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Abstract  

       Polyfused heterocyclic compounds have been performed by using lemon juice as active 

natural acid catalysis through one of the most important and famous reactions represented by the 

Biginelli reaction as a one-pot multicomponent reaction using only stirring at room temperature 

(25°C) as moderated circumstances. Substantially, the reaction started firstly by the action of 

hydrazine carbohydrazide (1) on the isophorone to achieve the corresponding hydrazone (2) in 

acidic media from glacial acetic acid, which then underwent intercyclization reaction via grinding 

technique for (20 minutes) with thiourea in basic media from NaOH (10%) to obtain 3-(2-

isopheronyl hydrozonyl)-5-amino-1,2,4-triazole (3). Finally, the compound (3) proceeded through 

a one-pot Biginelli reaction with dimedone and substituted benzaldehyde in the presence of the 

catalytic amount of lemon juice as a natural acidic catalyst to achieve poly fused 1,2,4-triazole 

pyrimidine derivatives (4-6) in moderate and selective circumstances. 

Keywords: Fused 1,2,4-triazole, Poly fused heterocyclics, Biginelli reaction, Lemon      

                   juice, Grinding technique. 

 

Introduction 

       Multicomponent reactions (MCRs) are considered one of the most important reactions 

involving efficient tools in modern chemistry, especially organic synthesis. They have all the 

features that contribute to an ideal synthesis of high atom efficiency, quick and simple 

implementation, time and energy saving, and economic and environmentally friendly. The interest 

in developing the preparation methods and extending the range of polyfused heterocyclic 

compounds is still very high. Also, it is worth noting that poly-fused heterocyclics have attracted 

the attention of chemists in earlier decades. Also, one-pot multicomponent reactions have served 
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as the basis for rapid progress in the chemistry of poly-fused heterocyclics. Relatively, these types 

of compounds have shown high and distinctive effectiveness in medical, pharmacological, and 

biological fields; they suppress multi-drug resistance of various microbial(1-3), viral (4,5), fungi(6,7), 

inflammatory(8,9) , as well as cancer cell(10-12) , antihypertensive (13,14), migraines(15,16), epilepsy in 

children(17,18) and immunodeficiency (AIDS)(19,20). In the agricultural field, they act as effective 

insecticides(21-23). Furthermore, they act industrially as anti-corrosion materials(24-26). Due to the 

all mentioned above, herein in this work, poly fused heterocyclic system have been successfully 

prepared through three stages, including,  firstly, the preparation of hydrazone derivative (2) from 

the reaction between the hydrazine carbohyrazide (1) and isophorone. The second stage includes 

converting compound (2) to the corresponding 5-amino-1,2,4-triazole (3) through an inter 

cyclization reaction with thiourea in basic condition using the grinding technique for (20 

minutes). Finally, a one-pot multicomponent reaction among compound (3), dimedone, and 

substituted benzaldehyde was take place accelerated by natural acid catalysis represented by 

freshly prepared lemon juice with stirring at the moderate conditions for (2.5hrs.) to perform a 

supreme new series of poly fused 1,2,4-triazolopyrimidine (4-6) with yield enhancement. 

Experimental 

        Melting points (M.P.) were determined using the SMP30-Stuart melting point apparatus. FT-

IR spectra were recorded on a (KBr) disk using a Pye Unicom sp 2000. 1H-NMR spectra were 

scanned using Bruker Bio Spin GmbH Spectrophotometer (400 MHz) (Turkey) with TMS as the 

internal standard and d6- DMSO as the solvent. TLC, glass plates of suitable height (12cm) were 

used and coated with silica gel 60°A gypsum free using solvents systems such as (methanol: 

benzene) were used in various proportions (2:8) and (5:5) and ethanol enhanced with iodine vabor 

to reveal spots and to calculate the disability factor (Rf) for them with determine it's purity. 

 

Synthesis of hydrazine carbohydrazide (1)27 : 

    This compound was prepared according to the literature (Dutta and Sarkar ,1981) and it has 

conformity to the literature in all it's physical constants. 

Synthesis of isopheronyl hydrozone carbohydrazide (2)28,29 :  

    Dissolve of equimolar (0.001 mole) of compound (1) and isophorone in (15 ml) methanol with 

catalytic amounts of glacial acetic acid (3-4 drop) followed by stirring at room temperature 

(25°C) for (3hrs.) until thick yellowish solid mass separates which then filtered off and washed 

thoroughly with cold water followed by drying and recrystallized from methanol to affored 

compound (2) as yellowish powder with, M.P.=208-210°C , Yield=95% , T.L.C (Rf)=0.53. 

