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Abstract 
Pyrano[3,2-c]quinoline-3-carboxylate derivatives 3a-j were synthesized efficiently by the microwave-irradiated 
condensa­tion of 4-hydroxy-2-oxo-1,2-dihydroquinoline-3-carbaldehydes 4a-j with ethyl cyanoacetate (2) in the presence 
of ethanol and a catalytic amount of piperidine. The structures of the products were confirmed by a combination of spectral 
techniques including infra-red (IR), nuclear magnetic resonance (NMR), mass spectromet:ry (MS) and elemental analyses in 
addition to X-ray structure analysis. The synthesized compounds 3a-j were tested for their in vitro anti proliferative activity 
against four human cancer cell lines using the MTT assay and doxorubicin as the reference drug: pancreas (Panc-1) cancer 
cell line, breast cancer (MCF-7) cell line, colon cancer (HT-29) cell line, and epithelial cancer (A-549) cell line. In comparison 

to the standard doxorubicin (GI50 = 1.10 µM), compounds 3a-j demonstrated promising antiproliferative action, with GI50 

values ranging from 1.30 to 5.90 µM. The most effective derivatives were compounds 3c, 3g, 3h, and 3i with GI
50 

values 
ranging from 1.30
to 2.20 µM. The most potent antiproliferative derivative, compound 3c (R 1 

= OCH
3

, R2
= R3

= H), was also the most potent 
EGFR inhibitor, with an IC50 value of 105 ± 08 nM, 1.3-fold less potent than erlotinib (IC50 = 80 ±05 nM). Compounds 3g

(R 1 
= Br, R2

= R3
= H) and 3h (R 1 

= Cl, R2
= R3 

= H) were the second and third most active, with IC50 values of 124 ± 10 nM 
and 195 ± 13 nM, respectively. Molecular docking calculations were conducted to inspect the docking scores and poses of 
the most promising compounds against EGFR and BRAFv6ooE_ Based on the docking computations, compounds 3c and 3g

revealed promising docking scores against the EGFR and BRAFv6ooE with values of- 7 .9 and - 8.3 kcal/mol, respectively. 
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lntroduction 

Synthesis of heterocycles has become very important and 
their synthetic tools has become the subject of hundreds 
of articles due to their wide applications. Accordingly 
catalytic approach as a type of green chemistry has been 
utilized to facilitate the synthesis of heterocycles (Bibak: 
and Poursattar Marjani 2023; Beigiazaraghbelagh and 
Poursattar Marjani 2024; Poursattar Marjani et al. 2023; 
Maynard 2005; Safari et al. 2023). Moreover, function­
alized heterocycles have great importance because they 
have been used as building blocks in pharmaceutical and 
industrial applications (Win et al. 2019). Pyranoquin­
olinones and their derivatives possess a wide range of bio­
logical activities including anticancer (Saeed et al. 2020; 
Upadhyay et al. 2023; Ramadan et al. 2021) anti-tumor 
(Upadhyay et al. 2018), anti-inflammatory (Ramadan et al. 
2021), antibacterial- (Insuasty et al. 2019; Moynihan et al. 
2022), antifungal- (Di Liberto et al. 2020) and anti-plate­
let activities (Prasad et al. 2017), as well as nitric oxide 
production (Ito et al. 2004). Pyrano[3,2-c]quinolones are 
also widely available in bioactive natural products, and 

analogs exhibit diversified biological activities depending 
on the structure type in a therapeutic context (Magedov 
et al. 2008) (Fig. 1). For example, Zanthosimuline (A), 
isolated from Zanthoxylum simulans, was reported as an 
anticancer agent having activity against multidrug-resist­
ant KB-VI cancer cells (Chen et al. 1994). In addition, 
N-methylflindersine (B) isolated from Toddalia asiatica

exhibits antimicrobial and antifungal activity (Duraipandi­
yan Ignacimuthu, 2009), whereas haplamine (C) isolated
from Haplophyllum villosum displays good anticancer
activity (Fig. 1) (Al-Yahya et al. 1992). Haplamine (C)
was found active against the HCT-116 line, and showed
significant cytotoxic activity against all the tested cell lines
(Ea et al. 2008).

Interstingly, a catalytic synthetic approach of various 
pyrano[3,2-c]quinolone and their similar compounds was 
reported. (Aghbash et al. 2018, Aghbash and Pesyan 2022, 
Aghbash et al. 2019, Pesyan et al. 2020). 

Recently, we synthesized quinolone and pyranoquinolone 
derivatives that have shown various biological activities such 
as those against urease (Elshaier et al. 2022; Elbastawesy 
et al. 2021) non-ATP competitive Src kinase (Ramadan et al. 
2021), proliferative EGFR-TK (Elbastawesy et al. 2019), 



 

Fig. 1 Naturally occurring and bioactive pyrano[3,2-c] quinolone molecules (A-C)

0 Zanthosimuline (A)

potential apoptotic antiproliferative activity (Ramadan et al. 

2020) and of ERK with efficacy in BRAF-mutant Melanoma 

(Aly et al. 2019). 

Microwave-assisted organic synthesis (MAOS) is supe­

rior to the conventional method of heating in many con­

texts (Badiger et al. 2022; Kappe 2004; Kalla and Devaraju, 

2017). Organic chemists have discovered the advantage of 

microwaves to fast and uniformly heat organic reaction mix­

tures in a synthetic process (Ohlsson and Bengtsson 2001). 

Previously, quinolones la,b reacted with ethyl 2-cyano-

3-ethoxyacrylate (2) to give pyrano[3,2-c ]quinolones 3a,b

(Schmidt and Junek 1978; Morsy et al. 2016). Similarly,

the reaction of 4-hydroxy-l-methyl-2-oxo-1,2-dihydroquin­

oline-3-carbaldehyde (4b) with diethyl malonate (5) in ace­

tic anhydride Ac2O/Et
3
N mixture afforded 3b in 80% yield

(Buckle et al. 1975) (Scheme 1).

lt was reported that acquired BRAFv6ooE mutation has a 

significant for the resistance mechanism following therapy 

with EGFR inhibitors (Ho et al. 2017). The feedback acti­

vation of EGFR signaling is also linked to the emergence 

of resistance in colorectal cancer (Hyman et al. 2015). lt 

was reported that the BRAF-EGFR combination has also 

a remarkable therapeutic effect in people with metastatic 

colorectal cancer who have the BRAFv6ooE mutation (Ho 

et al. 2017). As a result, inhibiting the two kinases sequen­

tially may be responsible for the issue of EGFR activation 

(Ho et al. 2017). 

