4-FC6H4 8c 4 87 170 - 172 

20 4-NO2C6H4 8d 4 90 190 - 192 

21 4-BrC6H4 8e 4 88 181 - 183 

22 4-ClC6H4 8f 4 86 175 - 177 

23 4-CNC6H4 8g 4.3 89 195 - 197 

24 3-NO2C6H4 8h 4.1 85 189 - 191 

25 2-ClC6H4 8i 4.3 88 190 - 192 

aIsolated yields. 
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3. Result and Discussion 
As a part of our ongoing interest in the synthesis of bio- 
logically relevant heterocyclic compound, [19,20] we had 
the opportunity to further explore its catalytic activity 
toward the synthesis of pyran derivatives. Recently it has 
been proved that Pd (0) nanoparticles as catalyst offer 
great opportunities for a wide range of application in or- 
ganic synthesis such as Heck reaction, Suzuki-Miyaura 
coupling, hydrogenation of olefins and Hiyama cross- 
coupling. [21-24] To optimize the reaction conditions for 
the synthesis of pyran derivatives (Scheme 1), con- 
densation of dimedone (1 mmol), benzaldehyde (1 mmol) 
and malononitrile (1 mmol) in presence of palladium 
nanoparticles in acetonitrile under refluxing condition 
was selected as a model reaction and it furnished a white 
solid product 6a in 87% yield. After the completion of 
the reaction monitored by TLC, the reaction mixture was 
brought to room temperature, cooled, filtered extracted 
with ethyl acetate, washed with brine and dried over 
Na2SO4. The crude mass was purified by column chro- 
matography. Structure of compound 6a was determined 
by the analysis of analytical and spectral data. The pre- 
sence of a singlet at δ 4.33 and broad singlet at δ 4.47 in 
1H NMR and picks at 3428, 3321, 2196 cm–1 and 1659 
cm–1 in IR spectra clearly indicate the formation of 6a. 

The Pd (0) nanoparticles were generated in situ by the 
reduction of PdCl2 in presence of tetra butyl ammonium 
bromide (TBAB) and sodium carbonate (Na2CO3) in ace- 
tonitrile under refluxing condition. We assume that, Pd2+ 
was reduced to zero-valent state due to the transfer of 
two electron from Br– ion of TBAB. [25-27] The trans- 
mission electron microscopy (TEM) (Figure 1) micro- 
graph showed that palladium nanoparticles with an ave- 
rage ranging from of 30 - 40 nm. X-ray diffraction (XRD) 
of palladium nanoparticles are shown in (Figure 2). 

Furthermore, in transition-metal-catalyzed reactions, 
ligands play a significant role. Numerous phosphine and 
nonphosphine ligands for palladium are described in the 
literature for cross-coupling reactions. Several of these 
ligands are air and moisture sensitive, difficult to prepare, 
and expensive. Thus, catalysis by a ligand-free metal 
center is an area of high importance. [28,29] The cataly- 
tic system based on metal nanoparticles appears to be a 
promising area because of the high surface to volume 
ratio of such particles.  

A plausible mechanism for the reaction was depicted in 
Scheme 2. Pd Nanoparticles increase the electrophilicity 
of carbonyl carbon of C-H activated compounds as well 
as aryl aldehydes. First aryl aldehydes and malononitrile 
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Scheme 1. Synthesis of pyran derivatives by using palladium nanoparticles. 
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Scheme 2. Plausible reaction mechanism. 
 

 

Figure 1. TEM image of palladium nanoparticles. 
 
formed Knoevenagel product 3. Methine carbon of 3 is 
activated by nanoparticles and it react with C-H activated 
compound in a Michael fashion, giving intermediate 5. 
Intermediate 5 undergoes intramolecular cyclization fol- 
lowed by tautomerization furnished pyran derivatives 7. 

With these encouraging results, we turn to explore the 
scope of the present protocol with other C-H activated 
compounds such as 4-hydroxy coumarin or pyrazolone 
using aryl aldehydes and malononitrile under similar re- 
action condition (Scheme 1). The components underwent 

3 0 4 0 5 0 6 0 7 0 8 0 9 0

P d

P d

 

Figure 2. Powder XRD pattern with characteristic dihedral 
angels at 40.17˚ and 45.73˚ corresponding to Pd nanopar- 
ticles. 
 
successful condensation to give corresponding pyran de- 
rivatives in good to excellent yields. The results are sum- 
marized in Table 1. From Table 1, it is evident that aro- 
matic aldehydes containing either electron donating or e- 
lectron withdrawing substituent provided good to ex- 
cellent yields.  

