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ABSTRACT An efficient new approach toward the synthesis of 2-methylperlolidine alkaloids has been illustrated, the 
present article describes the synthesis, in Antileukemic activities and in-silico molecular docking studies of compound 
2-methylperlolidine 4. The synthesis of 4 is initiated by a new, efficient, solvent-free Minisci radical reaction. The structures 
of the compounds are established using both spectral and analytical data. An in-silico prediction of activity spectra for 
substances, the Swiss ADME-assisted docking approach is found to be suitable to derive and synthesize effective receptor 
tyrosine kinase agents. Claisen ester condensation reaction resulted in the discovery of inexpensive and user-friendly solvents. 
Structures of the newly synthesized compounds were characterized by FT-IR, 1H NMR, 13C NMR, and HRMS (FTMS + 
PESI) analyses. Molecular docking was investigated to determine the probable binding mode. The experimental values and 
docking simulation exhibited that the complex had better anti-leukemic than the positive reference 2-methylperlolidine.

INTRODUCTION

The 2,7-Naphthyridine small class of aromatic alkaloids occurs 
in a variety of (plants, sponges, tunicates, and bryozoans). The 
tricyclic alkaloid pyrrolidine is isolated from perennial ryegrass 
in New Zealand (Lolium perenne L.).[1,2] It was first isolated 
and characterized in New Zealand.[3] I. Reifer and co-workers 
displayed that pyrrolidine and derivatives could be prepared 
by oxidation of proline.[4] Although numerous synthetic 
methods for the preparation of naphthyridines have been 
reported,[5] due to their significant biological role, the literature 
review indicates considerable potential for improvement 
of the current processes, the naphthyridine derivatives 
have traditionally important consideration due to their 

exceptionally wide spectrum of genetic activity.[6-11] Recently, 
the characteristics of several naphthyridine derivatives, such 
as benzo[2,7] naphthyridine, have been patented as growth 
regulators, fungicides, bactericides, anticancer agents, and 
anti-protozoal agents.[12] Synthetic organic chemists continue 
to work on developing efficient strategies for the synthesis of 
molecules using inexpensive reagents (Figure 1).

This program of synthesis of pyrrolidine analogu 
has envisaged serving as a new scaffold for evaluation 
as Antileukemic agents by in silico molecular docking 
studies. Docking the synthesized compounds into protein 
receptors.[13] Molecular docking was carried out by using 
Auto-Dock Vina the computational approach used in this 
study, molecular docking was followed by the ADMET 

KEYWORDS Perlolidine, Minisci reaction, glycine, Ethyl-2-methylquinoline-3-carboxylate.

*Corresponding author: Email: nepolraj@gmail.com

How to cite this article: Prabakaran, K., Nepolraj, A., Malik, J.A. and Shupeniuk, V.I. Synthesis, Characterization, Molecular Docking, and 
Biological Evaluation of 2-Methyl Perlolidine, Indian J. Heterocycl. Chem., 2023, 33, 191–198. (https://doi.org/10.59467/IJHC.2023.33.191)

*Corresponding author: 
*Corresponding author: Email: vishwas_khurana@yahoo.co.in©2023 Connect Journals

Journal Homepage :
www.connectjournals.com/ijhc

www.connectjournals.com

Published & Hosted by :

Indian Journal of Heterocyclic Chemistry
Vol. 33 - Number 02 (Apr-Jun 2023) 191-198

 https://connectjournals.com/01951.2023.33.191
 https://doi.org/10.59467/IJHC.2023.33.191

 ISSN (Print)	 : 0971-1627
ISSN (Online)	 : 2456-4311



K. Prabakaran et al.

� 197

REFERENCES

[1]	 Grimmett, R.E.R. and Waters, D.F. A fluorescent 
alkaloid in rye grass (Lolium perenne L). V. Toxicity, 
photodynamic action, and metabolism of perloline, N. 
Z. J. Sci. Technol., 1943, 24B, 167–178.

[2]	 Jeffreys, J.A.D. The alkaloids of perennial rye-grass 
(Lolium perenne L.). Part 1V. Isolation of a new Base, 
Perlolyrine; the crystal structure of its hydro- bromide 
dihydrate, and the synthesis of the Base, J. Chem. Soc., 
1970, 8, 1092–1103.

