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Abstract 

The great therapeutic potential of furoquinoxalines has encouraged several researchers to develop distinct 

synthetic methods that lead to these heterocycles. The current review discusses and summarizes the 

numerous synthetic approaches of furoquinoxalines. Furo[2,3-b]quinoxaline and furo[3,4-b]quinoxaline are 

the two positional isomers of furoquinoxalines which gained much  interest as biologically active compounds. 

This review offers a comprehensive survey of the different synthetic methods of both two compounds from 

various quinoxaline derivatives. 
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1. Introduction  
 

Heterocycles have long been recognized as one of the most active study areas in organic chemistry.1 

Quinoxaline is a member of the benzodiazine heterocyclic family, having nitrogen heteroatoms located at the 

1- and 4-positions. Recent updates revealed that the chemistry of quinoxaline has sparked significant interest 2 

due to its numerous chemical reactivities,3-5 applicability in material science,6, 7 and broad range of biological 

activities.8, 9 The quinoxaline motif is known to constitute a class of medicinally relevant molecules that have 

antibacterial,1, 2  antiviral,10 antifungal,8, 11 anticancer,9, 12 antileishmanial13 analgesic,14 antimalarial,15 

antitumor, 16 antiamoebic,17 antiepileptic,18 anticonvulsant,19 antitubercular,20 antiproliferative,21 anti-HCV,22 

and anti-inflammatory.23 Compounds containing quinoxaline cores are employed as allosteric dual Akt1 and 

Akt2 inhibitors, human cytomegalovirus polymerase inhibitors,24 Src-Family Kinase p56Lck inhibitors, 25 SRPK-1 

inhibitors,26 and monoamine oxidase A inhibitors.27 Furthermore, the quinoxaline nucleus is found in many 

physiologically and pharmacologically active substances.28 

Some nucleosides containing furan exhibit antiviral and antileukemic action in vitro (Figure 1).29 The 

furo[2,3-b]pyrazine and furo[2,3-b]quinoxaline derivatives are effective inhibitors of PDE4B and sirtuins. The 

alkyl chain at the C-2 position of the furo[2,3-b]quinoxalines was important for the inhibition of the growth of 

cervical cancer (HeLa) cells II and III (Figure 1).30, 31 Benthocyanin B prevents rat erythrocyte hemolysis and 

regulates the peroxidation of lipids generated by free radicals in rat liver microsomes IV (Figure 1).32 

 

 
 

Figure 1. Some biologically active furo-fused N-heterocyclic derivatives 
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Furo[2,3-b]quinoxaline 1 and furo[3,4-b]quinoxaline 2 are the two positional isomers of 

furoquinoxalines that have the furan ring fused onto the quinoxaline ring at the side of pyrazine part. This 

review article aims to focus on these two isomers and their preparation. We reported herein the different synthetic 

methods of furoquinoxalines. 

 

 
 

 

2. Synthesis of furo[2,3-b]quinoxalines 
 

The documented synthesis of furo[2,3-b]quinoxaline ring systems was accomplished by building a furan ring 

onto a 2,3-disubstituted quinoxaline ring.  

 

2. 1. From chloro/dichloroquinoxalines 

It was reported that furo[2,3-b]quinoxaline derivatives 5a,b were produced through the reaction of either 

chloroquinoxaline (3) with acetophenones in DMSO in the presence of KCN acting as a catalyst or the reaction 

of 2,3-dichloroquinoxaline (4) with acetophenones in benzene in the presence of sodamide (NaNH2) as a 

catalyst (Scheme 1).33  

 

 
 

Scheme 1. Synthesis of 2-phenylfuro[2,3-b]quinoxaline derivatives 5a,b. 

 

Ponomareva, et al.34 modified this process with other ketones by conducting the reaction in THF with 

potassium t-butoxide as a catalyst (Scheme 2). 

 

 
 

Scheme 2. Reaction of 2-chloroquinoxaline 3 with ketones. 
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In 2013, Pal et al.35 reported that the key starting material 2-chloro-3-(phenylethynyl) quinoxaline (8) 

which is required for the synthesis of furoquinoxaline derivatives was obtained via a selective mono alkylation 

of 2,3-dichloroquinoxaline (4) with terminal alkynes 7 under Pd–Cu catalysis. Hydrolysis of 8 followed by 

cyclization in the presence of K2CO3 afforded the corresponding furoquinoxaline derivatives 6a and 6f-n in 

fairly good yields (Scheme 3). 

 

 
 

Scheme 3. Reaction of 2,3-dichloroquinoxaline 4 with terminal alkynes (7). 

