Chapter 1

1.1 Introduction to heterocycles

Heterocycles are cyclic organic compound containing at least one heteroatom such
as N, O, S, P, Mg, Fe and Se in the parent scaffold (Figure 1.1). In general, it is the
heteroatom that imparts striking and distinctive properties to heterocycles [1]. It is
interesting to note that nearly 50% of known organic compounds and 90% of active
pharmaceuticals contain heterocyclic moieties in their structures [2]. This
emphasizes the significance of heterocycles in modern drug design. Recent survey
has witnessed encouraging growth in the study of heterocyclic compounds due to
their numerous pharmaceutical and industrial applications [3]. Many biological
compounds such as vitamins, hormones, proteins, amino acids which are associated
with living organisms composed of heterocyclic scaffolds. For example, the
photosynthesizing pigment; chlorophyll, oxygen transporting pigment;
haemoglobin, essential amino acid; proline, vitamins like riboflavin all represent
heterocyclic moieties in their structure. They serve as an integral part of a broad
variety of biologically active natural products and synthetic drugs [4,5].
Heterocycles can be classified into aromatic and non-aromatic structures. Aromatic
heterocyclic compounds containing cyclic aromatic rings represent structural
motifs found in a large number of biologically active synthetic and natural

compounds [6].
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Figure 1.1 Common heterocycles found in drug molecules

Additionally, aromatic heterocycles play a significant role in the synthesis of dyes
and polymeric materials of commercial importance. Among different kinds of
heterocyclic ring systems, nitrogen containing heterocyclic motifs are most

abundant due to its wider presence in a large number of bioactive molecules [7].
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They also finds widespread applications among fungicides, herbicides and other
application-oriented molecules [2]. In particular, important ring systems like furan,
imidazole, pyrimidine, quinoline, tetrazole and their benzo-fused analogues are
associated with a wide range of biological activities [1]. The ability of the nitrogen
atom to form intermolecular forces such as hydrogen bonding, dipole-dipole
interactions, hydrophobic effects and van der Waals forces have enhanced their

utility in various therapeutic applications [8].

In our quest and endeavour to provide more in-depth insight into nitrogen
containing aromatic heterocycles; we have divided this discussion into five sections:
(i) three- and four-membered rings; (ii) five-membered rings; (iii) six-membered
rings; (iv) seven- and eight-membered rings; and (v) fused rings. The relative
presence of various nitrogen heterocycles vary significantly such that six-
membered rings (59%) are the most frequently utilized, followed by five-

membered (39%) and fused rings (14%) [2].

1.1.1 Four membered aromatic nitrogen heterocycles

The nitrogen heterocycles in this sub-class are mostly 3-lactams, of which 95% are
fused to another ring through the shared nitrogen atom. For example, Ezetimibe of
the B-lactam family is a medicine used for the treatment of high blood cholesterol

and other lipid abnormalities (Figure 1.2) [9,10].
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Figure 1.2 Drug molecules containing four-membered aromatic nitrogen
heterocycles

1.1.2 Five membered aromatic nitrogen heterocycles

These aromatic heterocycles appear in a total of 101 drugs, which is approximately

9% of the total number of Food and Drug Administration (FDA) approved small
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molecules. In this five-membered aromatic nitrogen heterocycles, only indole
molecule contains a single nitrogen atom while others have additional nitrogen
(imidazole, tetrazole, benzimidazole, and thiazole) (Figure 1.3). Nizatidine (drug for
peptic ulcer), Etomidate (intravenous anaesthetic agent), Emedastine
(antihistamine used in eye drops), Pemirolast (antiallergic); all contain five

membered nitrogen heterocycles in their structure (Figure 1.3) [11,12].
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Figure 1.3 Drug molecules containing five-membered aromatic nitrogen
heterocycles

1.1.3 Six membered aromatic nitrogen heterocycles

In this category, heterocycles contain a single or additional heteroatom, which in

almost all cases is a nitrogen atom (pyrimidine, quinazoline, and pyrazine).
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Figure 1.4 Drug molecules containing six-membered aromatic nitrogen

heterocycles
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Pyridine and quinoline contain only one nitrogen atom whereas pyrimidine,
pyrazine, quinazoline constitute more than one nitrogen atom. Bepotastine
(antihistamine) and Ambrisentan (antihypertensive) are two drug molecules
having pyridine and pyrimidine moieties in their structures respectively (Figure