Domino Knoevenagel condensation/Michael addition 
of dimedone, benzaldehyde and malononitrile using Pd 
(0) nanoparticles was investigated with various solvents, 
including water (H2O), dichloromethane (DCM), and  
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tetrahydrofuran (THF). Significant improvement was 
achieved in THF and DCM (Table 2, entries 1 and 2) but 
the best result was observed when we used acetonitrile 
was used as a reaction medium (Table 2, entry 5).  

We also evaluated the amount of catalyst required for 
the reaction and we found that yields were obviously af- 
fectted by the amount of catalyst loading. We have veri- 
fied the concentration of catalyst from 0.01 to 0.06 mmol. 
The result revealed that best yield was obtained by using 
0.04 mmol catalyst. With increase the catalyst concentra- 
tion the yield of the desire product was found to be con- 
stant. We also carried out the reaction without any cata- 
lyst, but the product was isolated in poor yield (16%), 
and starting material was recovered. Therefore, the cata- 
lyst plays a crucial role in the success of the reaction in 
term of yields of the product. The results obtained are 
summarized in Table 3. 

For practical application of heterogeneous system, re- 
covery and reusability of the catalyst are very important 
factors. To clarify this issue, we established a set of ex- 
periment using recycled catalyst. The reactions were car- 
ried out under similar conditions. After completion of the 
first set of reaction to afford the corresponding product in 
87% yield. The catalyst was recovered by centrifugation 
of the reaction mixture at 4000 rpm at room temperature  
 
Table 2. Optimization of solvent effect on the model reac-
tiona. 

Entry Solvent)b 
Time 
(h) 

Yield 
(%)c 

1 Tetrahydrofuran 5 62 

2 Dichloromethane 5 67 

3 Ethanol 5 53 

4 Water 5 51 

5 Acetonitrile 5 87 

aReaction Conditions: Dimedone (1 mmol), benzaldehyde (1 mmol), malo- 
nitrile (1 mmol), and PdCl2 (0.04 mmol), TBAB (1 mmol), Na2CO3 (3 
mmol), solvent (15 mL). bReaction under refluxing condition. cIsolated yie- 
lds. 

 
Table 3. Effect of catalyst loading on the model reactiona. 

Entry 
Catalyst 
(mmol) 

Temperature 
(˚C) 

Time 
(h) 

Yield 
(%)b 

1 No catalyst refluxed 5 16 

2 0.01 refluxed 5 33 

3 0.02 refluxed 5 52 

4 0.04 refluxed 5 87 

5 0.06 refluxed 5 87 

aReaction Conditions: Dimedone (1 mmol), benzaldehyde (1 mmol), malo- 
nitrile (1 mmol), and PdCl2 (0.04 mmol), TBAB (1 mmol), Na2CO3 (3 
mmol), solvent (15 mL). bIsolated yields. 
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Figure 3. Reusability of the Palladium catalyst. 
 
for 3 - 5 min and filtered, washed and dried. A new reac- 
tion was then performed with fresh solvent and reactants 
under the same condition. To our satisfaction, palladium 
catalyst could be used at least four times without any 
noticeable change in activity (Figure 3). 

4. Conclusion  

In conclusion, we have demonstrated a new and efficient 
methodology for the preparation of pyran derivatives in 
one-pot procedure using simple and readily available 
starting materials. Prominent among the advantages of 
this new method are novelty, low catalyst loading (0.04 
mmol), operational simplicity, environmental friendly- 
ness, good yields and reusability of the catalyst. 
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1). 2-amino-5,6,7,8-tetrahydro-7,7-dimethyl-5-oxo-4- 
phenyl-4H-chromene-3-carbonitrile (6a)  

IR (KBr): 3428, 3371, 2196, 1659, 1613 cm–1. 1H 
NMR (CDCl3, 400 MHz): δ = 7.23 - 7.10 (m, 5H), 4.47 
(s, 2H), 4.33 (s, 1H), 2.38 (s, 2H), 2.10 - 2.20 (m, 2H), 
1.04 (s, 3H), 0.97 (s, 3H). 13C NMR (CDCl3, 100 MHz): 
δ = 195.8, 161.5, 157.4, 143.1, 128.5, 127.5, 127.1, 118.6, 
114.0, 63.5, 50.6, 40.6, 35.5, 32.2, 28.8, 27.6. ESI-MS 
m/z 295 [M + H]+. Anal calcd for C18H18N2O2: C, 73.45; 
H, 6.16; N, 9.52. Found: C, 73.34; H, 6.13; N, 9.64. 