[3]	 Matthias, L., Johannes, S., Eberhard, R. and Franz, B. 
First total synthesis of the 2,7-naphthyridine alkaloids 
lophocladine A and B, Arch. Pharm. (Weinheim) 2006, 
339, 677–679.

[4]	 Tangali, R., Ravikumar, N., Halehatty, S., 
Bhojya, N., Halehatty, R., Naik, H.R.P. and Bindu, 
P.J. Three-component one-pot synthesis of novel 
benzo[b]1,8-naphthyridines catalyzed by bismuth (III) 
chloride, Res. Lett., 2008, 5, 594826.

[5]	 Akhtar, M.A., Brouwer, W.G., Jeffreys, J.A.D. and 
Gemenden, C.W. The alkaloids of perennial rye-grass 
(Lolium perenne L.). 3. The synthesis of perlolidine, J. 
Chem. Soc. Perkin. 1, 1967, 9, 859–862.

[6]	 Madaan, A., Verma, R., Kumar, V., Singh, A.T., Jain, 
S.K. and Jaggi, M. 1,8-Naphthyridine derivatives: 
A review of multiple biological activities, Arch. Pharm. 
(Weinheim), 2015, 348, 837–860.

[7]	 Kessar, S.V., Gupta, P.P., Pahwa, P.S., Paramjit, S. 
Synthesis of 2,9-diazaphen anthrene and perlolidine 
through a pyridyne cyclisation reaction, Tetrahedron 
Lett., 1976, 36, 3207–3208.

[8]	 Khalifa, S.A.M., Elias, N., Farag, M.A., Chen, L., 
Saeed, A., Hegazy, M.F., Moustafa, M.S., Abd El-Wahed, 
A., Al-Mousawi, S.M., Musharraf, S.G., Chang, F.R., 
Iwasaki, A., Suenaga, K., Alajlani, M., Göransson, U. 
and El-Seedi, H.R. Marine natural products: A source of 
novel anticancer drugs, Mar. Drugs, 2019, 17, 491–497.

[9]	 Ahmed, N.S., AlFooty, K.O. and Khalifah, S.S. 
Synthesis of 1,8-naphthyridine derivatives under 
ultrasound irradiation and cytotoxic activity against 
HepG2 cell lines, J. Chem., 2014, 2014, 126323.

[10]	 Tsuzuki, Y., Tomita, K., Shbamori, K., Sato, Y., 
Kashimoto, S. and Chiba, K. Synthesis and structure-
activity relationships of novel 7-substituted 1,4-dihydro-
4-oxo-1-(2-thiazolyl)-1,8-naphthyridine-3-carboxylic 
acids as antitumor agents. Part 2, J. Med. Chem., 2004, 
47, 2097–2109.

[11]	 Shupeniuk, V.I., Nepolraj, A. and Taras, T.N. Synthesis and 
in silico study of 4-substituted 1-aminoanthraquinones, 
Russ. J. Org. Chem., 2021, 57, 582–588.

[12]	 Chrzastek, L. and Sliwa, W. Synthesis and properties of 
methyl-, formyl- and amino-diazaphenanthrene, Aust. J. 
Chem., 1994, 47, 2129–2133.

[13]	 Nepolraj, A., Shupeniuk, V.I., Sathiyaseelan, M. and 
Prakash, N. Synthesis of new 3-(hydroxymethyl)-2-
phenyl-2,3-dihydroquinolinone and in-silico evaluation 
of COVID-19 main protease inhibitor, Vietnam J. 

Chem., 2021, 59, 511–521.

[14]	 Matkivskyia, N.P., Shupeniuka, V.I., Nepolraj, A., 
Tarasa, T.N. and Sabadakha, O.P. Іn-silico study of 
anthraquinone derivatives as probable inhibitors of 
Covid-19, J. Chem. Technol., 2022, 30, 15421–15428.

[15]	 Minisci, F., Recupero, F., Bravo, A., Bjorsvik, H.R., 
Fontana, F. and Piredda, M. Enhanced nucleophilic 
character of the 1-adamantyl radical in chlorine atom 
abstraction and in addition to electron-poor alkenes 
and protonated heteroaromatic bases. Absolute rate 
constants and relationship with the Gif reaction, J. 
Chem. Soc. Perkin Trans., 1997, 2, 2399–2406.