Table (1): Spectral data for compound (2) 

Comp. 
No. 

FT-IR (KBr), υ (cm-1) 
1H-NMR, δ (ppm) 

 

NH2 NH CH3 C=O C=N C=C 0.95 (S,3CH3, 12H), 1.79-2.6(m, 

isopheron-H,4H), 2.18(S,NH2,2H); 

5.91(S,C=CH, 1H); 7.49(s,NH2NH-

C=O,1H),9.27(S,=N-NH-C=O,1H). 

2 3300 3198 
asym. 2944 

sym.2866 
1673 1633 1505 
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Synthesis of 3-(isopheronyl hydrazine)-5-amino-1,2,4-triazole (3)30:  

  In a small ceramic mortar, a mixture of equimolar (0.001 moles) from compound 

(2) and thiourea with a catalytic amount of (10%) NaOH (3ml) was well ground for 

(20 minutes ). The addition of conc then neutralized the reaction mixture. 

hydrochloric acid followed by filtration and washed thoroughly with cold water, 

dried and recrystallized from ethanol to obtain compound (3) as greenish powder, 

M.P.=119-121 , Yield= 92%  , T.L.C(Rf)=0.30 

Table (2): Spectral data for compound (3) 

Comp. 
No. 

 

FT-IR (KBr), υ (cm-1) 
1H-NMR, δ (ppm) 

 

NH2 NH CH3 C=N C=C 0.92(s,3CH3, 12H), 1.79-2.18(m, 

isophoron-H,4H); 3.32(s, NH,2H); 

5.96(s, C=CH,1H); 9.32(s, NH-

N=,1H); 9.64(s,NH-Triazole,1H). 

 

3 3353 3203 
asym. 2955 

sym. 2868 
1681 1642 

 

Synthesis of 3-(2-isopheronylidine hydrozonyl)8,8-dimethyl-5-aryl-5,7,8,9-tetrahydro[1,2,4]-

triazolo[3,4,6]quinazolin-6-one(4-6)31: 

      In a round-bottomed flask equipped with a magnetic bar, a mixture of equimolar (0.001 

moles) from compound(3), dimedone, and substituted benzaldehyde with catalytic amounts of 

freshly prepared lemon juice (3ml) was stirred for (2.5hrs.). The formed crude product was then 

filtered off , washed thoroughly with cold water, and dried, followed by recrystallization from 

ethanol to perform the compound (4-6) with physical properties and spectral data listed in Tables 

(4) and (5), respectively. 

 

Table (4): Physical properties for compound (4-6) 

Rf 

(Benzene:MeOH) 

8:2 

Colour 
Yield 

% 
M.P. °C M.Wt 

Molecular 

Formula 
x 

Comp. 

No. 

0.50 Yellow 90 81-82 443 C26H31N6O H 4 

0.42 Yellow 92 70-71 489 C26H31O3N7 p-NO2 5 

0.62 Greenish yellow 91 175-177 473 C27H33N6O2 p- OCH3 6 
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Table (5): Spectral data for compound (4-6) 

Comp
. No. 

FT-IR (KBr), υ (cm-1) 
1H-NMR, δ (ppm) 

 

NH CH3 C=O C=N C=C others 
Isophorone & dimedon H=0.97-2.23(m,23H); 

C=CH=6.00(s,1H); =N-NH=7.89 (s,1H), 

triazole-N=7.94 (s,1H) ; aromatic-H=8.3-8.36 

(m,6H). 

4 3208 
asym.2956 

sym.2868 
1682 1594 1517 ─ 

5 3200 
asym.2931 

sym.2868 
1682 1634 1589 

NO2 

asym.1512 

sym.1342 

Isophorone & dimedon-H aliphatic =0.95-

2.39(m,23H); OCH3=3.13(s,1H);-C-CH=4-

58(s,1H),-NH-N= =6.94(s,1H); aromatic-

H=7.08-7.33(m,6H). 

