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ABSTRACT. Benzoylacetone (1) underwent a series of multi-component reactions with aromatic aldehydes and 
malononitrile or ethyl cyanoacetate to produce the pyran derivatives 4a-f. The latter compounds reacted with 
malononitrile or ethyl cyanoacetate to yield the condensation products 5a-m. On the other hand, the reaction of 4a-
f with either the diazonium salts 6a-c yielded the arylhydrazone derivatives 7a-i. The multi-component reaction of 
(1) with aromatic adehydes and cyclohexan-1,3-dione produced the  pyran derivatives 9a-c. Compound 1 underwent 
the Gewald’s reactions with elemental sulfur and malononitrile or ethyl cyanacetate yielding the thiophene 
derivatives 10a,b. Evaluations of the  synthesized  products were carried out against some selected cancer cell lines 
and the most active compounds were further evaluated against the seventeen cancer cell lines classified according 
to the disease. Morphological changes of A549 cell line by the effect of compound 7k was studied using 
microenvironment of the lung tissue where an excellent results was obtained.  
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INTRODUCTION 
 

Within the field of pharmaceutical and medicinal chemistry [1] the pyran derivatives were of the 
most important bioactive compounds. They attract the attention in recent years as a result of their 
wide range of biological activities among which their antitumor [2], COX-2 and HDAC inhibitory 
[3],  anti-microbial [4], anti-mycobacterial [5], anti-inflammatory [6], antiviral [7],  antifungal [8], 

anticonvulsant [9], antioxidant [10], analgesic [11, 12] and antinociceptive [13]. According to 
WHO cancer can be defined as a generic term for a large group of diseases that can impair any 
part of the body beside it was known as malignant tumours and neoplasms. Metastasis is another 
term for defining cancer which involve the rapid creation of abnormal cells that grow beyond their 
usual boundaries, and which can then invade adjoining parts of the body and spread to other 
organs. As the result of the large spread of cancer and the anticancer activities of 4H-pyran 
derivatives, many reports concerned with the synthesis and anticancer activities of such group of 
compounds [14, 15]. Recently, we were focused through the production of a large number of 4H-
pyran compounds via the multicomponent reactions of aromatic aldehyde, 1,3-dicarbonyl 
compounds and active methylene reagents followed by anti-proliferative  evaluations [16, 17]. 
The best way to get poly-substituted 4H-pyran derivatives is the use of multi-component reactions 
(MCRs) [18, 19]. There are also many reports showed that compounds containing pyran nucleus 
could be a worthy choice for cyctotoxic activity against various human tumor cell lines together 
with their pharmacological activities [20-25]. In the light of the above findings, we demonstrated 
herein the synthesis of some new 4H-pyran and arylhydrazone derivatives that cannot be obtained 
via another way. In addition, the evaluation of the newly synthesized products towards human 
cancer cell lines and cancer cell lines classified according to the disease was done. The originality 
of this work appeared through the investigating of new heterocyclic compounds that can be used 
as anti-cancer agents.  
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RESULTS AND DISCUSSION 
 
This work demonstrated the uses of benzoylacetone as starting compound for the synthesis of 
many heterocyclic derivatives and the progress of reactions were outlined through Schemes 1-4. 
The multi-component reaction of benzoylacetone (1) with each of malononitrile (2a) or ethyl 
cyanoacetate (2b) and benzaldehyde (3a), 4-methoxybenzaldehyde (3b) or  4-chlorobenzaldehyde 
(3c) using absolute ethanol together with a catalytic amount of triethylamine yielded the 1-(6-
amino-2-phenyl-4-aryl-4H-pyran-3-yl)ethanone derivatives 4a-f (Scheme 1). The analytical and 
spectral data were the tools that were used to confirm the structures of compounds 4a-f together 
with the studying of their reactions with some chemical reagents. Thus, the reaction of compounds 
4a-f with malononitrile (2a) or ethyl cyanoacetate (2b) in an oil bath at 120 oC produced the 
Knoevenagel condensation products 5a-m (Scheme 2). The structures of compounds 5a-m were 
based on analytical and spectral data. Thus, the 1H NMR spectrum of 5a (as an example) revealed 
the presence of a singlet at  2.92 for the CH3 group, a singlet at  4.87 ppm (D2O exchangeable) 
confirming the presence of the NH2 group, a singlet at  6.50 ppm due to the presence of the pyran 
H-4 and a multiplet at  7.24-7.56 ppm which was attributed to the two C6H5 groups. Beside,  the 
13C NMR spectrum showed the presence of a signal at  38.7 for the CH3 group, two signals at  
86.3, 89.4 confirming the C=C moiety, a signal at  90.2 for the pyran C-4, three signals at  
116.8, 117.0, 117.2 confirming the presence of the three CN groups, signals at  120.3, 120.5, 
121.4, 122.6, 123.2, 123.8, 124.3, 125.9 for the two C6H5 groups and four signals at  128.2, 
130.8, 131.6, 133.2 due to the pyran C-2, C-3, C-5, C-6. 

 
 Scheme 1. Synthesis of compounds 4a-f. 
 

The azomethine -NHN=CH group, hydrazones and their derivatives represents an important 
class of compounds with many applications as anticancer activities against different cancer cell 
lines [26-29] for that reason many hydrazone derivatives were synthesized. To our knowledge 
azomethine were previously prepared from the reaction of carbaldehyde with hydrazine [30, 31], 
however, in this work we succeeded to get such compounds through the reaction of diazonium 
salts with the acetyl group of compounds 4a-f. Moreover, we obtained a variety of arylhydrazone 
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derivatives characterized with different substituents not only at the heterocyclic ring but also at 
the aryl moiety where  this  enabled  study  of  structure  activity  relationship  when  tested  against  

 
 
Scheme 2. Synthesis of compounds 5a-m. 
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Scheme 3. Synthesis of compounds 7a-s. 
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cancer cell lines. In these terms the reaction of compounds 4a-f with benzenediazonium chloride 
(6a), 4-chlorobenzenediazonium chloride (6b) or 4-methylbenzenediazonium chloride (6c) in the 
presence of ethanolic sodium acetate solution produced the arylhydrazone derivatives 7a-s 
(Scheme 3). Their respective structures were based on their agreement with the analytical and 
spectral data (see experimental section). Similarly, the multi-component reactions of 
benzoylacetone with each of benzaldehyde (3a), 4-methoxybenzaldehyde (3b) or 4-
chlorobenzaldehyde and cyclohexan-1,3-dione (8) yielded the 3-acetyl-2-phenyl-7,8-dihydro-4H-
chromen-5(6H)-one derivatives 9a-c. The reaction of compound 1 with elemental sulfur and 
malononitrile (2a) or ethyl cyanoacetate (2b) afforded the thiophene derivatives 10a and 10b, 
respectively (Scheme 4). 

 
Scheme 4. Synthesis of compounds 9a-c and 10a,b. 
 
Biology 
 
Anticancer evaluations of the newly synthesized compounds 
 
Using Foretinib as the positive control in such measurements, it was noticed that many of the 
synthesized compounds exhibited high potent anti-proliferative activity.  Some of the synthesized 
compounds exhibited higher activity than the positive control Foretinib. The variations of 
substituents within the ring system beside the nature of the heterocyclic compound had a notable 
impact on the anti-proliferative activity. Through such measurements the IC50’s of Foretinib 
demonstrated in Table 1 against the cancer cell lines were considered identical to the previously 
reported work [32-34].  
 
SAR’s (structure activity relationship) of the synthesized compounds  
 
Table 1 demonstrated that many of the synthesized compounds revealed high inhibitions toward 
the used cancer cell lines. The most cytotoxic compounds were the twenty five compounds 4a, 
4b, 4e, 5a, 5d, 5e, 5f, 5g, 5h, 5i, 7c, 7e, 7f, 7g, 7h, 7i, 7k, 7l, 7m, 7o, 7p, 7q, 9a, 9c and 10a. 
Considering the pyran derivatives 4a-f, where compounds 4a, 4b, 4e and 4f were the most 
cytotoxic compounds. The high inhibitions of such compounds were attributed to the presence of 
the electron withdrawn moieties like the CN, COOEt and the Cl groups. On the other hand, the 
low inhibitions of compounds 4c and 4d were attributed to the presence of the electron donating 
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OCH3 group. Considering the pyran derivatives 5a-m, where the data in Table 1 demonstrated 
that compounds 5a, 5c, 5d, 5e, 5f, 5g, 5h and 5i were the most cytotoxic compounds among these 
compounds. Table 1 showed that compounds 5e (X = Cl, R = R’= CN), 5f (X = Cl, R = COOEt, 
R’ = CN) and 5g  (X = Cl, R = CN, R’ = COOEt)  exhibited higher inhibitions than the reference 
 
Table 1. In vitro cytotoxic inhibitions   IC50 ± SEM (µM) of the newly synthesized compounds against cancer 

cell lines. 
  

Compound 
No 

IC50 ± SEM (µM) 
A549 H460 HT29 MKN-45 U87MG SMMC-7721 

4a 1.06± 0.78 1.26 ± 0.87 0.96 ± 0.44 0.55±0.32 0.78± 0.31 0.65 ± 0.26 
4b 2.18±1.25 1.29±0.84 2.63±0.78 2.36±1.01 4.56±1.80 3.72±1.53 
4c 7.52 ± 2.39 6.43 ± 2.30 8.52 ± 3.52 7.58 ± 3.73 9.83 ± 3.62 5.81±1.32 
4d 7.42 ± 2.32 8.15 ± 2.43 5.59 ± 2.52 6.37 ± 1.67 5.56 ± 1.76 8.53 ± 1.43 
4e 0.24 ±0.18 0.33±0.14 0.37 ±0.25 0.36 ±0.18 0.48 ±0.29 0.32 ±0.15 
4f 3.67± 1.56 2.38 ±0.38 1.48 ± 0.88 2.71 ± 1.15 1.80 ±0.79 1.58 ±0.78 
5a 1.23± 0.68 1.26 ± 0.63 0.93 ± 0.42 0.45 ± 0.23 1.68 ± 0.62 0.65± 0.36 
5b 4.70±1.26 2.12±0.92 3.56±1.32 2.27±0.89 3.27±1.62 1.43±0.96 
5c 3.45±1.32 2.41± 0.82 3.53± 1.09 4.28 ± 1.38 3.28±1.43 2.23± 1.25 
5d 2.36 ±1.14 2.31 ±0.86 3.41±1.32 3.27 ± 1.43 3.38±1.26 2.41 ±1.06 
5e 0.24 ± 0.11 0.35 ± 0.20 0.43 ± 0.21 0.29 ± 1.60 0.39 ± 0.13 0.43 ± 0.52 
5f 0.83± 0.53 0.28± 0.14 0.22± 0.11 0.46 ± 0.20 0.23± 0.19 0.62± 0.18 
5g 0.42 ±0.18 0.18±0.03 0.51±0.15 0.32±0.14 0.53±0.25 0.29±0.15 

