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Abstract: The development of new anti-cancer agents with excellent biological activities relay on using 

compounds containing Quinoline ring structures. Therefore, designing new molecule scaffolds with 

reduced side effects for targeting cancer is interesting. QSAR is considered one of the most strategies 

to postulate and design new structures containing quinoline rings with potential anti-cancer activity. So, 

this study was assessed to calculate the anti-tumor activity of previously published work that 

synthesized and investigated 4-Oxy-3-Fluoroaniline derivatives and postulate new structures with 

proposed biological activities based upon physicochemical parameters obtained from these derivatives 

using quantitative structure relationship activity (QSAR) without lab investigations. In this report, 

QSAR and regression analysis were used to predicate in vitro anti-tumor activities of these derivatives 

against a panel of five cancer cell lines (H460, HT-29, MKN-45, U87MG, and SMMC-7721, and 

compare the experimental anti-tumor activity of these molecules with those calculated using postulated 

equations performed by QSAR. The anti-tumor activity of newly postulated bisquinoline derivatives 

showed high efficacy with IC50 values in the single-digit nM range against cancer cell lines depending 

on the halogen-substituted phenyl ring. The data showed that QSAR and regression analysis 

significantly predicted the biological activity of the old and postulated four 4-Oxy-3-Fluoroaniline 

derivatives with promising anti-cancer validity.  
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1. Introduction 

Cancer mortality was classified in most studies as the second leading cause, which 

increases the rate of death worldwide after cardiovascular diseases [1-3]; this may be due to 

the presence of drug resistance and high risks of the side effects of cancer therapeutics [4-6]. 

For this, new strategies were intensified searched that promote the synthesis of new safe, more 

efficient chemotherapeutic agents via identification, characterization, and development of new 

anti-cancer derivatives [6-8]. Most studies reported that quinoline structures were shown to 
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have a potential antibacterial [8] and anti-cancer activity [9-14]. The occurrence of the 

quinoline ring showed a pivotal role in developing new anti-cancer drugs via different modes 

of action, such as growth inhibitors by cell cycle arrest, apoptosis, inhibition of angiogenesis, 

disruption of cell migration, and modulation of nuclear receptor responsiveness [15-19]. More 

studies on cancer cell lines derived from all human organs support the biological activities of 

quinoline ring moieties that showed the diversity of poly-functionalized quinoline molecules 

in eradicating cancer cells [20-22]; in addition, other studies on plant-based anti-cancer 

quinolines showed that these structures exert their biological activity against cancer cell via 

DNA-quinoline ring binding power and iron chelation mechanisms [22-24]. 

The occurrence of the quinoline ring system in various natural products identified it as 

a prime candidate for developing newer and more potent anti-tumor molecules [25-27]. 

Although there is an acceptable number of anti-cancer drugs of plant origin, cancer medication 

is still in need of developing new anti-cancer drugs [25-28]. Thus, computational approaches 

gained the most interest to help select and optimize new compounds based on their 

physicochemical properties for synthesis and testing to increase their potency and minimize 

the risks of their side effects [29-31]. 

QSAR, considered one of the most promising quantitative structure techniques, links 

the biological activity of any such chemical derivatives with their molecular structure. It 

depends on chemical compounds' geometric and chemical characteristics and their consistent 

relationships to the proposed biological activity [32]. 

A mathematical model (QSAR)  for drug designing is widely applied in many drug 

strategies targeting cancer, cell function abnormalities, and infectious and non-infectious 

human diseases [33-36]. It considers a good choice model for its cost reduction, minimal trial 

and error, its time-efficient nature [37].  

Using QSAR, the theoretical speculation of new cheaper compounds with 

recommended biological activity has significantly appreciated many drug research types[33-

38]. This predictable analysis depends mainly upon its physicochemical descriptors to achieve 

structure relationship modification analysis [38]. 

The biological activities of new anti-tumor compounds depend mainly upon their 

molecular structure [39,40]. The quinoline compounds have raised our interest in investigating 

their anti-tumor activities [41,42]. In this regard, we applied the QSAR and regression analysis 

to predict the anti-tumor activity of Bis-quinoline derivatives connected by 4-Oxy-3-

Fluoroaniline that could serve as models for developing new anti-tumor drugs. 

2. Materials and Methods 

The postulated idea of the present work mainly depends on previous investigations of 

a series of novel bisquinoline derivatives connected by a 4-oxy-3-fluoroaniline moiety. The 

synthesis, properties, and in vitro anti-tumor activities against a panel of five cancer cell lines 

(H460, HT-29, MKN-45, U87MG, and SMMC-7721) of these derivatives were reported earlier 

[42-45]; the synthesis and study of anti-tumor activity of bisquinoline derivatives were 

supported with its wide range of biological activities as previously reported [42-45].  

Li et al. [45] mentioned that most newly synthesized bisquinoline derivatives showed 

potent anti-tumor activity and high selectivity towards the H460 and MKN-45 cell lines at 

different IC50 values. Hence, the main target of our study is to reinvestigate the experimental 

anti-tumor activities of their synthesized bisquinoline derivatives, speculate new derivatives 

and derive their anti-tumor activities, and finally, compare the calculated activity of our 
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predicted compounds with the experimental activity for their compounds using QSAR and 

regression analysis. 

2.1. Quantitative structure-activity relationship (QSAR). 

Hyperchem version 8 programs using Austin Model 1(AM1) and the semi-empirical 

theoretical methods were used to calculate physicochemical descriptors of previously 

synthesized and newly speculated Bisquinoline derivatives [46-48]. 

2.2. Semi-empirical method. 

The physicochemical parameters of studied phthalazinedione compounds were 

calculated using semi-empirical quantum mechanics, which is appreciated for all atoms in the 

periodic table as previously reported in the literature [44-46]. These calculations depend on 

solving the Schrödinger equation, with certain approximations using standard, non-optimized, 

and electron orbital basis functions to calculate the valence electrons atoms and molecules of 

targeted phthalazine compounds. However, using experimental biological activities of the 

previously studied compounds is very important to cancel or minimize errors resulting from 

approximations. 

2.3. Austin Model 1(AM1). 

All physicochemical calculations were performed using AM1-SCF and developed 

MNDO methods, simplified versions of Hartree-Fock theory useful for chemical compounds 

containing elements from long rows 1 and 2 of the periodic table except transition elements. 

Using biological activities resulting from experimental analysis of studied compounds as 

empirical corrections feed to empirical calculations to improve the performance of semi-

empirical calculations. This method, along with PM3, and AM1, is the most reliable and 

accurate method of Hyperchem physicochemical analysis. It is recommended to calculate the 

electronic properties, optimized geometries, total energy, and heat of formation [49-51]. 