6 3384 
asym.2956 

sym.2870 
1720 1684 1604 

C-O-C 

asym.1229 

sym.1071 

─ 

 

Result and Discussion 

      Moderate and efficient strategies have been developed to perform a new series of poly fused 

1,2,4-triazoleo pyrimidine derivatives according to the general synthetic pathway described below 

, Scheme (1):  

 

Scheme (1): Synthesis pathway for compound (1-6) 

       According to Scheme (1), the hydrazine carbohydrazide (1) poly is a key intermediate in the 

overall preparation method.  Also, it was under a condensation reaction with isophorone losing 

one molecule of water in acidic media to give the corresponding hydrazine (2), which was then 

identified throng the spectroscopic method that showed characteristic absorption bands listed in 
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the experimental part. Actually, it was given in 1H-NMR spectroscopy (3) main peak at ᵷ ppm 

:5.96,7.49 and 9.27 refer to the (C=CH, -NH-C=O and =N-NH ) respectively, which prove the 

right sequencing of the active groups. After proving the exact suggested product structure 

formula, the compound (2) reacted directly with thiourea via an unexpected  inter cyclization 

reaction in basic media which was accelerated by grinding technique as shown in the following 

Scheme mechanism (2) to afford the compound 5-amino-1,2,4-triazole (3) after losing two 

molecules of water (H2O)and hydrogen sulfide (H2S) respectively32 : 

 

Scheme (2) : Synthetic mechanism of compound (3) 

      The absence of a C=O stretching vibrational band in FT-IR with the remaining stretching 

vibration band of the primary amino group gave initial support for the suggested structure. 

Besides that , 1H-NMR spectroscopy shows the disappearance of the three main sequence peaks 

mentioned previously and appearing of NH-triazole proton at δ ppm =9.64 (s,NH,1H); the peak 

fully conforms with the expected structure. Finally, compound (3) underwent a one-pot Biginelli 

reaction with each dimedone and substituted benzaldehyde as described in Scheme (3)33: 
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Scheme (3) : Synthetic mechanism of compounds (4-6). 

       The mechanism shows a direct sequence addition reaction accelerated by lemon juice in 

moderate conditions with an acceptable percentage yield. The structure of these compounds (4-6) 

was proven via FT-IR and 1H-NMR spectroscopy Table (5). The most important evidence about 

the right suggested product structure is the absence of a primary amino peak and the appearance 

of aromatic protons in its right and exact area, in addition to all absorption bands and peaks listed 

in Table (5) that agreed with the suggested structures. 

 

Conclusion 

        Moderate and efficient reaction circumstances were used in this work to perform a new poly 

fused 1,2,4-triazole system while reducing the reaction time, economical, environmentally, and 

friendly with yield enhancement via using natural lemon juice as acid catalysis. Beside that, 5-
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amino-1,2,4-triazole was prepared directly through one-pot intercyclization reaction with thiourea 

with yield enhancement. 

 

 

 

References 

1. Khilkovets, A., Karpenko, Y., Bigdan, O., Parchenko, M., & Parchenko, V. (2022). 

Synthetic and biological aspects of studying the properties of 1, 2, 4-triazole 

derivatives. Scientific Journal of Polonia University, 51(2), 324-331. 

2. Maria Fesatidoua , Anthi Petroua and Athina Geronikaki,2020, Heterocycle Compounds 

with Antimicrobial Activity, Current Pharmaceutical Design, 26, 1-38. 

3. Sharma,P. K.,  2017, A REVIEW: ANTIMICROBIAL AGENTS BASED ON 

NITROGEN AND SULFUR CONTAINING HETEROCYCLE , Asian J Pharm Clin Res, 

Vol 10, Issue 2, 47-49. 

4. Burman, Bharat, Scott B Drutman, Matthew G Fury, Richard J Wong, Nora Katabi, Alan 

L Ho, and David G Pfister. (2022). 'Pharmacodynamic and therapeutic pilot studies of 

single-agent ribavirin in patients with human papillomavirus–related malignancies', Oral 

Oncology, 128: 105806. 

5. Giovanny C. , Lucas M. M., Bruna A. B., Vitor F. M., Luiz C.,Bruno H. S.T.,2021, 

Heterocyclic compounds as antiviral drugs: Synthesis, structure–activity relationship and 

traditional applications, J Heterocyclic Chem.;58:2226–2260  . 