5h 0.94 ± 0.35 1.27 ± 0.69 0.58±0.31 0.64± 0.28 0.63 ± 0.27 1.24 ± 0.42 
5i 2.26 ± 1.12 1.36 ±0.85 2.46 ± 1.02 0.89±0.34 1.23 ±0.75 2.13±0.79 
5k 5.83 ±1.42 7.40 ± 2.35 8.22± 2.53 5.41 ±1.36 6.03 ±2.50 8.43 ± 2.34 
5l 4.82± 1.18 6.58 ± 1.23 7.42± 2.19 6.31± 1.28 4.35 ± 1.16 4.58± 1.15 
5m 8.42±2.37 6.53±2.63 5.80±2.47 7.41±3.52 8.92±2.59 4.36±1.62 
7a 3.41±1.25 4.61±1.28 4.82±1.52 2.16±0.73 2.37±1.29 3.42±1.53 
7b 6.41±2.36 5.22±1.68 8.91±2.04 7.62±1.59 8.04±2.16 9.15±2.38 
7c 0.26±0.12 0.26±0.15 0.33±0.14 0.25±0.08 0.38±0.21 0.42±0.21 
7d 3.80±1.42 4.07±1.26 3.59±1.32 5.73±1.68 3.85±1.73 4.73±1.37 
7e 1.58 ± 0.73 1.65 ± 0.73 0.79± 0.36 1.64 ± 0.98 1.16 ± 0.59 2.36 ± 1.15 
7f 0.57±0.26 0.62±0.30 0.73±0.29 0.83±0.31 0.58±0.42 0.64±0.28 
7g 1.08±0.69 0.82±0.26 0.63±0.37 0.38±0.26 1.82±0.79 0.63±0.31 
7h 0.33±0.12 0.28±0.15 0.28±3.19 6.28±1.08 7.89±2.63 9.39±2.37 
7i 1.21±0.59 2.36 ±0.87 3.45 ± 1.34 2.36 ±0.82 1.54 ±0.63 2.26 ± 1.07 
7k 0.19 ± 0.02 0.24 ±0.08 0.34 ±0.12 0.13±0.02 0.16±0.09 0.23±0.15 
7l 1.12±0.58 1.02 ±0.61 0.34±0.32 0.21±0.14 0.32±0.26 0.39±0.13 
7m 0.28± 0.12 0.29± 0.14 0.34± 0.12 0.53 ± 0.26 0.41 ± 0.24 0.36 ± 0.14 
7n 7.41 ± 2.43 6.37 ± 2.51 8.28 ± 2.51 5.28 ± 1.43 4.36 ± 2.16 5.37 ± 1.70 
7o 0.43±0.26 0.23±0.13 0.35 ± 0.17 0.25 ± 0.19 0.36 ± 0.16 0.29±0.12 
7p 1.35±0.72 1.09±0.18 2.63± 1.28 1.38 ±0.53 2.31 ±0.79 1.42 ±0.74 
7q 2.28 ±1.14 2.82± 0.78 1.75 ± 0.83 0.90± 0.32 1.74± 0.69 1.04±0.84 
7r 6.41 ± 2.53 8.49 ±2.64 7.26 ± 1.69 8.39 ± 2.26 8.73 ± 2.18 5.76 ± 2.19 
7s 6.29±2.14 5.37±1.42 4.69±1.84 3.59±1.73 8.40 ± 2.69 5.73 ± 2.63 
9a 1.49±0.65 2.69 ± 1.05 1.69 ±0.80 2.85 ± 1.81 1.53 ±0.79 0.82 ±0.29 
9b 8.76± 2.34 9.62 ± 3.27 8.43± 2.26 7.51± 1.23 6.60± 2.29 8.39±3.24 
9c 0.12±0.05 0.12±0.03 0.15±0.09 0.28±0.13 0.34±0.16 0.25±0.04 
10a 0.26±0.13 0.34±0.15 0.37±0.16 0.22±0.08 0.48±0.16 0.37±0.27 
10b 6.42± 2.80 5.63± 2.03 8.81± 3.68 6.68±1.23 5.62±1.66 8.46± 3.52 
Foretiniba 0.08 ± 0.01 0.18 ± 0.03 0.15 ± 0.023 0.03±0.0055 0.90 ± 0.13 0.44 ± 0.062 

aIC50’s of Foretinib against cancer cell lines was taken identical to the previously reported work [32-34]. 
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Foretinib against U87MG and SMMC-7721 cell lines. On the other hand, compound 5h (X = Cl, 
R = R’ = COOEt) showed higher inhibition than the reference only against U87MG cell line. It 
was surprisingly; within such series of compounds that compound 5i with the electron donating 
OCH3 group was the high cytotoxic derivative. It seemed that the presence of the two CN group 
had a great effect for its high inhibitions beside the conjugate effect of the OCH3 group with aryl 
moiety.  Preferably among the arylhydrazone derivatives 7a-s, compounds 7c, 7e, 7f, 7g, 7h, 7i, 
7k, 7l, 7m, 7o and 7p were the most cytotoxic compounds. Compounds 7c (X = H, R = CN, Y = 
Cl), 7g (X = Cl, R = CN, Y = H), 7h (X = Cl, R = COOEt, Y = H),  7i (X = Cl, R = CN, Y = Cl), 
7k (X = Cl, R = COOEt, Y = Cl), 7l (X = Cl, R = CN, Y = CH3), 7m (X = Cl, R = COOEt, Y = 
CH3) and 7p (X = OCH3, R = CN, Y = Cl) exhibited good inhibitions against the six cancer cell 
lines. It is of interest to mention that compounds 7c, 7o and 7m exhibited higher inhibitions than 
the reference Foretinib against the three cancer cell lines MKN-45, U84MG and SMMC-7721.  
On the other hand, the presence of an electron donating methyl group (Y = CH3) in compounds 
7e, 7f and 7i, and methoxy group (X = OCH3) in derivatives 7o and 7p resulted in high inhibitions 
for these compounds against A549, H460 and SMMC-7721 cell lines. Tabel 1 showed that 
compounds with the CH3 moiety like7e, 7f and 7i relatively exhibited lower inhibitions than 
compounds 7o and 7p with the OCH3 group. Our explanation for such finding was based on the 
conjugation effect of the OCH3 group with the double bonds of the phenyl group which might 
enhance the inhibitions.  For the 4H-chromen-5(6H)-one derivatives 9a-c, compounds 9a (X = H) 
and 9c (X = Cl) were of high inhibitions while compound 9b (X = OCH3) exhibited low inhibitions 
this can be attributed to the steric effect of the OCH3 group which is larger H or Cl atom. 
Considering the thiophene derivatives 10a,b where compound 10a substituted with a relatively 
smaller CN exhibited higher inhibition than 10b substituted with a larger COOEt moiety. 

Throughout these evaluations Foretinib was used as the reference drug, some of the tested 
compound revealed higher inhibitions than the reference. Thus, against H460 cell line compound 
5g showed IC50 = 0.18 µM exactly like Foretinib and compound 9c exhibited IC50 = 0.12 µM 
which was higher than the reference. Moreover, against   HT29 cell line compound 9c expressed 
IC50 = 0.15 µM like Foretinib (IC50 = 0.15 µM). Interestingly, compounds 4a, 4e, 5e, 5f, 5g, 5h, 
7c, 7f, 7k, 7l, 7m, 7o, 9c and 10a revealed higher inhibitions than Foretinib. Moreover, against 
U87MG cell line compounds 4a, 4e, 5e, 5f, 5g, 7c, 7k, 7l, 7m, 7o, 9c and 10a were of high 
inhibitions greater than Foretinib. In addition, against SMMC-7721 cell line, twelve compounds 
exhibited higher inhibitions than the reference drug like compounds 4e, 5e, 5g, 7c, 7h, 7k, 7l, 7m, 
7o, 9a, 9c and 10a. 
 
In vitro anticancer activities of the synthesized compounds 
 
Against a panel of approximately seventeen tumor cell lines at 10-fold dilutions of five 
concentrations (100, 10, 1.0, 0.1 and 0.01 µM) [35], the arylhydrazone derivatives 7c, 7k, 7l, 7m 
and 7o were selected for this assay. The tested compounds exhibited inhibitions (GI50 < 5 µM) 
against the cancer cell lines that are classified into groups according to the type of disease, the 
data were shown through Table 2. There are two factors in this work affecting inhibitions of 
compounds 7c. 7k, 7l, 7m and 7o, the substituent at C-3 of the pyran ring and the substituents at 
the 4-position of the two aryl group. Table 2 explored that all tested compounds exhibited notable 
inhibitions toward the cell lines categorized according to the type of the disease. Compound 7c 
(R = CN, X = H, Y = Cl) exhibited high inhibitions toward SR, HI-60,  HOP-62, UACC-62 and 
UACC-62 cell lines with IG50’s 0.52, 0.48, 0.40 and 0.57 µM.  Moreover, compound 7k (R = 
COOEt, X = Y = Cl) showed high inhibitions toward HI-60, K-526, HOP-62, NCI-H460, HCT-
116, HCT-15, SF-295, U251, UACC-62, cell lines with IG50’s 0.25, 0.29, 0.36, 0.48, 0.58, 0.31, 
0.36 and  0.42 µM, respectively. Compound 7l (R = CN, X = Cl, Y = CH3) showed high inhibitions 
toward RPMI-8262, HI-60, HI-60, HOP-62, HCT-116, SF-295, MDA-MB-435, UACC-62, 
OVCAR-3 and 786-0 cell lines with IC50’s 0.59, 0.29, 0.34, 0.31, 0.52, 0.31, 0.38, 0.24 and 0.48 
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µM. Compound 7m (R = COOEt, X = Cl, Y = CH3) showed high inhibitions toward K-526, HCT-
116, HCT-15, MDA-MB-435 and 786-0 cell lines with IC50’s 0.26, 0.37, 0.42 and 0.50 µM, 
respectively. Finally, compound 7o (R = COOEt, X = OCH3, Y = H) exhibited high inhibitions 
toward CCRF-CEM, K-526, NCI-H460 and  U251 cell lines with IC50’s 0.47, 0.33, 0.51 and 0.52 
µM, respectively.  
 
Table 2. Evaluations of compounds 7c, 7k, 7l, 7m and 7o  toward the seventeen cancer cell lines (GI50 < 5 

µM). 
 

Type of disease Cell line 7c 7k 7l 7m 7o 
Leukemia CCRF-CEM 1.08 0.95 1.52 3.61 0.47 
Leukemia RPMI-8262 0.86 0.72 0.59 1.47 1.29 
Leukemia SR 0.52 1.03 1.72 2.62 0.74 
Leukemia HI-60 (TB) 0.48 0.25 0.29 2.31 3.62 
Leukemia K-526 0.93 0.29 2.42 0.26 0.33 
NCS-Lung cancer HOP-62 0.40 0.36 0.34 1.28 2.40 
NCS-Lung cancer NCI-H460 0.70 0.48 1.36 1.92 0.51 
Colon cancer HCT-116 0.63 0.58 0.31 0.62 1.50 
Colon cancer HCT-15 0.85 0.31 3.48 0.37 0.61 
Colon cancer KM12 1.06 1.16 2.85 2.36 2.71 
CNS cancer SF-295 0.73 0.36 0.52 2.70 1.28 
CNS cancer U251 0.62 0.48 2.37 1.93 0.52 
Melanoma LOX IMVI 0.85 1.55 1.31 3.26 3.31 
Melanoma MDA-MB-435 0.68 0.72 0.31 0.42 0.71 
Melanoma UACC-62 0.57 0.42 0.38 0.50 1.26 
Ovarian cancer OVCAR-3 0.62 1.35 0.24 0.94 0.39 
Renal cancer 786-0 0.69 0.73 0.48 0.26 1.17 

 
Determination of morphological changes of A549 cell line  
 
The lung is a unique organ that should be protected against inhaled pathogens and toxins, without 
unbalance immune responses or compromise its vital function. For that matter microenvironment 
of the lung tissue is regulated through complex and refined cell interactions [36, 37]. For that 
reason we studied the effect of compound 7k toward A549 cell line which was selected for 
studying the morphological changes. There are many reports concerned with morphological 
changes of other cell lines [38, 39]. To understand the ability of compound 7k in apoptosis 
induction, various qualitative (morphological) and quantitative assays were performed on the 
A549 lung cancer cell line. The changes in the morphological features of A549 cells were 
observed after the treatment with compound 7k at different concentrations along with the 
untreated control cells. Further, images reported in Figure 1A were captured using phase-contrast 
microscopy after 72 h; reveal the characteristic apoptotic features like changes in morphology 
(shape, shrinkage) of the cell, reduction in the number of live cells. In the present study, A549 
cells after treatment with compound 7k for 72 h exhibited the formation of apoptotic features such 
as the appearance of membrane blebs and inverse proportion in the number of cells with a 
concentration of compound tested as indicated in Figure 1B. Compound 7k was treated A549 
cells after 72 h, on staining with DAPI visualized the chromatin condensation, pyknotic (inset of 
1.25 μM), and condensed (bright colored: inset of 2.5 μM) nuclei formation as depicted in Figure 
1C. Through figure 1the effect of compound 7k on A549 cells marked by the red cells indicating 
reduction of the size of the cancer cell line .  
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Figure 1. Microscopic observation of the effect of different concentrations (1.25, 2.5, and 5 μM) 

of compound 7k in comparison to control (untreated) on A549 cells after 72 h of 
treatment. The red scale bar denotes 50 μM in all the images. (A) Morphological changes 
were observed through phase-contrast microscopy. (B) Morphological changes such as 
membrane blebs were visualized through a fluorescent microscope by performing 
acridine orange staining. (C) Nuclear changes were observed by DAPI staining using a 
fluorescent microscope. Insets at different concentrations of treatment indicate the 
changes induced by treatment and red-colored arrows specify the area of effect. 