Scheme 1 Previous reported synthesis of pyrano[3,2-c] quinoline-3-carboxylates 3a,b

0 N-methylflindersine (B) Haplamine (C) 
Using microwave irradiation, we herein synthesized 

pyrano[3,2-c ]quinoline-3-carboxylates 3a-j more quickly, 

efficiently, cleanly as well as economically. The new series 

of hybrids will be also tested as an antiproliferative agent 

against a panel of four cancer cell lines. Furthermore, the 

most active compounds were tested against EGFR and 

BRAFv6ooE as potential targets for antiproliferative activity. 

Using an MTT assay, the compounds were tested on a panel 

of four different cancer cell lines. The EGFR and BRAF 

enzymatic assays were used to investigate the hybrids' 

potential antiproliferative mechanism. The docking poses 

and scores of the most promising compounds were antici­

pated against the EGFR and BRAFv6ooE targets. The current 

findings draw attention to compounds 3c and 3g as promis­

ing options for treating cancer disease. 

Results and dicussion 

Chemistry 

Pyrano [3 ,2-c] quinoline-3-carboxy late derivatives 3a-j 

were obtained as single products from the reaction of the 

prepared 4-hydroxy-2-oxo-quinoline-3-carbaldehydes 4a-j 

with ethyl cyanoacetate (2) (Scheme 2). The reaction was 

performed under different conditions, such as: ethanol/ 

c2io+ 

EtO CN l) NaOEt/EtOH
'=< 

1 R 
la,b 

la, R = H; lb; R = CH3 
�CHO+ 
ll)__N�O 1 CH3 

4b 

C02Et reflux, 2) HCl 
2 

reflux 

3a,b (75-79%) 0 0 

1 CH3 3b (80%) 



Scheme2 

OH 

R� CHC1 3/NaOH 

R2VN�O 80 °C, 12 h 
R3 

la-j 
1, 3 and 4a-j

a; R1= R2= R 3 = H 
b; R1 = R2= H, R 3= CH 3 

c; R1 = OCH 3 , R2 = H, R 3 = H 
d; R1 = R2 = H, R 3 = CHz-CH 3 

e; R1 = R 3 =H, R2= Cl 
f; R1 = R 3 = H, R2= CH 3 

g; R1 = Br, R2= R 3= H 
h; R1= Cl, R2= R 3= H 
i; R1= F, R2= R 3 = H 
j; R1 = CH 3 , R2 = R 3 = H 

OH 0 

R�H

R2VN�O 
R3 
4a-j 

Synthesis of pyrano[3,2-c ]quinoline-3- carboxylates 3a-j

Table 1 Synthesis of pyrano[2,3-c]quinolones 3a-j by Methods I and 
II 

Compounds Time (min or h) Yield (%) 
Methodl (h) Method II Methodl Method II 

(min) 

3a 16 5 75 85 
3b 18 5 65 88 
3c 16 5 77 87 
3d 24 10 80 86 
3e 22 6 78 94 
3f 24 10 80 87 
3g 26 10 64 96 
3h 20 5 65 94 
3i 22 7 82 92 
3j 20 6 67 87 

piperidine at reflux (Method 1) or ethanol/piperidine/ 
Microwave (Method II) (Scheme 2). 

Noticeably, when the reaction was carried out by 
Method II, the yields of the products 3a-j were obtained 
in the best yields (85-96%) and also took a shorter time 
(Table 1). 

Method II showed that the reaction between 4a-j and 2 
was completed faster and gave excellent yields compared 
with the conventional method (Method 1). Under micro­
wave irradiation, compounds 3a, 3b and 3c were formed 
completely in a lesser time (> 5 min) and afforded the 
yields of 85%, 88% and 87%, respectively. The best yield 

(
CN 

CO2Et 2

1) Method 1
2) Method II N 

R3 

0 0 

3a-j (by Method II, 85-96%) 

A: EtOH, Piperidine, reflux 16-24 h 
B: MW, EtOH, Pipiredine 5-10 min 

was obtained in the case of 3g (96%) and the reaction was 
completed in 10 min (Table 1). 

Tue structure of the obtained products of 3a-j was con­
firmed by IR, NMR, and mass spectra, in addition to elemen­
tal analysis. Mass spectroscopy and elemental analysis of 
3c proved its chemical formula as C16H13NO6 . IR spectrum 
of 3c showed absorption bands at z;max = 3276, 3076, 1766, 
1671 and 1604 cm- 1 for NH, CH-Ar, CO-pyranone, CO­
ester and CO-quinolone groups, respectively. The 1H NMR 
spectrum revealed two singlets at DH= 12.16 (lH, NH), and 
3.87 (3H, CH 3 O). The ethyl protons resonated as a quartet 
and a triplet at DH=4.30 (]=7.1 Hz, CH2) and 1.32 ppm 
(J = 7 .1 Hz, CH3 ). The 13 C NMR spectrum of 3c supported 
the 1 H NMR spectral data by the appearance of six distinc­
ti ve carbon signals at De= 161.9 (C=O, pyranone), 161.4 
(C = 0, ester), 158.3 (C = 0, quinolone), 61.2 (CH2-ester), 
55.7 (OCH3 ) and 14.0 (CHrester), respectively. 

Mass spectroscopy and elemental analysis of 3h con­
firmed its molecular formula as C15H10ClNO5 . The IR 
spectrum of 3h revealed absorption bands at z; = 3270, 
3058, 2891, 1769, 1690 and 1660 cm-1 corresponding to 
NH, CH-Aromatic, CH-Aliphatic, carbonyl-pyranone, 
carbonyl-ester and carbonyl-quinolone, respectively. 
Figure 2 illustrates the NMR spectroscopic data of com­
pound 3h. The 1 H NMR spectrum showed the ester pro­
tons as a quartet at DH=4.30 (1=7.1 Hz, CH2) and a triplet 
at DH= 1.32 (]=7.1 Hz, CH 3 ) (see the Experimental). In 
3h, the CH-Pyranone carbon signal appeared at De= 145.2. 
In addition, the CH2 and CH3 of the ethyl group resonated 
at De=61.4 and 14.0, respectively. Finally, the structure of 



Fig. 2 1H NMR and 13C NMR 
spectral data some distinctive 
protons and carbons of com­
pound 3h

Fig. 3 Molecular structure of compound 3b identified according
to IUPAC nomenclature as ethyl 6-methyl-2,5-dioxo-5,6-dihydro-
2H-pyrano[3,2-c ]quinoline-3-carboxylate

Scheme 3 Mechanism
describes the formation of
compounds 3a-j

pyrano[2,3-c]quinolones was proved by X-ray structure anal­

ysis as shown for compound 3b (Fig. 3), which is consistent 

with the spectroscopic analysis of other derivatives. 