 

In 2016, Keivanloo et al36 reported that a two-step process was used to illustrate the synthesis of 3-

iodo-2-phenylfuro[2,3-b]quinoxaline (11). First, a Sonogashira coupling between phenyl acetylene and 2-

chloro-3-methoxyquinoxaline (9), which was prepared by reacting 2,3-dichloroquinoxaline (4) with a mixture 

of NaOMe in MeOH at room temperature. Second, an iodine monochloride (ICl)-based electrophilic 

cyclization. Treatment of 2-chloro-3-methoxyquinoxaline (9) with a variety of terminal alkynes under the 

standard Sonogashira coupling conditions [PdCl2(PPh3)2], CuI, Et3N as the base, and DMF as the solvent] 

afforded high yields of the desired products (Scheme 4). Cyclization of 10 for the synthesis of 3-unsubstituted-

2-phenylfuro[2,3-b]quinoxaline, as well as the one-pot Sonogashira coupling reaction/ heteroannulation of 9 

with terminal alkynes, was failed. 

 

 
 

Scheme 4. Two steps synthesis of 3-iodo-2-phenylfuro[2,3-b]quinoxaline (11). 
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Designed approach for the synthesis of furoquinolines. 

 

 
 

Scheme 5. Synthesis of highly functionalized furo[2,3-b] quinoxalines 6, 12-14. 
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In 2017 Verma and co-workers37 demonstrated an efficient metal-free approach for the synthesis of 

highly functionalized furo[2,3-b]quinoxalines. The reaction commences with a Pd/Cu-catalyzed alkylation of 

2,3-dichloroquinoxaline (4), followed by ring closure in the presence of trifluoroacetic acid (TFA). This 

approach is appealing since no external oxidant is required. TFA serves as an oxygen source for oxyarylation 

and aids in the activation of the alkyne (Scheme 5). The alkylation of 2,3-dichloroquinoxaline derivatives (4) 

followed by ring closure in the presence of trifluoroacetic acid (TFA) can be explained in the Scheme 2. 

A facile production of 2-substituted furo[2,3-b]quinoxalines 6 was accomplished by refluxing 

chloroquinoxaline derivative 15 with either sodium hydroxide in dioxane38 or phosphoric acid in xylene39 

(Scheme 6). 

 

 
 

Scheme 6. Synthesis of 2-substituted furo[2,3-b]quinoxalines 6 by using  chloroquinoxaline derivatives 15. 

 

2.2. From 2-quinoxalinone derivatives 

Recently, Jiang and co-workers40 reported that furo[2,3-b]quinoxalines 6 were synthesized utilizing a copper 

catalyst and an oxidant in reactions of quinoxalin-2(1H)-ones 16a-g and alkynes 7. As a result, the extent of 

this C-H functionalization/annulation process was investigated with a range of N-unsubstituted quinoxalin-

2(1H)-ones and alkynes (Scheme 7). Many phenyl ring substituents (meta-methyl, -fluorine, -chlorine, and -

bromine) were efficient in producing the corresponding furo[2,3-b]quinoxalines 6a, 6v-z, and 6i-iv with yields 

ranging from 69 to 80%. The reactions involving alkyne derivatives with different substituents in the para 

position of the phenyl rings proceeded smoothly, and the corresponding furo[2,3-b]quinoxaline derivatives 6z 

and 6i-iii were generated in excellent yields. Additionally, the C-H functionalization/annulation was effective in 

producing the predicted compounds in yields of 60 (17), 74 (18), 77 (19), 85 (20), and 73% (21) from a variety 

of 16. Finally, phenylacetylene and 6,7-dimethylquinoxalin-2(1H)-one were effectively coupled to generate the 

corresponding derivative 13d in a 76% yield.  
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Scheme 7. Reaction of quinoxalin-2(1H)-ones 16 and alkynes 7 in the presence of copper catalyst and an 

oxidant.  

 

   In 2022, Mamedov and co-workers41 reported that (E)-3-(styryl)quinoxalin-2(1H)-ones 22 might be 

employed as a structural basis for the synthesis of furo[2,3-b]-quinoxalines. Treatment of compounds 22a-g 

with bromine in DMSO as a solvent afforded furo[2,3-b]-quinoxalines 23-29 with unexpected thiomethylation. 

at C-3 (Scheme 8). 
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Scheme 8. Synthesis of unexpected thiomethylated furo[2,3-b]-quinoxalines 23-29.  

 

The 2-keto quinoxalinone derivative 30 was cyclized by refluxing in Ac2O with conc. H2SO4 to produce 

2-substituted furo[2,3-b]quinoxalines 6 (Scheme 9).42  
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Scheme 9. Synthesis of substituted furo[2,3-b]quinoxalines 6 by cyclization of 2-keto quinoxalinone derivatives 

30.  

 

 Iminoquinoxalone derivative 33 was synthesized by reacting phenacylidene quinoxaline derivative 31 with 

p-substituted aniline 32 and then cyclized with polyphosphoric acid (PPA) to 2-substituted furo[2,3-b] 

quinoxalines 6  with removing of the imino moiety from the starting material (Scheme 10).43 

 

 
 

Scheme 10. Synthesis of furo[2,3-b]quinoxalines starting with phenacylidene quinoxaline derivatives. 