2.4. Statistical analysis. 

The correlation between physicochemical descriptors and the biological activity of 

postulated and experimentally designed compounds was performed through multi-regression 

analysis using QSAR and the winks program [52,53]. 

3. Results and Discussion 

Chemotherapy research focuses on developing new and safe cancer chemo-

representative agents [54-61]. Previously, Quinoline derivatives have been recorded as active 

compounds with potential anti-tumor activities [62,63]. 

Our main target of this study is based on the newly synthesized bisquinoline derivatives, 

which showed a potent anti-tumor activity and high selectivity towards the H460 and MKN-

45 cell lines at different IC50 values.  

The cytotoxic activity of the examined bisquinoline derivatives was evaluated against 

the cancer cells lines H460 (human lung cancer), HT-29 (human colon cancer), MKN-45 

(human gastric cancer), U87MG (human glioblastoma), and SMMC-7721 (human liver cancer) 
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by using an MTT assay. Using foretinib as the positive control, the results expressed as IC50 

values are summarized in Table 1.  

The IC50 values are the average of at least three independent experiments. All the target 

compounds showed moderate to excellent cytotoxic activity against the different cancer cells 

with potencies in the single-digit mM range, suggesting the replacement of the N-(4-

fluorophenyl) cyclopropane-1,1-dicarboxamide framework of foretinib with the 2-

arylquinoline-4-carboxamide moiety maintained the potent cytotoxicity. Further analysis 

clearly revealed that different biological properties were observed when various R1 and R3 

groups were introduced into the phenyl ring moiety.  

The introduction of different R1 groups only slightly altered cytotoxicity, indicating 

that the R1 group contributed little to potency. However, substitution on the phenyl ring at 

position R3 displayed strong cytotoxicity against the cancer cells lines H460, HT-29, and 

MKN-45, which was confirmed by the potent cytotoxicity of compounds (1,6,7,8,12,16) with 

obvious improvement in anti-tumor activity as shown in Table 1.  

Table 1. The biological activity (percentage inhibition of H460; HI-29, and MKN-45) for 17 derivatives of 4-

oxy-3-fluoroaniline moiety  

 

 

IC50 (ΜMOL/L) 

 R1 R2 R3 H460 HI-29 MKN-45 

1 

 

H 3-Cl 0.01 0.06 0.01 

2 

 

H 3,4-(Cl)2 0.82 1.21 0.73 

3 

 

H H 0.19 1.52 0.09 

4 

 

H 4-OCH3 0.75 3.19 0.16 

5 

 

H 3-OCH3 0.56 3.05 0.11 

6 

 

H 3-Cl 0.08 1.08 0.04 

7 

 

H 4-CF3 0.07 0.23 0.01 

8 

 

H H 0.07 0.12 0.19 

9 

 

F 3-OCH3 1 2.5 0.69 

10 

 

F 4-OCH3 0.24 0.6 0.26 

11 

 

F 2,4-(Cl)2 0.31 0.53 0.25 

12 

 

F 4-F 0.03 0.25 0.05 

13 

 

F 4-CH3 0.44 0.39 0.32 

14 

 

F 4-CH3 0.48 0.42 0.26 

15 
 

F H 0.09 0.16 0.11 

16 
 

F 3-Cl 0.07 0.67 0.07 

17 
 

F 4-OCH3 0.25 0.61 0.17 
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The data presented indicate that the cytotoxicity for compound (1) is generally higher 

than that for the corresponding compounds, suggesting the introduction of the 3-coloro group 

to the 2-arylquinoline-4-carboxamide moiety is favorable for activity. In this study, by using 

QSAR and regression analysis, we tried to reinvestigate the experimental anti-tumor activities 

of their synthesized bisquinoline derivatives, speculate new derivatives, derive their anti-tumor 

activities and finally compare the calculated activity of our predicted compounds with the 

experimental activity for their compounds. As a result of the expense and difficulty of 

synthesizing bisquinoline derivatives for cancer treatment, QSAR equations and regression 

analysis using physicochemical parameters can help in this situation. The current study is based 

on the chemical structures of bisquinoline derivatives, as in Table 1. QSAR equations have 

been performed to predict new bisquinoline derivatives connected by a 4-oxy-3-fluoroaniline 

moiety with potential anti-tumor activity. 

The physicochemical properties (descriptors) of the investigated chemical compounds 

are illustrated in Table 2 and Table 3. These descriptors include the area, volume, hydration 

energy, distribution coefficient, Refractivity, Polarizability, Mass, total energy, binding energy, 

isolated atomic energy, electronic energy, core-core interaction, and heat of formation. The 

descriptors were obtained from hyperchem at the semi-empirical theoretical method. Also, 

using the winks program and multi-regression statistical calculations, prolific descriptors are 

gained from the studied compounds. Then, after incorporation, the obtained descriptors, 

together with the biological activities previously measured (table 2&3).  

Table 2. Calculated descriptors by HyperChem for 17 derivatives of 4-oxy-3-fluoroaniline moiety presented in 

table one.   
SURFACE 

AREA 

VOLUME HYDRATION 

ENERGY 

LOGP 

(DISTRIBUTION-

COEFFICIENT) 

REFRACTIVITY POLARIZABILITY₸ 

1 789.5 1784.3 -12.6 -2.24 207.7 72.6 

2 822.5 1820.7 -12.4 -2.46 212.4 74.6 

3 750.1 1718.4 -15.02 -3.08 199.9 69.5 

4 806.3 1818.9 -16.5 -4.08 206.3 72 

5 748.5 1817.9 -17.5 -4.08 206.3 72 

6 784 1761.7 -14.7 -3.3 204.6 71.4 

7 810.9 1806.5 -14.3 -2.51 205.1 71.1 

8 783.8 1806.6 -12.3 -1.02 209.3 73.3 

9 864.7 1855.8 -16.8 -3.61 209.5 73.1 

10 829 1827.8 -14.4 -3.61 209.5 73.1 

11 820.1 1828.8 -12 -3.06 212.5 74.5 

12 777.9 1739.1 -14.5 -4.28 200.1 69.3 

13 810.4 1786.1 -13.5 -3.53 204.3 71.3 

14 843.6 1927.3 -11 -2.13 211.9 74.3 

15 741.1 1727.3 -12.8 -3.01 198.5 68.8 

16 780.5 1769.9 -12.5 -3.24 203.2 70.7 

17 759 1847.7 -14.8 -4.01 204.9 71.3 

Table 3. Calculated descriptors by HyperChem for 17 derivatives of 4-oxy-3-fluoroaniline moiety presented in 