The mechanism proposed for formation of compounds 

3a-j begins with nucleophilic attack of the active anion 

formed from 2 to the electrophilic carbonyl in la-j to 

give intermediates 6a-j (Scheme 3). Further nucleophilic 

attack of the hydroxyl-lone pair would then occur to the 

electrophilic nitrile to form intermediate 7a-j (Scheme 2). 

Elimination of water from 7a-j would give intermediate 8a­

j. Finally, hydrolysis of the imino group would give 3a-j 

(Scheme 3). 

Biology 

Cell viability assay 

The human mammary gland epithelial (MCF-IOA) cell line 

was employed (Youssif et al. 2019; Mahmoud et al. 2022) 

to assess the viability of 3a-j. MCF-IOA cells were treated 

_____. 

NH 0
O

/'-..
CH3

R ---:::: +H20

R N 0
R3

Sa-j 

3a-j 



for four days with compounds 3a-j before being evaluated 

for viability using the MTT assay. Table 2 demonstrates that 

none of the chemicals tested displayed cytotoxic effects, and 

cell viability at 50 µM was greater than 88%. 

Antiproliferative activity 

Compounds 3a-j were tested for antiproliferative activity 

against four human cancer cell lines using the MTT assay 

(El-Sherief et al. 2018; Abdelrahman et al. 2017) and doxo­

rubicin as the reference drug: pancreas (Panc-1) cancer cell 

line, breast cancer (MCF-7) cell line, colon cancer (HT-29) 

cell line, and epithelial cancer (A-549) cell line. Table 2 

shows the median inhibitory concentration (IC50) along with 

average IC
50 

(GI
50

). In comparison to the standard doxoru­

bicin (GI50 = 1. 10 µM), 3a-j demonstrated promising anti­

proliferative action, with GI
50 

values ranging from 1.30 to 

5.90 µM. The most effective derivatives were compounds 

3c, 3g, 3h, and 3i, with GI50 values ranging from 1.30 to 

2.20µM. 

The methoxy derivative compound 3c (R 1 = OCH3 , 

R2 = R3 = H) was the most potent derivative of all synthe­

sized compounds, with a GI
50 

value of 1.30 µM, compa­

rable to standard doxorubicin's GI50 value of 1.10 µM. 

Replacement of the methoxy group in position nine of com­

pound 3c with halogen atoms as in compounds 3g (R 1 = Br, 

R2 =R3 =H), 3h (R 1 =Cl, R2 =R3 =H) and 3i (R 1 =F, 

R2 =R3 =H) resulted in a marketed decrease in antiprolif­

erative action, with GI50 values of 1.65, 1.80, and 2.20 µM, 

respectively, being 1.3-fold, 1.4-fold, and 1.7-fold less potent 

than 3c, respectively. 

Similarly, replacing the methoxy group in 3c with a 

methyl group as in compound 3j (R 1 = CH
3

, R2 = R3 = H) or 

by hydrogen atom as in compound 3a (R 1 =H, R2 =R3 =H) 

resulted in a decrease in antiproliferative activity with GI50 
values of 3.40 µM and 4.70 µM, respectively, being 2.6-fold 

and 3.6-fold less potent than 3c. These findings indicated 

the importance of the position nine substitution pattern on 

the antiproliferative activity of the newly synthesized com­

pounds, and that activity increased in the following order: 

OCH3 >Br> Cl> F > CH
3 > H. 

Tue nitrogen atom of the quinoline ring moiety is another 

component that may be essential in the activity of the tested 

compounds. The GI50 value of compound 3a (R 1 = R 2 = H,

R3 = H) with a free nitrogen atom in the quinoline moiety 

was 4.70 µM. Substitution ofthe nitrogen atom by a methyl 

group as in compound 3b (R 1 =H, R2 =R3 =CH3) or ethyl

group as in compound 3d (R 1 =H, R2 =R3 =CH
3
CH2) 

resulted in less potent compounds with GI50 values of 

5.90 µM and 5.40 µM, respectively. Compounds 3b and 3d 

were the least potent derivatives, suggesting the relevance 

of the quinoline ring's free nitrogen atom for antiprolifera­

tive activity. 

Assay for EGFR inhibitory activity 

Compounds 3c, 3g, and 3h, the most potent antiprolifera­

tive derivatives, were studied as potential EGFR inhibitors 

as a possible molecular target for their activity (Mohamed 

et al. 2021). In Table 3, data were presented as IC50 
values 

versus erlotinib as a reference drug. In comparison to erlo­

tinib (IC50 = 80 nM), the investigated compounds had good 

EGFR inhibitory effect, with IC50 values ranging from 105 

to 195 nM. In all cases, the investigated compounds were 

less powerful than the reference erlotinib. 

The most potent antiproliferative derivative, compound 

3c (R 1 =OCH
3

, R2 =R3 =H), was also the most potent 

EGFR inhibitor, with an IC50 value of 105 ± 08 nM, 1.3-fold 

less potent than erlotinib (IC50 = 80 ± 05 nM). Compounds 

3g and 3h were the second and third most active, with IC
50 

values of 124± 10 nM and 195 ± 13 nM, respectively. These 

findings suggest that EGFR may be a possible target for the 

Table 2 IC
50 

of compounds Compound 
3a-j against four cancer cell 

Cell Antiproliferative activity IC
50± SEM (µM) 

lines using Doxorubicin as a 
viability% 

A-549 MCF-7 Panc-1 HT-29 Average 
reference ICso (GI50) 

3a 89 4.70±0.40 4.50±0.40 4.80±0.40 4.90±0.40 4.70 
3b 89 5.70±0.50 5.60±0.50 5.90±0.50 6.00±0.50 5.90 
3c 91 1.30±0.10 1.10±0.10 1.40±0.10 1.40±0.10 1.30 
3d 87 5.30±0.50 5.10±0.50 5.60±0.50 5.60±0.50 5.40 
3e 92 2.60±0.20 2.40±0.20 2.90±0.20 2.90±0.20 2.70 
3f 90 4.00±0.40 3.90±0.30 4.10±0.40 4.20±0.40 4.00 
3g 91 1.60±0.10 1.40±0.10 1.80±0.10 1.80±0.10 1.65 
3h 90 1.80±0.10 1.50±0.10 1.90±0.10 1.90±0.10 1.80 
3i 88 2.10±0.20 1.90±0.10 2.40±0.20 2.40±0.20 2.20 

3j 90 3.40±0.30 3.00±0.20 3.50±0.30 3.70±0.30 3.40 
Doxorubicin 1.40±0.08 0.90±0.02 1.00±0.02 1.20±0.03 1.10 



Table 3 IC50 of compounds 3c, 3g and 3h against EGFR and 
BRAFV600E

Compd 

3c 

3g 

3h 

Erlotinib 

EGFR inhibition 
IC

50
± SEM (nM) 

105±08 
124± 10 
195±13 
80±05 

BRAFv6ooE inhibi­
tion IC

50
±SEM 

(nM) 

133± 10 
125 ±09 
217± 15 
60±05 

compounds studied, which require structural modifications 
to provide more potent variants. 