 

Treatment of 3-substituted methylene-2-quinoxalinone (34a, R=CO2Et) with POCl3 in DMF gave the 3-

(N,N-dimethylaminocarbonyl)furo[2,3-b]quinoxaline 36.44 In the case of other substituents of compound (34b, 

R= CONHNH2, and 34c, R= oxadiazole ring) gave the same product 36, which ascertains that the reaction 

should pass through the formation of intermediate 35(Scheme 11).45 

                                                                                                                               

 
 

Scheme 11. Synthesis of the 3-(N,N-dimethylaminocarbonyl)furo[2,3-b]quinoxaline 36. 

 

It has been reported that the acetylenic quinoxalinone derivative 37 was cyclized to 6a when treated 

with potassium hydroxide in dioxane (Scheme 12).46   
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Scheme 12.  Synthesis 2-substituted furo[2,3-b]quinoxaline 6a by Cyclization of acetylenic quinoxalinone 37.  

 

Moreover, It has been found that the pyrolysis of pyrroloquinoxalinone derivative 38 at 166-168 oC 

produced furoquinoxaline derivative 41 via intermediates 39 and 40 (Scheme 13).47 

 

 
 

Scheme 13. Synthesis of furoquinoxalines 41 by pyrolysis of pyrroloquinoxalinone derivative 38. 

 

2.3.  Synthesis from o-phenylenediamine 

Furthermore, condensation of furandione derivative 42 with o-phenylenediamine 43 gave ketoquinoxalinone 

derivative 44, which could toutmerized to keto structure 45 under reaction condition. Refluxing of compound 

45 with oxalyl chloride,48,49  gave the furoquinoxaline derivative 46 (scheme 14). 

 

 
 

Scheme 14. Reaction of o-phenylenediamine 43 and furandione 42 derivative to give furoquinoxaline 46.  
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Reaction of chlorobenzoyl pyroracemic acid esters 47 with 43 afforded, ketoquinoxaline derivative 48 

which cyclized in the presence of conc. H2SO4 giving 3-chloro-2-substituted furo[2,3-b]quinoxaline 49.50, 51 

 

 
 

Scheme 15. Synthesis of 3-chloro-2-substituted furo[2,3-b]quinoxaline 49. 

 

L'Italien and Banks52 originally synthesized quinoxalinone ester 51 through the reaction between 43 

and ethyl ethoxalylpropionate 50. Heating of 51 in diphenyl ether afforded furoquinoxalines 52 and 53 

(Scheme 16).53 

 

 
 

Scheme 16. Synthesis of furoquinoxalines 52 and 53. 

 

Condensation between o-phenylenediamine 43 and o-hydroxyacetophenones 54 afforded 

benzofuroquinoxalines 55a-i. The reaction was facilitated using an elemental sulphur mediator, DABCO (1,4-

diazabicyclo[2.2.2]octane) as a base, and DMSO as a solvent (Scheme 17).54  
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Scheme 17. Synthesis of benzofuroquinoxalines 55a-i by reaction between o-phenylenediamine 32 and o-

hydroxyacetophenones 54.  

 

The proposed mechanism for the condensation of 43 and the ketone functionality 54 would produce 

the corresponding imine 56. Tautomerization of formed imine followed by sulfuration of α C–H bonds 

afforded Willgerodt–Kindler type iminothioaldehyde 57. A hemi thioaminal 58 would result from a fast 6-exo-

trig cyclization. The oxidation of 58 resulted in the corresponding furoquinoxaline 55 (Scheme 18). 

 

 
 

Scheme 18. The proposed mechanism for the condensation of o-phenylenediamine 43 and the ketone 54. 

 

In 2014, Narender and co-workers 55 described an effective one-pot approach for the synthesis of 

furo[2,3-b]quinoxalines (6a, 12d, 13d, 14d, 17, 18, 19, and 20) from commercially available o-
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phenylenediamine 43, an ethylglyoxalate 60 in 50% solution in toluene, and phenylacetylene 7 using copper 

(II) trifluoromethanesulfonate (10 mol%) as the catalyst in a microwave reactor. The requested 

furoquinoxaline (6a, 12d, 13d, 14d, 17, 18, 19, and 20) was isolated in a 35% yield consequently, with a 50% 

conversion of the starting materials (Scheme 19). 

 

 
 

Scheme 19. One pot three components reaction for the synthesis of furo[2,3-b]quinoxalines (6a, 12d, 13d, 

14d, 17, 18, 19, and 20). 

 

A probable reaction mechanism for the production of furo[2,3-b]quinoxalines (6a, 12d, 13d, 14d, 17, 

18, 19, and 20) appears  to involve tandem C−C bond formation followed by a 5-endo-dig cyclization reaction 

as outlined in scheme 20. 

 

 
 

Scheme 20. A probable reaction mechanism for the production of furo[2,3-b]quinoxalines (6a, 12d, 13d, 14d, 

17, 18, 19, and 20). 
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In addition, interesting derivatives of furo [2,3-b]quinoxalines 6, 13 and 14 were synthesized from 

widely accessible o-phenylenediamine derivatives 43, ethylglyoxalate 60, and terminal alkynes via tandem A3-

coupling followed by cyclization in a single step. In this revolutionary approach, four new bonds (2C−C, C−N, 

and C−O) are formed in a cascade pathway (Scheme 21).55 

 

 
 

Scheme 21. Synthesis of furo[2,3-b]quinoxalines 6, 13 and 14 using o-phenylenediamine 43  ethylglyoxalate 60, 

and terminal alkynes 7. 