1.4) [13,14].
1.1.4 Seven and eight-membered aromatic nitrogen heterocycles

Although less common compared to their five and six-membered ring counterparts,
seven and eight-membered nitrogen heterocycles are important pharmaceutical
core fragments. Most commonly found heterocycles in this category are shown in

(Figure 1.5). Oxcarbazepine, under the brand name ‘Trileptal’ is used to treat

epilepsy [15].
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Figure 1.5 Drug molecules containing seven and eight-membered nitrogen
heterocycles

1.1.5 Fused nitrogen heterocycles

Fused ring systems which we define as those nitrogen heterocycles that contain
more than one nitrogen heterocycle, although not necessarily fused directly
adjacent to each other. An antiviral drug, Famciclovir contains fused nitrogen

heterocycles in their structure (Figure 1.6) [16].
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Figure 1.6 Pharmaceuticals containing fused aromatic nitrogen heterocycles

1.2 The importance of N-heterocycles in biochemistry and life processes

Heterocyclic compounds accounts for nearly half of the known organic compounds.

Among them, nitrogen containing heterocycles are of great importance to life

science; since they are abundant in nature, existing as subunits in several natural

products [5]. Vitamins, nucleic acid, enzymes, co-enzymes, hormones and alkaloids

all contain N-based heterocycles in their structure. The prevalence of N-

heterocycles in biologically active compounds can be attributed to their stability

and operational efficiency in human body. Heterocycles play a critical part in

biochemical processes [17]. The most important and essential constituents of living

cells; DNA and RNA, which carry the genetic information are made up of pyrimidine

(cytosine, uracil and thymine) and purine (adenine and guanine) bases which

consist of aromatic nitrogen heterocycles (Figure 1.7) [18].
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Figure 1.7 Pyrimidine and Purine bases
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The essential amino acids tryptophan and histidine are made up of aromatic
nitrogen heterocycles. They participate with other amino acids in protein
constitution through amide linkages. Histamine, formed by decarboxylation of
histidine is a powerful vasodilator released in allergic responses while serotonin

formed from tryptophan, is an important neurotransmitter (Figure 1.8) [4].
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Figure 1.8 Heteroaromatic amino acids

Enzymes possess protein structures entirely; coenzymes incorporate non-amino
acids in their structures [19]. Most coenzymes have aromatic nitrogen heterocycles
as major constituents and are essential for the redox biochemical transformations.
For example, nicotinamide adenine dinucleotide (NAD) and flavin adenine

dinucleotide (FAD) (Figure 1.9) [20].
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Figure 1.9 Coenzymes

Pyrroles are five-membered nitrogen-containing heterocyclic compounds present
in heme, a constituent of haemoglobin. Haemoglobin is an iron containing protein

which transports oxygen in our body [21]. Each haemoglobin molecule is made up
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of four heme groups surrounding a globin group and forms a tetrahedral structure

(Figure 1.10) [2].

Figure 1.10 Structure of Haemoglobin

Vitamins are organic compounds that our body use, in very small amounts, for a
variety of metabolic processes. Indispensable diet components such as vitamin E,
vitamin C, nicotinamide (vitamin Bz); containing N- and O- based heterocycles

(Figure 1.11) [4].
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Figure 1.11 Vitamins containing heterocyclic moieties
1.3 Applications of nitrogen-containing heterocycles

Heterocyclic compounds make up a large portion of FDA approved medicines and
have been proven to possess anti-diabetic, antibacterial, anticancer, antiviral,
antimicrobial, anti-inflammatory, anti-hypertension, anti-malarial, anti-Alzheimer’s

and antifungal activities [22]. Analysis of database reveals that about 60% of the
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FDA approved pharmaceuticals are nitrogen-based heterocycles. They form an
integral part in many biologically active molecules including dyes, agrochemicals

amongst others.

