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The researches in the field of heterocyclic and medicinal chemistry carried out by the Department of Biologically Active 
Compounds of the L.M. Litvinenko Institute of Physical Organic and Coal Chemistry of the NAS of Ukraine have been 
reviewed. The results of search of new pharmaceuticals with basic β-carboline structures, its S- and O- isosteres, and 
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The importance of providing the population with 
accessible medicinal products and the necessity of 
huge investments into research and development of 
new effective pharmaceuticals are doubtless. The 
development of new medicinal product and its com-
mercialization are very long-term and resource-in-
tensive processes that starts with organic synthesis. 

The IPOCC in cooperation with Ukrainian phar-
macologists and pharmacists successfully deals with 
the creation of new molecules precursors of phar-
maceuticals and original medicinal products.

SEARCH OF NEW PSYCHOTROPIC PRODUCTS 

AMONG β-CARBOLINES AND THEIR ISOSTERES

For decades, β-carbolines attracted the attention 
of chemists and biologists due to the presence of 
these alkaloids in many natural objects. Natural al-
kaloids – harmine, harman, and their derivatives are 
of particular interest. Phar ma co lo gical effects of har-
mine and harman have been known for almost 100 
years; alkaloids of Harmala family have been thera-
peutically used for 80 years. Recently, the β-car bo li-
nes have become an important tool for studying the 
neurobiology of benzodiazepine receptors.

The long-term studies have showed that β-car-
bolines are a promising class of heterocyclic sub-
stances for creating new drugs having proper-
ties of tranquilizers, anxiolytics, nootropics, and 
stress-protectors.

To simulate the biological properties of synthe-
sized molecules, pharmaceutical chemistry uses 
the theory of isosteres, according to which the com-
pounds with a similar structure have similar bio-
logical properties. The theory does not exclude 
new or opposite biological properties as a result 
of changing molecule’s element composition. The-
refore, it is important to synthesize and to study 
the biological properties of S- and O-isosteres of 
β-carboline, which also have a high biological ac-
tivity. Tests of benzothiophene analogs of harmine 
and harmaline as MAO inhibitors in vitro have 
demonstrated that harmine and S-harmine have 
similar strength, while the activity of S-harmaline 
50 times exceeds that of harmaline. The sulfur 
analogues of Harmala alkaloids have a high lip id 
solubility, a shorter biological half-life, and a we-
aker bond with tissues as compared with their nit-
rogen analogue.

Last 45 years, the majority of researches were 
aimed at improving the methods for annulation of 
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pyridine ring to the indole, benzo[b]thiophene and 
benzo[b]furan using classic approaches based on 
the Bischler-Napieralski, the Pictet-Gams, the Po-
meranz-Fritsch, and the Schlitter-Mueller reacti-
ons. Each method has some disadvantages: low yield 
(the Pomeranz-Fritsch and the Schlitter-Muller me-
thods), necessary dehydrogenation of the interme-
diate 3,4-dihydro-derivatives (the Bischler-Na-
pieralski method), and multi-stage synthesis of the 
starting compounds (the Pictet-Gams method).

In contrast to the above methods, the IPOCC 
researchers have developed an approach to the 
synthesis of annulated pyridines via correspond-
ing pyrylium salts is remarkable for mild reaction 
conditions and high yields. The condensed py ry-
lium salts transform into the corresponding pyri-
dines as result of pyran ring recyclization under 
the action of ammonia or ammonium acetate in 
alcohols or acetic acid. The synthesis of pyridine 
bases from pyrylium salts enables varying the sub-
stituents in both the pyridine and the carbocyclic 
parts of molecules. This paper summarizes the re-
sults of IPOCC research concerning the synthe-
sis, transformations and pharmacological studies 
of β-carbolines and their isosteres.