 

In 2018, Reddy et al. reported a straightforward and useful procedure for the synthesis of a series of 

furo[2,3-b] quinoxalines 6a, 13d, 14e, 61-65 employing novel Cu(OTf)2 loaded protonated trititanate nanotube 

[HTNT] catalysts by refluxing o-phenylenediamines 43, ethylglyoxalate 60 50% solution in toluene, and 

phenylacetylene in acetonitrile (Scheme 22).56  
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Scheme 22. Synthesis of furo[2,3-b] quinoxalines 6a, 13d, 14e, 61-65 using novel Cu(OTf)2 loaded protonated 

tri titanate nanotube [HTNT] catalysts. 

 

2.4. Synthesis from quinoxaline 

Langera et al.57 described that furo[2,3-b]quinoxalines were synthesized by reacting 1,1-

bis(trimethylsiloxy)ketene acetal 69 with quinoxaline 66 in the presence of methyl chloroformate 67 to 

produce a separable mixture of diastereomers of trans- and cis-70 via the formation of bis(iminium salt) 67 

(Scheme 23, table 1)  

 

 
 

Scheme 23. Synthesis of furo[2,3-b]quinoxalines as two diastereomers (cis- and trans-) 70a-h.  
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Table 1. Products and yields of 70  

70 R % (trans-70) % (cis-70) 

a Et 19 28 

b nPr 29 21 

c nBu 11 25 

d nDodec 30 15 

e iPr 27 33 

f cHex 28 27 

g CH2(cPent) 32 24 

h (CH2)2(cHex) 25 12 

 

 

3. Synthesis of furo[3,4-b]quinoxaline 
 

The first synthesis of fluorinated derivatives of furo[3,4-b] quinoxaline 4,9-dioxides was reported.58, 59 This 

uncommon ring system was created by starting with 5,6-difluorobenzofuroxane 71 which was converted to 2-

ethoxycarbonyl-6,7-difluoro-3-methylquinoxaline-1,4-dioxide (72) by the Beirut reaction with ethyl 

acetoacetate in the presence of triethylamine. Bromination of 72 in DMF-CHCl3 or in a mixture of acetic acid 

and conc. H2SO4 yielded the bromomethyl derivative 73. Nucleophilic substitution of the bromo atom of 73 

with acetate anion gave the corresponding acetoxy derivative 74 with retention of both fluorine atoms. Acidic 

hydrolysis of 74 with conc. HCl caused a spontaneous cyclization of the intermediate hydroxymethyl derivative 

into lactone 6,7-difluoro-1-oxo-2,3-dihydrofuro[3,4-b]quinoxaline 4,9-dioxide (75) (Scheme 24).   

 

 
 

Scheme 24. Straightforward synthesis of furo[3,4-b]quinoxaline 75 starting with 5,6-difluorobenzofuroxane 

71. 

 

Conclusions 
 

Quinoxalines are interesting because certain naturally occurring substances, such as triostine and 

echinomycine, have strong biological activity and include the quinoxaline skeleton. Quinoxaline condensates 

are significant quinoxaline derivatives due to their structural, biological, physiological-pathological, and 
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medicinal properties. This review summarizes the different synthetic methods and recent development 

approaches of two furoquinoxaline derivatives namely, furo[2,3-b]quinoxalines and furo[3,4-b]quinoxaline . 

 

 Acknowledgements 
 

The authors extend their appreciation to the Deputyship for Research& Innovation, Ministry of Education in 

Saudi Arabia for funding this research work through the project number ISP23-95 

 

 

References 

 

1. Ajani, O. O.; Obafemi, C. A.; Ikpo, C. O.; Ogunniran, K. O.; Nwinyi, O. C. Chem. Heterocycl. Compd. 2009 , 

45,1370.   

https://doi.org/10.1007/s10593-010-0435-z  

2. Essassi, E. M.; Ahoya, C.; Bouhfid, R.; Daouda, B.; Hançali, A.; Zouihri, H  ;.Zerzouf, A.; Aouad, R. E. 

Arkivoc 2011, 2011, 217.   

https://doi.org/10.3998/ark.5550190.0012.217 

3. Díaz, F. R.; del Valle, M. A.; Núñez, C.; Godoy, A.; Mondaca, J. L.; Toro-Labbé, A.; Bernède, J. C. Polymer 

Bulletin 2006, 56, 155.   