2). 2-amino-5,6,7,8-tetrahydro-7,7-dimethyl-5-oxo-4- 
p-tolyl-4H-chromene-3-carbonitrile (6b) 

IR (KBr): 3429, 3330, 2395, 2190, 1679, 1600 cm–1. 
1H NMR (CDCl3, 400 MHz): δ = 7.05 - 7.00 (m, 4H), 
4.45 (s, 2H), 4.29 (s, 1H), 2.37 (s, 2H), 2.21 (s, 3H), 2.15 
(d, J = 5.6 Hz, 2H), 1.03 (s, 3H), 0.97 (s, 3H).13C NMR 
(CDCl3, 100 MHz): δ = 196.0, 161.4, 157.3, 140.2, 136.7, 
129.3, 127.3, 118.7, 114.1, 63.7, 50.6, 40.6, 35.1, 32.2, 
28.9, 27.7, 21.0. ESI-MS m/z 309 [M + H]+. Anal calcd 
for C19H20N2O2: C, 74.00; H, 6.54; N, 9.08. Found: C, 
73.70; H, 6.31; N, 9.02.  

3). 2-amino-5,6,7,8-tetrahydro-4-(4-methoxyphenyl)- 
7,7-dimethyl-5-oxo-4-phenyl-4H-chromene-3-carbontrile 
(6c) 

IR (KBr): 3420, 3323, 2335, 2196, 1659, 1606 cm–1. 
1H NMR (CDCl3, 400 MHz): δ = 7.09 (d, J = 8.0 Hz, 2H), 
6.75 (d, J = 8.4 Hz, 2H), 4.49 (s, 2H), 4.28 (s, 1H), 3.69 
(s, 3H), 2.38 (s, 2H), 2.19 - 2.09 (m, 2H) 1.03 (s, 3H), 
0.96 (s, 3H). ESI-MS m/z 325 [M + H]+. Anal calcd for 
C19H20N2O3: C, 70.35; H, 6.21; N, 8.64. Found: C, 70.53; 
H, 6.09; N, 8.80 

4). 2-amino-5,6,7,8-tetrahydro-4-(4-fluorophenyl)-7,7 
-dimethyl-5-oxo-4-phenyl-4H-chromene-3-carbonitrile 
(6d) 

IR (KBr): 3421, 3363, 2316, 2196, 1653, 1600 cm–1. 
1H NMR (CDCl3, 400 MHz): δ = 7.15 - 7.12 (m, 2H), 
6.92 - 6.88 (m, 2H), 4.49 (s, 2H), 4.33 (s, 1H), 2.38 (s, 
2H), 2.20 - 2.10 (m, 2H), 1.04 (s, 3H), 0.96 (s, 3H). 
ESI-MS m/z 313 [M + H]+. Anal calcd for C18H17FN2O2: 
C, 69.22; H, 5.49; N, 8.97. Found: C, 69.42; H, 5.42; N, 
8.88.  

5). 2-amino-5,6,7,8-tetrahydro-4-(4-nitrophenyl)-7,7- 
dimethyl-5-oxo-4-phenyl-4H-chromene-3-carbonitrile 
Compound (6e) 

IR (KBr): 3396, 3323, 2448, 2196, 1666, 1600 cm–1. 
1H NMR (CDCl3 + DMSO – d6, 400 MHz): δ = 8.07 (d, J 
= 8.4 Hz, 2H), 7.37 (d, J = 8.4 Hz, 2H), 6.31 (s, 2H), 
4.38 (s, 1H), 2.44 (s, 2H), 2.21 - 2.07 (m, 2H), 1.05 (s, 
3H), 0.95 (s, 3H). ESI-MS m/z 340 [M + H]+. Anal calcd 
for C18H17N3O4: C, 63.71; H, 5.05; N, 12.38. Found: C, 
63.60; H, 5.18; N, 12.29.  