table one.   
MASS TOTAL 

ENERGY 

BINDING 

ENERGY 

ISOLATED 

ATOMIC 

ENERGY 

ELECTRONIC 

ENERGY 

CORE-CORE 

INTERACTION 

HEAT OF 

FORMATION 

1 677.2 -309 -9202 -185129 -1834397 1640065 -27 

2 711.6 -322 -9185 -193449 -1892149 1689514 -34 

3 644.7 -302 -9031 -180786 -1786970 1597153 -49 

4 674.7 -319 -9336 -191388 -1904398 1703673 -19 

5 674.7 -319.8 -9335.1 -191388 -1905231 1704508 -18.58 

6 679.2 -315 -9013 -189107 -1849304 1651183 -55 

7 712.7 -360 -9243 -216676 -2040312 1814393 -85 

8 658.8 -303 -9603 -180646 -1869084 1678834 -26 

https://doi.org/10.33263/LIANBS124.160
https://nanobioletters.com/


https://doi.org/10.33263/LIANBS124.160  

 https://nanobioletters.com/ 6 of 12 

 

 
MASS TOTAL 

ENERGY 

BINDING 

ENERGY 

ISOLATED 

ATOMIC 

ENERGY 

ELECTRONIC 

ENERGY 

CORE-CORE 

INTERACTION 

HEAT OF 

FORMATION 

9 690.8 -331.1 -9522.9 -198269 -1955389 1747597 -24.06 

10 690.8 -331 -9601 -198269 -1974207 1766337 -102 

11 729.6 -340 -9194 -204309 -1992193 1778689 -77 

12 680.7 -337 -9054 -202505 -1921952 1710392 -139 

13 676.7 -325 -9326 -194957 -1913179 1708895 -102 

14 688.8 -324 -9575 -194291 -1971402 1767535 138 

15 646.7 -307.9 -8857.8 -184356 -1788757 1595543 31.3 

16 681.1 -321 -8841 -192676 -1851222 1649703 24 

17 676.7 -325 -9159 -194957 -1904957 1700840 64 

The multi-regression analysis by winks produced three equations that were used 

theoretically for calculating the compounds' biological activity (anti-tumor inhibition activity) 

depending on the chief descriptors affecting the biological activity of studied Bisquinoline 

derivatives. The postulated three equations are shown in Table 4. The obtained equations were 

used for calculating the ability of Bisquinoline derivatives connected by 4-Oxy-3-Fluoroaniline 

to act as anti-cancer agents. The degree of the validity of the three equations obtained from 

multi-regression statistical calculations was measured via different tools. One such is based on 

calculating the biological activity and applying our proposed equations. 

Table 4. Calculated equations to study the anti-tumor activity of 17 derivatives of bisquinoline connected by 4-

Oxy-3-Fluoroaniline using multi-regression analysis. 

H460 

=SUM(0.0050809* SURFACE AREA -0.0161233* VOLUME -0.4340501* LOGP-0.6297261* REFRACTIVITY +4.4364077* 

POLARIZABILITY -0.2500706* MASS+0.1508529* TOTAL ENERGY -0.1669597* BINDING ENERGY -0.1741498* ISOLATED ATOMIC 

ENERGY +0.1733749* ELECTRONIC ENERGY +0.1733602* CORE-CORE INTERACTION -11.70263)  ………..EQUATION 1 

HI-29 

=SUM (0.0040845* SURFACE AREA -0.090489* VOLUME -0.6474557* HYDRATION ENERGY -0.8256246* LOGP -2.017293* 

REFRACTIVITY +6.1082263* POLARIZABILITY +0.2978874* BINDING ENERGY +0.3060386* ISOLATED ATOMIC ENERGY -

0.3062737* ELECTRONIC ENERGY -0.306275* CORE-CORE INTERACTION +0.0432492* HEAT OF FORMATION +6.086928) ….. 

EQUATION 2 

MKN-45 

=SUM(0.00621* SURFACE AREA +0.007077* VOLUME +0.05503* HYDRATION ENERGY -0.14079* LOGP +2.641632* 

POLARIZABILITY -0.25079* MASS -0.20017* BINDING ENERGY -0.21041* ISOLATED ATOMIC ENERGY +0.209965* ELECTRONIC 

ENERGY +0.209954* CORE-CORE INTERACTION -0.01172* HEAT OF FORMATION -13.3204) 

……………………………………..EQUATION 3 

 

When the postulated data obtained in this study were matched with that obtained 

experimentally, as in  Table (5) for comparison purposes. Reading such a table (5), one can 

easily notice the concordance between the results obtained experimentally and that calculated 

using our equations.  

As shown from the results presented in Table 6 and figure 1(A, B, C), the R-value is 

close to unity, reflecting more validity of the proposed equations. By reading the F and P-values 

data in Table 5, one can touch the high proximity of calculated values to the experimentally 

measured biological activities.  

Table 5. The biological activity (anti-tumor activity) for 17 derivatives of bisquinoline connected by 4-oxy-3-

fluoroaniline moiety was determined theoretically (by equations; 1, 2,3) and experimentally, as reported earlier.  

 H460 HI-29 MKN-45 

EXPER. CALCUL. EXPER. CALCUL. EXPER. CALCUL. 

1 0.01 -0.0186 0.06 0.02595 0.01 0.09395 

2 0.82 0.83659 1.21 1.1007 0.73 0.66156 

3 0.19 0.0864 1.52 1.23093 0.09 0.01175 

4 0.75 0.69939 3.19 3.02571 0.16 0.20885 

5 0.56 0.52004 3.05 3.13895 0.11 0.05546 

6 0.08 0.13273 1.08 1.33188 0.04 0.08932 

7 0.07 0.05456 0.23 0.22991 0.01 0.07186 
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 H460 HI-29 MKN-45 

EXPER. CALCUL. EXPER. CALCUL. EXPER. CALCUL. 

8 0.07 0.05141 0.12 0.13316 0.19 0.16388 

9 1 0.92373 2.5 2.50623 0.69 0.69868 

10 0.24 0.38005 0.6 0.69176 0.26 0.29006 

11 0.31 0.27779 0.53 0.4348 0.25 0.29967 

12 0.03 -0.0364 0.25 0.06599 0.05 0.01056 

13 0.44 0.51205 0.39 0.5316 0.32 0.34059 

14 0.48 0.46929 0.42 0.34409 0.26 0.18368 

15 0.09 0.1889 0.16 0.24277 0.11 0.18435 

16 0.07 0.06999 0.67 0.7716 0.07 0.06597 

17 0.25 0.27796 0.61 0.56448 0.17 0.23223 

Table 6. Regression analysis reflects the validity of the proposed three QSAR equations. 