https://doi.org/10.1007/s00289-005-0484-0   

4. Lakshmi, V. M.; Hsu, F. F.; Schut, H. A. J.; Zenser, T. V. Chem. Res. Toxicol. 2006, 19, 333. 

https://doi.org/10.1021/tx050305x   

5. De Castro, S.; Chicharro, R.; Arán, V. J. J. Chem. Soc., Perkin Trans . 1, 2002, 790.   

https://doi.org/10.1039/B109725C   

6. Kanth Siram, R. B.; Smith, J.; Anthopoulos, T. D.; Patil, S. J. Mater. Chem 2012, 22, 4450.   

https://doi.org/10.1039/C1JM13540F   

7. Chen, C.-T.; Lin, J.-S.; Moturu, M. V. R. K.; Lin  ,Y.-W.; Yi, W.; Tao, Y.-T.; Chien, C.-H. Chem. Commun. 

2005, 3980. 

https://doi.org/10.1039/B506409K   

8. Carta, A.; Piras, S.; Loriga, G.; Paglietti, G. Mini-Rev. Med. Chem 2006, 6, 1179. 

https://doi.org/10.2174/138955706778742713   

9. Michael J. Waring; Taibi Ben-Hadda; Ann T. Kotchevar; Abdelkrim Ramdani; Rachid Touzani; Sghir 

Elkadiri; Abdelkader Hakkou; Mohamed Bouakka; Ellis, T. Molecules 2002, 7, 641. 

https://doi.org/10.3390/7080064  

10. Harmenberg, J.; Åkesson-Johansson, A.; Gräslund, A.; Malmfors, T.; Bergman, J.; Wahren, B.; Åkerfeldt, 

S.; Lundblad, L.; Cox, S. Antiviral Res. 1991, 15, 193. 

https://doi.org/10.1016/0166-3542(91)90066-Z   

11. Ajani, O. O.; Obafemi, C. A.; Nwinyi, O. C.; Akinpelu, D. A. Bioorg .Med. Chem. 2010, 18, 214. 

https://doi.org/10.1016/j.bmc.2009.10.064   

12. Montana, M.; Mathias, F.; Terme, T.; Vanelle, P. Eur. J. Med. Chem. 2019, 163, 136. 

https://doi.org/10.1016/j.ejmech.2018.11.059   

13. Cogo, J.; Cantizani, J.; Cotillo, I.; Sangi, D. P.; Corrêa, A. G.; Ueda-Nakamura, T.; Filho, B. P. D.; Martín, J. 

J.; Nakamura, C. V. Bioorg. Med. Chem. 2018, 26, 4065. 

https://doi.org/10.1016/j.bmc.2018.06.033   

https://doi.org/10.3998/ark.5550190.0012.217
https://doi.org/10.1021/tx050305x
https://doi.org/10.2174/138955706778742713
https://doi.org/10.1016/0166-3542(91)90066-Z
https://doi.org/10.1016/j.ejmech.2018.11.059


Arkivoc 2024 (6) 202412177  Elgogary, S. R. et al. 

 

 Page 18 of 22 ©AUTHOR(S) 

14. Campiani, G.; Morelli, E.; Gemma, S.; Nacci, V.; Butini, S.; Hamon, M.; Novellino, E.; Greco, G.; Cagnotto, 

A.; Goegan, M.; Cervo, L.; Dalla Valle, F.; Fracasso, C.; Caccia, S.; Mennini, T. Eur. J. Med. Chem. 1999, 42, 

4379. 

https://doi.org/10.1021/jm990151g  

15. Guillon, J.; Mouray, E.; Moreau  ,S.; Mullié, C.; Forfar, I.; Desplat, V.; Belisle-Fabre, S.; Pinaud, N.; 

Ravanello, F.; Le-Naour, A.; Léger, J.-M.; Gosmann, G.; Jarry, C.; Déléris, G.; Sonnet, P.; Grellier, P. Eur. J. 

Med. Chem. 2011, 46, 2310. 

https://doi.org/10.1016/j.ejmech  2011.03.014 . 

16. Noolvi, M. N.; Patel, H. M.; Bhardwaj, V.; Chauhan, A. Eur. J. Med. Chem. 2011, 46, 2327. 

https://doi.org/10.1016/j.ejmech.2011.03.015   

17. Abid, M.; Azam, A. Bioorg. Med. Chem. Lett. 2006, 16, 2812. 

https://doi.org /10.1016/j.bmcl.2006.01.116 

18. Rogawski, M. A. Epilepsy Res. 2006, 69, 273. 

https://doi.org/10.1016/j.eplepsyres.2006.02.004  

19. Olayiwola, G.; Obafemi, C. A.; Taiwo, F. O. Afri. J. Biotech. 2007, 6, 777. 

20. Moreno, E.; Ancizu, S.; Pérez-Silanes, S.; Torres, E.; Aldana, I.; Monge, A. Eur. J. Med. Chem. 2010, 45, 

4418. 

https://doi.org/10.1016/j.ejmech.2010.06.036   

21. Chung, H.-J.; Jung, O.-J.; Chae, M. J.; Hong, S.-Y.; Chung, K.-H.; Lee, S. K.; Ryu, C.-K. Bioorg. Med. Chem. 

Lett. 2005, 15, 3380. 