Assay for mutant BRAF 

The most effective antiproliferative derivatives, com­
pounds 3c, 3g, and 3h, were examined further as potential 
BRAFv6ooE inhibitors as a probable molecular target for their 
activity (Mohassab et al. 2021). 

Table 3 displays data as IC50 values vs erlotinib as a 
reference medication. The investigated compounds inhib­
ited BRAFV600E with IC50 

values ranging from 125 to 
217 nM, being at least twofold less effective than erlotinib 
(IC50 = 60 ± 5 nM). These findings indicate that BRAFv6ooE 

may not be an optimal target for the compounds under 
consideration. 

Molecular docking 

The docking scores and poses of the most promising 
compounds -namely, 3c, 3g, and 3h against the EGFR 
and BRAFv6ooE were predicted utilizing AutoDock 4.2.6 
software. The predicted binding scores and conventional 
H-bonds of the investigated compounds against the EGFR
and BRAFv6ooE are compiled in Table 4. From Table 4, all
investigated compounds demonstrated satisfactory docking

Compound name EGFR 

scores against EGFR and BRAFV600E with values in the 
range of-6.9 to-7.9 kcal/mol and-7.7 to-8.3 kcal/mol, 
respectively. The outstanding binding scores of the inves­
tigated compounds may be imputed to their capability of 
forming H-bonds, hydrophobic, pi-based, and vdW interac­
tions with the binding pockets of the investigated targets. 

As data registered in Table 4, compounds 3c and 3g

exhibited eminent docking scores with values of -7.9 
and- 8.3 kcal/mol towards EGFR and BRAFv6ooE, respec­
tively. Investigating the docking pose of compound 3c inside 
the binding pocket of the EGFR demonstrated that com­
pound 3c formed H-bonds with LYS721 (2.18 A.), GLN767 
(2.09 Ä), and ASP831 (2.08 Ä). Besides, compound 3c

established pi-sulfur interaction with MET742 and C-H­
bond with ASP831 (Fig. 4). On the other band, compound 
3g established three H-bonds with the binding pocket of 
BRAFv6ooE with THR529 (2.26 A.), and CYS532 (1.63, 
2.06 A.). Besides, compound 3g demonstrated pi-pi stack­
ing and C-H-bond interaction with TRP531 of BRAFV6üüE 

(Fig. 4). 
Erlotinib, a positive control, unveiled favorable binding 

scores against EGFR and BRAFv6ooE with values of- 8.6 
and-8.4 kcal/mol, respectively (Table 4). As listed in 
Table 4, erlotinib exhibited two H-bonds with MET769 
(1.62 A.) and CYS773 (1.91 A.) of EGFR and THR529 
(2.07 A.) and CYS532 (2.02 A.) of BRAFV600E _ 

Experimental 

Chemistry 

Melting points were taken in open capillaries on a Gallen­
kamp melting point apparatus (Weiss-Gallenkamp, Lough­
borough, UK) and are uncorrected. The IR spectra were 
recorded by the ATR technique (ATR = Attenuated Total 
Reflection) with a FT device (FT-IR Bruker IFS 88), Institute 

Table 4 Computed binding 
scores (in kcal/mol) and 
conventional H-bonds for the 
most potent compounds against 
EGFR and BRAFv6ooE 

Docking scores Conventional H-bond 
(kcal/mol) 

Docking scores Conventional H-bond 
(kcal/mol) 

3c 

3g 

3h 

Erlotinib 

-7.9

-7.5

-7.3

-8.6

LYS721 (2.18 A) 
GLN767 (2.09 A) 
ASP831 (2.08 A) 

-8.1

TIIR752 (2.26 A) - 8.3
CYS755 (2.06, 1.63 A) 

LYS721 (2.16 A) -7.9
GLN767 (2.17 A) 
ASP831 (2.17 A) 

MET769 (1.62 A) 

CYS773 (1.91 A) 

-8.4

SER536 (2.55 A) 
CYS532 (1.93, 1.80 A) 

THR529 (2.26 A
CYS532 (1.63, 2.08 A) 

THR529 (2.16 A) 

CYS532 (1.63, 2.08 A) 

THR529 (2.07 A) 

CYS532 (2.02 A) 



_,_...,.,· 

................... 
·, 

,·'

,.,.,.,·t·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·- .,
-·-·-·-·-·-·-·-·-· ·, 

lntcractions

GLN767 

-�
LEU 

694 

LEU 
AU. 820 

THR 719 
GLN 766 
767 

MET 
742 

• Co11cntio11ol Hydrogen Bond Alkyl • Unfavorable Acceptor-Acceptor. 

___ :'_1:;����:!.'!!��!�:�!.°.!'.�,---·-!���\k):i_,.:':!'.�����----·-·-·-·-·-·-·-·J 
(a)

Fig. 4 3D and 2D representations of (a) compound 3c inside the 
binding pocket of EGFR (PDB ID: 1M17) and (b) compound 3g

within the binding pocket of BRAFv6ooE (PDB ID: 30G7). Green 
color indicates H-bonds; light green color indicates C-H bonds; pink 

of Organic Chemistry, Karlsruhe University, Karlsruhe, Ger­
many. The NMR spectra were measured in DMSO-d

6 
on

a Broker AV-400 spectrometer, 400 MHz for 1H, and 100
MHz for Be; and the chemical shifts are expressed in o
(ppm), versus internal tetramethylsilane (TMS) = 0 for 1H
and Be. The description of signals includes: s = singlet,
d = doublet, dd = doublet of doublet, t = triplet, q = quartet,
and m = multiplet. The following abbreviations were used
to distinguish between signals: Ar-H = aromatic-CH. Sig­
nals of the Be NMR spectra were assigned with the help of
DEPT90 and DEPT135 and were specified in the following
way: + = primary or tertiary carbon atoms (positive DEPT
signal), - = secondary carbon atoms (negative DEPT sig­
nal), C

4 
= quaternary carbon atoms (no DEPT signal). Cor­

relations were established using 1H-1H COSY, and 1H-13C 
HSQC and HMBC experiments. Mass spectra were recorded

lntcractions 
•Conventional Hydrogen Bond □ Pi-Alkyl 
□C,1rbon Hydrogen Bond ClAJkyl 
•Pi-Pi Stacked 

(b) 

color represents alkyl and pi-alkyl interactions; purple color refers to 
pi-pi stacked interactions; the red color indicates unfavorable interac­
tions; and yellow color represents pi-sulfur interactions 

on a FAB (fast atom bombardment) Thermo Finnigan Mat
95 (70 eV). Elemental analyses were carried out at the
Microanalytical Center, Cairo University, Egypt. TLC was
performed on analytical Merck 9385 silica aluminum sheets
(Kieselgel 60) with Pf254 indicator; TLC's were viewed at
"-max

= 254 nm.