[16]	 Fontana, F., Minisci, F., Nogueira Barbosa, M.C. and 
Vismara, E. Homolytic alkylation of heteroaromatic 
bases: The problem of monoalkylation, Tetrahedron, 
1990, 46, 2525–2538.

[17]	 Maślankiewicz, A., Michalik, E. and Ciunik, Z. 
Homolytic alkylation of some 3,4-quinolinediyl bis-
sulfides under minisci reaction conditions, J. Heterocycl. 
Chem., 2009, 45, 527–532.

[18]	 Burgin, R.N., Jones, S. and Tarbit, B. Scope and 
limitations of the Minisci reaction for the synthesis 
of aza-heterocycles, Tetrahedron Lett., 2009, 50, 
6772–6774.

[19]	 Srinubabu, M., Makula, A., Muralidharan, V. and 
Rambabu, M. Design and synthesis of novel quinoline 
3-carbohydrazone derivatives for their antimicrobial 
and antioxidant activity, Int. J. Pharm. Sci., 2001, 6, 
254–258.

[20]	 Lv, Q., Fang, L. and Wang, P. A simple one-pot synthesis 
of quinoline-4-carboxylic acid derivatives by Pfitzinger 
reaction of isatin with ketones in water, Monatsh. 
Chem., 2013, 144, 391–394.

[21]	 Drwal, M.N. and Griffith, R. Combination of ligand- and 
structure-based methods in virtual screening, Drug 
Discov. Today Technol., 2013, 10, 395–401.

[22]	 Lesher, G.Y., Froelich, E.J., Gruett, M.D., Bailey, J.H. 
and Brundage, R.P. 1,8-naphthyridine derivatives. 
A new class of chemotherapeutic agents, J. Med. 
Pharm. Chem., 1962, 91, 1063–1065.

[23]	 Jamkhande, P.G., Pathan, S.K. and Wadher, S.J. In silico 
PASS analysis and determination of antimycobacterial, 
antifungal, and antioxidant efficacies of maslinic acid 
in an extract rich in pentacyclic triterpenoids, Int. J. 
Mycobacteriol., 2016, 5, 417–425.

[24]	 Lipinski, C.A., Lombardo, F., Dominy, B.W. and 
Feeney, P.J. Experimental and computational 
approaches to estimate solubility and permeability in 
drug discovery and development settings, Adv. Drug 
Deliv. Rev., 2001, 46, 3–26.

[25]	 Daina, A., Michielin, O. and Zoete, V. SwissADME: 
A free web tool to evaluate pharmacokinetics, drug-
likeness and medicinal chemistry friendliness of small 
molecules, Sci. Rep., 2017, 7, 42717.

[26]	 Enmozhi, S.K., Raja, K., Sebastine, I. and Joseph, J. 
Andrographolide as a potential inhibitor of SARS-
CoV-2 main protease: An in-silico approach, J. Biomol. 
Struct. Dyn., 2020,  39 (9), 3092-3098.



198

� Indian Journal of Heterocyclic Chemistry  Vol. 33, No. 02

[27]	 Meng, X.Y., Zhang, H.X., Mezei, M. and Cui, M. 
Molecular docking: A powerful approach for structure-
based drug discovery, Curr. Comput. Aid. Drug, 2011, 
7, 146–157.

[28]	 Forli, S., Huey, R., Pique, M.E., Sanner, M.F., 
Goodsell, D.S. and Olson, A.J. Computational protein-
ligand docking and virtual drug screening with the 
AutoDock-suite, Nat. Protoc., 2016, 11, 905–919.

[29]	 Hassan, N.M., Alhossary, A.A. and Mu, Y. Protein-ligand 
blind docking using Quick Vina-w with Inter-Process 
spatio-temporal integration, Sci. Rep., 2017, 7, 15451.

[30]	 Saeed, A., Ur-Rehman, S. and Channar, P.A. Jack bean 
urease inhibitors, and antioxidant activity based on 
palmitic acid derived 1-acyl-3-arylthioureas: Synthesis, 
kinetic mechanism and molecular docking studies. 
Drug Res. (Stuttg), 2017, 67, 596–605.

Received: 17 Oct 2022; Accepted: 18 Apr 2023