The synthesis of indole [2,3-c]-pyrylium salt is 
based on an acid-catalyzed hetero-cyclization reac-
tion — acylation of 3-(oxoacyl)indoles by anhy-
drides of aliphatic carboxylic acids in the presence 
of perchloric acid or Lewis acids. The first examples 
of obtaining β-carbolines from indole[2,3-c]-py ry-
lium salts with 10–20% yield of indolopyrylium 
perchlorates have been described in [5, 6]. Later, 
improved techniques have enabled obtaining the 
desired products with up to 90% yield. Using this 
approach, a substantial amount of indolo[2,3-c]-
pyrylium salts with various substituents in the 
heterocyclic and the benzene nuclei has been ob-
tained. These salts have been transformed into 
β-car boline derivatives (Scheme 1) [7—9].
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The study of acylation of 2-(3-indolyl)cycloal-
kane-1,3-dione and 2-(3-indolyl)cycloalkanes was 
very useful for creating new anxiolytics and anti-
depressants. Anhydrides of acetic, propionic, bu-
tyric, isobutyric, valeric, and trifluoroacetic acids, 
benzoyl- and phenylacetyl chlorides were used as 
acylating agents. Tetracyclic perchlorates of in-
dolopyrylium were transformed into β-car bolines 
[10, 11]. Similarly, pentacyclic pyrylium salts and 
corresponding β-carboline derivatives were ob-
tained from 2-(1-ethylindole-3)indandion [10]. 
An indolopyrylium salt with a high yield was ob-
tained by acylation of 2-(3-indolyl)dimedone 
by chloranhydride of 3-trichlorogermylpropio-
nic acid. The recyclization of this salt by ammonia 
and subsequent treatment with triethanolamine 
resulted in obtaining a β-carboline (19) with a 
germantran fragment (Scheme 2) [12].
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This approach has been successfully applied to 
the synthesis of β-carboline derivatives from in-
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dolyl-substituted heterocyclic rings. 2-hydroxy-3-
(3-indolyl)maleimide reacts with acyl-perchlorates 
forming dioxypropyrroloindolopyrylium that is 
easily transformed into pyrroloindolopyridine ob-
tained by counter synthesis — acylation of 2-ami-
no-3-(3-indolyl)maleimide (Scheme 3) [13].
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The formation of azole-condensed β-carbolines 
by acylation of indolyl-substituted aminohetero-
cyclic rings was effective as well: 4-(3-indolyl)-5-
aminopyrazole is easily transformable into per-
chlorate indole[2,3-c]pyrazol[5,4-e]pyridinium 
for med as base by treatment with triethylamine. 
A new method for synthesizing azole-β-carboli-
nes with unsubstituted carbon atom of pyridine 
ring by cyclization of N-azolylformamidines is 
promising as well [14].

The approach to the synthesis of condensed 
pyridine bases from respective pyrylium salts 
was designed by the IPOCC researchers and has 
been used successfully for obtaining benzo thie-
no[2,3-c]pyridines, benzofuro[2,3-c]pyridines [15, 
16], and isomeric thienothiopheno[2,3-c]pyrid-
ines [17]. Tetracyclic benzothieno-, benzoselen-
opheno- and benzofuro[2,3-c]pyridines [18] were 
obtained in a similar way.

Further studies of β-carbolines deals with che-
mical properties of condensed pyridine bases, intro-
duction of functional groups into the benzene ring 
of hetarylpyridines and various functional group 
transformation in polyheterocyclic rings. The re-
actions of nitration and acylation of tetracyclic 
β-carbolines, their isosteres, tricyclic benzothieno- 
and benzofuropyridines have been studied [19—21]. 
Mononitropyridines or dinitro-derivatives were 
obtained at various conditions. Direction of heter-
apyridine acylation depends on the type of hetero-
cycle central core and the acylhalogenide structure.

BIOCTIVITY OF β-CARBOLINES 

AND THEIR ISOSTERES

Preclinical studies of β-carbolines obtained 
and their isosteres have been carried out at the 
Department of Pharmacology of the Donetsk 
State Medical University. As the pharmacologi-
cal tests have showed, new derivatives of harman 
and harmine have properties of antidepressants, 
tranquilizers, anxiolytics, and nootropics, with 
their effect depending on available substituents. 
The tricyclic derivatives of harman and harmine 
have properties of antidepressants [25] and stress-
protectors [9]. A distinctive feature of all these 
compounds tested is the lack of narcosis potenti-
ating action inherent in benzodiazepine tranqui-
lizers. Among the hundreds of new compounds 
tested, the highest activity has been reported for 
1-oxo-3,3,6-trimethyl-1,2,3,4-tet ra hyd roin do-
le[2,3-c]quinoline (9) (R1=R2=Me), a day-time 
tranquilizer [26] that has been clinically tested 
and recommended for use in medicine. Further 
tests showed that this drug has properties and a 
powerful stress- and neuroprotective effect 50 
times exceeding the action of piracetam (Noo-
tropil) [27]. In 1994, a drug called carbocetam was 
approved for clinical use as nootropic agent. Pyr-
role β-carboline has been studied and recommen-
ded for clinical trials (27). It has stronger noot-
ropic properties and is significantly more active 
than piracetam.

Benzothieno[2,3-c]pyridines have a spectrum 
of action that coincides with that of antipsy-
chotic drugs [28]. A similar spectrum of action is 
inherent in thieno[2,3: 5,4]thieno[2,3-c]pyridine 
(31). Derivatives of benzofuro[2,3-c]pyridines ha-
ve showed pharmacological properties of tran-
quilizers (see Scheme 4) [29].
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HETEROCONDENSED ISOQUINOLINE

Isoquinolines condensed with azole and other 
heterocyclic rings on the «c» face has recently be-
come popular targets of medicinal chemistry. The 
Institute has been dealing with the development 
of methods for their synthesis for several years. 
Especially popular are isoquinolines condensed 
with azole rings. A convenient method for their 
preparation is based on modified Pictet-Speng-
ler reaction [30, 31].