Starting materials 

l ,6-Disubstituted-quinoline-2,4-(1H,3H)-diones la-j were
prepared according to the literature (Bhudevi et al. 2009).
4-H ydroxy-2,5-dioxo-l ,2-dihydroquinoline-3-carbaldehydes
4a-j were synthesized according to the literature (Bhudevi
et al. 2009; Mohamed et al. 1994). Ethyl cyanoacetate (2)
was bought from Aldrich (St. Louis, MO, USA).



Reactions of 4-hydroxy-2-oxo-quinoline-3-carbaldehydes 

4a-g with ethyl cyanoacetate (2) 

Synthesis of pyrano[3,2-c]quinoline-3-carboxylates 3a-j. 

Method I A rnixture of 4a-j (1 mmol), and ethyl cyanoac­
etate (2, 1 mmol, 0.113 g) in 25 mL absolute ethanol and a 
catalytic amount of piperidine (0.5 mL) was stirred at room 
temperature for 16-26 h. The reaction was monitored by 
TLC analysis. The formed products 3a-j were filtered off 
and washed with ethanol (30 mL). The obtained products 
were recrystallized from the stated solvents to afford pure 
pyrano[3,2-c ]quinoline-3-carboxylates 3a-j. 

Method (11) The same above method was repeated by expos­
ing the reaction rnixture to MW irradiation in Milestone 
Microwave Labstation. All the reactions between 4a-j and 
2 were monitored during 5-10 min by TLC using ethyl 
acetate:petroleum ether (1:1) as an eluent and were car­
ried out until starting materials were completely consumed. 
After the reaction was completed, the formed products 3a-j 
were filtered off, washed with ethanol (30 mL) and were 
recrystallized from the stated solvents. 

Ethyl 2,5-dioxo-5, 6-dihydro-2H-pyrano[ 3,2-c ]quinoline-

3-carboxylate (3a): Yellow crystals (EtOH); yield: 0.242 g 
(85%); m.p. = 305 °C (lit 305 °C; Schmidt and Junek 
1978). 1H NMR (400 MHz, DMSO-d6

): DH= 12.32 (s, lH, 
NH), 8.65 (s, lH, Ar-H), 8.01 (d, 1=7.8 Hz, lH, Ar-H), 
7.73-7.71 (m, lH, Ar-H), 7.40-7.38 (dd, 2H, Ar-H), 4.31 
(q, 1=7.1 Hz, 2H, CHz-ester), 1.32 (t, 1=7.1 Hz, 3H, CHr 

ester). Be NMR (100 MHz, DMSO-d6
): De= 163.9 (C=O) 

161.8 (C = 0), 159.1 (C = 0), 155.3 (Cq, Ar-C), 145.8 (Cq, 
Ar-C), 140.4 (+, Ar-CH), 134.7 (+, Ar-CH), 123.2 (+, 
2xAr-CH), 116.4 (Cq, Ar-C), 114.9 (Cq, Ar-C), 111.5 ( +, 
Ar-CH), 107.4 (Cq, Ar-C), 61.2 (-, CH2), 14.0 (+, CH3

). 
IR (KBr): z;ma.lcm-1 = 3162 (NH), 3010 (CH-Ar), 2963 (CH­
Aliph), 1772 (C=O, Pyranone), 1695 (C=O, Ester), 1664 
(C=O, Quinolone). MS (Fab, 70 eV, %): m/z=286 (45) 
[M + H]+ . Anal. Calcd. for C15H11NO5 (285.26): C, 63.16; 
H, 3.89; N, 4.91. Found: C, 63.18; H, 3.86; N, 4.90. 

Ethyl 6-methyl-2,5-dioxo-5,6-dihydro-2H-pyrano[3,2-c] 

quinoline-3-carboxylate (3b): Yellow crystals (CH3OH); 
yield: 0.263 g (88%); m.p. 286-288 °C (lit 286-288 °C; 
Morsy et al. 2016). 1H NMR (400 MHz, DMSO-d6):
DH= 8.69 (s, lH, Ar-H), 8.12 (dd, l = 8.0, 1.4 Hz, lH, 
Ar-H), 7.91-7.84 (m, lH, Ar-H), 7.69 (d, 1=8.6 Hz, 
lH, Ar-H), 7.46 (dd, 1=8.0, 7.3 Hz, lH, Ar-H), 4.32 (q, 
1=7.1 Hz, 2H, CH

2
), 3.69 (s, 3H, CH3), 1.33 (t, 1=7.1 Hz, 

3H, CH3). Be NMR (100 MHz, DMSO-d6
): De= 163.8 

(C=O), 162.1 (C=O), 160.8 (C=O), 158.3 (Cq, Ar-C), 
146.2 (Cq, Ar-C), 140.8 (+, Ar-CH), 134.8 (+, Ar-CH), 
123.8 (+, Ar-CH), 123.3 (+, Ar-CH), 116.1 (Cq, Ar-C), 

115.4 (Cq, Ar-C), 112.2 (+, Ar-CH), 106.7 (Cq, Ar-C), 
61.3 (-, CH2), 29.7 (+, CH3

), 14.1 (+, CH3
). IR (KBr): z;ma.l 

cm- 1 = 3056 (CH-Ar), 2979 (CH-Aliph), 1769 (C = 0, Pyra­
none), 1690 (C=O, Ester), 1658 (C=O, Quinolone), 1468
(CH2), 1375 (CH3). Anal. Calcd. for C16HBNO5 (299.28): C,
64.21; H, 4.38; N, 4.68. Found: C, 64.00; H, 4.20; N, 4.50.

Ethyl 9-methoxy-2, 5-dioxo-5, 6-dihydro-2H-pyrano [ 3, 2-

c] quinoline-3-carboxylate (3c): Yellow crystals (EtOH);
Yield: 0.274 g (87%); m.p. 270-272 °C (EtOH). 1H NMR

(400 MHz, DMS0-d6' ppm): DH= 12.16 (s, lH, NH), 8.65
(s, lH, Ar-H), 7.46-7.24 (m, 3H, Ar-H), 4.30 (q, 1=7.1 Hz,
2H, CH2), 3.87 (s, 3H, CH30), 1.32 (t, l = 7.1 Hz, 3H, CH3).