6). 2-amino-5,6,7,8-tetrahydro-4-(4-bromophenyl)- 
7,7-dimethyl-5-oxo-4-phenyl-4H-chromene-3-carbontrile 

(6f) 
IR (KBr): 3390, 3371, 2475, 2196, 1659, 1613 cm–1. 

1H NMR (CDCl3 + DMSO – d6, 400 MHz): δ = 7.32 (d, J 
= 8.4 Hz, 2H), 7.06 (d, J = 8.4 Hz, 2H), 6.14 (s, 2H), 
4.21 (s, 1H), 2.40 (s, 2H), 2.19 - 2.06 (m, 2H), 1.03 (s, 
3H), 0.94 (s, 3H). ESI-MS m/z 373, 375 [M + H]+. Anal 
calcd for C18H17BrN2O2: C, 57.92; H, 4.59; N, 7.51. 
Found: C, 58.11; H, 4.37; N, 7.78.  

7). 2-amino-5,6,7,8-tetrahydro-4-((4-dimethylamino) 
phenyl)-7,7-dimethyl-5-oxo-4-phenyl-4H-chromene-3- 
carbonitrile (6g) 

IR (KBr): 3390, 3317, 2300, 2190, 1659, 1606 cm–1. 
1H NMR (CDCl3, 400 MHz): δ =7.06 (d, J = 8.4 Hz, 2H), 
6.71 (brs, 2H), 4.43 (s, 2H), 4.26 (s, 1H), 2.86 (s, 6H), 
2.36 (s, 2H), 2.15 (d, J = 3.6 Hz, 2H), 1.03 (s, 3H), 0.97 
(s, 3H). ESI-MS m/z 338 [M + H]+. Anal calcd for 
C20H23N3O2: C, 71.19; H, 6.87; N, 12.45. Found: C, 
71.14; H, 7.02; N, 12.33.  

8). 2-amino-5,6,7,8-tetrahydro-4-(4-chlorophenyl)-7,7 
-dimethyl-5-oxo-4-phenyl-4H-chromene-3-carbonitrile 
(6h) 

IR (KBr): 3356, 2236, 2196, 1679, 1606 cm–1. 1H 
NMR (CDCl3, 400 MHz): δ = 7.20 (d, J = 8.0 Hz, 2H), 
7.11 (d, J = 8.4 Hz, 2H), 4.53 (s, 2H), 4.31 (s, 1H), 2.38 
(s, 2H), 2.20 - 2.10 (m, 2H), 1.04 (s, 3H), 0.95 (s, 3H). 
ESI-MS m/z 329, 331 [M + H]+. Anal calcd for 
C18H17ClN2O2: C, 65.75; H, 5.21; N, 8.52. Found: C, 
65.64; H, 5.23; N, 8.58.  

9). 2-amino-5,6,7,8-tetrahydro-4-(4-cyanophenyl)-7,7 
-dimethyl-5-oxo-4-phenyl-4H-chromene-3-carbonitrile 
(6i) 

IR (KBr): 3390, 2350, 2190, 1672, 1639 cm–1. 1H 
NMR (CDCl3, 400 MHz): δ =7.54 (d, J = 8.0 Hz, 2H), 
7.30 (d, J = 8.0 Hz, 2H), 4.61 (s, 2H), 4.38 (s, 1H), 2.40 
(s, 2H), 2.21 - 2.10 (m, 2H), 1.05 (s, 3H), 0.95 (s, 3H). 
ESI-MS m/z 320 [M + H]+. Anal calcd for C19H17N3O2: 
C, 71.46; H, 5.37; N, 13.16. Found: C, 71.65; H, 5.40; N, 
13.37. 

10). 2-amino-5,6,7,8-tetrahydro-4-(2-chlorophenyl)- 
7,7-dimethyl-5-oxo-4-phenyl-4H-chromene-3-carbontrile 
(6j)  

IR (KBr): cm–1. 1H NMR (CDCl3, 400 MHz): δ = 7.26 
- 7.05 (m, 4H), 4.78 (s, 1H), 4.56 (s, 2H), 2.38 (s, 2H), 
2.19 - 2.05 (m, 2H), 1.04 (s, 3H), 0.99 (s, 3H). ESI-MS 
m/z 329, 331 [M + H]+. Anal calcd for C18H17ClN2O2: C, 
65.75; H, 5.21; N, 8.52. Found: C, 65.57; H, 5.46; N, 
8.45. 