https://doi.org/10.1016/j.bmcl.2005.05.022   

22. Rong, F.; Chow, S.; Yan, S.; Larson, G.; Hong, Z.; Wu, J. Bioorg. Med. Chem. Lett. 2007, 17, 1663. 

https://doi.org/10.1016/j.bmcl.2006.12.103   

23. Abu-Hashem, A. A ;.Gouda, M. A.; Badria, F. A. Eur. J. Med. Chem. 2010, 45, 1976. 

https://doi.org/10.1016/j.ejmech.2010.01.042   

24. Tanis, S. P.; Strohbach, J. W.; Parker, T. T.; Moon, M. W.; Thaisrivongs, S.; Perrault, W. R.; Hopkins, T. A.; 

Knechtel, M. L.; Oien, N. L.; Wieber, J. L.; Stephanski, K. J.; Wathen, M. W. Bioorg. Med. Chem. Lett. 

2010, 20, 1994. 

https://doi.org/10.1016/j.bmcl.2010.01.094   

25. Chen, P.; Doweyko, A. M.; Norris, D.; Gu, H. H.; Spergel, S. H.; Das, J.; Moquin, R. V.; Lin, J  ;.Wityak, J.; 

Iwanowicz, E. J.; McIntyre, K. W.; Shuster, D. J.; Behnia, K.; Chong, S.; de Fex, H.; Pang, S.; Pitt, S.; Shen, 

D. R.; Thrall, S.; Stanley, P.; Kocy, O. R.; Witmer, M. R.; Kanner, S. B.; Schieven, G. L.; Barrish, J. C. Eur. J. 

Med. Chem. 2004, 47, 4529. 

https://doi.org/10.1021/jm030217e   

26. Székelyhidi, Z.; Pató, J.; Wáczek, F.; Bánhegyi, P.; Hegymegi-Barakonyi, B.; Ero˝s, D.; Mészáros, G.; 

Hollósy, F.;  Hafenbradl, D.; Obert, S.; Klebl, B.; Kéri, G.; O˝rfi, L. Bioorg. Med. Chem  .Lett. 2005, 15, 

3241. 

https://doi.org/10.1016/j.bmcl.2005.04.064   

27. Khattab, S. N.; Hassan, S. Y.; Bekhit, A. A.; El Massry, A. M.; Langer, V.; Amer, A. Eur. J. Med. Chem. 2010, 

45, 4479. 

https://doi.org/10.1016/j.ejmech.2010.07.0  08 

28. Kalinin, A. A.; Voloshina, A. D.; Kulik, N. V.; Zobov, V. V.; Mamedov, V. A. Eur. J. Med. Chem. 2013, 66, 

345. 

https://doi.org/10.1016/j.ejmech.2013.05.038   

https://doi.org/10.1016/j.ejmech.2011.03.014
https://doi.org/10.1016/j.bmcl.2006.01.116
https://doi.org/10.1016/j.ejmech.2010.06.036
https://doi.org/10.1016/j.bmcl.2006.12.103
https://doi.org/10.1016/j.bmcl.2010.01.094


Arkivoc 2024 (6) 202412177  Elgogary, S. R. et al. 

 

 Page 19 of 22 ©AUTHOR(S) 

29. Ermolat'ev, D. S.; Mehta, V. P.; Van der Eycken, E. V. QSAR Comb. Sci. 2007, 26, 1273. 

https://doi.org/10.1002/qsar.200740123   

30. Kumar, K. S.; Adepu, R.; Kapavarapu, R.; Rambabu, D.; Krishna, G. R.; Reddy, C. M.; Priya, K. K.; Parsa, K. 

V. L.; Pal, M. Tetrahedron Lett. 2012, 53, 1134. 

https://doi.org/10.1 /016j.tetlet.2011.12.096   

31. Nakhi, A.; Rahman, S. M.; Seerapu, G. P. K.; Banote, R. K.; Kumar, K. L.; Kulkarni, P.; Haldar, D.; Pal, M. 

Org. Biomol. Chem. 2013, 11, 4930. 

https://doi.org/10.1039/c3ob41069b   

32. Laursen, J. B.; Nielsen, J. Chem. Rev. 2004, 104, 1663. 

https://doi.org/10.1021/cr020473j   

33. Hayashi, E.; Utsunomiya, A. Yakugaku Zasshi 1975, 95, 774. 

https://doi.org/10.1248/yakushi1947.95.7_774   

34. Ponomareva, A. Y.; Beresnev, D. G.; Itsikson, N. A.; Chupakhin, O .N.; Rusinov, G. L. Mendeleev Commun. 

2006, 16, 16. 

https://doi.org/10.1070/mc2006v016n01abeh002208   

35. Nakhi, A.; Rahman, M. S.; Seerapu, G. P. K.; Banote, R. K.; Kumar, K. L.; Kulkarni, P.; Haldar, D.; Pal, M. 

Org. Biomol. Chem. 2013, 11, 4930. 