 

EXPERIMENTAL 
 

Chemistry 
 

Melting points were recorded using an electrothermal digital melting point apparatus. Using a 
FTIR plus 460 or PyeUnicam SP-1000 spectrophotometer the IR spectra were recorded. The 1H 
NMR spectra were measured using Varian Gemini-300 (300 MHz) instrument. Moreover, the 
mass spectra were measured using Hewlett Packard 5988 A GC/MS system and GCMS-QP 1000 
Ex Shimadzu instruments. The CHNS microanalyses were using Vario EL III Elemental analyzer. 
The anti-proliferative evaluations were measured by the aid of the National Cancer Research 
Centre in Cairo. 
 

The synthesis of the pyran derivatives 4a-f 

Malononitrile (0.66 g, 0.01 mol) or ethyl cyanoacetate (1.13 g, 0.01 mol) and benzaldehyde (1.06 
g, 0.01 mol), 4-methoxybenzaldehyde (1.37 g, 0.01 mol) or 4-chlorobenzaldehyde (1.40, 0.01 
mol) were added to a solution of benzoylacetone (1.62 g, 0.01 mol) in absolute ethanol (50 mL, 
0.01 mol) containing triethylamine (1.0  mL). The reaction mixture was heated under reflux for 3 
h then left to cool and the formed solid product was collected by filtration. 
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5-Acetyl-2-amino-4,6-diphenyl-4H-pyran-3-carbonitrile (4a). Dark orange crystals, yield (2.21 g, 
70%), mp 100-102 °C (ethanol), IR (KBr) max cm-1: 3472-3328 (NH2), 3055 (CH, aromatic), 
2220 (CN), 1705 (C=O), 1634 (C=C); 1H NMR (DMSO-d6, 300 MHz): δ = 2.67 (s, 3H, CH3), 
4.80 (s, 2H, D2O exchangeable, NH2), 6.52 (s, 1H, pyran H-4), 7.26-7.59 (m, 10H, 2C6H5); 13C 
NMR (DMSO-d6, 75 MHz): δ  36.8 (CH3), 90.5 (pyran C-4), 117.3 (CN), 120.2, 121.3, 121.8, 
122.4, 123.0, 123.6, 125.8, 127.6 (2C6H5), 129.3, 130.5, 131.5, 132.8 (pyran C-2, C-3, C-5, C-6), 
166.2 (C=O). Anal. calcd. for C20H16N2O2: C, 75.93; H, 5.10; N, 8.86%. Found: C, 75.82; H, 5.23; 
N, 8.71%. m/z 316 (M+, 46%). 
 

Ethyl 5-acetyl-2-amino-4,6-diphenyl-4H-pyran-3-carboxylate (4b). Pale yellow, yield (2.46 g, 
68%), mp 56-58 °C (ethanol), IR (KBr) max cm-1: 3395-3341 (NH2), 3055 (CH, aromatic), 1705, 
1685 (2C=O), 1634 (C=C); 1H NMR (DMSO-d6, 300 MHz): δ = 1.16 (t, 3H, J = 6.90 Hz, 
OCH2CH3), 2.66 (s, 3H, CH3), 4.25 (q, 2H, J = 6.90 Hz, OCH2CH3), (4.86 (s, 2H, D2O 
exchangeable, NH2), 6.47 (s, 1H, pyran H-4), 7.23-7.49 (m, 10H, 2C6H5); 13C NMR (DMSO-d6, 
75 MHz): δ 16.2 (OCH2CH3), 36.7 (CH3), 50.2 (OCH2CH3), 90.3 (pyran C-4), 120.6, 121.1, 121.6, 
122.6, 123.2, 123.8, 124.5, 126.3 (2C6H5), 129.6, 130.8, 131.2, 132.7 (pyran C-2, C-3, C-5, C-6), 
165.8, 166.4 (2C=O). Anal. calcd. for C22H21NO4: C, 72.71; H, 5.82; N, 3.85%. Found: C, 72.69; 
H, 5.93; N, 4.03%. m/z 363 (M+, 58%).  
 

5-Acetyl-2-amino-4-(4-methoxyphenyl)-6-phenyl-4H-pyran-3-carbonitrile (4c). Pale yellow 
crystals, yield (2.67 g, 60%), mp 97-100 °C (ethanol), IR (KBr) max cm-1: 3378-3329 (NH2), 3053 
(CH, aromatic), 2220 (CN), 1701 (C=O), 1636 (C=C); 1H NMR (DMSO-d6, 300 MHz): δ = 2.69 
(s, 3H, CH3), 3.63 (s, 3H, OCH3), 4.84 (s, 2H, D2O exchangeable, NH2), 6.45 (s, 1H, pyran H-4), 
7.23-7.49 (m, 9H, C6H5, C6H4); 13C NMR (DMSO-d6, 75 MHz): δ 36.7 (CH3),  50.8 (OCH3), 90.1 
(pyran C-4), 116.8 (CN), 120.3, 121.4, 120.0, 122.6, 123.5, 124.1, 124.5, 125.2 (C6H5, C6H4), 
129.9, 131.2, 132.2, 133.1 (pyran C-2, C-3, C-5, C-6), 166.2 (C=O). Anal. calcd. for C21H18N2O3: 
C, 72.82; H, 5.24; N, 8.09%. Found: C, 72.66; H, 5.18; N, 8.21%. m/z 346 (M+, 46%). 
 

Ethyl 5-acetyl-2-amino-4-(4-methoxyphenyl)-6-phenyl-4H-pyran-3-carboxylate (4d). Orange 
crystals, yield (2.55 g, 65%), mp 75-78 °C (ethanol), IR (KBr) max cm-1: 3380-3336 (NH2), 3053 
(CH, aromatic), 1700, 1688 (2C=O), 1636 (C=C); 1H NMR (DMSO-d6, 300 MHz): δ = 1.15 (t, 
3H, J = 6.52 Hz, OCH2CH3), 2.68 (s, 3H, CH3), 3.70 (s, 3H, OCH3), 4.23 (q, 2H, J = 6.52 Hz, 
OCH2CH3),  (4.84 (s, 2H, D2O exchangeable, NH2), 6.45 (s, 1H, pyran H-4), 7.21-7.55 (m, 9H, 
C6H5, C6H4); 13C NMR (DMSO-d6, 75 MHz): δ  16.5 (OCH2CH3),  36.3 (CH3),  50.1 (OCH2CH3), 
52.3 (OCH3), 90.4 (pyran C-4), 120.3, 120.8, 121.2, 122.8, 123.5, 124.1, 124.3, 126.1 (C6H5, 
C6H4), 129.8, 130.6, 131.1, 132.4 (pyran C-2, C-3, C-5, C-6), 166.3, 166.8 (2C=O). Anal. calcd. 
for C23H23NO5: C, 70.21; H, 5.89; N, 3.56%. Found: C, 70.39; H, 5.67; N, 3.80%. m/z 393 (M+, 
70%). 
 

5-Acetyl-2-amino-4-(4-chlorophenyl)-6-phenyl-4H-pyran-3-carbonitrile (4e). Orange crystals, 
yield (2.55 g, 73%), mp 86-88 °C (ethanol). IR (KBr) max cm-1: 3468-3336 (NH2), 3055 (CH, 
aromatic), 2220 (CN), 1702 (C=O), 1636 (C=C); 1H NMR (DMSO-d6, 300 MHz): δ = 2.68 (s, 
3H, CH3), 4.83 (s, 2H, D2O exchangeable, NH2), 6.50 (s, 1H, pyran H-4), 7.22-7.56 (m, 9H, C6H5, 
C6H4); 13C NMR (DMSO-d6, 75 MHz): δ  36.6 (CH3),  90.3 (pyran C-4), 117.1 (CN), 120.1, 120.6, 
121.3, 122.6, 123.5, 124.3, 125.8, 126.3 (C6H5, C6H4), 129.6, 130.6, 131.8, 132.3 (pyran C-2, C-
3, C-5, C-6), 166.8 (C=O). Anal. calcd. for C20H15ClN2O2: C, 68.48; H, 4.31; N, 7.99%. Found: 
C, 68.59; H, 4.60; N, 7.70%. m/z 350 (M+, 26%).  
 

Ethyl 5-acetyl-2-amino-4-(4-chlorophenyl)-6-phenyl-4H-pyran-3-carboxylate (4f). White 
crystals, yield (3.31 g, 79%), mp 72-74 °C (ethanol),  IR (KBr) max cm-1: 3379-3352 (NH2), 3055 
(CH, aromatic), 1702, 1685 (2C=O), 1636 (C=C); 1H NMR (DMSO-d6, 300 MHz): δ = 1.15 (t, 
3H, J = 5.83 Hz, OCH2CH3), 2.68 (s, 3H, CH3), 4.23 (q, 2H, J = 5.83 Hz, OCH2CH3), 4.85 (s, 2H, 
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D2O exchangeable, NH2), 6.49 (s, 1H, pyran H-4), 7.21-7.54 (m, 9H, C6H5, C6H4); 13C NMR 
(DMSO-d6, 75 MHz): δ  16.5 (OCH2CH3),  36.6 (CH3), 50.1 (OCH2CH3), 90.6 (pyran C-4), 120.4, 
121.3, 121.8, 122.2, 122.5, 123.8, 124.8, 127.1 (2C6H5), 129.5, 130.4, 131.8, 132.8 (pyran C-2, 
C-3, C-5, C-6), 165.8, 166.6 (2C=O). Anal. calcd. for C22H20ClNO4: C, 66.42; H, 5.07; N, 3.52%. 
Found: C, 66.59; H, 5.13; N, 3.74%. m/z 397 (M+, 70%). 
 