11). 2-amino-5,6,7,8-tetrahydro-4-(naphthalene-1-yl) - 
7,7-dimethyl-5-oxo-4-phenyl-4H-chromene-3-carbontrile 
(6k) 

IR (KBr): 3317, 2380, 2183, 1659, 1593 cm–1. 1H 
NMR (CDCl3, 400 MHz): δ = 8.31(d, J = 8.4 Hz, 1H), 
7.76 (d, J = 8.0 Hz, 1H), 7.65 (d, J = 8.4 Hz, 1H), 7.51 (t, 
J = 7.6 Hz, 1H), 7.42 (t, J = 7.4 Hz, 1H), 7.33 (t, J = 7.8 
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Hz, 1H), 7.17 (t, J = 7.2 Hz, 1H), 5.19 (s, 1H), 4.46 (s, 
2H), 2.50 - 2.39 (m, 2H), 2.18 - 2.07 (m, 2H), 1.05 (s, 
3H), 0.99 (s, 3H). ESI-MS m/z 345 [M + H]+. Anal calcd 
for C22H20N2O2: C, 76.72; H, 5.85; N, 8.13. Found: C, 
76.64; H, 5.91; N, 7.96. 

12). 2-amino-4,5-dihydro-5-oxo-4-phenylpyrano[3,2- 
c]chromene-3-carbonitrile (7a) 

IR (KBr): 3328, 2196, 1712, 1672, 1613 cm–1. 1H 
NMR (CDCl3 + DMSO – d6, 400 MHz): δ = 7.88 - 7.11 
(m, 9H), 4.43 (s, 1H), 3.22 (brs, 2H). ESI-MS m/z 317 
[M + H]+. Anal calcd for: C19H12N2O3: C, 72.15; H, 3.82; 
N, 8.86. Found: C, 72.04; H, 3.68; N, 8.80. 

13). 2-amino-4,5-dihydro-5-oxo-4-p-tolylpyrano[3,2- 
c]chromene-3-carbonitrile (7b) 

IR (KBr): 3396, 2203, 1712, 1606 cm–1. 1H NMR 
(CDCl3 + DMSO – d6, 400 MHz): δ = 7.85 - 6.99 (m, 
8H), 4.40 (s, 1H), 3.20 (brs, 2H), 2.20 (s, 3H). ESI-MS 
m/z 331 [M + H]+. Anal calcd for: C20H14N2O3: C, 72.72; 
H, 4.27; N, 8.48. Found: C, 72.91; H, 4.36; N, 8.75. 

14). 2-amino-4,5-dihydro4-4(4-nitrophenyl)-5-oxo-4- 
phenylpyrano[3,2-c]chromene-3-carbonitrile (7c) 

IR (KBr): 3476, 2196, 1719, 1613 cm–1. 1H NMR 
(CDCl3 + DMSO – d6, 400 MHz): δ = 8.07 - 7.23 (m, 
8H), 4.60 (s, 1H), 3.11 (brs, 2H). 13C NMR (CDCl3 + 
DMSO – d6, 100 MHz): δ = 164.9, 163.3, 159.1, 157.3, 
154.7, 151.7, 137.8, 133.7, 129.5, 128.5, 127.7, 123.6, 
121.4, 117.7, 107.9, 62.5, 41.9. ESI-MS m/z 362 [M + 
H]+. Anal calcd for: C19H11N3O5: C, 63.16; H, 3.07; N, 
11.63. Found: C, 62.87; H, 2.93; N, 11.54. 

15). 2-amino-4,5-dihydro4-4(4-methoxyphenyl)-5-ox- 
o-4-phenylpyrano[3,2-c]chromene-3-carbonitrile (7d) 

IR (KBr): 3396, 2196, 1710, 1605 cm–1. 1H NMR 
(CDCl3 + DMSO – d6, 400 MHz): δ = 7.87 - 6.72 (m,  
8H), 6.62 (brs, 2H), 4.42 (s, 1H), 3.69 (s, 3H). ESI-MS 
m/z 347 [M + H]+. Anal calcd for: C20H14N2O4: C, 69.36; 
H, 4.07; N, 8.09. Found: C, 69.55; H, 4.10; N, 8.30. 