Be NMR (100 MHz, DMS0-d6, ppm): D
e= 161.9 (C=O),

161.4 (C = 0), 158.3(C = 0), 155.0 (C
q
, Ar-C), 154.8 (C

q
,

Ar-C), 145.7 ( +, Ar-CH), 135.0 (C
q
, Ar-C), 124.6 (C

q
,

Ar-C), 118.0 (C
q
, Ar-C), 114.7 (+, Ar-CH), 111.6 (+,

Ar-CH), 107.6 (C
q
, Ar-C), 103.1 (+, Ar-CH), 61.2 (-,

CH2), 55.7 (+, CH3O), 14.0 (+, CH3). IR (KBr): z;ma.l
cm-1 =3276 (NH), 3076 (CH-Ar), 1766 (C=O, Pyranone),
1671 (C=O, Ester), 1604 (C=O, Quinolone), 1458 (CH2),
1370 (CH3), 1347 (OCH3). MS (FAB, 3-NBA), m/z (%): 316
(22) [M+H]+, 315 (10) [M]+.Anal. Calcd.forC16HBN06 

(315.28): C, 60.95; H, 4.16; N, 4.44. Found: C, 60.93; H,

4.19; N, 4.42.
Ethyl 6-ethyl-2,5-dioxo-5,6-dihydro-2H-pyrano[3,2-

c]quinoline-3-carboxylate (3d): Yellow crystals (DMF/
EtOH); yield: 0.269 g (86%), m.p. 250-252 °C. 1H NMR
(400 MHz, DMS0-d6' ppm): DH= 8.70 (s, lH, Ar-H), 8.14
(dd, 1=8.0, 1.5 Hz, lH, Ar-H), 7.92-7.83 (m, lH, Ar-H),
7.76 (d, l= 8.6 Hz, lH, Ar-H), 7.45 (t, 1=7.6 Hz, lH,
Ar-H), 4.40-4.26 (m, 4H, 2xCH2), 1.32 (t, 1=7.1 Hz, 3H,

CH3), 1.25 (t, 1=7.0 Hz, 3H, CH3). Be NMR (100 MHz,
DMS0-d6, ppm): De

= 162.0 (C=O), 160.7 (C=O), 158.0
(C=O), 154.9 (Cq, Ar-C), 146.1 (C

q
, Ar-C), 139.8 (+,

Ar-CH), 134.9 (+, Ar-CH), 124.1 (+, Ar-CH), 123.2 (+,
Ar-CH), 115.7 (C

q
, Ar-C), 115.3 (C

q
, Ar-C), 112.3 (Cq,

Ar-C), 106.7 (+, Ar-CH), 61.3 (-, CH2), 37.2 (-, CH2),
14.0 ( +, CH

3), 12.6 ( +, CH
3
). IR (KBr): z;ma.lcm- 1 = 3034

(CH-Ar), 2967 (CH-Aliph), 1750 (C=O, pyranone), 1709
(C=O, Ester), 1653 (C=O, Quinolone), 1463 (CH2), 1373
(CH

3
). MS (FAB, 3-NBA), mlz (%): 313.1 (25) [Mr, 314.1

(100) [M +H]+. Anal. Calcd. for C 17H15NO
5 (313.31): C,

65.17; H, 4.83; N, 4.47. Found: C, 65.19; H, 4.80; N, 4.44.
Ethyl 8-chloro-2,5-dioxo-5,6-dihydro-2H-pyrano[3,2-c] 

quinoline-3-carboxylate (3e): Yellow crystals (CH3OH); 
yield: 0.300 g (94%); m.p. 290-292 °C. 1H NMR (400 MHz, 
DMS0-d6, ppm): DH= 12.42 (s, lH, NH-isomerl), 12.28 (s, 
lH, NH-isomer2), 8.66 (d, 1=7.1 Hz, lH, Ar-H-isomerl), 
8.60 (d, 1=6.3 Hz, lH, Ar-H-isomer2), 8.00 (d, l= 8.5 Hz, 
lH, Ar-H-isomerl), 7.65 (t, 1=8.1 Hz, lH, Ar-H-isomer2), 
7.38 (ddd, l= 10.5, 6.2, 2.8 Hz, 4H, Ar-H-isomerl +-iso­
mer2), 4.23-4.17 (m, 4H, CHrisomerl and isomer2), 
1.31 (t, 1=7.1 Hz, 6H, CH3 isomerl +-isomer2). Be 



NMR (100 MHz, DMS0-d6
, ppm): De= 161.9 (C=O), 

161.6 (C = 0), 158.8 (C = 0), 154.7 (Cq, Ar-C), 145.3 
(Cq, Ar-C), 142.3 (+,Ar-CH), 138.8 (Cq, Ar-C), 130.5 
( +, Ar-CH), 125.4 ( +, Ar-CH), 115.8 (Cq, Ar-C), 115.2 
(Cq, Ar-C), 110.3 (Cq, Ar-C), 108.5 (+, Ar-CH), 61.3 (-, 
CHz-isomerl + -isomer2), 14.0 ( +, CHrisomerl + -iso­
mer2). Other isomer: 161.8 (C = 0), 161.4 (C = 0), 158.3 
(C = 0), 154.5 (Cq, Ar-C), 145.2 (Cq, Ar-C), 140.8 ( +, 
Ar-CH), 134.0 (Cq, Ar-C), 126.0 ( +, Ar-CH), 123.3 ( +, 
Ar-CH), 115.5 (Cq, Ar-C), 114.8 (Cq, Ar-C), 109.1 (Cq, 
Ar-C), 107.5 (+, Ar-CH). IR (KBr) vma,/cm- 1=3268(NH),
3056 (CH-Ar), 2853 (CH-Aliph), 1775 (C=O, Pyranone), 
1663 (C=O, Ester), 1598 (C=O, Quinolone,), 1475 (CH2), 

1361(CH3). MS (FAB, 3-NBA), m/z (%): 320/321 (100/23) 
[M]+, 274/275 (55/11), 155/154 (21/82). Anal. Calcd. for

C15H10ClNO
5 (319.70): C, 56.35; H, 3.15; Cl, 11.09; N, 

4.38. Found: C, 56.33; H, 3.17; Cl, 11.11; N, 4.36. 
Ethyl 8-methyl-2,5-dioxo-5,6-dihydro-2H-pyrano[3,2-

c]quinoline-3-carboxylate (3f): Yellow crystals (EtOH);
yield: 0.260 g (87%); m.p 232-234 °C (EtOH). 1H NMR

(400 MHz, DMS0-d
6
, ppm): DH= 12.16 (d, l= 12.0 Hz,

2H, NH-isomerl +-isomer2), 8.66 (dd, l= 19.6, 2.4 Hz,
2H, Ar-H-isomerl +-isomer2), 7.89 (d, l= 8.5 Hz, 2H,
Ar-H-isomerl), 7.58 (t, 1=7.8 Hz, lH, Ar-H-isomer2),
7.29-7.12 (m, 4H, Ar-H-isomerl +-isomer2), 4.30 (qd,
1=7.1, 3.2 Hz, 4H, CHz-isomerl +-isomer2), 2.81 (s, 3H,
CH3 isomerl), 2.43 (s, 3H, CH