The synthesis of compounds 5a-m  
 

Ammonium acetate (1.45 g, 0.02 mol) was added to either 4a (3.16 g, 0.01 mol), 4b (3.26 g, 0.01 
mol), 4c (3.46 g, 0.01 mol), 4d (3.93 g, 0.01 mol), 4e (3.50 g, 0.01 mol) or 4f (3.97 g, 0.01 mol) 
followed by addition of malononitrile (0.66 g, 0.01 mol) or ethyl cyanoacetate (1.07 g, 0.01 mol) 
to the respective mixture. The whole reaction mixture was heated in an oil bath for 20 min then 
was left to cool producing a solid product that was collected by filtration after treatment with 
diethyl ether.   
 

2-(1-(6-Amino-5-cyano-2,4-diphenyl-4H-pyran-3-yl)ethylidene)malono-nitrile (5a). Orange 
crystals,  yield (2.40 g, 66%), mp 225-228 °C (ethanol), IR (KBr) max cm-1: 3493-3358 (NH2), 
3055 (CH, aromatic), 2222-2220 (3CN), 1632 (C=C); 1H NMR (DMSO-d6, 300 MHz): δ = 2.92 
(s, 3H, CH3), 4.87 (s, 2H, D2O exchangeable, NH2), 6.50 (s, 1H, pyran H-4), 7.24-7.56 (m, 10H, 
2C6H5); 13C NMR (DMSO-d6, 75 MHz): δ  38.7 (CH3), 86.3, 89.4 (C=C),  90.2 (pyran C-4), 116.8, 
117.0, 117.2 (3CN), 120.3, 120.5, 121.4, 122.6, 123.2, 123.8, 124.3, 125.9 (2C6H5), 128.2, 130.8, 
131.6, 133.2 (pyran C-2, C-3, C-5, C-6). Anal. calcd. for C23H16N4O: C, 75.81; H, 4.43; N, 
15.38%. Found: C, 75.62; H, 4.60; N, 15.43%. m/z 364 (M+, 70%). 
 

Ethyl 2-amino-5-(1,1-dicyanoprop-1-en-2-yl)-4,6-diphenyl-4H-pyran-3-carboxylate (5b). Pale 
yellow crystals, yield (2.83 g, 69%), mp 120-122 °C (ethanol), IR (KBr) max cm-1: 3387-3339 
(NH2), 3055 (CH, aromatic), 2223, 2221 (2CN), 1684 (CO), 1632 (C=C); 1H NMR (DMSO-d6, 
300 MHz): δ = 1.15 (t, 3H, J = 7.21 Hz, OCH2CH3), 2.66 (s, 3H, CH3), 4.23 (q, 2H, J = 7.21 Hz, 
OCH2CH3), 4.88 (s, 2H, D2O exchangeable, NH2), 6.50 (s, 1H, pyran H-4), 7.24-7.45 (m, 10H, 
2C6H5); 13C NMR (DMSO-d6, 75 MHz): δ  16.5 (OCH2CH3), 38.9 (CH3), 50.1 (OCH2CH3), 86.7, 
88.3 (C=C), 90.2 (pyran C-4), 116.8, 117.1 (2CN), 120.4, 121.5, 121.9, 122.3, 123.7, 123.3, 124.8, 
126.1 (2C6H5), 129.3, 130.5, 131.5, 132.8 (pyran C-2, C-3, C-5, C-6), 165.4 (CO). Anal. calcd. 
for C25H21N3O3: C, 72.98; H, 5.14; N, 10.21%. Found: C, 72.65; H, 5.25; N, 10.08%. m/z 411 
(M+, 70%).  
 

Ethyl 3-(6-amino-5-cyano-2,4-diphenyl-4H-pyran-3-yl)-2-cyanobut-2-enoate (5c). Pale brown 
crystals, yield (2.58 g, 63%), mp 222-225 °C (ethanol), IR (KBr) max cm-1: 3377-3342 (NH2), 
3055 (CH, aromatic), 2222, 2220 (2CN), 1688 (CO), 1632 (C=C); 1H NMR (DMSO-d6, 300 
MHz): δ = 1.16 (t, 3H, J = 7.01 Hz, OCH2CH3), 2.68 (s, 3H, CH3), 4.24 (q, 2H, J = 7.01 Hz, 
OCH2CH3), 4.87 (s, 2H, D2O exchangeable, NH2), 6.56 (s, 1H, pyran H-4), 7.25-7.48 (m, 10H, 
2C6H5); 13C NMR (DMSO-d6, 75 MHz): δ 16.8 (OCH2CH3), 38.6 (CH3), 50.2 (OCH2CH3), 86.4, 
88.6 (C=C), 90.8 (pyran C-4), 120.2, 121.8, 121.7, 122.3, 123.9, 124.1, 124.7, 126.6 (2C6H5), 
129.4, 130.2, 131.8, 133.4 (pyran C-2, C-3, C-5, C-6). Anal. calcd. for C25H21N3O3: C, 72.98; H, 
5.14; N, 10.21%. Found: C, 72.75; H, 5. 32; N, 10.41%. m/z 411 (M+, 58%).  
 

Ethyl 2-amino-5-(3-cyano-4-ethoxy-4-oxobut-2-en-2-yl)-4,6-diphenyl-4H-pyran-3-carboxylate 
(5d). Yellow crystals, yield (3.25 g, 71%), mp 133-137 °C (1,4-dioxane), IR (KBr) max cm-1: 
3359-3322 (NH2), 3056 (CH, aromatic), 2220 (CN), 1689, 1687 (2CO), 1636 (C=C); 1H NMR 
(DMSO-d6, 300 MHz): δ = 1.14, 1.1.6 (2t, 6H, J = 6.11, 6.70 Hz, two OCH2CH3), 2.66 (s, 3H, 
CH3), 4.23, 4.26 (2q, 4H, J = 6.11, 6.70 Hz, two OCH2CH3),  4.83 (s, 2H, D2O exchangeable, 
NH2), 6.57 (s, 1H, pyran H-4), 7.25-7.49 (m, 10H, 2C6H5); 13C NMR (DMSO-d6, 75 MHz): δ  
16,3, 16.6 (two OCH2CH3), 38.9 (CH3), 50.8, 50.1 (two OCH2CH3), 90.6 (pyran C-4), 116.7 (CN), 
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120.3, 121.4, 121.8, 122.2, 122.9, 123.1, 124.8, 125.9 (2C6H5), 129.7, 130.2, 131.8, 133.2 (pyran 
C-2, C-3, C-5, C-6), 165.8, 166.1 (2CO). Anal. calcd. for C27H26N2O5: C, 70.73; H, 5.72; N, 
6.11%. Found: C, 70.69; H, 5.53; N, 6.04%. m/z 458 (M+, 60%).  
 

2-(1-(6-Amino-4-(4-chlorophenyl)-5-cyano-2-phenyl-4H-pyran-3-yl)ethylidene)-malononitrile 
(5e).Yellowish brown crystals, yield (2.62 g, 66%), mp 215-218 °C (1,4-dioxane),  IR (KBr) max 
cm-1: 3481-3335 (NH2), 3055 (CH, aromatic), 2223-2220 (3CN), 1635 (C=C); 1H NMR (DMSO-
d6, 300 MHz): δ = 2.96 (s, 3H, CH3), 4.85 (s, 2H, D2O exchangeable, NH2), 6.53 (s, 1H, pyran H-
4), 7.23-7.59 (m, 9H, C6H5, C6H4); 13C NMR (DMSO-d6, 75 MHz): δ 38.9 (CH3), 86.5, 87.2 
(C=C), 90.3 (pyran C-4), 116.5, 116.8, 117.2 (3CN), 120.1, 120.3, 121.6, 122.8, 123.8, 123.8, 
124.4, 126.3 (C6H5, C6H4), 128.6, 130.4, 131.3, 133.5 (pyran C-2, C-3, C-5, C-6). Anal. calcd. for 
C23H15ClN4O: C, 69.26; H, 3.79; N, 14.05%. Found: C, 69.53; H, 3.83; N, 14.29%. m/z 398 (M+, 
55%).  
 

Ethyl 2-amino-4-(4-chlorophenyl)-5-(1,1-dicyanoprop-1-en-2-yl)-6-phenyl-4H-pyran-3-
carboxylate (5f). Pale brown crystals, yield (2.93 g, 66 %), mp 120-122 °C (1,4-dioxane), IR 
(KBr) max cm-1: 3386-3329 (NH2), 3054 (CH, aromatic), 2223, 2220 (2CN), 1690 (CO), 1637 
(C=C); 1H NMR (DMSO-d6, 300 MHz): δ = 1.16 (t, 3H,  J = 7.27 Hz, OCH2CH3), 2.65 (s, 3H, 
CH3), 4.23 (q, 2H, J = 7.27 Hz, OCH2CH3), 4.84 (s, 2H, D2O exchangeable, NH2), 6.55 (s, 1H, 
pyran H-4), 7.24-7.57 (m, 9H, C6H5, C6H4), 165.8 (CO); 13C NMR (DMSO-d6, 75 MHz): δ  16.6 
(OCH2CH3), 38.5 (CH3), 50.4 (OCH2CH3), 86.4, 87.5 (C=C), 90.7 (pyran C-4), 116.9, 117.3 
(2CN), 120.1, 121.4, 121.8, 123.5, 123.9, 124.5, 125.1, 125.4 (2C6H5), 129.9, 130.2, 131.8, 132.7 
(pyran C-2, C-3, C-5, C-6), 166.4 (CO). Anal. calcd. for C25H20ClN3O3: C, 67.34; H, 4.52; N, 
9.42%. Found: C, 67.16; H, 4.80; N, 9.60%. m/z 445 (M+, 49%).  
 

Ethyl 3-(6-amino-4-(4-chlorophenyl)-5-cyano-2-phenyl-4H-pyran-3-yl)-2-cyanobut-2-enoate 
(5g). Brown crystals, yield (3.29 g, 74%), mp 198-200 °C (1,4-dioxane), IR (KBr) max cm-1: 
3391-3342 (NH2), 3056 (CH, aromatic), 2222, 2220 (2CN), 1688 (CO), 1636 (C=C); 1H NMR 
(DMSO-d6, 300 MHz): δ = 1.14 (t, 3H,  J = 6.72 Hz, OCH2CH3), 2.68 (s, 3H, CH3), 4.25 (q, 2H, 
J = 5.80 Hz, OCH2CH3), 4.85 (s, 2H, D2O exchangeable, NH2), 6.59 (s, 1H, pyran H-4), 7.21-
7.58 (m, 9H, C6H5, C6H4); 13C NMR (DMSO-d6, 75 MHz): δ  16.8 (OCH2CH3),  38.7 (CH3),  50.2 
(OCH2CH3), 86.4, 87.5 (C=C), 90.8 (pyran C-4), 116.3, 117.1 (2CN), 120.3, 120.8, 121.6, 122.3, 
123.2, 123.5, 124.8, 125.6 (2C6H5), 129.7, 130.4, 131.8, 132.5 (pyran C-2, C-3, C-5, C-6), 166.1 
(CO). Anal. calcd. for C25H20ClN3O3: C, 67.34; H, 4.52; N, 9.42%. Found: C, 67.52; H, 4.70; N, 
9.57%. m/z 445 (M+, 60%).  
 