The Pictet—Spengler reaction is one of the 
most widely used in heterocyclic chemistry for 
the construction of various alkaloids and their 
analogs, new heterocycles with potential biologi-
cal activity and other useful and interesting pro-
perties. It is based on the acid-catalyzed conden-
sation of aldehyde or ketone with 2-aryl(heta ryl)
ethylamine who se aromatic fragment is capable 
of electrophilic attack and subsequent cyclization 
between C-nucleophile of (hetero)aromatic nuc-
leus and iminium ion, which leads to the forma-
tion of a new C—C bond and nitrogen-containing 
heterocyclic ring.

However, despite the attractiveness of this stra-
tegy, its use is limited to tryptamine/tryp to phan, 
histamine/histidine, and dopamine/ty ra mine as 
amine substrates, which invariably leads to the 
formation of heterocycles with basic structures 
of tetrahydro-β-carboline, tetra hyd ro imi da zo py-
ridine, and tetrahydroisoquinoline.

For a long time, despite a huge amount of re-
searches using the Pictet—Spengler reaction, the 
synthesis strategy remained unchanged. Even 
in the solid phase, the use of which has opened 
up new opportunities in heterocyclic chemistry, 
the Pictet—Spengler reaction is limited to only 
the above-mentioned formation of classical sys-
tems.

In the last 10 years, one can see a revival of 
this reaction: the use of so-called Pictet—Speng-
ler substrates of the second generation will sig-
nificantly expand the range of nitrogen-contain-
ing heterocyclic systems. The new approach is 
based on using the aromatic and heterocyclic 

ami nes (orthohetaryl-substituted anilines, or-
tho-aryl or orthohetaryl-substituted aminohete-
rocycles) instead of the aliphatic ones for cycliza-
tion (Sche me 5):
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These starting compounds cannot be directly 
attributed to the Pictet—Spengler reaction sub-
strates by the structure and depth of transforma-
tion, with their cyclization being new acid-cata-
lyzed reactions. The IPOCC research works on 
the synthesis of new heterocyclic structures have 
become the basis for the search of new drugs hav-
ing very different actions, as illustrated by the 
following examples.

Derivatives of pyrazol[3,4-c]isoquinoline have 
been the most widely used for searching new in-
hibitors of anaplastic lymphoma kinase [32—34]. 
They have been patented as compounds capable 
of enhancing the effectiveness of chemotherapeu-
tic drugs and antibiotics, promoting detoxifica-
tion of cells and tissues, and regulating the trans-
port of multidrug complex systems through the 
blood-brain and the placental barriers [35, 36]. 
Pyrazol[3,4-c] isoquinolines have a low toxicity 
of LD50 1500—2500 mg/kg (Scheme 6) [34].
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Pyrrole[3,4-c]isoquinolin-2,5diones [37, 38] are 
inhibitors of glycogen synthase kinase 3 (GSK 3) 
as well as activators of Wnt signaling pathway [39], 
which is important for proliferation, differentia-
tion and apoptosis. Pyrrole[3,4-c]-β-carboline-
1,3-diones [39] are studied as a new class of in-
hibitors of tyrosine kinases [40]. Derivatives of 
heterocyclic system of thieno[3,4-c]isoquinoline 
synthesized for the first time several years ago in 
the IPOCC [38] are studied as promising inhibi-
tors of NFkappaB receptor [41, 42]. Therefore, new 
drug substances with the heterocondensed iso-
quinoline structure are very likely to appear in 
the near future. To this end, the development of 
alternative methods of synthesis and functiona-
lization of azole- and other condensed isoquino-
lines remains relevant for medicinal chemistry.
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НОВІ ГЕТЕРОЦИКЛІЧНІ
СИСТЕМИ ДЛЯ НОВИХ ЛІКІВ

Подано огляд досліджень відділу хімії біологічно ак-
тивних сполук Інституту фізико-органічної хімії і вугле-
хімії ім. Л.М. Литвиненка НАН України в галузі хімії 
гетеро циклічних сполук та медичної хімії. Викладено ре-
зультати пошуку нових лікарських препаратів з базови-
ми структурами β-карболіна, його S- і O-ізостерів, ізохі-
ноліну. 

Ключові  слова: органічний синтез, лікарський засіб, 
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НОВЫЕ ГЕТЕРОЦИКЛИЧЕСКИЕ 
СИСТЕМЫ ДЛЯ НОВЫХ ЛЕКАРСТВ

Представлен обзор исследований отдела химии биоло-
гически активных соединений Института физико-орга-
нической химии и углехимии им. Л.М. Литвиненко НАН 
Украины в области химии гетероциклических соедине-
ний и медицинской химии. Изложены результаты поиска 
новых лекарственных препаратов с базовыми структура-
ми β-карболина, его S- и O- изостеров, изохинолина.
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