3 
isomer2), 1.32 (td, 1=7.1,

1.1 Hz, 6H, CH3 
isomerl +-isomer2). 13C NMR (100 MHz,

DMS0-d
6
, ppm): De= 164.3 (C=O), 163.8 (C=O), 162.0

(C = 0), 158.6 (Cq, Ar-C), 155.0 (Cq, Ar-C), 145.6 ( +,
Ar-CH), 140.4 (Cq, Ar-C), 133.8 ( +, Ar-CH), 124.7 ( +,
Ar-CH), 115.9 (Cq, Ar-C), 114.1 (Cq, Ar-C), 110.6 (Cq,
Ar-C), 107.6 (+, Ar-CH), 61.2 (-, CHz-isomerl +-iso­
mer2), 23.2 (+, CHrisomerl), 14.1 (+, CHrisomerl +-iso­
mer2), 163.9 (C=O), 162.2 (C=O), 159.0 (C=O), 155.1
(Cq, Ar-C), 145.8 (Cq, Ar-C), 141.5 (+,Ar-CH), 137.6
(Cq, Ar-C), 126.1 (+, Ar-CH), 123.2 (+, Ar-CH), 114.7
(Cq, Ar-C), 113.5 (Cq, Ar-C), 109.2 (Cq, Ar-C), 106.7
( +, Ar-CH), 21.7 ( +, CHrisomer2). IR (KBr): vmai/
cm- 1 = 3176 (NH), 3065 (CH-Ar), 2967 (CH-Aliph), 1774
(C=O, Pyranone), 1658 (C=O, Ester), 1607 (C=O, Qui­
nolone), 1490 (CH2), 1363 (CH3

). MS (Fab, 70 eV, %):
mlz=299 (20) [Mt, 300 (100) [M+Ht, 254 (61), 154 (62).
Anal. Calcd.for C16HBNO5 (299.28): C, 64.21; H, 4.38; N,

4.68. Found: C, 64.23; H, 4.36; N, 4.66. 
Ethyl 9-bromo-2,5-dioxo-5,6-dihydro-2H-pyrano[3,2-

c]quinoline-3-carboxylate (3g): Yellow crystals (DMF/
Me0H); yield: 0.349 g (96%); m.p. 330-332 °C. 1H NMR

(400 MHz, DMS0-d
6
, ppm): DH

= 12.37 (s, lH, NH), 8.62 (s,
lH, Ar-H), 8.07 (d, 1=2.1 Hz, lH, Ar-H), 7.90 (dd, 1=8.8,
2.2 Hz, lH, Ar-H), 7.37 (d, l= 8.9 Hz, lH, Ar-H), 4.31 (q,
1=7.1 Hz, 2H, CH2), 1.32 (t, 1=7.1 Hz, 3H, CH

3
). IR (KBr)

vmaiJcm- 1 = 3268 (NH), 3056 (CH-Ar), 2828 (CH-Aliph),

1767 (C=O, Pyranone), 1655 (C=O, Ester), 1541 (C=O, 
Quinolone), 1485(CH2), 1375 (CH3). MS (Fab, 70 eV, %): 
mlz=365!366 (75/32) [M]+, 317/318 (30/35). Anal. Calcd. 

for C 15H10BrNO5 (364.15): C, 65.17; H, 4.83; N, 4.47. 
Found: C, 65.21; H, 4.78; N, 4.42. 

Ethyl 9-chloro-2,5-dioxo-5,6-dihydro-2H-pyrano[3,2-

c]quinoline-3-carboxylate (3h): Yellow crystals (EtOH);
yield: 0.301 g (94%); m.p. 274-276 °C (EtOH). 1H NMR
(400 MHz, DMS0-d

r;, 
ppm): DH= 12.32 (s, lH, NH), 8.59

(s, lH, Ar-H), 7.89 (d, 1=2.3 Hz, lH, Ar-H), 7.76 (dd,
1=8.9, 2.4 Hz, lH, Ar-H), 7.38 (d, 1=8.9 Hz, lH, Ar-H),
4.30 (q, 1=7.1 Hz, 2H, CH2), 1.32 (t, 1=7.1 Hz, 3H, CH3).
Be NMR (100 MHz, DMS0-d6, ppm): De= 161.8 (C=O), 
160.7 (C=O), 158.6 (C=O), 154.7 (Cq, Ar-C), 145.2 (+, 
Ar-CH), 138.8 (Cq, Ar-C), 134.2 (Cq, Ar-C), 127.1 (Cq, 
Ar-C), 122.1 (Cq, Ar-C), 118.4 (+, Ar-CH), 115.6 (+, 
Ar-CH), 112.5 (Cq, Ar-C), 108.0 ( +, Ar-CH), 61.4 (-, 
CH2), 14.0 ( +, CH3). IR (KBr): vmaiJcm- 1 = 3270 (NH),
3058 (CH-Ar), 2891 (CH-Aliph), 1769 (C=O, Pyranone), 
1690 (C=O, ester), 1660 (C=O, quinolone), 1490 (CH2), 
1363 (CH3). MS (FAB, 3-NBA), mlz (%): 319/320 (4/21) 
[M]+, 154/155 (100/30), 137/138 (70/38). Anal. Calcd. for

C15H10ClNO5 
(319.70): C, 64.21; H, 4.38; N, 4.68. Found:

C, 64.23; H, 4.36; N, 4.66.
Ethyl 9-flouro-2, 5-dioxo-5, 6-dihydro-2H-pyrano[ 3, 2-

c Jquinoline-3-carboxylate (3i): Yellow crystals (EtOH); 
yield: 0.278 g (92%); m.p. 292-294 °C (EtOH). 1H NMR
(400 MHz, DMS0-d

6
, ppm): DH

= 12.30 (s, lH, NH), 8.63 
(s, lH, Ar-H), 7.74 (dd, 1=2.8 Hz, l= 8.8 Hz, lH, Ar-H), 
7.67-7.65 (m, lH, Ar-H), 7.44 (dd, 1=4.5 Hz, 1=9.1 Hz, 
lH, Ar-H), 4.31 (q, 1=7.1 Hz, 2H, CH2), 1.32 (t, 1=7.1 Hz, 
3H, CH