16). 2-amino-4,5-dihydro4-4(4-cyanophenyl)-5-oxo-4 
-phenylpyrano[3,2-c]chromene-3-carbonitrile (7e) 

IR (KBr): 3421, 2201, 1712, 1614 cm–1. 1H NMR 
(CDCl3 + DMSO – d6, 400 MHz): δ = 7.89 - 7.26 (m, 
8H), 6.92 (brs, 2H), 4.56(s, 1H). ESI-MS m/z 342 [M + 
H]+. Anal calcd for: C20H11N3O3: C, 70.38; H, 3.25; N, 
12.31. Found: C, 70.33; H, 3.37; N, 12.47. 

17). 6-amino-1,4-dihydro-3-methyl-1,4-diphenylpyra- 
no[2,3-c]pyrazole-5-carbonitrile (8a) 

IR (KBr): 3476, 3330, 2196, 1659 cm–1. 1H NMR 
(DMSO – d6, 400 MHz): δ = 1.76 (s, 3H), 3.27 (brs, 2H), 
4.67 (s, 1H), 7.21 - 7.50 (m, 8H), 7.76 (d, J = 8.0 Hz, 2H). 
ESI-MS m/z 329 [M + H]+. Anal calcd for: C20H16N4O: 
C, 73.15; H, 4.91; N, 17.06. Found: C, 73.02; H, 4.82; N, 
16.91. 

18). 6-amino-1,4-dihydro-3-methyl-phenyl-4-p-tolyl- 
pyrano[2,3-c]pyrazole-5-carbonitrile (8b) 

IR (KBr): 3475, 3326, 2196, 1656 cm–1. 1H NMR 

(CDCl3 + DMSO – d6, 400 MHz): δ = 1.78 (s, 3H), 2.25 
(s, 3H), 4.50 (s, 1H), 6.22 (s, 2H), 7.35 (t, J = 7.8 Hz, 
5H), 7.65 (d, J = 8.4 Hz, 4H). 13C NMR (CDCl3+ DMSO 
– d6, 100 MHz): δ = 12.4, 20.6, 36.6, 60.1, 98.1, 119.7, 
120.2, 125.8, 127.3, 128.7, 128.8, 136.2, 137.3, 139.5, 
143.6, 145.6, 158.9. ESI-MS m/z 343 [M + H]+. Anal 
calcd for C21H18N4O: C, 73.67; H, 5.30; N, 16.36. Found: 
C, 73.75; H, 5.36; N, 16.48. 

19). 6-amino-4-(4-flurophenyl)-1,4-dihydro-3-methyl 
-1-phenylpyrano[2,3-c]pyrazole-5-carbonitrile (8c) 

IR (KBr): 3420, 3310, 2196, 1666 cm–1. 1H NMR 
(CDCl3+ DMSO – d6, 400 MHz): δ = 1.81 (S, 3H), 4.60 
(s, 1H), 4.64 (brs, 2H), 6.95 - 7.42 (m, 7H), 7.56 (d, J = 
8.0 Hz, 2H). ESI-MS m/z 347 [M + H]+. Anal calcd for 
C20H15 FN4O: C, 69.37; H, 4.37; N, 16.18 Found: C, 
69.29; H, 4.48; N, 16.04. 

20). 6-amino-4-(4-nitrophenyl)-1,4-dihydro-3-methyl- 
1-phenylpyrano[2,3-c]pyrazole-5-carbonitrile (8d) 

IR (KBr): 3400, 3320, 2230, 1658 cm–1. 1H NMR 
(CDCl3+ DMSO – d6, 400 MHz): δ = 1.78 (S, 3H), 4.74 
(s, 1H), 6.89 (brs, 2H), 7.21 (t, J = 7.4 Hz, 1H), 7.38 - 
7.45 (m, 4H), 7.70 (d, J = 8.0 Hz, 2H), 8.13 (d, J = 8.8 
Hz, 2H). 13 C NMR (CDCl3 + DMSO – d6, 100 MHz): δ 
= 12.5, 36.8, 57.4, 96.9, 119.4, 120.1, 123.5, 125.9, 
128.6, 128.8, 137.2, 143.9, 145.1, 146.5, 150.3, 159.5. 
ESI-MS m/z 374 [M + H]+. Anal calcd for C20H15N5O3: 
C, 64.08; H, 4.05; N, 18.76. Found: C, 64.23; H, 4.19; N, 
18.67. 