Ethyl 2-amino-4-(4-chlorophenyl)-5-(3-cyano-4-ethoxy-4-oxobut-2-en-2-yl)-6-phenyl-4H-pyran-
3-carboxylate (5h). Yellow crystals, yield (2.83 g, 62%), mp 83-85 °C (1,4-dioxane), IR (KBr) 
max cm-1: 3379-3341 (NH2), 3055 (CH, aromatic), 1688, 1685 (2CO), 1634 (C=C); 1H NMR 
(DMSO-d6, 300 MHz): δ = 1.14, 1.1.6 (2t, 6H, J = 6.11, 6.70 Hz, two OCH2CH3), 2.66 (s, 3H, 
CH3), 4.23, 4.26 (2q, 4H, J = 6.11, 6.70 Hz, two OCH2CH3), 4.83 (s, 2H, D2O exchangeable, 
NH2), 6.57 (s, 1H, pyran H-4), 7.25-7.49 (m, 9H, C6H5, C6H4); 13C NMR (DMSO-d6, 75 MHz): δ  
16,3, 16.6 (two OCH2CH3), 38.9 (CH3), 50.8, 50.1 (two OCH2CH3), 86.5, 87.8 (C=C),  90.6 (pyran 
C-4), 116.9 (CN), 120.3, 121.4, 121.8, 122.2, 122.9, 123.1, 124.8, 125.9 (C6H5, C6H4), 129.7, 
130.2, 131.8, 133.2 (pyran C-2, C-3, C-5, C-6), 165.8, 166.2 (2CO). Anal. calcd. for 
C27H25ClN2O5: C, 65.79; H, 5.11; N, 5.68%. Found: C, 65.82; H, 5.31; N, 5.80%. m/z 492 (M+, 
60%).  
 

2-(1-(6-Amino-5-cyano-4-(4-methoxyphenyl)-2-phenyl-4H-pyran-3-yl)ethylidene)-malononitrile 
(5i). Brown crystals,yield (2.95 g, 75%), mp 94-96 °C (1,4-dioxane), IR (KBr) max  cm-1: 3458-
3320 (NH2), 3055 (CH, aromatic), 2222-2220 (3CN), 1635 (C=C); 1H NMR (DMSO-d6, 300 
MHz): δ = 2.92 (s, 3H, CH3), 3.69 (s, 3H, OCH3), 4.87 (s, 2H, D2O exchangeable, NH2), 6.58 (s, 
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1H, pyran H-4), 7.21-7.57 (m, 9H, C6H5, C6H4); 13C NMR (DMSO-d6, 75 MHz): δ  39.3 (CH3),  
50.6 (OCH3), 86.5, 87.8 (C=C), 90.4 (pyran C-4), 116.7, 116.9, 117.1 (3CN), 120.3, 120.6, 121.8, 
122.3, 122.7, 123.9, 124.2, 125.7 (C6H5, C6H4), 128.4, 130.2, 131.6, 133.7 (pyran C-2, C-3, C-5, 
C-6). Anal. calcd. for C24H18N4O2: C, 73.08; H, 4.60; N, 14.20%. Found: C, 72.83; H, 4.49; N, 
14.38%. m/z 394 (M+, 49%). 
 

Ethyl 2-amino-5-(1,1-dicyanoprop-1-en-2-yl)-4-(4-methoxyphenyl)-6-phenyl-4H-pyran-3-
carboxylate (5k). Orange crystals, yield (2.99 g, 68%), mp 210-212 °C (1,4-dioxane),  IR (KBr) 
max cm-1: 3394-3342 (NH2), 3056 (CH, aromatic), 2221 (CN), 1688 (CO), 1635 (C=C); 1H NMR 
(DMSO-d6, 300 MHz): δ = 1.16 (t, 3H,  J = 6.80 Hz, OCH2CH3), 2.67 (s, 3H, CH3), 3.71 (s, 3H, 
OCH3), 4.24 (q, 2H, J = 6.80 Hz, OCH2CH3),  4.89 (s, 2H, D2O exchangeable, NH2), 6.52 (s, 1H, 
pyran H-4), 7.26-7.54 (m, 9H, C6H5, C6H4); 13C NMR (DMSO-d6, 75 MHz): δ  16.5 (OCH2CH3),  
38.7 (CH3), 50.2 (OCH2CH3), 50.8 (OCH3), 86.4, 87.7 (C=C), 90.5 (pyran C-4), 116.7, 117.1 
(2CN), 120.3, 121.6, 121.9, 123.9, 123.7, 124.3, 125.2, 125.6 (C6H5, C6H4), 130.4, 130.8, 131.5, 
132.9 (pyran C-2, C-3, C-5, C-6), 166.2 (CO). Anal. calcd. for C26H23N3O4: C, 70.73; H, 5.25; N, 
9.52%. Found: C, 70.92; H, 4.98; N, 9.67%. m/z 441 (M+, 62%).  
 

Ethyl 3-(6-amino-5-cyano-4-(4-methoxyphenyl)-2-phenyl-4H-pyran-3-yl)-2-cyanobut-2-enoate 
(5l). Pale brown crystals, yield (3.71 g, 72%), mp 80-82 °C (ethanol), IR (KBr) max cm-1: 3358-
3322 (NH2), 3055 (CH, aromatic), 2223, 2220 (2CN), 1686 (CO), 1635 (C=C); 1H NMR (DMSO-
d6, 300 MHz): δ = 1.16 (t, 3H,  J = 6.22 Hz, OCH2CH3), 2.69 (s, 3H, CH3), 3.71 (s, 3H, OCH3), 
4.24 (q, 2H, J = 6.22 Hz, OCH2CH3), 4.87 (s, 2H, D2O exchangeable, NH2), 6.54 (s, 1H, pyran 
H-4), 7.23-7.59 (m, 9H, C6H5, C6H4); 13C NMR (DMSO-d6, 75 MHz): δ  16.7 (OCH2CH3),  38.6 
(CH3), 50.2 (OCH2CH3), 50.5 (OCH3), 86.4, 87.9 (C=C), 90.5 (pyran C-4), 116.9, 117.3 (2CN), 
120.2, 120.8, 121.5, 123.8, 123.3, 124.6, 125.4, 125.8 (C6H5, C6H4), 130.1, 130.6, 131.8, 132.7 
(pyran C-2, C-3, C-5, C-6), 166.2 (CO). Anal. calcd. for C26H23N3O4: C, 70.73; H, 5.25; N, 9.52%. 
Found: C, 70.92; H, 4.98; N, 9.67%. m/z 441 (M+, 82%).  
 

Ethyl 2-amino-5-(3-cyano-4-ethoxy-4-oxobut-2-en-2-yl)-4-(4-methoxy-phenyl)-6-phenyl-4H-
pyran-3-carboxylate (5m). Brown crystals, yield (3.41 g, 70%), mp 68-71°C (1,4-dioxane), IR 
(KBr) max cm-1: 3384-3352 (NH2), 3055 (CH, aromatic), 1702, 1688 (2CO), 1636 (C=C); 1H 
NMR (DMSO-d6, 300 MHz): δ = 1.14, 1.1.7 (2t, 6H, J = 6.40, 7.10 Hz, two OCH2CH3), 2.68 (s, 
3H, CH3), 3.68 (s, 3H, OCH3), 4.23, 4.25 (2q, 4H, J = 6.40, 7.10 Hz, two OCH2CH3), 4.85 (s, 2H, 
D2O exchangeable, NH2), 6.54 (s, 1H, pyran H-4), 7.23-7.54 (m, 9H, C6H5, C6H4); 13C NMR 
(DMSO-d6, 75 MHz): δ 16.4, 16.6 (two OCH2CH3), 38.7 (CH3), 50.8, 50.1 (two OCH2CH3), 50.8 
(OCH3), 86.4, 87.9 (C=C), 90.8 (pyran C-4), 117.0 (CN), 120.2, 121.6, 121.9, 122.4, 122.5, 123.1, 
124.7, 125.8 (2C6H5), 129.8, 130.4, 132.6, 133.6 (pyran C-2, C-3, C-5, C-6), 165.4, 166.3 (2CO). 
Anal. calcd. for C28H28N2O6: C, 68.84; H, 5.78; N, 5.73%. Found: C, 68.93; H, 5. 63; N, 5.82%. 
m/z 488 (M+, 68%).  
 

The synthesis of the arylhydrazone derivatives 7a-I. 
 

The diazonium salts (0.01 mol) [prepared by the addition of a solution of sodium nitrite (0.70 g, 
0.01 mol) in water (10 mL) to a cold solution (0-5 oC) of  aniline (0.93 g, 0.01 mol), 4-
chloroaniline (1.27 g, 0.01 mol) or 4-methylaniline (1.07 g, 0.01 mol) dissolved in hydrochloric 
acid (10 mL, 18 mol) with continuous stirring] was added to a solution of compounds 4a (3.16 g, 
0.01 mol), 4b (3.63, 0.01 mol), 4c (3.46 g, 0.01 mol), 4d (3.50 g, 0.01 mol), 4e (3.50 g, 0.01 mol) 
or 4f (3.97 g, 0.01 mol) in ethanol (50 mL)through which sodium acetate (3.0 g) was added with 
stirring. The reaction mixture was left at room temperature for additional 2 h and the formed solid 
product was collected by filtration.  
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2-Amino-4,6-diphenyl-5-(2-(2-phenylhydrazono)acetyl)-4H-pyran-3-carbonitrile (7a). Red 
crystals, yield (3.23 g, 77%), mp 87-89 °C (1,4-dioxane), IR (KBr) max cm-1: 3492-3337 (NH, 
NH2), 3055 (CH, aromatic), 2220 (CN), 1680 (C=O), 1634 (C=C); 1H NMR (DMSO-d6, 300 
MHz): δ = 4.84 (s, 2H, D2O exchangeable, NH2), 6.56 (s, 1H, pyran H-4), 6.80 (s, 1H, CH=N), 
7.26-7.48 (m, 15H, 3C6H5), 8.25 (s, 1H, D2O exchangeable); 13C NMR (DMSO-d6, 75 MHz): δ  
90.5 (pyran C-4), 117.1 (CN), 120.2, 120.8, 121.1, 121.8, 122.2, 122.6, 123.3, 123.4, 124.6, 125.8, 
126.2, 127.3 (3C6H5), 129.6, 130.6, 131.8, 133.2 (pyran C-2, C-3, C-5, C-6), 165.8 (C=O), 174.8 
(C=N). Anal. calcd. for C26H20N4O2: C, 74.27; H, 4.79; N, 13.33%. Found: C, 74.38; H, 4.83; N, 
13.50%. m/z 420 (M+, 72%).  
 

Ethyl 2-amino-4,6-diphenyl-5-(2-(2-phenylhydrazono)acetyl)-4H-pyran-3-carboxylate (7b). Pale 
yellow crystals, yield (2.80 g, 60%), mp 135-135 °C (ethanol), IR (KBr) max cm-1: 3483-3368 
(NH, NH2), 3055 (CH, aromatic), 1750, 1688 (2CO), 1632 (C=C); 1H NMR (DMSO-d6, 300 
MHz): δ = 1.16 (t, 3H, J = 6.88 Hz, OCH2CH3), 4.23 (q, 2H, J = 6.88 Hz, OCH2CH3),  4.89 (s, 
2H, D2O exchangeable, NH2), 6.56 (s, 1H, pyran H-4), 6.83 (s, 1H, N=CH), 7.22-7.48 (m, 15H, 
3C6H5), 8.36 (s, 1H, D2O exchangeable, NH); 13C NMR (DMSO-d6, 75 MHz): δ 16.6 (OCH2CH3), 
50.1 (OCH2CH3), 90.6 (pyran C-4), 120.2, 120.4,  121.8, 121.7, 122.3, 122.6, 123.9, 124.1, 124.7, 
125.2, 125.4, 126.6 (3C6H5), 129.1, 130.6, 131.2, 133.6 (pyran C-2, C-3, C-5, C-6), 165.8, 166.3 
(2CO), 170.2 (C=N). Anal. calcd. for C28H25N3O4: C, 71.93; H, 5.39; N, 8.99%. Found: C, 72.22; 
H, 5. 47; N, 9.14%. m/z 467 (M+, 42%). 
 