https://doi.org/10.1039/C3OB41069B   

36. Besharati-Seidani, T.; Keivanloo, A.; Kaboudin, B.; Yokomatsu, T. RSC Advances 2016, 6, 83901. 

https://doi.org/10.1039/C6RA15425E   

37. Mohan Saini, K.; Kumar, S.; Patel, M.; Saunthwal, R. K.; Verma, A. K. Eur. J. Org. Chem. 2017, 2017, 3707. 

https://doi.org/10.1002/ejoc.201700541   

38. El-Deen, I. M.; Mahmoud, F. F. Phosphorus, Sulfur Silicon Relat. Elem. 2000, 165, 205. 

https://doi.org/10.1080/10426500008076339   

39. Ahmed ,G. A. Boll. Chim. Farm. 2002, 141, 438. 

40. Yang, G.; Xiong, Z.; Nie, H.; He, M.; Feng, Q.; Li, X.; Huang, H.; Wang, S.; Ji, F.; Jiang, G. Org. Lett. 2022, 

24, 1859. 

https://doi.org/10.1021/acs.orglett.2c00454   

41. Mamedov, V. A.; Algaeva, N. E.; Syakaev, V. V.; Mustakimova, L. V.; Khafizova, E. A.; Shamsutdinova, L. 

R.; Rizvanov, I. K.; Gubaidullin, A. T. J. Org. Chem. 2022, 87, 12072. 

https://doi.org/10.1021/acs.joc.2c01158   

42. Iijima, C.; Hayashi, E. Yakugaku Zasshi 1977, 97, 712. 

https://doi.org/10.1248/yakushi1947.97.7_712   

43. Andreichikov, Y. S.; Pitirimova, S. G.; Saraeva, R. F.; Goleneva, A. F. Khim.-Farm. Zh. 1979, 13, 42. 

http://dx.doi.org/10.1007/BF00778088   

44. Kurasawa, Y.; Takada, A. Chem. Pharm. Bull. 1981, 29, 2871. 

https://doi.org/10.1248/cpb.29.2871   

45. Kurasawa, Y.; Moritaki, Y.; Ebukuro, T.; Takada, A. Chem. Pharm. Bull. 1983, 31, 3897. 

https://doi.org/10.1248/cpb.31.3897   

46. Ames, D. E.; Mitchell, J. C.; Takundwa, C. C. J. Chem .Res., Synop. 1985, 144. 

47. Maslivets, A. N.; Golovnina, O. V.; Krasnykh, O. P.; Aliev, Z. G. Chem. Heterocycl. Compd. (N. Y.) 2000, 36, 

3556 . 

http://dx.doi.org/10.1007/BF02256878   

48. Ott, W.; Ziegler, E.; Kollenz, G. Synthesis 1976, 477. 



Arkivoc 2024 (6) 202412177  Elgogary, S. R. et al. 

 

 Page 20 of 22 ©AUTHOR(S) 

https://doi.org/10.1002/chin.197642297   

49. Terpetschnig, E.; Ott, W.; Kollenz, G.; Peters, K.; Peters, E. M.; Von Schnering, H. G. Monatsh. Chem. 

1988, 119, 367 . 

https://doi.org/10.1007/BF00810263   

50. Andreichikov, Y. S.; Plakhina, G. D.; Tendryakova, S. P.; Nalimova, Y. A.; Belykh, Z. D. Khim. Elem. Soed.. 

II,IV,V,VI Gr. Per. Sistemy. Perm. 1978, 156  . 

51. Amer, A.; Ventura, M.; Zimmer, H. Z. Naturforsch., B: Anorg. Chem., Org. Chem. 1983, 38B, 992. 

http://dx.doi.org/10.1002/chin.19834  9249 

52. L'Italien, Y. J.; Banks, C. K. J. Am. Chem. Soc.  1951, 73, 3246.   

https://doi.org/10.1021/ja01151a073   

53. Chapman, D. D. J. Org. Chem. 1972, 37, 2498  . 

https://doi.org/10.1021/jo00980a030   

54. Tran, L. T.; Ho, T. H.; Phan, N. T .A.; Nguyen, T. T.; Phan, N. T. S. Org. Biomol. Chem. 2020, 18, 5652. 

https://doi.org/10.1039/d0ob00887g   

55. Naresh, G.; Kant, R.; Narender, T. Org. Lett. 2014, 16, 4528. 

https://doi.org/10.1021/ol502072k   

56. Reddy, B. R. P.; Reddy ,S. S.; Reddy, P. V. G. New J. Chem. 2018, 42, 5972. 

https://doi.org/10.1039/c8nj00287h   

57. Rotzoll, S.; Ullah, E.; Fischer, C.; Michalik, D.; Spannenberg, A.; Langer, P. Tetrahedron 2006, 62, 12084. 

https://doi.org/10.1016/j.tet  2006.09.07 

58. Chupakhin, O. N.; Kotovskaya, S. K.; Perova, N. M.; Baskakova, Z. M.; Charushin, V. N. Chem. Heterocycl. 

Compd. (N. Y.) 1999, 35, 459. 