6. Mosaad, Sayed, Mohamed., Samir, Mohamed, Awad., Neama, Abdallah, Abd, El-tawab., 

Naglaa, Mohamed, Ahmed. (2022). An overview on synthesis and biological activity of 

pyrimidines. World Journal Of Advanced Research and Reviews, doi: 

10.30574/wjarr.2022.15.1.0689. 

 

 

 

 



Iraqi National Journal of Chemistry 2024; 24(1) 

 

54 
 

7. Abbas Al-Mulla, 2017, A Review: Biological Importance of Heterocyclic Compounds, 

Der Pharma Chemica, 9(13):141-147. 

8. Bosica, G., Cachia, F., De Nittis, R., & Mariotti, N. (2021). Efficient one-pot synthesis of 

3, 4-dihydropyrimidin-2 (1 H)-ones via a three-component Biginelli 

reaction. Molecules, 26(12), 3753. 

9. Sergii D. , Roman L. , Oleh Y. , Serhii H. , Sergii Y. , Sergii T. ,Anatolii D., 2023, Fused 

Triazole-Azepine Hybrids as Potential Non-Steroidal Antiinflammatory Agents, Sci. 

Pharm., 91, 26,1-10. 

10. Park, Hui Gyu, Jae Hun Kim, Andrew N Dancer, Kumar S Kothapalli, and J Thomas 

Brenna. (2021). 'The aromatase inhibitor letrozole restores FADS2 function in ER+ MCF7 

human breast cancer cells', Prostaglandins, Leukotrienes and Essential Fatty Acids, 171: 

102312. 

11.   Asmaa M. Omarb , Nashwa M. Saleha , Adel A-H.Abdel-Rahmanb , Khaled El-

Adl,2020, REVIEW ARTICLE; ANTICANCER ACTIVITIES OF SOME FUSED 

HETEROCYCLIC MOIETIES CONTAINING NITROGEN AND/OR SULFUR 

HETEROATOMS, Az. J. Pharm Sci. Vol. 62, 39-54. 

12.  Pathak, N.; Rathi, E.; Kumar, N.; Kini, S.G.; Rao, C.M. 2020,A review on anticancer 

potentials of benzothiazole derivatives. Mini Rev. Med. Chem., 20, 12-23. 

13. Mayura K. and Kalyani P.,2013, Synthesis of heterocyclic scaffolds with anti-

hyperlipidemic potential: A review, Der Pharma Chemica, 5(5):213-222. 

14. Sun, N., Yang, K., Yan, W., Yao, M., Yu, C., Duan, W., ... & Cheng, J. (2023). Design 

and synthesis of triazole-containing HDAC inhibitors that induce antitumor effects and 

immune response. Journal of Medicinal Chemistry, 66(7), 4802-4826. 

15. Chokshi, Ashish, Ravi Vaishya, Rachana Inavolu, and Thrimoorthy Potta. 2019. 

'Intranasal spray formulation containing rizatriptan benzoate for the treatment of migraine', 

International Journal of Pharmaceutics, 571: 118702. 

16. Wang B., Zhan Y., Zhang L., Zhang Y., Zhang X., (2016), Synthesis and fungicidal 

activities of novel 1,2,4-triazole thione derivatives containing 1,2,3-triazole and 

substituted piperazine moieties. Phosphorus Sulfur Silicon Relat Elem, 191(1):1–7      

17. Pfaller, Michael A, Dee Shortridge, Kelly A Harris, Mark W Garrison, C Andrew 

DeRyke, Daryl D DePestel, Pamela A Moise, and Helio S Sader. (2021). 'Ceftolozane-

tazobactam activity against clinical isolates of Pseudomonas aeruginosa from ICU patients 

with pneumonia: United States, 2015–2018', International Journal of Infectious Diseases, 

112: 321-26. 

18.  ASIF H., MOHAMMAD A. N. , MOHAMMAD S., 2009, SYNTHESIS AND 

ANTICONVULSANT ACTIVITY OF SOME NOVEL FUSED HETEROCYCLIC 1,2,4-

TRIAZOLO-[3,4-b]-1,3,4-THIADIAZOLE DERIVATIVES, Acta Poloniae 

Pharmaceutica- Drug Research, Vol. 66, No. 2, pp. 135-140 

19.  Sumrra, S. H., Habiba, U., Zafar, W., Imran, M., & Chohan, Z. H. (2020). A review on 

the efficacy and medicinal applications of metal-based triazole derivatives. Journal of 

Coordination Chemistry, 73(20-22), 2838-2877.  