2-Amino-5-(2-(2-(4-chlorophenyl)hydrazono)acetyl)-4,6-diphenyl-4H-pyran-3-carbonitrile (7c). 
Red crystals  from, yield (3.04 g, 67%), mp 88-90 °C (1,4-dioxane), IR (KBr) max cm-1: 3469-
3348 (NH, NH2), 3055 (CH, aromatic), 2220 (CN), 1683 (C=O), 1632 (C=C); 1H NMR (DMSO-
d6, 300 MHz): δ = 4.86 (s, 2H, D2O exchangeable, NH2), 6.54 (s, 1H, pyran H-4), 6.83 (s, 1H, 
CH=N), 7.22-7.54 (m, 14H, 2C6H5, C6H4), 8.23 (s, 1H, D2O exchangeable); 13C NMR (DMSO-
d6, 75 MHz): δ 90.6 (pyran C-4), 117.3 (CN), 120.3, 120.5, 121.4, 122.2, 122.5, 123.6, 123.8, 
124.2, 124.7, 125.4, 126.5, 126.9 (2C6H5, C6H4), 129.3, 130.3, 131.7, 133.8 (pyran C-2, C-3, C-
5, C-6), 165.5 (C=O), 174.4 (C=N). Anal. calcd. for C26H19ClN4O2: C, 68.65; H, 4.21; N, 12.32%. 
Found: C, 68.42; H, 4.48; N, 12.51%. m/z 454 (M+, 31%).  
 

Ethyl 2-amino-5-(2-(2-(4-chlorophenyl)hydrazono)acetyl)-4,6-diphenyl-4H-pyran-3-carboxylate 
(7d). Pale yellow crystals, yield (3.00 g, 60%), mp 145-147 °C (ethanol),  IR (KBr) max cm-1: 
3446-3385 (NH, NH2), 3055 (CH, aromatic), 1680 (CO), 1634 (C=C); 1H NMR (DMSO-d6, 300 
MHz): δ = 1.16 (t, 3H, J = 5.92 Hz, OCH2CH3), 4.22 (q, 2H, J = 5.92 Hz, OCH2CH3),  4.86 (s, 
2H, D2O exchangeable, NH2), 6.54 (s, 1H, pyran H-4), 6.83 (s, 1H, N=CH), 7.23-7.56 (m, 14H, 
2C6H5, C6H4), 8.34 (s, 1H, D2O exchangeable, NH); 13C NMR (DMSO-d6, 75 MHz): δ  16.5 
(OCH2CH3),  50.3 (OCH2CH3), 90.4 (pyran C-4), 120.1, 120.6,  121.5, 121.8, 122.1, 122.7, 123.6, 
124.3, 124.8, 125.4, 125.2, 126.3 (3C6H5), 129.5, 130.4, 132.7, 133.2 (pyran C-2, C-3, C-5, C-6), 
166.0, 166.5 (2CO), 170.8 (C=N). Anal. calcd. for C28H24ClN3O4: C, 67.00; H, 4.82; N, 8.37%. 
Found: C, 67.23; H, 5.02; N, 8.58%. m/z 501 (M+, 38%).  
 

2-Amino-4,6-diphenyl-5-(2-(2-(p-tolyl)hydrazono)acetyl)-4H-pyran-3-carbonitrile (7e). Brown 
crystals, yield (3.12 g, 72%), mp 100-103 °C (1,4-dioxane), IR (KBr) max cm-1: 3492-3329 (NH, 
NH2), 3054 (CH, aromatic), 2220 (CN), 1687 (C=O), 1634 (C=C); 1H NMR (DMSO-d6, 300 
MHz): δ = 2.64 (s, 3H, CH3), 4.89 (s, 2H, D2O exchangeable, NH2), 6.56 (s, 1H, pyran H-4), 6.85 
(s, 1H, CH=N), 7.24-7.49 (m, 14H, 2C6H5, C6H4), 8.25 (s, 1H, D2O exchangeable); 13C NMR 
(DMSO-d6, 75 MHz): δ 36.8 (CH3), 90.3 (pyran C-4), 117.1 (CN), 120.4, 120.8, 121.1, 122.5, 
123.2, 123.2, 123.7, 124.1, 124.6, 125.2, 126.3, 126.5 (2C6H5, C6H4), 129.4, 130.6, 131.4, 133.7 
(pyran C-2, C-3, C-5, C-6), 165.8 (C=O), 174.6 (C=N). Anal. calcd. for C27H22N4O2: C, 74.64; H, 
5.10; N, 12.89%. Found: C, 74.80; H, 4.90; N, 12.71%. m/z 434 (M+, 60%). 
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Ethyl  2-amino-5-(2-(2-(4-chlorophenyl)hydrazono)acetyl)-4,6-diphenyl-4H-pyran-3-
carboxylate (7f). Orange crystals, yield (3.00 g, 60%), mp 166-168 °C (ethanol), IR (KBr) max 
cm-1: 3446-3385 (NH, NH2), 3055 (CH, aromatic), 1680 (CO), 1634 (C=C); 1H NMR (DMSO-
d6, 300 MHz): δ = 1.16 (t, 3H, J = 5.92 Hz, OCH2CH3), 2.80 (s, 3H, CH3), 4.22 (q, 2H, J = 5.92 
Hz, OCH2CH3), 4.86 (s, 2H, D2O exchangeable, NH2), 6.54 (s, 1H, pyran H-4), 6.83 (s, 1H, 
N=CH), 7.23-7.56 (m, 14H, 2C6H5, C6H4), 8.34 (s, 1H, D2O exchangeable, NH); 13C NMR 
(DMSO-d6, 75 MHz): δ  16.5 (OCH2CH3),  36.2 (CH3), 50.3 (OCH2CH3), 90.4 (pyran C-4), 120.1, 
120.6,  121.5, 121.8, 122.1, 122.7, 123.6, 124.3, 124.8, 125.4, 125.2, 126.3 (3C6H5), 129.5, 130.4, 
132.7, 133.2 (pyran C-2, C-3, C-5, C-6), 166.2, 166.8 (2CO), 170.6 (C=N). Anal. calcd. for 
C29H27N3O4: C, 72.33; H, 5.65; N, 8.73%. Found: C, 72.26; H, 5.42; N, 8.80%. m/z 481 (M+, 
58%). 
 

2-Amino-4-(4-chlorophenyl)-6-phenyl-5-(2-(2-phenylhydrazono)acetyl)-4H-pyran-3-carbonit- 
rile (7g). Red crystals, yield (2.86 g, 63%), mp 116-118 °C (1,4-dioxane), IR (KBr) max cm-1: 
3488-3347 (NH, NH2), 3055 (CH, aromatic), 2220 (CN), 1685 (C=O), 1636 (C=C); 1H NMR 
(DMSO-d6, 300 MHz): δ = 4.82 (s, 2H, D2O exchangeable, NH2), 6.53 (s, 1H, pyran H-4), 6.85 
(s, 1H, CH=N), 7.22-7.58 (m, 14H, 2C6H5, C6H4), 8.27 (s, 1H, D2O exchangeable); 13C NMR 
(DMSO-d6, 75 MHz): δ  90.6 (pyran C-4), 117.4 (CN), 120.0, 120.6,  121.3, 121.8, 122.5, 122.9, 
123.1, 123.4, 124.4, 125.7, 126.7, 127.1 (3C6H5), 129.8, 130.9, 131.2, 133.4 (pyran C-2, C-3, C-
5, C-6), 165.6 (C=O), 174.4 (C=N). Anal. calcd. for C26H19ClN4O2: C, 68.65; H, 4.21; N, 12.32%. 
Found: C, 68.70; H, 4.41; N, 12.60%. m/z 454 (M+, 60%). 
 

Ethyl 2-amino-4-(4-chlorophenyl)-6-phenyl-5-(2-(2-phenylhydrazono)-acetyl)-4H-pyran-3-
carboxylate (7h). Brown crystals, yield (3.40 g, 68%), mp 102-104 °C (1,4-dioxane),  IR (KBr) 
max cm-1: 3469-3348 (NH, NH2), 3055 (CH, aromatic), 1687 (CO), 1632 (C=C); 1H NMR 
(DMSO-d6, 300 MHz): δ = 1.15 (t, 3H, J = 5.98 Hz, OCH2CH3), 4.22 (q, 2H, J = 5.98Hz, 
OCH2CH3),  4.87 (s, 2H, D2O exchangeable, NH2), 6.54 (s, 1H, pyran H-4), 6.85 (s, 1H, N=CH), 
7.24-7.53 (m, 14H, 2C6H5, C6H4), 8.34 (s, 1H, D2O exchangeable, NH); 13C NMR (DMSO-d6, 75 
MHz): δ  16.7 (OCH2CH3),  50.3 (OCH2CH3), 90.8 (pyran C-4), 120.1, 120.6,  121.5, 121.9, 122.5, 
122.7, 123.4, 124.6, 124.7, 125.7, 125.9, 126.2 (2C6H5, C6H4), 129.4, 130.8, 131.5, 133.8 (pyran 
C-2, C-3, C-5, C-6), 166.2, 1665 (2CO), 170.5 (C=N). Anal. calcd. for C28H24ClN3O4: C, 67.00; 
H, 4.82; N, 8.37%. Found: C, 67.28; H, 4.93; N, 8.49%. m/z 501 (M+, 58%). 
 

2-Amino-4-(4-chlorophenyl)-5-(2-(2-(4-chlorophenyl)hydrazono)acetyl)-6-phenyl-4H-pyran-3-
carbonitrile (7i). Red crystals, yield (3.52 g, 72%), mp 95-97 °C (1,4-dioxane), IR (KBr) max cm-

1: 3468-3353 (NH, NH2), 3055 (CH, aromatic), 2220 (CN), 1687 (C=O), 1633 (C=C); 1H NMR 
(DMSO-d6, 300 MHz): δ = 4.83 (s, 2H, D2O exchangeable, NH2), 6.51 (s, 1H, pyran H-4), 6.84 
(s, 1H, CH=N), 7.24-7.56 (m, 13H, C6H5, 2C6H4), 8.27 (s, 1H, D2O exchangeable); 13C NMR 
(DMSO-d6, 75 MHz): δ  90.6 (pyran C-4), 116.8 (CN), 120.2, 121.1,  121.3, 122.2, 122.5, 123.0, 
123.5, 124.2, 124.6, 125.7, 126.4, 127.0 (C6H5, 2C6H4), 129.6, 130.7, 131.6, 133.1 (pyran C-2, C-
3, C-5, C-6), 165.8 (C=O), 174.2 (C=N). Anal. calcd. for C26H18Cl2N4O2: C, 63.81; H, 3.71; N, 
11.45%. Found: C, 64.21; H, 3.90; N, 11.53%. m/z 489 (M+, 55%). 
 