 F-VALUE P-VALUE R2 

EQUATION 1 H460 10.44 < 0.009 0.96 

EQUATION 2 HI-29 20.8 < 0.002 0.98 

EQUATION 3 MKN-45 6.65 < 0.009 0.922 

Where  F, P, and R are, respectively, the degree of freedom, the degree of significance, and the regression 

coefficient. 

 
Figure 1. The plot of experimental IC50 values (50 % inhibition) vs. calculated values postulated by QSAR 

equations for 17 derivatives of bisquinoline connected by 4-oxy-3-fluoroaniline moiety against tumor cell lines; 

A) H460; B) HI-29; C)  MKN-45. 

Also, the proposed equations reported that the area of bisquinoline derivatives 

connected by a 4-oxy-3-fluoroaniline moiety plays a significant role in the biological activity 

of these compounds as anti-tumor, as illustrated in Table 7. The data obtained indicated the 

validity of the proposed equations, which displayed the importance of QSAR analysis to predict 

or speculate new compounds based on these equations.  

 

Table 7. The most important physicochemical descriptors affecting the experimental biological parameters 

indicated by p-value and t-value according to Hyperchem &Winks Program.  

95% CONFIDENCE USING H460 95% CONFIDENCE USING 

HI-29 

95% CONFIDENCE USING MKN-

45 

SURFACE AREA Surface Area SURFACE AREA 

T-VALUE   p-value   t-value p-value t-value P-VALUE 

4.52 <0.001 3.98 <0.001 4.3 <0.001 
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Because of the previous discussion and according to the facts obtained from applying 

for Hyperchem programs, the descriptors of the newly postulated structures are examined 

respectively in tables 8 and 9. 

Taking into account these data and applying our newly calculated equations obtained 

from Hyperchem, we identified, calculated, and illustrated the biological activity of four new 

compounds, as shown in tables 8 and 9. These compounds are speculated, considering that they 

have 4-oxy-3-fluoroaniline moiety, and the rest of their structures are completed by active sites 

complementing the best descriptors obtained from our Hyperchem investigation. 

In Table 10, the postulated compounds showed moderate to excellent cytotoxic activity 

against the different cancer cells with varying potencies. However, the cytotoxicity for 

compound (4) is generally higher than that for the corresponding compounds, suggesting that 

the introduction of chloro- and fluoro- groups to the 2-arylquinoline-4-carboxamide moiety is 

favorable for activity. Also, the postulated compound (4) showed higher cytotoxicity than 

compound (1), which was synthesized and investigated experimentally. 

Thus the newly 4-oxy-3-fluoroaniline moiety derivatives remain to be synthesized and 

investigated experimentally for their cytotoxic activity against the cancer cell lines H460, HT-

29, and MKN-45. 

Table 8. Calculated physicochemical descriptors of four newly speculated chemical compounds. 

POSTULATED 

COMPOUNDS 

SURFACE 

AREA 

VOLUME HYDRATION 

ENERGY 

LOGP (DISTRIBUTION-

COEFFICIENT) 

REFRACTIVITY POLARIZABILITY 

1 786.6 1779.6 -13.2 -1.64 207.54 72.75 

2 782 1783.2 -12.26 -2.84 207.8 72.55 

3 786.6 1779 -13.2 -1.64 207.54 72.75 

4 747.5 1735.8 -12.52 -3.62 198.6 68.7 

Table 9. Calculated physicochemical descriptors of four newly speculated chemical compounds. 

POSTULATED 

COMPOUNDS 

MASS TOTAL 

ENERGY 

BINDING 

ENERGY 

ISOLATED 

ATOMIC 

ENERGY 

ELECTRONIC 

ENERGY 

CORE-CORE 

INTERACTION 

HEAT OF 

FORMATION 

1 659.19 -292.36 -9193.83 -174269.99 - 1742636.5 1559173 13.668 

2 695.16 326.8 -9083.76 -195988.61 -1931304.4 1726232 57.318 

3 659.18 -292.36 -9193.83 -174269.99 -1742636.5 1559173 13.668 

4 664.7 -325.226 -8867.07 -195215.72 -1877021.1 1672938 -11.187 

Table 10. The biological activity (anti-tumor activity) of 4 newly speculated derivatives containing 4-oxy-3 

fluoroaniline moiety was determined theoretically by three predicted equations based on their calculated 

physicochemical descriptors. 
 

 

IC50(μmol/L) 

 R1 R2 R3 R4 R5 H460 HI-29 MKN-45 

1 
 

F H H H 0.561 0.511 0.707 

2 
 

F H F F 99.441 4.647 -0.225 

3 
 

F 3-Cl H H 0.573 0.565 0.705 

4 
 

F 3-Cl F F -0.091 -0.234 -0.0487 

 

https://doi.org/10.33263/LIANBS124.160
https://nanobioletters.com/


https://doi.org/10.33263/LIANBS124.160  

 https://nanobioletters.com/ 9 of 12 

 

Finally, our data may be exhibited a potential interest for investigators attempting to 

find new prominent active compounds with potential anti-tumor activities. 

4. Conclusions 

In this study, four new bisquinoline derivatives were significantly postulated using QSAR 

and regression analysis. Moreover, anti-tumor activities of the new structures were predicted 

in vitro against a panel of five cancer cell lines (H460, HT-29, MKN-45, U87MG, and SMMC-

7721) based upon their physicochemical parameters and without lab investigations 

Funding 

This research received no external funding. 

Acknowledgments 

This research has no acknowledgment. 

Conflicts of Interest 

The authors declare no conflict of interest. 

References 

1. Lancellotti, P.; Nguyen Trung, M.-L.; Oury, C.; Moonen, M. Cancer and cardiovascular mortality risk: is the 

die cast? European Heart Journal 2021, 42, 110-112, https://doi.org/10.1093/eurheartj/ehaa871.  

2. Hamdy, R.; Elseginy, S.A.; Ziedan, N.I.; Jones, A.T.; Westwell, A.D. New Quinoline-Based Heterocycles as 

Anticancer Agents Targeting Bcl-2. Molecules 2019, 24, https://doi.org/10.3390/molecules24071274. 

3. Mohamed, M.F.A.; Abuo-Rahma, G.E.-D.A. Molecular targets and anti-cancer activity of quinoline–

chalcone hybrids: literature review. RSC Advances 2020, 10, 31139-31155,  

https://doi.org/10.1039/D0RA05594H.  