1.3.1 Anticancer activity

Heterocyclic structures play a key role featuring prominently in anticancer drugs
currently available in the market. An anticancer medication is a therapy effective in
treating malignant or cancerous disease. Anastrozole and Gemcitabine are
anticancer drugs available in the market for the treatment of breast and lung cancer
(Figure 1.12). Anastrozole contain a triazole functional group and act as
competitive inhibitors perturbing the catalytic properties of the hemeprosthetic

group [23,24].
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Figure 1.12 Anticancer drugs in clinical use
1.3.2 Anti-inflammatory activity

The property of a medicine that lowers or reduces inflammation or swelling is
referred to as an anti-inflammatory agent. These chemicals are known as “non-
steroidal anti-inflammatory drugs” (NSAIDs). Etoricoxib and Indometacin are
effective anti-inflammatory drugs (Figure 1.13) [25]. The importance of the 2'-
methyl group in indole of Indometacin prompted to explore other functionality at
this position. For instance, 2’-methyl group when replaced by a H-atom resulted in a

decrease in its anti-inflammatory activity [26,27].
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Figure 1.13 Anti-inflammatory drugs in clinical use

1.3.3 Antibacterial activity

Antibacterial or antibiotics is a term used to describe drugs used for prevention or
treatment of bacterial infections, either by killing or inhibiting the growth of
bacteria. Amoxicillin and Ciproflaxin are common antibacterial drugs (Figure 1.14)

[28,29].
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Figure 1.14 Antibacterial drugs in clinical use

1.3.4 Antiviral activity

Viruses have the simplest biological structure, comprising of various RNA or DNA
strings and an outer protein layer that can be enveloped by a lipid coating. Viruses
can cause an immunological response in the human host, which can regulate the
infection resulting in pathological symptoms and even death. Antiviral drugs are
used to treat viral infections. For example, Zanamivir and Xofluza are antiviral

drugs (Figure 1.15) [30-32].
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Figure 1.15 Antiviral drugs in clinical use

1.3.5 Anticonvulsant activity

Anticonvulsants are drugs or pharmacological agents that are used to control
seizures or prevent sequence of seizures from happening. These are defined as
the agents that prevent the severity of convulsive seizures. For instance,

Perampanel and Clobazam are anticonvulsant drugs (Figure 1.16) [33,34].

Perampanel Clobazam

Figure 1.16 Anticonvulsant drugs in clinical use

1.3.6 Anti-leprosy activity

Various skin infections, including dermatitis herpetiformis, and leprosy; both are
treated using anti-leprosy drugs. Clofazimine and Ethionamide are anti-leprosy
drugs (Figure 1.17). The key structural feature of Clofazimine which has an
isopropylimino group at position 2 of the phenazine nucleus reveals that alkylimino

group is critical for antimicrobial activity [35,36].
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Figure 1.17 Anti-lepr

1.3.7 Antifungal activity

Substances that are used to treat fungal
on the skin, hair and nails are called anti
are triazole and imidazole containing a

[37,38].

osy drugs in clinical use

infection which is most commonly located
fungal drugs. Fluconazole and Clotrimazole

ntifungal drugs respectively (Figure 1.18)
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Figure 1.18 Antifungal drugs in clinical use

1.3.8 N-heterocycles as agrochemicals

Nitrogen containing heterocycles have

arisen as one of the prominent agents for

crop protection. Pinoxaden is a new herbicide used to reduce the growth of grass

weeds in cereals.
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Figure 1.19 Nitrogen heterocycle based agrochemicals
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Similarly, another nitrogen-containing fungicide, Bixafen shows significant activity

against a broad spectrum of cereal diseases (Figure 1.19) [39,40].

1.3.9 N-heterocycles as dyes

Nitrogen-bearing heterocyclic dyes have varied applications in diverse fields like
analytical chemistry, pharmaceuticals, textiles, cosmetics and leather industry.
Considering the relevance of colorants in modern times, dyes have acquired a
distinct position in synthetic organic chemistry. For example, the important vat dye,
indigo which contains two indole units, is widely used for colouring cellulosic fibre,
especially cotton fibre along with viscose rayon, leather and other fibres (Figure

1.20) [41].
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Figure 1.20 Dyes containing nitrogen heterocycles

1.3.10 N-heterocycles as catalysts

Various transition metal complexes with N-heterocyclic carbene (NHC) ligands have
been used in catalytic research and cover a broad domain of reactions ranging from
olefinic polymerization to C-C coupling. NHCs are neutral, having high
nucleophilicity, two-electron-giving ligands with a heterocyclic moiety mainly
comprising of pyrazole, triazole, tetrazole, imidazole and benzimidazole.
Ruthenium-catalysed (Grubb’s catalyst 2.0) olefin metathesis is one of the most
important and well-studied reactions mediated by NHC-metal complexes (Figure

