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discovery.15,16 Recently, N-based heterocycles have attracted much interest of medicinal 

chemists and biologists due to broad range of biological activities and plentiful applications 

in the extensive fields of pharmacy.17FDA databases has revealed that about 60% of 

unique small-molecule drugs, comprise N-based heterocycles, showing the structural 

significance of N-based heterocycles in drug design and drug discovery.18 The prevalence 

of N-heterocyles in biologically active compounds can be attributed to their stability and 

operational efficiency in human body and the fact of that the nitrogen atoms are readily 

bonded with DNA through hydrogen bonding. As a matter of fact, anti-cancer activities of 

N-based heterocycle agents are largely due to their tendency of interaction with DNA via 

hydrogen bonding.19In 2014 Njardarson et al. published the first comprehensive analysis 

of the nitrogen based heterocycles.16 This analysis showed that indeed about 60% of 

small-molecule drugs contain a N-based heterocycle as common architectural cores. In 

2011, Baumann et al. presented an overview of the key pathways to the synthesis of the 

best-selling five-membered ring heterocyclic medications regardless of their kinds of 

heterocycles.20 In the following, in 2013 the same authors presented an overview on the 

synthetic pathways to the best selling drugs comprising six-membered heterocyclic 

systems.21 In 2018, Ramazani and co-workers15 presented the recent advances in 

nitrogen-based heterocyles as useful cancer chemotherapy agents. Cancer is one of the 

foremost roots of death, globally. It is the result of mutation of the cells which regulate the 

genes and protein. Although, surgery and radiotherapy are the current therapy several 

drugs are also used as anticancer agents in spite of their undesired side effects. Some 

analogues of new isosteviol-fused pyrazoline, ursolic acid linked triazole or D-ribose linked 

exhibit anticancer activity at the nanomolar range.22 Furthermore showing segment 

resemblance with histidine imidazole molecule N-based-heterocycles can be linked with 

protein molecules more easily than some other heterocyclic scaffolds, thus, these types of 

N-heterocyclics are the most promising drugs for being designed and screened as anti-

cancer drugs.23 We are interested in heterocyclic chemistry,24 especially those containing 

nitrogen atom.25–33We are interested in heterocyclic chemistry,24 especially those 

containing nitrogen atom.25–33 In recent years, our group has also focused on the 

applications of name reactions in the total synthesis of natural products containing 

nitrogen heterocycles, showing diverse biological activities.34–42 Armed with these 

experiences, in this review we try to highlight the medical usages and selected synthetic 

pathways of approved and market purchasable prescribed medications, containing 

nitrogen based-heterocycles. Having collected and categorized of about 640 medications, 

comprising a based-nitrogen heterocycle, we had to be selective and sumarritive, limiting 

ourselves to most common of such pharmaceuticals, classifying them in accordance of 

their size of N-based heterocycles, in, four, five, six, and seven-membered rings. Moreover, 

the fused, bridged bicyclic nitrogen heterocycles have been also covered.In general 

antimicrobial drugs are recognized as bacteriostatic (i.e., tetracyclines, sulfonamides) and 

as antibacterial (i.e., penicillin). Beta-lactam antibiotics are categorized to four groups. 
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They are penicllins, cephalosporins, monobactams, and carbapenems. They all comprise a 

four-membered beta-lactam ring that is essential for displaying their antibactericidal 

activities. In 1929, penicillin was explored by Sir Alexander Fleming, who observed that one 

of his experimental cultures of staphylococcus was polluted with fungus that caused the 

bacteria to lyse.43,44 Since fungus belonged to the family penicillium, he called this 

bactericidal substance penicillin. A decade later, a research group at Oxford University 

could isolated a crude substance built of a few low-molecular substances that were named 

penicillins (F, G, K, O, V, X). Among the various penicillins (F, G, K, O, V, X), penicillin G 

(benzylpenicillin), was found the most effective. Since then, penicillin G, is used as an 

antibiotic to treat a number of bacterial infections.45There are three main and remarkable 

stages to the biosynthesis of penicillin G 7 (benzylpenicillin). Initially, three amino acids-L-

α-aminoadipic acids, L-cysteine, L-valineare condensed to a tripeptide.46–48 Before the 

generation of this tripeptide, the amino acid L-valine is subjected to epimerization to turn 

out to be D-valine 3.49,50 This tripeptide is called δ-(L-α-aminoadipyl)-L-cysteine-D-valine 

(ACV) 4. The above epimerization and condensation reaction both are catalyzed by the 

enzyme δ-(L-α-aminoadipyl)-L-cysteine-D-valinesynthetase (ACVS), a nonribosomal peptide 

synthetase or NRPS. In the second step of biosynthetic process of penicillin G 7, the 

catalyzed-isopenicillin N synthase (IPNS) oxidative transformation of linear ACV into the 

bicyclic intermediate isopenicillin N is taken place.46–49 Ultimately, by isopenicillin N 6, N-

acyltransferase, is trans amidated in a way that the α-aminoadipyl side-chain of 

isopenicillin N 6 is eliminated and replaced by a phenylacetyl side-chain. This process is 

encoded by the gene penDE and considered as exceptional progression in providing 

penicillins G 7 (Scheme 1).46The total synthesis of penicillin V 20 was first achieved in 