4. Janeoo, S.; Kaur, H.; Kaul, G.; Akhir, A.; Chopra, S.; Banerjee, S.; Reenu; Kumar, V.; Kumar, R. Fluorine-

containing 2,3-diaryl quinolines as potent inhibitors of methicillin and vancomycin-resistant Staphylococcus 

aureus: Synthesis, antibacterial activity and molecular docking studies. Journal of Molecular Structure 2021, 

1244, https://doi.org/10.1016/j.molstruc.2021.130924  

5. Settleman, J.; Neto, J.M.F.; Bernards, R. Thinking Differently about Cancer Treatment Regimens. Cancer 

discovery 2021, 11, 1016-1023, https://doi.org/10.1158/2159-8290.Cd-20-1187.  

6. Garajová, I.; Balsano, R.; Wang, H.; Leonardi, F.; Giovannetti, E.; Deng, D.; Peters, G.J. The role of the 

microbiome in drug resistance in gastrointestinal cancers. Expert Review of Anticancer Therapy 2021, 21, 

165-176, https://doi.org/10.1080/14737140.2021.1844007.  

7. Hu, J.; Cao, T.; Yuan, B.; Guo, Y.; Zhang, J.; Zhao, J.a.; Zhao, X.; Hou, H. Benzimidazole-quinoline-based 

copper complexes: Exploration for their possible anti-tumor mechanism. Polyhedron 2022, 211, 

https://doi.org/10.1016/j.poly.2021.115563  . 

8. Dallavalle, S.; Dobričić, V.; Lazzarato, L.; Gazzano, E.; Machuqueiro, M.; Pajeva, I.; Tsakovska, I.; Zidar, 

N.; Fruttero, R. Improvement of conventional anti-cancer drugs as new tools against multidrug resistant 

tumors. Drug Resistance Updates 2020, 50, https://doi.org/10.1016/j.drup.2020.100682.  

9. Kadhim, Y.Z.; Alqaraghuli, G.J.H.; Abd, T.M. Synthesis, Characterization, Molecular Docking, In Vitro 

Biological Evaluation and In Vitro Cytotoxicity Study of Novel Thiazolidine-4-One Derivatives as Anti-

Breast Cancer Agents. Anti-cancer Agents in Medicinal Chemistry 2021, 21, 2397-2406, 

https://doi.org/10.2174/1871520621666210401100801.  

10. Dib, M.; Ouchetto, H.; Ouchetto, K.; Hafid, A.; Khouili, M. Recent Developments of Quinoline Derivatives 

and their Potential Biological Activities. Current Organic Synthesis 2021, 18, 248-269, 

https://doi.org/10.2174/1570179417666201216162055.  

11. Saeed, A.M.; Abdou, I.M; Salem, A.A.; Ghattas, M.A.; Atatreh, N.; AlNeyadi, S.S. Anti-cancer activity and 

molecular docking of some pyrano [3, 2-c] quinoline analogues. Open Journal of Medicinal Chemistry 

2020, 10, 1-14, https://doi.org/10.4236/ojmc.2020.101001.  

12. Yadav, P.; Shah, K. Quinolines, a perpetual, multipurpose scaffold in medicinal chemistry. Bioorganic 

Chemistry 2021, 109, https://doi.org/10.1016/j.bioorg.2021.104639.  

https://doi.org/10.33263/LIANBS124.160
https://nanobioletters.com/
https://doi.org/10.1093/eurheartj/ehaa871
https://doi.org/10.3390/molecules24071274
https://doi.org/10.1039/D0RA05594H
https://doi.org/10.1016/j.molstruc.2021.130924
https://doi.org/10.1158/2159-8290.Cd-20-1187
https://doi.org/10.1080/14737140.2021.1844007
https://doi.org/10.1016/j.poly.2021.115563
https://doi.org/10.1016/j.drup.2020.100682
https://doi.org/10.2174/1871520621666210401100801
https://doi.org/10.2174/1570179417666201216162055
https://doi.org/10.4236/ojmc.2020.101001
https://doi.org/10.1016/j.bioorg.2021.104639


https://doi.org/10.33263/LIANBS124.160  

 https://nanobioletters.com/ 10 of 12 

 

13. Gupta, R.; Luxami, V.; Paul, K. Insights of 8-hydroxyquinolines: A novel target in medicinal chemistry. 

Bioorganic Chemistry 2021, 108, https://doi.org/10.1016/j.bioorg.2021.104633.  

14. Aly, A. A.; Ramadan, M.; Abuo-Rahma, G. E. D. A.; Elshaier, Y. A.; Elbastawesy, M. A.; Brown, A. B.; 

Bräse, S. Quinolones as prospective drugs: Their syntheses and biological applications. In Advances in 

Heterocyclic Chemistry, Academic Press.,Volume 135, 2021; pp. 147-196, 

https://doi.org/10.1016/bs.aihch.2020.08.001.  

15. Eissa, S.I.; Farrag, A.M.; Abbas, S.Y.; El Shehry, M.F.; Ragab, A.; Fayed, E.A.; Ammar, Y.A. Novel 

structural hybrids of quinoline and thiazole moieties: Synthesis and evaluation of antibacterial and antifungal 

activities with molecular modeling studies. Bioorganic Chemistry 2021, 110, 

https://doi.org/10.1016/j.bioorg.2021.104803.   

16. Mohamed, M.F.A.; Abuo-Rahma, G.E.-D.A. Molecular targets and anti-cancer activity of quinoline–

chalcone hybrids: literature review. RSC Advances 2020, 10, 31139-31155, 

https://doi.org/10.1039/D0RA05594H.  

17. Shin, S.-A.; Moon, S.Y.; Kim, W.-Y.; Paek, S.-M.; Park, H.H.; Lee, C.S. Structure-Based Classification and 

Anti-Cancer Effects of Plant Metabolites. International Journal of Molecular Sciences 2018, 19, 
https://doi.org/10.3390/ijms19092651.  

18. Li, H.-T.; Zhu, X. Quinoline-based Compounds with Potential Activity against Drugresistant Cancers. 

Current Topics in Medicinal Chemistry 2021, 21, 426-437, 

https://doi.org/10.2174/1568026620666200618113957. 

19. Mirzaei, S.; Hadizadeh, F.; Eisvand, F.; Mosaffa, F.; Ghodsi, R. Synthesis, structure-activity relationship and 

molecular docking studies of novel quinoline-chalcone hybrids as potential anti-cancer agents and tubulin 

inhibitors. Journal of Molecular Structure 2020, 1202, https://doi.org/10.1016/j.molstruc.2019.127310.   