1.21) [42].
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Figure 1.21 Catalyst containing nitrogen heterocycles

1.3.11 N-heterocycles as corrosion inhibitors

Iron and its alloys are essential and are being extensively used in industries.
Corrosion inhibitors ensure that there is no or less metal dissolution. N-
heterocycles like 4-chloro-1H-pyrazolo[3,4-d]pyrimidine in 1M HCI exhibited good
anti-corrosion activity for mild steel. Benzothiazole showed corrosion inhibition

efficiency on stainless steel in 3M H2S04 (Figure 1.22) [43].
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Figure 1.22 Corrosion inhibitors containing nitrogen heterocycles

1.4 Conclusion

Nitrogen-containing heterocyclic compounds are one of the important sorts of
organic compounds, which are taking a wide range of applications in various fields.
Today there are a lot of heterocyclic compounds known showing applications in
medicinal chemistry, cosmetics industry, food industry, biochemistry. Heterocyclic
compounds have a role in most fields of sciences and number is increasing rapidly

due to the enormous synthetic utility.

1.13



Chapter 1

1.5 Bibliography

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Amin, A, Qadir, T., Sharma, P. K,, Jeelani, 1., and Abe, H. A Review on The
Medicinal And Industrial Applications of N-Containing Heterocycles. The Open
Medicinal Chemistry Journal, 16(1):1-27, 2022.

Kerru, N., Gummidi, L., Maddila, S., Gangu, K. K., and Jonnalagadda, S. B. A
review on recent advances in nitrogen-containing molecules and their
biological applications. Molecules, 25(8):1909, 2020.

Chernyshov, V. V., Popadyuk, L. I, Yarovaya, O. I, and Salakhutdinov, N. F.
Nitrogen-containing heterocyclic compounds obtained from monoterpenes or
their derivatives: synthesis and properties. Topics in Current Chemistry,
380(5):42, 2022.

Heravi, M. M. and Zadsirjan, V. Prescribed drugs containing nitrogen
heterocycles: an overview. RSC Advances, 10(72):44247-44311, 2020.

Kabir, E. and Uzzaman, M. A review on biological and medicinal impact of
heterocyclic compounds. Results in Chemistry:100606, 2022.

Vitaku, E., Smith, D. T., and Njardarson, ]. T. Analysis of the structural diversity,
substitution patterns, and frequency of nitrogen heterocycles among US FDA
approved pharmaceuticals: miniperspective. Journal of Medicinal Chemistry,
57(24):10257-10274, 2014.

Liu, J., Jiang, J., Zheng, L., and Liu, Z. Q. Recent advances in the synthesis of
nitrogen heterocycles using arenediazonium salts as nitrogen sources.
Advanced Synthesis & Catalysis, 362(22):4876-4895, 2020.

Kumar, A., Singh, A. K, Singh, H., Vijayan, V., Kumar, D., Naik, J., Thareja, S.,
Yadav, J. P., Pathak, P., and Grishina, M. Nitrogen Containing Heterocycles as
Anticancer Agents: A Medicinal Chemistry Perspective. Pharmaceuticals,
16(2):299, 2023.

Clader, J. W. The discovery of ezetimibe: a view from outside the receptor.
Journal of Medicinal Chemistry, 47(1):1-9, 2004.

Klapars, A., Parris, S., Anderson, K. W., and Buchwald, S. L. Synthesis of
medium ring nitrogen heterocycles via a tandem copper-catalyzed C-N bond
formation- ring-expansion process. Journal of the American Chemical Society,

126(11):3529-3533, 2004.

1.14



Chapter 1

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Rathore, S. S, GA, N, Doijode, M., and Sathyanarayana, S. Analytical
techniques for Nizatidine: A review. Separation Science Plus, 2(9):329-342,
20109.

Dhiman, N., Kaur, K., and Jaitak, V. Tetrazoles as anticancer agents: A review
on synthetic strategies, mechanism of action and SAR studies. Bioorganic &
Medicinal Chemistry, 28(15):115599, 2020.