1948. It started with racemic valine 3, which was effectively converted into N-

acetylpenicillamine 11. Formamide rac-13 upon resolution using brucine followed by 

hydrolysis, gave (−)-penicillamine hydrochloride 14. The latter was condensed with 

aldehyde 15 to give thiazolidine 16. The side-product epi-16 could be transformed into 16 

using pyridine-induced epimerization. Elimination of protecting groups and assemblage of 

the phenoxyacetyl side chain provided penicilloic acid 19. Successive creation of the 

central amide bond was accomplished using DCC in basic conditions to afford penicillin V 

20 as its potassium salt (Scheme 2).51Amoxicillin is an antibiotic employed for the 

treatment of several bacterial infections, involving, strep throat, pneumonia skin infections 

middle ear infection, and urinary tract infections etc.45,52 Amoxicillin is one of the major 

β-lactam and best-selling antibiotics. It was discovered in 1958 and came into medical use 

in 1972 with much advantage over its precedents, for example it show higher spectrum of 

potency, high solubility, and high rate of absorption.53,54 Amoxicillin can also be prepared 

by enzymatic one-pot approach which has significant imminent application in its large scale 

production. The process began with 6-aminopenicillanic acid (6-APA) 25, which initially 

activated by a substrate, such as p-hydroxyphenylglycine methyl ester (HPGM) or p-

hydroxyphenylglycine amide. It is well-recognized that PGA not only convert such 
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substrates into an antibiotic, but also hydrolyzes penicillin G potassium salt (PGK) 21 into 

6-APA 25. As a matter of fact, most of the β-lactam nuclei, e.g., 6-APA 25 and 7-ADCA 

employed in the enzymatic semi-synthetic process of β-lactam antibiotics are provided 

from the hydrolysis of PGK or cephalosporin C mediated by PGA. Thus, combination of the 

hydrolysis of PGK into 6-APA with the enzymatic catalysis is resulted in coupling reaction of 

6-APA with p-hydroxyphenylglycine methyl ester (D-HPGM) to afford amoxicillin as the 

desired product. This one-pot approach avoids the number of steps in the production of β-

lactam antibiotic, which not only skipping the isolation of 6-APA 25, but also effectively 

decrease the industrial cost production (Scheme 3).Cefalexin, is an antibiotic used for the 

treatment of several bacterial infections.55 Cefalexin used for treatment of definite 

bacterial infections, involving those grown of the middle ear, bone and joint, skin, and 

urinary tract, pneumonia, strep throat and to prevent bacterial endocarditis. Cefalexinwas 

discovered in 1967.56–58 Initially, it was promoted in 1969 and 1970 under the brand 

names Keflex and Ceporex.59 Cefalexin under generic versions and under other trade 

names are, inexpensively market purchasable.60 Cephalexin is a first-generation 

cephalosporin antibiotic that was selected as the model medicine nominee to attain dose 

with better stability, palatability and attractive pediatric sophistication, economic and easy 

to take.61–68 Cephalexin, [6R-[6α,7β(R)]]-3-methyl-8-oxo-7-[(aminophenylacetyl)amino]-

5-thia-1-azabicyclo[4.2.0]oct-2-en-2-carboxylic acid 32, indeed is an analog of ampicillin, 

due to the acyl segment present in the structure of 7-aminocephalosporanic acid, is just 

the same phenylglycine segment present in ampicillin.69  
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Садуллаева дочь Гульмиры Гайбуллы 
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Ассистент 

 

Насыщенные, ненасыщенные и ароматические гетероциклы по степени 

ненасыщенности. Соответствующие циклические соединения близки по свойствам к 

неароматическим гетероциклам (амины, амиды, простые и сложные эфиры и др.). 5- 

и 6-членных гетероциклов, система, содержащая замкнутое сопряжение (4n + 2) 

электронов, имеет ароматический характер (см. лекцию № 2). Такие соединения по 

свойствам родственны бензолу и являются родственными ароматическими 

гетероциклическими соединениями. Для них, как и для систем для бензоидов, 

наиболее характерны реакции замещения. При этом гетероатом выполняет роль 

«внутренней» функции, определяющей скорость и направление реакций. 

Общая природа конкретных ароматических гетероциклических соединений 

Далее рассмотрим азотсодержащие ароматические гетероциклы. 

2. Пятичленные азотсодержащие гетероциклы представляют собой один 

гетероатом 

Пиррол 

Пиррол представляет собой ароматический гетероцикл с 5 атомами азота и 

одним атомом азота. 

Ароматическая система пиррола включает 6 p-электронов: четыре p-электрона 

от двойной связи и два от гетероатома. 

Атом азота с парой электронов выступает в роли донора, увеличивая 

электронную плотность на атомах углерода цикла. Поэтому пирролы называют р-

протяженными гетероциклами. 

Химические свойства 

Химические свойства пиррола определяются наличием в ароматической 

системе полярной связи N-H. 

Кислотно-основные свойства 

Неподеленная пара электронов азота входит в состав ароматического секстета 

электронов, поэтому пиррол практически лишен основных свойств (). Необходимо 

определить основную силу пиррола, поскольку он является ацидофобным 

соединением и полимеризуется с кислотами. 