20. Saeed, A.M.; Abdou, I.M.; Salem, A.A.; Ghattas, M.A.; Atatreh, N.; AlNeyadi, S.S. Anti-cancer activity and 

molecular docking of some pyrano [3, 2-c] quinoline analogues. Open Journal of Medicinal Chemistry 2020, 

10, 1-14, https://doi.org/10.4236/ojmc.2020.101001.   

21. Khan, M.T.H. Quinoline analogs as antiangiogenic agents and telomerase inhibitors. Bioactive Heterocycles 

V 2007, 213-229, https://doi.org/10.1007/7081_2007_087.   

22. Lu, J.-J.; Meng, L.-H.; Cai, Y.-J.; Chen, Q.; Tong, L.-J.; Lin, L.-P.; Ding, J. Dihydroartemisinin induces 

apoptosis in HL-60 leukemia cells dependent of iron and p38 mitogen-activated protein kinase activation but 

independent of reactive oxygen species. Cancer Biology & Therapy 2008, 7, 1017-1023, 

https://doi.org/10.4161/cbt.7.7.6035.  

23. Kumar, C.B.P.; Raghu, M.S.; Prathibha, B.S.; Prashanth, M.K.; Kanthimathi, G.; Kumar, K.Y.; Parashuram, 

L.; Alharthi, F.A. Discovery of a novel series of substituted quinolines acting as anti-cancer agents and 

selective EGFR blocker: Molecular docking study. Bioorganic & Medicinal Chemistry Letters 2021, 44, 

https://doi.org/10.1016/j.bmcl.2021.128118.   

24. Serda, M.; Kalinowski, D.S.; Mrozek-Wilczkiewicz, A.; Musiol, R.; Szurko, A.; Ratuszna, A.; Pantarat, N.; 

Kovacevic, Z.; Merlot, A.M.; Richardson, D.R.; Polanski, J. Synthesis and characterization of quinoline-

based thiosemicarbazones and correlation of cellular iron-binding efficacy to anti-tumor efficacy. Bioorganic 

& Medicinal Chemistry Letters 2012, 22, 5527-5531, https://doi.org/10.1016/j.bmcl.2012.07.030.   

25. Kumar, S.; Bawa, S.; Gupta, H. Biological Activities of Quinoline Derivatives. Mini-Reviews in Medicinal 

Chemistry 2009, 9, 1648-1654, https://doi.org/10.2174/138955709791012247.   

26. Ai, Y.; Liang, Y.-J.; Liu, J.-C.; He, H.-W.; Chen, Y.; Tang, C.; Yang, G.-Z.; Fu, L.-W. Synthesis and in vitro 

antiproliferative evaluation of pyrimido[5,4-c]quinoline-4-(3H)-one derivatives. European Journal of 

Medicinal Chemistry 2012, 47, 206-213, https://doi.org/10.1016/j.ejmech.2011.10.044.    

27. Chan, S.H.; Chui, C.H.; Chan, S.W.; Kok, S.H.L.; Chan, D.; Tsoi, M.Y.T.; Leung, P.H.M.; Lam, A.K.Y.; 

Chan, A.S.C.; Lam, K.H.; Tang, J.C.O. Synthesis of 8-Hydroxyquinoline Derivatives as Novel Antitumor 

Agents. ACS Medicinal Chemistry Letters 2013, 4, 170-174, https://doi.org/10.1021/ml300238z.   

28. Dutt, R.; Garg, V.; Khatri, N.; Madan, A.K. Phytochemicals in Anticancer Drug Development. Anti-cancer 

Agents Med Chem 2019, 19, 172-183, https://doi.org/10.2174/1871520618666181106115802.    

29. van de Waterbeemd, H.; Gifford, E. ADMET in silico modelling: towards prediction paradise? Nature 

Reviews Drug Discovery 2003, 2, 192-204, https://doi.org/10.1038/nrd1032.   

30. Ni, D.; Chai, Z.; Wang, Y.; Li, M.; Yu, Z.; Liu, Y.; Lu, S.; Zhang, J. Along the allostery stream: Recent 

advances in computational methods for allosteric drug discovery. WIREs Computational Molecular Science 

2022, 12, https://doi.org/10.1002/wcms.1585.  

31. Al-Sanea, M.M.; Chilingaryan, G.; Abelyan, N.; Arakelov, G.; Sahakyan, H.; Arakelov, V.G.; Nazaryan, K.; 

Hussein, S.; Alazmi, G.M.; Alsharari, H.E.; Al-faraj, W.M.; Alruwaili, F.S.; Albilasi, N.Q.; Alsharari, T.S.; 

Alsaleh, A.A.S.; Alazmi, T.M.; Almalki, A.H.; Alotaibi, N.H.; Abdelgawad, M.A. Identification of non-

classical hCA XII inhibitors using combination of computational approaches for drug design and discovery. 

Scientific Reports 2021, 11, https://doi.org/10.1038/s41598-021-94809-x.  

32. OECD.Guidance Document on the Validation of (Quantitative) Structure-Activity Relationship [(Q)SAR] 

Models, OECD Series on Testing and Assessment, No. 69, OECD Publishing, Paris, 

2014; https://doi.org/10.1787/9789264085442-en. 

https://doi.org/10.33263/LIANBS124.160
https://nanobioletters.com/
https://doi.org/10.1016/j.bioorg.2021.104633
https://doi.org/10.1016/bs.aihch.2020.08.001
https://doi.org/10.1016/j.bioorg.2021.104803
https://doi.org/10.1039/D0RA05594H
https://doi.org/10.3390/ijms19092651
https://doi.org/10.2174/1568026620666200618113957
https://doi.org/10.1016/j.molstruc.2019.127310
https://doi.org/10.4236/ojmc.2020.101001
https://doi.org/10.1007/7081_2007_087
https://doi.org/10.4161/cbt.7.7.6035
https://doi.org/10.1016/j.bmcl.2021.128118
https://doi.org/10.1016/j.bmcl.2012.07.030
https://doi.org/10.2174/138955709791012247
https://doi.org/10.1016/j.ejmech.2011.10.044
https://doi.org/10.1021/ml300238z
https://doi.org/10.2174/1871520618666181106115802
https://doi.org/10.1038/nrd1032
https://doi.org/10.1002/wcms.1585
https://doi.org/10.1038/s41598-021-94809-x
https://doi.org/10.1787/9789264085442-en


https://doi.org/10.33263/LIANBS124.160  

 https://nanobioletters.com/ 11 of 12 

 

33. Hu, S.; Chen, P.; Gu, P.; Wang, B. A Deep Learning-Based Chemical System for QSAR Prediction. IEEE 

Journal of Biomedical and Health Informatics 2020, 24, 3020-3028, 

https://doi.org/10.1109/JBHI.2020.2977009.   