20. Aramita D. , Subhankar S. , Adinath M.,2021, Recent advances on heterocyclic 

compounds with antiviral properties, Chemistry of Heterocyclic Compounds, 57(4), 410–

416. 

21. Lin, Y., Betts, H., Keller, S., Cariou, K., & Gasser, G. (2021). Recent developments of 

metal-based compounds against fungal pathogens. Chemical Society Reviews, 50(18), 

10346-10402. 

22.  Suvarna A. S.,2015, A Review on Synthetic Hetrocyclic Compounds in Agricultural and 

other Applications, Int.J. PharmTech Res.,8(8), pp 170-179. 



Iraqi National Journal of Chemistry 2024; 24(1) 

 

55 
 

23.  Gaikwad M. V. , 2021, STUDIES ON SYNTHESIS OF SOME NOVEL 

HETEROCYCLES DERIVED FROM A VERSATILE CHALCONES (α,β - 

UNSATURATED KETONES) AS POTENT BIOACTIVE AGENTS, PhD. Thesis, 

School of Chemical Science Swami Ramanand Teerth Marathwada University Nanded-06 

(M.S.) . 

24. Nazarov, V., Miroshnichenko, D., Ivakh, O., Pyshyev, S., & Korchak, B. (2023). State of 

the art in industrial application of amino-1, 2, 4-triazoles. Mini-Reviews in Organic 

Chemistry, 20(4), 394-402. 

25.   Higasio, Y.S.; Shoji, T. ,2001,Heterocyclic compounds such as pyrroles, pyridines, 

pyrollidins, piperdines, indoles, imidazol, and pyrazines. Appl. Catal. A Gen., 221(1-2), 

197-207. 

26.   Auhood k. z., Samia M. M., Muntaha Y. H., 2021, Heterocyclic Compounds Containing 

N atoms as Corrosion Inhibitors: A review, Journal of Bioscience and Applied Research, 

Vol.7, No. 2, P.93 -103. 

27.   Dutta,R.L. and Sarkar,A.K., (1981) ,A study of metal complexes of carbohydrazide, J. 

inorg. nucl. chem. , vol .43, No. 10, pp. 2557-2559. 

28. Mohamed R.M., Shaymaa K.Y., 2020, Synthesis of some New Spiro 1,3,Oxadiazolines 

Derived from Azlactone,  Rafidain Journal of Science, Vol. 29, No.3, pp. 82-63. 

29. Shaymaa K. Alazawi and Mohammed Hadi Ali Al-Jumaili, 2022, Novel spiroheterocycles 

containing a1,3,4-thiadiazole unit: Synthesis and spectroscopic characterization, Journal of 

Chemical Research ,July-August 1-6. DOI: 10.1177/17475198221109503. 

30. Dolzhenko, A. V., Chia, H. S., & Chui, W. K. (2005, November). Synthesis of 5-amino-3-

(het) aryl-1H-1, 2, 4-triazoles via cyclization of (het) aroylaminoguanidines in aqueous 

medium. In Proceedings of the 9th International Electronic Conference on Synthetic 

Organic Chemistry (ECSOC-9) (pp. 1-30). Basel, Switzerland: MDPI. 

31. Viveka, S.; Nagaraja, G.K.; Shama, P.; Basavarajaswamy, G.; Rao, K.P. 

andYanjarappa Sreenivasa, M.(2018). One pot synthesis of thiazolo[2,3- 

b] dihydropyrimidinone possessing pyrazole moiety and evaluation of 

their antiinflammatory and antimicrobial activities. Med. Chem. Res. , 

27(1): 171–185. 

32. Beyzaei H.  · Zahra K.  · Reza A.  · Behzad G., 2019, A green one-pot synthesis 

of 3(5)-substituted 1,2,4-triazol-5(3)-amines as potential antimicrobial agents, Journal of 

the Iranian Chemical Society,, 1-9. doi.org/10.1007/s13738-019-01714-2 

33. Jaseim M. Mostafa; Shaymaa K. Younis, 2023,  Lemon Juice as Highly Selective, 

Efficient, and Renewable Catalyst to Achieve New Series of Heterocyclic Compounds via 

Click-Multicomponent Reaction,  Iraqi National Journal of Chemistry, 23 (1), 23-40. 

 

 

 

 