Gumieniczek, A., Lejwoda, K., and Data, N. Chemical Stability Study of H1
Antihistaminic Drugs from the First and the Second Generations,
Diphenhydramine, Azelastine and Bepotastine, in Pure APIs and in the
Presence of Two Excipients, Citric Acid and Polyvinyl Alcohol. Molecules,
27(23):8322,2022.

Peng, X, Li, P., and Shi, Y. Synthesis of (+)-ambrisentan via chiral ketone-
catalyzed asymmetric epoxidation. The Journal of Organic Chemistry,
77(1):701-703, 2012.

Fuenfschilling, P. C,, Zaugg, W., Beutler, U., Kaufmann, D., Lohse, 0., Mutz, J.-P.,
Onken, U, Reber, ].-L, and Shenton, D. A new industrial process for
oxcarbazepine. Organic Process Research & Development, 9(3):272-277,
2005.

Hodge, R. V. Famciclovir and penciclovir. The mode of action of famciclovir
including its conversion to penciclovir. Antiviral Chemistry and
Chemotherapy, 4(2):67-84, 1993.

Pozharskii, A. F.,, Soldatenkov, A. T., and Katritzky, A. R. An introduction to
heterocyclic chemistry, biochemistry and applications. In Heterocycles in life
and society, ISBN:978-1-119-99838-9, John Wiley & Sons, 2011.

Joule, ]J. A. Natural products containing nitrogen heterocycles—some
highlights 1990-2015. Advances in Heterocyclic Chemistry, 119:81-106, 2016.
Chauhan, M. and Kumar, R. A comprehensive review on bioactive fused
heterocycles as purine-utilizing enzymes inhibitors. Medicinal Chemistry
Research, 24:2259-2282, 2015.

Curry, A., White, D., and Cen, Y. Small Molecule Regulators Targeting NAD+
Biosynthetic Enzymes. Current Medicinal Chemistry, 29(10):1718-1738,
2022.

1.15



Chapter 1

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Ahmed, M. H., Ghatge, M. S., and Safo, M. K. Hemoglobin: structure, function
and allostery. In Vertebrate and invertebrate respiratory proteins,
lipoproteins and other body fluid proteins, Springer, 94:345-382, 2020.
Sachdeva, H., Khaturia, S., Saquib, M., Khatik, N., Khandelwal, A. R., Meena, R,
and Sharma, K. Oxygen-and sulphur-containing heterocyclic compounds as
potential anticancer agents. Applied Biochemistry and Biotechnology,
194(12):6438-6467, 2022.

Maurellj, S., Chiesa, M., Giamello, E., Di Nardo, G., Ferrero, V. E., Gilardi, G., and
Van Doorslaer, S. Direct spectroscopic evidence for binding of anastrozole to
the iron heme of human aromatase. Peering into the mechanism of
aromatase inhibition. Chemical Communications, 47(38):10737-10739, 2011.
Moysan, E. Bastiat, G., and Benoit, ].-P. Gemcitabine versus modified
gemcitabine: a review of several promising chemical modifications.
Molecular Pharmaceutics, 10(2):430-444, 2013.

Awasthi, A. K., Kumar, B., Aga, M. A, Basha, S. T., Reddy, C. S., and Kumar, P.
An efficient, facile synthesis of etoricoxib substantially free from impurities:
isolation, characterization and synthesis of novel impurity. ChemistrySelect,
2(30):9722-9725, 2017.

Blobaum, A. L., Uddin, M. ]., Felts, A. S., Crews, B. C.,, Rouzer, C. A, and
Marnett, L. ]. The 2'-trifluoromethyl analogue of indomethacin is a potent
and selective COX-2 inhibitor. ACS Medicinal Chemistry Letters, 4(5):486-490,
2013.

Dandi¢, A., Rajkovaca, K., Jozanovi¢, M., Pukles, 1., Széchenyi, A., Budeti¢, M.,
and SamardZi¢, M. Review of characteristics and analytical methods for
determination of indomethacin. Reviews in Analytical Chemistry, 41(1):34-
62,2022.

Sharma, P. C, Jain, A, Jain, S., Pahwa, R,, and Yar, M. S. Ciprofloxacin: review
on developments in synthetic, analytical, and medicinal aspects. Journal of
Enzyme Inhibition and Medicinal Chemistry, 25(4):577-589, 2010.