34. Prado-Prado, F.J.; García-Mera, X.; González-Díaz, H. Multi-target spectral moment QSAR versus ANN for 

antiparasitic drugs against different parasite species. Bioorganic & Medicinal Chemistry 2010, 18, 2225-

2231, https://doi.org/10.1016/j.bmc.2010.01.068.  

35. Karakoc, E.; Sahinalp, S.C.; Cherkasov, A. Comparative QSAR- and Fragments Distribution Analysis of 

Drugs, Druglikes, Metabolic Substances, and Antimicrobial Compounds. Journal of Chemical Information 

and Modeling 2006, 46, 2167-2182, https://doi.org/10.1021/ci0601517.  

36. Huang, H.-J.; Chetyrkina, M.; Wong, C.-W.; Kraevaya, O.A.; Zhilenkov, A.V.; Voronov, I.I.; Wang, P.-H.; 

Troshin, P.A.; Hsu, S.-h. Identification of potential descriptors of water-soluble fullerene derivatives 

responsible for anti-tumor effects on lung cancer cells via QSAR analysis. Computational and Structural 

Biotechnology Journal 2021, 19, 812-825, https://doi.org/10.1016/j.csbj.2021.01.012.  

37. Gramatica, P. Principles of QSAR Modeling: Comments and Suggestions From Personal Experience. 

International Journal of Quantitative Structure-Property Relationships (IJQSPR) 2020, 5, 61-97, 

https://doi.org/10.4018/IJQSPR.20200701.oa1.   

38. Soltani, S.; Abolhasani, H.; Zarghi, A.; Jouyban, A. QSAR analysis of diaryl COX-2 inhibitors: Comparison 

of feature selection and train-test data selection methods. European Journal of Medicinal Chemistry 2010, 

45, 2753-2760, https://doi.org/10.1016/j.ejmech.2010.02.055.   

39. Sharma, R.K.; Reddy, H.K.; Singh, V.N.; Sharma, R.; Voelker, D.J.; Bhatt, G. Aspirin and clopidogrel 

hyporesponsiveness and nonresponsiveness in patients with coronary artery stenting. Vascular health and 

risk management 2009, 5, https://doi.org/10.2147/vhrm.s6787.  

40. Gozari, M.; Alborz, M.; El-Seedi, H.R.; Jassbi, A.R. Chemistry, biosynthesis and biological activity of 

terpenoids and meroterpenoids in bacteria and fungi isolated from different marine habitats. European 

Journal of Medicinal Chemistry 2021, 210, https://doi.org/10.1016/j.ejmech.2020.112957.   

41. Insuasty, D.; García, S.; Abonia, R.; Insuasty, B.; Quiroga, J.; Nogueras, M.; Cobo, J.; Borosky, G.L.; Laali, 

K.K. Design, synthesis, and molecular docking study of novel quinoline-based bis-chalcones as potential 

anti-tumor agents. Archiv der Pharmazie 2021, 354, https://doi.org/10.1002/ardp.202100094.  

42. Ashizawa, T.; Miyata, H.; Ishii, H.; Oshita, C.; Matsuno, K.; Masuda, Y.; Furuya, T.; Okawara, T.; Otsuka, 

M.; Ogo, N.; Asai, A.; Akiyama, Y. Antitumor activity of a novel small molecule STAT3 inhibitor against a 

human lymphoma cell line with high STAT3 activation. Int J Oncol 2011, 38, 1245-1252, 

https://doi.org/10.3892/ijo.2011.957.     

43. Liu, J.; Gong, Y.; Shi, J.; Hao, X.; Wang, Y.; Zhou, Y.; Hou, Y.; Liu, Y.; Ding, S.; Chen, Y. Design, synthesis 

and biological evaluation of novel N-[4-(2-fluorophenoxy)pyridin-2-yl]cyclopropanecarboxamide 

derivatives as potential c-Met kinase inhibitors. European Journal of Medicinal Chemistry 2020, 194,  
https://doi.org/10.1016/j.ejmech.2020.112244.   

44. Wang, Z.; Shi, J.; Zhu, X.; Zhao, W.; Gong, Y.; Hao, X.; Hou, Y.; Liu, Y.; Ding, S.; Liu, J.; Chen, Y. Design, 

synthesis and biological evaluation of novel 4-phenoxypyridine based 3-oxo-3,4-dihydroquinoxaline-2-

carboxamide derivatives as potential c-Met kinase inhibitors. Bioorganic Chemistry 2020, 105,  

https://doi.org/10.1016/j.bioorg.2020.104371.  

45. Li, S.; Huang, Q.; Liu, Y.; Zhang, X.; Liu, S.; He, C.; Gong, P. Design, synthesis and antitumour activity of 

bisquinoline derivatives connected by 4-oxy-3-fluoroaniline moiety. European Journal of Medicinal 

Chemistry 2013, 64, 62-73, https://doi.org/10.1016/j.ejmech.2013.04.001.  

46. Hyperchem Program version 8, available from 

http://www.hypercubeusa.com/Products/tabid/354/Default.aspx, Windows Hypercube,Inc., USA. 

47. Béké, D.E.; Koné M.; Diarrasouba, F. Quantitative Structure-Activity Relationship (QSAR) study of a series 

of 2-thioarylalkyl benzimidazole derivatives by The Density Functional Theory (DFT). Open J Bioinform 

Biostat. 2021, 5, 001-007, https://doi.org/10.17352/ojbb.000009.  

48. Sherif, Y.E.S.; El-Asmy, A.A.H.; Lotfy, M. 4-hydroxy-2-methyl-N-(2-thiazole)-2H-1, 2-benzothiazine-3-

carboxamide-1, 1-dioxide (EX15) and its cu (II) complex as new oxicam selective cyclooxygenase-2 

inhibitors. Croatica Chemica Acta 2012, 85, 19-26, https://doi.org/10.5562/cca1802.   

49. Sippl, W. 3D-QSAR–applications, recent advances, and limitations. In: Recent Advances in QSAR Studies. 

Springer, Dordrecht. 2010; pp. 103-125, https://doi.org/10.1007/978-1-4020-9783-6_4.      
50. Lemmen, C.; Lengauer, T. Computational methods for the structural alignment of molecules. Journal of 

Computer-Aided Molecular Design 2000, 14, 215-232, https://doi.org/10.1023/A:1008194019144.    

51. Dearden, J.C. The History and Development of Quantitative Structure-Activity Relationships (QSARs). In: 

Oncology: Breakthroughs in Research and Practice. Management Association, I.R., Ed.; IGI Global: 

Hershey, PA, USA, 2017; pp. 67-117, https://doi.org/10.4018/978-1-5225-0549-5.ch003.    