21). 6-amino-4-(4-bromophenyl)-1,4-dihydro-3- 
methyl -1-phenylpyrano[2 ,3-c]pyrazo le-5-car -  
bonitrile (8e) 

IR (KBr): 3456, 3330, 2196, 1666 cm–1. 1H NMR 
(CDCl3 + DMSO – d6, 400 MHz): δ = 1.81 (s, 3H), 4.55 
(s, 2H), 5.96 (brs, 2H), 7.07 (d, J = 8.4 Hz, 2H), 7.21 (t, J 
= 7.2 Hz, 1H), 7.37 - 7.41 (m, 4H), 7.63 (d, J = 8.0 Hz, 
2H). ESI-MS m/z 407, 409 [M + H]+. Anal calcd for 
C20H15BrN4O: C, 58.98; H, 3.71; N, 13.76. Found: C, 
59.06; H, 3.74; N, 13.78. 

22). 6-amino-4-(4-chlorophenyl)-1,4-dihydro-3-meth- 
yl-1-phenylpyrano[2,3-c]pyrazole-5-carbonitrile (8f) 

IR (KBr): 3456, 3370, 2230, 1660 cm–1. 1H NMR 
(CDCl3, 400 MHz): δ = 1.82 (s, 3H), 4.58 (s, 1H), 4.66 
(brs, 2H), 7.12 (d, J = 8.4 Hz, 2H), 7.25 (d, J = 8.4 Hz, 
2H), 7.38 (t, J = 7.4 Hz, 3H), 7.56 (d, J = 8.0 Hz, 2H). 
ESI-MS m/z 363, 365 [M + H]+. Anal calcd for 
C20H15ClN4O: C, 66.21; H, 4.17; N, 15.44. Found: C, 
65.92; H, 4.24; N, 15.57. 

23). 6-amino-4-(4-cyanophenyl)-1,4-dihydro-3- meth- 
yl-1-phenylpyrano[2,3-c]pyrazole-5-carbonitrile (8g) 

IR (KBr): 3429, 3400, 2369, 1653 cm–1. 1H NMR 
(CDCl3+ DMSO – d6, 400 MHz): δ = 1.81 (s, 3H), 4.67 
(s, 1H), 4.74 (brs, 2H), 7.25 - 7.61 (m, 9H). ESI-MS m/z 
354 [M + H]+. Anal calcd for C21H15N5O: C, 71.38; H, 
4.28; N, 19.82. Found: C, 71.16; H, 4.44; N, 19.85. 
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24). 6-amino-4-(3-nitrophenyl)-1,4-dihydro-3-methyl- 
1-phenylpyrano[2,3-c]pyrazole-5-carbonitrile (8h) 

IR (KBr): 3456, 3363, 2190, 1659 cm–1. 1H NMR 
(CDCl3+ DMSO – d6, 400 MHz): δ = 1.80 (s, 3H), 4.73 (s, 
2H), 6.08 (brs, 2H), 7.23 - 7.67 (m, 7H), 8.03 - 8.09 (m, 
2H). ESI-MS m/z 374[M + H]+. Anal calcd for 
C20H15N5O3: C, 64.34; H, 4.05; N, 18.76. Found: C, 64.16; 
H, 3.93; N, 19.03. 

25). 6-amino-4-(2-chlorophenyl)-1,4-dihydro-3- meth- 
yl-1-phenylpyrano[2,3-c]pyrazole-5-carbonitrile (8i) 
IR (KBr): cm–1. 1H NMR (CDCl3,, 400 MHz): δ = 1.81 (s, 
3H), 4.67(brs, 2H), 5.23 (s, 1H), 7.12 - 7.41 (m, 7H), 
7.56 (d, J = 8.0 Hz, 2H). ESI-MS m/z 363, 365 [M + H]+. 
Anal calcd for C20H15 ClN4O: C, 66.21; H, 4.17; N, 15.44. 
Found: C, 65.96; H, 4.06; N, 15.29. 

 
 
 