https://doi.org/10.1007/bf02319335   

59. K. Kotovskaya, S.; M. Perova, N.; N. Charushin, V.; N .Chupakhin, O. Mendeleev Commun. 1999, 9, 76. 

https://doi.org/10.1070/MC1999v009n02ABEH001056   

 

 

Authors’ Biographies 
 

 

Abdel-Rahman Farghaly, is professor of Organic Chemistry at Department of Chemistry, Faculty of Science, 

Assiut University, Egypt. Now he is professor of Organic Chemistry at Department of Physical Sciences, 

Chemistry Division, College of Science, Jazan University, Saudi Arabia. He has received his B.Sc. (1989) and 

M.Sc. (1994) in Organic Chemistry at faculty of Science, Assiut University, he got his Ph. D through Chanel 

https://doi.org/10.1002/chin.197642297


Arkivoc 2024 (6) 202412177  Elgogary, S. R. et al. 

 

 Page 21 of 22 ©AUTHOR(S) 

Scholarship between University of Assiut and University of Vienna (2001). His Ph.D. thesis has been performed 

in the Department of Drug and Natural Product Synthesis, Faculty of Life Sciences, University of Vienna, 

Vienna- Austria in the period from 15/10/1999 to 15/10/2001. 

He has a practical placement and training assignment at the University of Nice-Sophia Antipolis, 

Department of Chemistry, Laboratory Falvour- France, synthesis and interactions during the period from 02- 

31/5/2005. He has postdoctoral fellowship at Department of Chemistry, Sogang University, total synthesis of 

natural Product and medicinal chemistry laboratory, 1 Shinsoo-dong, Mapo-Gu, Seoul 121-742. Korea, from 

12/05/2006 to 11/ 03/2007, sponsored by KOSEF. He has two postdoctoral fellowships at Department of 

Chemistry, laboratoire des Molécules Bioactives et des Arômes, CNRS, UMR 6001, Université de Nice-Sophia 

Antipolis, 06108 Nice Cedex 2, France during the period from 16/10/2007 to 12/12/2007 and from 09/06/2008 

to 31/08/2008. 

He is interest in the field of Medicinal Chemistry, especially in the synthesis of new compounds 

focusing on a particular heterocyclic ring system which appears of considerable pharmaceutical interest and 

total synthesis of natural Product. 

 

 

Emad M. El-Telbani, is professor of organic chemistry at Department of Physical Sciences, Faculty of Science, 

Jazan University, kingdom of Saudi Arabia. He has received his B.Sc. (1988) and M.Sc. (1994) in organic 

chemistry at Faculty of Science, Mansoura University, Egypt. He got his Ph. D. through channel system 

program at Konstanz University, Germany entitled "Synthesis of Some New Benzopyran and C-Glycosyl 

Flavonoid Derivatives of Anticipated Biological Activity” under the supervision of Prof. Dr. Richard R. Schmidt 

(1999). His Ph.D. thesis has been performed in the department of Chemistry, Faculty of Science, Konstanz 

University, Germany in the period from 4/8/1996 to 2/10/1999. He is interest in the field of medicinal 

chemistry, especially in the synthesis of heterocyclic compounds and their glycoside derivatives through S, O, 

N, and C- glycosidic bond formation which have a broad therapeutically and medicinally activities as: anti-

inflammatory, antiviral, anti-bacterial, anti-fungel, anti-molluscicidal and anti-tumor activities (especially, 

breast and liver tumors).    He has 30 research papers in important international journals with high impact 

factor.  

 



Arkivoc 2024 (6) 202412177  Elgogary, S. R. et al. 

 

 Page 22 of 22 ©AUTHOR(S) 

 

Sameh Ramadan Elgogary, is associate professor of Organic Chemistry at Department of Chemistry, Faculty of 

Science, Damietta University, Egypt. He has received his B.Sc. (1992) and M.Sc. (1997) in Organic Chemistry at 

faculty of Science, Mansoura University. He got his Ph.D. in Organic Chemistry (Photochemistry), Institute of 

theoretical chemistry and structural biology, Vienna University, Austria, 2003. Thesis title "Photochemical and 

Photophysical Studies on two Photosensitive Natural Products: Khellin and Tetracycline". He is interest in the 

field of Organic photochemistry and photobiology. 

 

 

Nasser Amri is Assistance professor of organic chemistry at Jazan University. He received his B.S. degree in 

chemistry in 2012 at Jazan University. Subsequently, he started his work at the same university. Later he 

moved to the USA and obtained his M.S. degree in 2016 at Emporia State University. In 2017 he started his 

PhD work under the supervision of Prof. T. Wirth at Cardiff University in the area of flow electrochemistry and 

obtained his degree in 2022. His main research interest concern flow chemistry including electrochemistry 

performed in microreactors. 

 

 

This paper is an open access article distributed under the terms of the Creative Commons Attribution (CC BY) 

license (http://creativecommons.org/licenses/by/4.0/) 
 

http://creativecommons.org/licenses/by/4.0/