52. Puzyn, T.; Leszczynski, J.; Cronin M.T.D. Recent advances in QSAR studies. Recent advances in QSAR 

studies methods and applications. In: Challenges and advances in computational chemistry and physics. 

Dordrecht ; New York : Springer, Volume 8, 2010, pp. 18, https://doi.org/10.1007/978-1-4020-9783-6.  

53. Winks version 4.65, available from Texa Soft, https://www.Texasoft.com/homepage.   

https://doi.org/10.33263/LIANBS124.160
https://nanobioletters.com/
https://doi.org/10.1109/JBHI.2020.2977009
https://doi.org/10.1016/j.bmc.2010.01.068
https://doi.org/10.1021/ci0601517
https://doi.org/10.1016/j.csbj.2021.01.012
https://doi.org/10.4018/IJQSPR.20200701.oa1
https://doi.org/10.1016/j.ejmech.2010.02.055
https://doi.org/10.2147/vhrm.s6787
https://doi.org/10.1016/j.ejmech.2020.112957
https://doi.org/10.1002/ardp.202100094
https://doi.org/10.3892/ijo.2011.957
https://doi.org/10.1016/j.ejmech.2020.112244
https://doi.org/10.1016/j.bioorg.2020.104371
https://doi.org/10.1016/j.ejmech.2013.04.001
https://doi.org/10.17352/ojbb.000009
https://doi.org/10.5562/cca1802
https://doi.org/10.1007/978-1-4020-9783-6_4
https://doi.org/10.1023/A:1008194019144
https://doi.org/10.4018/978-1-5225-0549-5.ch003
https://doi.org/10.1007/978-1-4020-9783-6
https://www.texasoft.com/homepage


https://doi.org/10.33263/LIANBS124.160  

 https://nanobioletters.com/ 12 of 12 

 

54. Kelloff, G.J. Perspectives on Cancer Chemoprevention Research and Drug Development. In: Advances in 

Cancer Research. Vande Woude, G.F.; Klein, G. Eds.; Academic Press: Volume 78, 1999; pp. 199-334, 

https://doi.org/10.1016/s0065-230x(08)61026-x.  

55. Maes, K.; Mondino, A.; Lasarte, J.J.; Agirre, X.; Vanderkerken, K.; Prosper, F.; Breckpot, K. Epigenetic 

Modifiers: Anti-Neoplastic Drugs With Immunomodulating Potential. Frontiers in Immunology 2021, 12, 

https://doi.org/10.3389/fimmu.2021.652160.  

56. Hacker, U.; Hoffmeister, A.; Lordick, F. Diagnostik und Therapie des Magenkarzinoms [Gastric Cancer: 

diagnosis and current treatment strategies]. Dtsch Med Wochenschr. 2021, 146, 1533-1537, German, 

https://doi.org/10.1055/a-1169-0440.  

57. Jiang, M.; Zeng, J.; Zhao, L.; Zhang, M.; Ma, J.; Guan, X.; Zhang, W. Chemotherapeutic drug-induced 

immunogenic cell death for nanomedicine-based cancer chemo–immunotherapy. Nanoscale 2021, 13, 17218-

17235, https://doi.org/10.1039/d1nr05512g.  

58. Gabr, S.A.; Alghadir, H.A. Potential anti-cancer activities of Rhus coriaria (sumac) extract against human 

cancer cell lines. Bioscience Reports 2021, 41, https://doi.org/10.1042/BSR20204384.  

59. Ghfar, A.A.; El-Metwally, M.M.; Shaaban, M.; Gabr, S.A.; Gabr, N.S.; Diab, M.S.M.; Aqel, A.; Habila, 

M.A.; Al-Qahtani, W.H.; Alfaifi, M.Y.; Elbehairi, S.E.I.; AlJumah, B.A. Production of Terretonin N and 

Butyrolactone I by Thermophilic Aspergillus terreus TM8 Promoted Apoptosis and Cell Death in Human 

Prostate and Ovarian Cancer Cells. Molecules 2021, 26, https://doi.org/10.3390/molecules26092816.  

60. El-Gaby, M.S.A.; Abdel-Gawad, S.M.; Ghorab, M.M.; Heiba, H.I.; Aly, H.M. Synthesis and Biological 

Activity of Some Novel Thieno[2,3-b]quinoline, Quinolino[3′,2′:4,5] thieno[3,2-d]pyrimidine and 

Pyrido[2′,3′:4,5] thieno[2,3-b]quinoline Derivatives. Phosphorus, Sulfur, and Silicon and the Related 

Elements 2006, 181, 279-297, https://doi.org/10.1080/104265090970322.  

61. Bahsas, A.; Amaro-Luis, J.; Vazquez, Y.; Gupta, M.; Sortino, M.; Zacchino, A.S.; Kouznetsov, V.V.; 

Puentes, O.C.; Bohorquez, R.R.A. A Straightforward Synthetic Approach to Antitumoral Pyridinyl 

Substituted 7H-Indeno[2,1-c]Quinoline Derivatives Via Three-Component Imino Diels- Alder Reaction. 

Letters in Organic Chemistry 2006, 3, 300-304, https://doi.org/10.2174/157017806776114595.  

62. Ghorab, M.M.; Ragab, F.A.; Noaman, E.; Heiba, H.I.; El-Hossary, E.M. Synthesis of some novel quinolines 

and pyrimido [4,5-b] quinolines bearing A sulfonamide moiety as potential anti-cancer and radioprotective 

agents. Arzneimittelforschung 2007, 57, 795-803, https://doi.org/10.1055/s-0031-1296682.  

63. Hu, L.; Li, Z.-r.; Jiang, J.-d.; Boykin, W.D. Novel Diaryl or Heterocyclic Sulfonamides as Antimitotic Agents. 

Anti-cancer Agents in Medicinal Chemistry 2008, 8, 739-745, https://doi.org/10.2174/187152008785914806.  

 

https://doi.org/10.33263/LIANBS124.160
https://nanobioletters.com/
https://doi.org/10.1016/s0065-230x(08)61026-x
https://doi.org/10.3389/fimmu.2021.652160
https://doi.org/10.1055/a-1169-0440
https://doi.org/10.1039/d1nr05512g
https://doi.org/10.1042/BSR20204384
https://doi.org/10.3390/molecules26092816
https://doi.org/10.1080/104265090970322
https://doi.org/10.2174/157017806776114595
https://doi.org/10.1055/s-0031-1296682
https://doi.org/10.2174/187152008785914806