3
). Be NMR (100 MHz, DMS0-d

6
, ppm): De= 161.9 

(C=O), 161.2 (C=O), 158.6 (C=O), 156.2 (Cq, Ar-C), 
154.8 (Cq, Ar-C), 145.3 (Cq, Ar-C), 136.9 (Cq, Ar-C), 
122.7 (+, Ar-CH), 118.6 (+, Ar-CH), 115.6 (Cq, Ar-C), 
112.1 (+, Ar-CH), 108.3 (Cq, Ar-C), 108.1 (+, Ar-CH), 
61.4 (-, CH2), 14.0 (+, CH3). IR (KBr): vmaiJcm- 1=3195
(NH), 3060 (CH-Ar), 2990 (CH-Aliph), 1729 (C=O, Pyra­
none), 1660 (C=O, Ester), 1649 (C=O, Quinolone), 1470 
(CH2), 1365 (CH3). MS (FAB, 3-NBA), m/z (%): 303/304 
(8/37) [M] +, 289/290 (20/6), 258/259 (11/2), 154/155 
(100/30). Anal. Calcd.for C

15
H

10
FNO

5 
(303.25): C, 59.41; 

H, 3.32; N, 4.62. Found: C, 59.43; H, 3.35; N, 4.60. 
Ethyl 9-methyl-2,5-dioxo-5,6-dihydro-2H-pyrano[3,2-

c]quinoline-3-carboxylate (3j): Yellow crystals (DMF/
EtOH); yield: 0.260 g (87%); m.p. 276-278 °C. 1H NMR
(400 MHz, DMS0-d

6
, ppm): DH

= 12.13 (s, lH, NH), 8.63 
(s, lH, Ar-H), 7.77 (s, lH, Ar-H), 7.55 (dd, l= 1.6 Hz, 
l= 8.7 Hz, lH, Ar-H), 7.29 (d, l= 8.6 Hz, lH, Ar-H), 
4.30 (q, 1=7.1 Hz, 2H, CH2), 2.40 (s, 3H, CH

3
),l.32 (t, 

1=7.1 Hz, 3H, CH
3

). IR (KBr): vmaiJcm- 1=3160 (NH), 
3063 (CH-Ar), 2980 (CH-Aliph), 1769 (C=O, Pyranone), 
1699 (C=O, Ester), (1608, C=O, Quinolone), 1507 (CH2), 



1366 (CH
3
). MS (FAB, 3-NBA), m/z (%): 300 [M+ 1] (52), 

299 [M]+ (16), 154 (100), 137 (69), 136 (63). Anal. Calcd. 
for C

16H13NO5 (299.28): C, 64.21; H, 4.38; N, 4.68. Pound: 

C, 64.23; H, 4.36; N, 4.70. 

Single Crystal X-ray structure analysis 

Single crystal X-ray diffraction data of 3b were collected 
on a STOE STADIVARI diffractometer with monochro­
mated Ga Ka (1.34143 Ä) radiation at 180 K. Using Olex2 
(Dolomanov et al. 2009), the structures were solved with the 
ShelXT (Sheldrick SHELXT 2015) structure solution pro­
gram using Intrinsic Phasing and refined with the ShelXL 
(Sheldrick 2015a, b) refinement package using Least Squares 
minimization. Refinement was performed with anisotropic 
temperature factors for all non-hydrogen atoms; hydrogen 
atoms were calculated on idealized positions. SI Table 1 in 
the supplement summarizes crystal and refinement data of 
3b. 

Crystallographic data of compound 3b reported in this 
paper have been deposited with the Cambridge Crystal­
lographic Data Centre as supplementary information no. 
CCDC-2252172. Copies of the data can be obtained free of 
charge from https://www.ccdc.cam.ac.uk/structures/.

Computational methodology 

The X-ray resolved structures of the EGFR and BRAFv6ooE 

with PDB IDs: lMl 7 (Stamos et al. 2002) and 3007 (Bollag 
et al. 2010), were downloaded and used as templates for all 
in silico computations. For the preparation of the PDB files, 
all ions, ligands, water molecules, and heteroatoms were 
eliminated. All missing residues were constructed using 
Modeller software (Marti-Renom et al. 2000). At pH 7 .0, the 
investigated targets' titratable residues were examined using 
the empirical program PropKa to determine their protona­
tion states (Olsson et al. 2011). Omega2 software was used 
to model the 3D structures of compounds 3c, 3g, and 3h 
(Hawkins et a12010; OMEGA 2013). Using the MMFF94S 
force field integrated into the SZYBKI software, the gener­
ated structures were energetically minimized (Halgren TA 
1999, SZYBKI 2016). 

All docking calculations were carried out using the 
AutoDock4.2.6 software (Morris et al. 2009). The grid 
map of 50 Ä X 50 Ä X 50 Ä was positioned at the center of 
the binding pockets of the EGFR and BRAFv6ooE proteins 
with a spacing of 0.375 Ä. Lamarckian genetic algorithm 
was employed with the following parameters: a maximum 
number of 25,000,000 energy evaluations, 250 independ­
ent docking runs, an initial population of 300, and a maxi­
mum number of 27,000 generations. The atomic charges of 
these compounds were assigned using the Gasteiger-Marsili 
method (Gasteiger J and Marsili M 1980). The Discovery 

Studio module of the Biovia software was used to show all 
molecular interactions (Dassault Systemes BIOVIA: San 
Diego, CA, USA, 2019). 

Conclusion 

Owing to the importance of pyrano[3,2-c]quinoline deriva­
tives, we direct for the synthesis of pyrano[3,2-c ]quinoline- 
3-carboxylates 3a-j from the microwave assisted the reaction 
of 4-hydroxy-2-oxo-1,2-dihydroquinoline-3-carbaldehydes 
4a-j with ethyl cyanoacetate (2). The structure of com­
pounds was examined by NMR spectroscopy and elemental 
analyses in addition to X-ray structure analysis. The newly 
synthesized compounds were evaluated for their in vitro 
antiproliferative activity against four cancer cell lines. 
Compounds 3a-j were tested for antiproliferative activity 
against four human cancer cell lines using the MTT assay 
and doxorubicin as the reference drug: pancreas (Panc-1) 
cancer cell line, breast cancer (MCF-7) cell line, colon 
cancer (HT-29) cell line, and epithelial cancer (A-549) cell 
line. Tue most effective derivatives were compounds 3c, 3g, 
3h, and 3i, with GI50 values ranging from 1.30 to 2.20 µM. 
The most potent antiproliferative derivative, compound 3c 
(R1 =OCH

3
, R2 =R3 =H), was also the most potent EGFR 

inhibitor, with an IC50 value of 105 ± 08 nM, 1.3-fold less 
potent than erlotinib (IC50 = 80 ± 05 nM). Ultimately, the 
findings of the docking study demonstrated that all of the 
examined inhibitors had favorable docking scores against 
the EGFR and BRAFv6ooE_
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