Ethyl 2-amino-4-(4-chlorophenyl)-5-(2-(2-(4-chlorophenyl)hydrazono)-acetyl)-6-phenyl-4H-
pyran-3-carboxylate (7k). Orange crystals, yield (2.94 g, 55%), mp 85-87 °C (1,4-dioxane), IR 
(KBr) max cm-1: 3483-3336 (NH, NH2), 3055 (CH, aromatic), 1688, 1685 (CO), 1633 (C=C); 1H 
NMR (DMSO-d6, 300 MHz): δ = 1.16 (t, 3H, J = 5.98 Hz, OCH2CH3), 4.26 (q, 2H, J = 5.98 Hz, 
OCH2CH3),  4.85 (s, 2H, D2O exchangeable, NH2), 6.56 (s, 1H, pyran H-4), 6.82 (s, 1H, N=CH), 
7.21-7.58 (m, 13H, C6H5, 2C6H4), 8.36 (s, 1H, D2O exchangeable, NH); 13C NMR (DMSO-d6, 75 
MHz): δ  16.5 (OCH2CH3),  50.1 (OCH2CH3), 90.6 (pyran C-4), 120.3, 120.8,  121.2, 121.7, 122.9, 
123.1, 123.4, 124.5, 124.9, 125.2, 125.8, 126.0 (C6H5, 2C6H4), 129.2, 130.5, 131.3, 133.5 (pyran 
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C-2, C-3, C-5, C-6), 165.8, 166.8 (2CO, 170.3 (C=N). Anal. calcd. for C28H23Cl2N3O4: C, 62.69; 
H, 4.32; N, 7.83%. Found: C, 62.73; H, 4.46; N, 8.02%. m/z 536 (M+, 49%). 
 

2-Amino-4-(4-chlorophenyl)-6-phenyl-5-(2-(2-(p-tolyl)hydrazono)acetyl)-4H-pyran-3-carbonit- 
rile (7l). Red crystals, yield (3.08 g, 66%), mp 110-112 °C (1,4-dioxane), IR (KBr) max cm-1: 
3478-3341 (NH, NH2), 3055 (CH, aromatic), 2220 (CN), 1686 (C=O), 1633 (C=C); 1H NMR 
(DMSO-d6, 300 MHz): δ = 2.69 (s, 3H, CH3),  4.79 (s, 2H, D2O exchangeable, NH2), 6.53 (s, 1H, 
pyran H-4), 6.82 (s, 1H, CH=N), 7.22-7.58 (m, 13H, C6H5, 2C6H4), 8.26 (s, 1H, D2O 
exchangeable); 13C NMR (DMSO-d6, 75 MHz): δ  37.2 (CH3), 90.4 (pyran C-4), 117.2 (CN), 
120.0, 121.4,  121.8, 122.4, 122.7, 123.0, 123.8, 124.3, 124.6, 125.9, 126.1, 126.8 (C6H5, 2C6H4), 
129.4, 130.8, 131.3, 133.6 (pyran C-2, C-3, C-5, C-6), 165.5 (C=O), 174.1 (C=N). Anal. calcd. 
for C27H21ClN4O2: C, 69.15; H, 4.51; N, 11.95%. Found: C, 68.93; H, 4.63; N, 11.72 %. m/z 468 
(M+, 78%). 
 

Ethyl 2-amino-4-(4-chlorophenyl)-5-(2-(2-(4-chlorophenyl)hydrazono)-acetyl)-6-phenyl-4H-
pyran-3-carboxylate (7m). Orange crystals, yield (2.88 g, 56%), mp 70-72 °C (1,4-dioxane), IR 
(KBr) max cm-1: 3496-3327 (NH, NH2), 3055 (CH, aromatic), 1688 (CO), 1631 (C=C); 1H NMR 
(DMSO-d6, 300 MHz): δ = 1.16 (t, 3H, J = 6.80Hz, OCH2CH3), 2.80 (s, 3H, CH3), 4.23 (q, 2H, J 
= 6.80 Hz, OCH2CH3), 4.87 (s, 2H, D2O exchangeable, NH2), 6.58 (s, 1H, pyran H-4), 6.80 (s, 
1H, N=CH), 7.23-7.54 (m, 13H, C6H5, 2C6H4), 8.36 (s, 1H, D2O exchangeable, NH); 13C NMR 
(DMSO-d6, 75 MHz): δ  16.7 (OCH2CH3), 36.7 (CH3),  50.3 (OCH2CH3), 90.8 (pyran C-4), 120.5, 
120.9,  121.1, 121.3, 122.2, 122.6, 123.2, 124.6, 125.0, 125.6, 126.0, 126.3 (C6H5, 2C6H4), 129.6, 
130.8, 131.3, 133.2 (pyran C-2, C-3, C-5, C-6), 166.1, 166.6 (2CO), 170.2 (C=N).. Anal. calcd. 
for C29H26ClN3O4: C, 67.50; H, 5.08; N, 8.14%. Found: C, 67.41; H, 4.84; N, 8.30%. m/z 515 (M+, 
68%). 
 

2-Amino-4-(4-methoxyphenyl)-6-phenyl-5-(2-(2-phenylhydrazono)acetyl)-4H-pyran-3-carbonit- 
rile (7n). Red crystals, yield (2.70 g, 60%), mp 75-77 °C (1,4-dioxane),  IR (KBr) max  cm-1: 
3492-3357 (NH, NH2), 3055 (CH, aromatic), 2220 (CN), 1688 (C=O), 1633 (C=C); 1H NMR 
(DMSO-d6, 300 MHz): δ = 3.70 (s, 3H, OCH3), 4.82 (s, 2H, D2O exchangeable, NH2), 6.56 (s, 
1H, pyran H-4), 6.81 (s, 1H, CH=N), 7.22-7.58 (m, 14H, 2C6H5, C6H4), 8.26 (s, 1H, D2O 
exchangeable); 13C NMR (DMSO-d6, 75 MHz): δ  50.8 (OCH3), 90.4 (pyran C-4), 117.2 (CN), 
120.0, 121.4,  121.8, 122.4, 122.7, 123.0, 123.8, 124.3, 124.6, 125.9, 126.1, 126.8 (2C6H5, C6H4), 
129.4, 130.8, 131.3, 133.6 (pyran C-2, C-3, C-5, C-6), 165.8 (C=O), 174.4 (C=N). Anal. calcd. 
for C27H22N4O3: C, 71.99; H, 4.92; N, 12.44%. Found: C, 72.25; H, 4.68; N, 12.59%. m/z 450 
(M+, 42%). 
 

Ethyl 2-amino-4-(4-methoxyphenyl)-6-phenyl-5-(2-(2-phenylhydrazono)-tyl)-4H-pyran-3-carb- 
oxylate (7o). Orange crystals , yield (3.47 g, 70%), mp 120-122 °C (1,4-dioxane),  IR (KBr) max 
cm-1: 3480-3331 (NH, NH2), 3055 (CH, aromatic), 1688 (CO), 1632 (C=C); 1H NMR (DMSO-
d6, 300 MHz): δ = 1.15 (t, 3H, J = 6.59 Hz, OCH2CH3), 3.72 (s, 3H, OCH3), 4.22 (q, 2H, J = 6.59 
Hz, OCH2CH3), 4.85 (s, 2H, D2O exchangeable, NH2), 6.59 (s, 1H, pyran H-4), 6.82 (s, 1H, 
N=CH), 7.21-7.49 (m, 14H, 2C6H5, C6H4), 8.38 (s, 1H, D2O exchangeable, NH); 13C NMR 
(DMSO-d6, 75 MHz): δ  16.5 (OCH2CH3), 50.1 (OCH2CH3), 50.6 (OCH3), 90.5 (pyran C-4), 
120.2, 120.7,  121.6, 121.9, 122.0, 122.8, 123.5, 124.2, 124.5, 125.3, 126.2, 126.4 (2C6H5, C6H4), 
129.4, 130.6, 131.8, 133.6 (pyran C-2, C-3, C-5, C-6), 165.5, 1667 (2C=O), 174.3 (C=N).. Anal. 
calcd. for C29H27N3O5: C, 70.01; H, 5.47; N, 8.45%. Found: C, 70.24; H, 5.26; N, 8.60%. m/z 497 
(M+, 57%). 
 

2-Amino-5-(2-(2-(4-chlorophenyl)hydrazono)acetyl)-4-(4-methoxyphenyl)-6-phenyl-4H-pyran-
3-carbonitrile (7p). Red crystals, yield (2.83 g, 55%), mp130-134 °C (1,4-dioxane),  IR (KBr) 
max cm-1: 3492-3357 (NH, NH2), 3055 (CH, aromatic), 2220 (CN), 1688 (C=O), 1633 (C=C); 1H 
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NMR (DMSO-d6, 300 MHz): δ = 3.68 (s, 3H, OCH3), 4.83 (s, 2H, D2O exchangeable, NH2), 6.56 
(s, 1H, pyran H-4), 6.81 (s, 1H, CH=N), 7.25-7.56 (m, 13H, C6H5, 2C6H4), 8.30 (s, 1H, D2O 
exchangeable); 13C NMR (DMSO-d6, 75 MHz): δ  50.5 (OCH3), 90.2 (pyran C-4), 117.0 (CN), 
120.2, 120.6,  121.6, 122.7, 122.9, 123.0, 123.6, 124.6, 124.8, 125.3, 126.0, 126.5 (C6H5, 2C6H4), 
129.8, 130.6, 131.7, 133.4 (pyran C-2, C-3, C-5, C-6), 165.6 (C=O), 174.0 (C=N). Anal. calcd. 
for C27H21ClN4O3: C, 66.87; H, 4.36; N, 11.55%. Found: C, 66.94; H, 4.52; N, 11.30%. m/z 484 
(M+, 70%). 
 

Ethyl 2-amino-5-(2-(2-(4-chlorophenyl)hydrazono)acetyl)-4-(4-methoxy-phenyl)-6-phenyl-4H-
pyran-3-carboxylate (7q). Brown  crystals, yield (3.18 g, 60%), mp 142-144 °C (1,4-dioxane),  IR 
(KBr) max cm-1: 3496-3353 (NH, NH2,), 3055 (CH, aromatic), 1688 (CO), 1634 (C=C); 1H NMR 
(DMSO-d6, 300 MHz): δ = 1.16 (t, 3H, J = 6.59 Hz, OCH2CH3), 3.69 (s, 3H, OCH3), 4.22 (q, 2H, 
J = 6.59 Hz, OCH2CH3), 4.87 (s, 2H, D2O exchangeable, NH2), 6.55 (s, 1H, pyran H-4), 6.81 (s, 
1H, N=CH), 7.23-7.56 (m, 13H, C6H5, 2C6H4), 8.38 (s, 1H, D2O exchangeable, NH); 13C NMR 
(DMSO-d6, 75 MHz): δ 16.7 (OCH2CH3), 50.1 (OCH2CH3), 50.4 (OCH3), 90.3 (pyran C-4), 
120.4, 120.8,  121.3, 121.6, 122.4, 122.6, 123.2, 124.4, 124.1, 125.8, 126.3, 126.5 (C6H5, 2C6H4), 
129.6, 130.4, 131.2, 133.8 (pyran C-2, C-3, C-5, C-6), 165.6 (C=O), 174.3 (C=N).. Anal. calcd. 
for C29H26ClN3O5: C, 65.47; H, 4.93; N, 7.90%. Found: C, 65.58; H, 5.07; N, 8.18%. m/z 531 (M+, 
68%). 
 

2-Amino-4-(4-methoxyphenyl)-6-phenyl-5-(2-(2-(p-tolyl)hydrazono)-acetyl)-4H-pyran-3-carbo- 
nitrile (7r). Break red crystals, yield (2.83 g, 55%), mp 94-96 °C (1,4-dioxane), IR (KBr) max  
cm-1: 3492-3357 (NH, NH2), 3055 (CH, aromatic), 2220 (CN), 1688 (C=O), 1633 (C=C); 1H 
NMR (DMSO-d6, 300 MHz): δ = 2.83 (s, 3H, CH3), 3.68 (s, 3H, OCH3), 4.83 (s, 2H, D2O 
exchangeable, NH2), 6.56 (s, 1H, pyran H-4), 6.81 (s, 1H, CH=N), 7.25-7.56 (m, 13H, C6H5, 
2C6H4), 8.30 (s, 1H, D2O exchangeable); 13C NMR (DMSO-d6, 75 MHz): δ 36.7 (CH3), 50.5 
(OCH3), 90.2 (pyran C-4), 117.0 (CN), 120.2, 120.6,  121.6, 122.7, 122.9, 123.0, 123.6, 124.6, 
124.8, 125.3, 126.0, 126.5 (C6H5, 2C6H4), 129.8, 130.6, 131.7, 133.4 (pyran C-2, C-3, C-5, C-6), 
165.6 (C=O), 174.0 (C=N). Anal. calcd. for C28H24N4O3: C, 72.40; H, 5.21; N, 12.06%. Found: 
C, 72.58; H, 5.37; N, 11.93%. m/z 464 (M+, 66%). 
 