Meng, X., Earnshaw, C. |, Tailor, A., Jenkins, R. E., Waddington, ]. C., Whitaker,
P., French, N. S., Naisbitt, D. J., and Park, B. K. Amoxicillin and clavulanate
form chemically and immunologically distinct multiple haptenic structures

in patients. Chemical Research in Toxicology, 29(10):1762-1772, 2016.

1.16



Chapter 1

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

Lv, X, Wang, P, Li, C, Cheng, S, Bi, Y, and Li, X. Zanamivir-Cholesterol
Conjugate: A Long-Acting Neuraminidase Inhibitor with Potent Efficacy
against Drug-Resistant Influenza Viruses. Journal of Medicinal Chemistry,
64(23):17403-17412, 2021.

Dufrasne, F. Baloxavir marboxil: An original new drug against influenza.
Pharmaceuticals, 15(1):28, 2021.

Tran, T. N. and Henary, M. Synthesis and applications of nitrogen-containing
heterocycles as antiviral agents. Molecules, 27(9):2700, 2022.

Rogawski, M. A. and Hanada, T. Preclinical pharmacology of perampanel, a
selective non-competitive AMPA receptor antagonist. Acta Neurologica
Scandinavica, 127:19-24, 2013.

de Leon, |, Spina, E., and Diaz, F. J. Clobazam therapeutic drug monitoring: a
comprehensive review of the literature with proposals to improve future
studies. Therapeutic Drug Monitoring, 35(1):30, 2013.

Cholo, M. C,, Steel, H. C., Fourie, P. B., Germishuizen, W. A., and Anderson, R.
Clofazimine: current status and future prospects. Journal of Antimicrobial
Chemotherapy, 67(2):290-298, 2012.

Flipo, M., Desroses, M., Lecat-Guillet, N., Dirié, B., Carette, X., Leroux, F,,
Piveteau, C., Demirkaya, F., Lens, Z., and Rucktooa, P. Ethionamide boosters:
synthesis, biological activity, and structure- activity relationships of a series
of 1,2,4-oxadiazole EthR inhibitors. Journal of Medicinal Chemistry,
54(8):2994-3010, 2011.

Dayo Owoyemi, B. C., da Silva, C. C., Souza, M. S,, Diniz, L. F., Ellena, J., and
Carneiro, R. L. Fluconazole: synthesis and structural characterization of four
new pharmaceutical cocrystal forms. Crystal Growth & Design, 19(2):648-
657,2019.

Crowley, P. and Gallagher, H. Clotrimazole as a pharmaceutical: past, present
and future. Journal of Applied Microbiology, 117(3):611-617, 2014.

Tyagi, S., McKillican, B. P., Salvador, T. K., Gichinga, M. G., Eberle, W. ]., Viner,
R., Makaravage, K. J., Johnson, T. S., Russell, C. A,, and Roy, S. Bioinspired
Synthesis of Pinoxaden Metabolites Using a Site-Selective C-H Oxidation

Strategy. The Journal of Organic Chemistry, 87(9):6202-6211, 2022.

1.17



Chapter 1

[40]

[41]

[42]

[43]

Brenet, A., Hassan-Abdi, R., and Soussi-Yanicostas, N. Bixafen, a succinate
dehydrogenase inhibitor fungicide, causes microcephaly and motor neuron
axon defects during development. Chemosphere, 265:128781, 2021.

Wang, K, Ding, W,, Luo, Q., Ji, D., Wang, L., Wang, R,, and Qin, X. Cleaner
dyeing technology for denim fabrics with excellent utilization of indigo
based on inert gas protection. ACS Sustainable Chemistry & Engineering,
10(48):16009-16018, 2022.

Bailey, G. A. and Fogg, D. E. Acrylate metathesis via the second-generation
Grubbs catalyst: unexpected pathways enabled by a PCy3-generated enolate.
Journal of the American Chemical Society, 137(23):7318-7321, 2015.

Fouda, A. E. -A. S,, Abd el-Maksoud, S. A., El-Sayed, E. H.,, Elbaz, H. A., and
Abousalem, A. S. Effectiveness of some novel heterocyclic compounds as
corrosion inhibitors for carbon steel in 1M HCI using practical and

theoretical methods. RSC Advances, 11(31):19294-19309, 2021.

1.18



	05_chapter 1