Ethyl 2-amino-4-(4-methoxyphenyl)-6-phenyl-5-(2-(2-(p-tolyl)hydrazono)-acetyl)-4H-pyran-3-
carboxylate (7s). Orange crystals, yield (3.21 g, 63%), mp 150-152 °C (1,4-dioxane),  IR (KBr) 
max cm-1: 3471-3348 (NH, NH2,), 3055 ( CH, aromatic), 1701, 1687 (2CO), 1633 (C=C); 1H 
NMR (DMSO-d6, 300 MHz): δ = 1.16 (t, 3H, J = 7.04 Hz, OCH2CH3), 2.66 (s, 3H, CH3), 3.68 (s, 
3H, OCH3), 4.25 (q, 2H, J = 7.04 Hz, OCH2CH3),  4.89 (s, 2H, D2O exchangeable, NH2), 6.53 (s, 
1H, pyran H-4), 6.87 (s, 1H, N=CH), 7.21-7.59 (m, 13H, C6H5, 2C6H4), 8.38 (s, 1H, D2O 
exchangeable, NH); 13C NMR (DMSO-d6, 75 MHz): δ 16.7 (OCH2CH3), 36.8 (CH3), 50.1 
(OCH2CH3), 50.4 (OCH3), 90.6 (pyran C-4), 120.1, 120.5,  120.8, 121.2, 122.7, 123.1, 123.6, 
124.8, 124.4, 125.7, 126.3, 126.2 (C6H5, 2C6H4), 129.3, 130.1, 131.7, 133.3 (pyran C-2, C-3, C-
5, C-6), 165.8, 166.2 (2C=O), 174.3 (C=N).. Anal. calcd. for C30H29N3O5: C, 70.43; H, 5.71; N, 
8.21%. Found: C, 70.57; H, 5.63; N, 8.36%. m/z 511 (M+, 78%).  
 

Synthesis of compounds 9a-c  
 

To a solution of benzoylacetone (1.62 g, 0.01 mol) in absolute ethanol (50 mL, 0.01 mol) 
containing triethylamine (1.0  mL) cyclohexan-1,3-dione (0.98 g, 0.01 mol) and benzaldehyde 
(1.06 g, 0.01 mol), 4-methoxybenzaldehyde (1.37 g, 0.01 mol) or 4-chlorobenzaldehyde (1.40, 
0.01 mol) were added. The reaction mixture was heated under the reflux conditions for 3 h then 
was left to cool and the formed solid product was collected by filtration. 
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3-Acetyl-2,4-diphenyl-7,8-dihydro-4H-chromen-5(6H)-one (9a). Pale yellow, yield (2.06 g, 
60%), mp 190-192 °C (ethanol), IR (KBr) max cm-1: 3055 (CH, aromatic), 1702, 1690 (2C=O), 
1634 (C=C); 1H NMR (DMSO-d6, 300 MHz): δ = 1.78-1.93 (m, 6H, 3CH2), 2.69 (s, 3H, CH3), 
6.56 (s, 1H, pyran H-4), 7.28-7.42 (m, 10H, 2C6H5); 13C NMR (DMSO-d6, 75 MHz): δ  36.9 
(CH3),  36.2, 38.0, 52.6 (3CH2), 90.6 (pyran C-4), 120.6, 120.8, 121.5, 122.3, 123.2, 123.8, 125.5, 
127.3 (2C6H5), 129.6, 130.2, 131.8, 133.3 (pyran C-2, C-3, C-5, C-6), 165.8, 166.4 (2C=O). Anal. 
calcd. for C23H20O3: C, 80.21; H, 5.85%. Found: C, 80.29; H, 5.68 %.  m/z 344 (M+, 86%). 
 

3-Acetyl-4-(4-methoxyphenyl)-2-phenyl-7,8-dihydro-4H-chromen-5(6H)-one (9b). White 
crystals, yield (2.43 g, 65%), mp 141-143 °C (ethanol), IR (KBr) max cm-1: 3055 (CH, aromatic), 
1703, 1689 (2C=O), 1633 (C=C); 1H NMR (DMSO-d6, 300 MHz): δ = 1.75-1.97 (m, 6H, 3CH2), 
2.65 (s, 3H, CH3), 3.72 (s, 3H, OCH3), 6.54 (s, 1H, pyran H-4), 7.25-7.46 (m, 9H, C6H5, C6H4); 
13C NMR (DMSO-d6, 75 MHz): δ  36.7 (CH3),  36.1, 38.3, 52.5 (3CH2), 50.8 (OCH3), 90.4 (pyran 
C-4), 120.4, 120.9, 121.2, 122.6, 123.4, 123.9, 125.3, 126.1 (C6H5, C6H4), 129.4, 130.5, 131.4, 
133.1 (pyran C-2, C-3, C-5, C-6), 165.7, 166.6 (2C=O). Anal. calcd. for C24H22O4: C, 76.99; H, 
5.92%. Found: C, 77.25; H, 5.80%. m/z 374 (M+, 75%). 
 

3-Acetyl-4-(4-chlorophenyl)-2-phenyl-7,8-dihydro-4H-chromen-5(6H)-one (9c). Pale yellow, 
yield (2.64 g, 70%), mp 158-160 °C (ethanol),  IR (KBr) max cm-1: 3055 (CH, aromatic), 1703, 
1690 (2C=O), 1634 (C=C); 1H NMR (DMSO-d6, 300 MHz): δ = 1.75-1.96 (m, 6H, 3CH2), 3.68 
(s, 3H, CH3), 6.54 (s, 1H, pyran H-4), 7.24-7.46 (m, 9H, C6H5, C6H4); 13C NMR (DMSO-d6, 75 
MHz): δ  36.7 (CH3),  36.1, 38.0, 52.9 (3CH2), 90.3 (pyran C-4), 120.3, 120.5, 121.2, 122.5, 123.6, 
124.9, 125.1, 126.4 (C6H5, C6H4), 129.8, 130.6, 132.4, 133.6 (pyran C-2, C-3, C-5, C-6), 165.4, 
166.5 (2C=O). Anal. calcd. for C23H19ClO3: C, 72.92; H, 5.06%. Found: C, 73.17; H, 5.15%. m/z 
378 (M+, 47%). 
 

Synthesis of the thiophene derivatives 10a,b 
 

Elemental sulfur (0.32 g, 0.01 mol) together with malononitrile (0.66 g, 0.01 mol) or ethyl 
cyanoacetate (1.13 g, 0.01 mol) were added to a solution of compound 1 (1.62 g, 0.01 mol) in 
ethanol (50 mL) for which  triethylamine (1.0 mL) was added. The reaction mixture was heated 
under the reflux condition for 1 h then left to cool. The solid product produced after pouring onto 
ice/water containing a few drops of hydrochloric acid was collected by filtration and dried.  
 

2-Amino-5-benzoyl-4-methylthiophene-3-carbonitrile (10a). Pale brown,  yield (3.40 g, 77%), mp 
120-122 °C (ethanol), IR (KBr) max cm-1: 3372-3336 (NH2), 3055 (CH, aromatic), 2220 (CN), 
1680 (C=O), 1632 (C=C); 1H NMR (DMSO-d6, 300 MHz): δ = 2.68 (s, 3H, CH3),  4.89 (s, 2H, 
D2O exchangeable, NH2), 7.28-7.39 (m, 5H, C6H5); 13C NMR (DMSO-d6, 75 MHz): δ  36.7 (CH3),  
117.1 (CN), 121.1, 122.6, 123.2, 124.5 (C6H5), 166.4 (C=O). Anal. calcd. for C13H10N2OS: C, 
64.44; H, 4.16; N, 11.56; S, 13.23%. Found: C, 64.58; H, 4.08; N, 11.70, S 13.17%. m/z 242 (M+, 
30%).  
 

Ethyl 2-amino-5-benzoyl-4-methylthiophene-3-carboxylate (10b). Pale brown, yield (2.13 g, 
73%), mp 68-70°C (ethanol), IR (KBr) max cm-1: 3380-3341 (NH2), 3055 (CH, aromatic), 1686, 
1680 (2C=O), 1636 (C=C); 1H NMR (DMSO-d6, 300 MHz): δ = 1.13 (t, 3H, J = 5.72 Hz, 
OCH2CH3), 2.67 (s, 3H, CH3), 4.22 (q, 2H, J = 5.72 Hz, OCH2CH3), 4.89 (s, 2H, D2O 
exchangeable, NH2), 7.28-7.39 (m, 5H, C6H5); 13C NMR (DMSO-d6, 75 MHz): δ 16.5 
(OCH2CH3), 36.8 (CH3), 50.2 (OCH2CH3), 120.8, 122.3, 123.6, 124.8 (C6H5), 164.8, 166.4 
(2C=O). Anal. calcd. for C15H15NO3S: C, 62.26; H, 5.23; N, 4.84; S, 11.08%. Found: C, 62.51; 
H, 5.01; N, 11.26; S, 11.13%. m/z 289 (M+, 22%).  
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Procedure of cell proliferation  
 

Using the standard 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay 
[40, 41] the tested compounds were evaluated in vitro as  anti-proliferative agents. The human 
lung carcinoma (A549), lung cancer (H460), human colorectal (HT29), gastric cancer cell (MKN-
45), glioma cell line (U87MG) and cellosaurus cell line (SMMC-7721) were used in such 
evaluations (Table 1). The procedure used for such measurements were carried out according to 
our previously reported work [42, 43]. The mean values of three independent experiments, 
expressed as IC50 values, were presented in Table 1. The IC50’s presented in this were considered 
as the mean values of three independent experiments.  
 

CONCLUSION 
 

In conclusion, a series of new pyran, chromen-5-one and thiophene derivatives were synthesized 
and identified. The products were evaluated as novel anti-cancer agents toward the six cancer cell 
lines namely the  human lung carcinoma (A549), lung cancer (H460), human colorectal (HT29), 
gastric cancer cell (MKN-45), glioma cell line (U87MG) and cellosaurus cell line (SMMC-7721). 
The preliminary investigation showed that the pyran derivatives 4a, 4b, 4e, 5a, 5d, 5e, 5f, 5g, 5h, 
5i; the arylhydrazone derivatives 7c, 7e, 7f, 7g, 7h, 7i, 7k, 7l, 7m, 7o, 7p, 7q; the chromen-5-one 
derivatives 9a, 9c and the thiophene derivative 10a exhibited from good to excellent potency 
against the six used cell lines. In most cases, the analysis of SARs indicated that compounds with 
the 4-chloro on the phenyl ring and the CN or COOEt on the pyran ring were more active than 
those with other substituents. Screening of compounds 7c, 7k, 7l, 7m and 7o against cancer cell 
lines classified according to the disease revealed that all of them expressed high inhibitions. 
Morphological changes of A549 cell line by the effect of compound 7k was studied using 
microenvironment of the lung tissue where an excellent result was obtained.  In our laboratory, 
further studies on the structural optimization about these derivatives are still underway for future 
work.  
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