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The Special Issue “New Chemo-, Regio- and Stereoselective Reactions and Methods
in Organic Synthesis” collects eight articles that have developed advanced approaches to
the chemo-, regio- and stereoselective synthesis of novel important compounds, scaffolds,
synthons, and practically valuable products.

The introduction of new reagents, selenium dihalides, into organoselenium synthesis
has opened up effective approaches to new classes of organoselenium compounds [1-4].
This area of organic chemistry based on these bifunctional electrophilic selenium reagents
continues to develop actively. For example, selenium dihalides have made it possible
to synthesize a number of 9-selenabicyclo[3.3.1Jnonane derivatives with high regio- and
stereoselectivity, which have proven themselves not only as convenient and accessible
model compounds but also as non-toxic modulators of the antioxidant profile, increasing
both glutathione peroxidase and glutathione reductase activities in vivo [5,6]. An efficient
stereoselective synthesis of the 9-selenabicyclo[3.3.1]Jnonene-2 derivatives, a new class
of organoselenium heterocyclic compounds and prospective intermediates for organic
synthesis, based on the remarkable reaction of 2,6-dibromo-9-selenabicyclo[3.3.1]Jnonane
with acetonitrile, was developed by Potapov et al. (contribution 1). Azido-, amino-, and
alkoxy-9-selenabicyclo[3.3.1]nonene-2 derivatives were obtained in 88-99% yields based
on the azidation and alkoxylation reactions of 6-bromo-9-selenabicyclo[3.3.1]nonene-2. The
methods of amination of 2,6-dibromo-9-selenabicyclo[3.3.1]nonane are characterized by
simple reaction conditions, broad-scope reactions, and convenient isolation procedures.
The products as dihydrobromide salts were isolated from the reaction mixture by sim-
ple filtration. The diamino derivatives as free bases were also obtained in high yields
directly from 2,6-dibromo-9-selenabicyclo[3.3.1]Jnonane, and these compounds did not
require additional purification. This method meets the criteria of click chemistry. The
high GPx-mimetic activity for water-soluble dihydrobromide derivatives, containing bis-
diethylamino, bis-isopropylamino, bis-phenylamino, and bis-pyrrolidinyl substituents,
was shown.

Diseases such as Alzheimer’s disease, epilepsy, depression, etc., pose significant chal-
lenges for the synthesis of new potential drugs. One of the causes of these diseases is the
disruption of AMPA receptor activity. It is known that positive allosteric modulators (PAM)
of the AMPA receptor, binding to its allosteric binding site, allow fine-tuning the AMPA
receptor signaling, as well as avoiding excitotoxicity problems usually observed when
administering a direct agonist in excessive doses [7-9]. On the other hand, its negative
allosteric modulators (NAM) may have antiepileptic and neuroprotective properties. Isoxa-
zoles are a promising structural core for the synthesis of bivalent AMPA ligands [10,11].

An efficient synthesis of a series of new functionalized isoxazoles containing aromatic
or aliphatic linkers was developed by Palyulin et al. (contribution 2). In this work, an
approach based on the linking of two functional isoxazole cores by binucleophilic O,0-
N,N-S,5-linkers was implemented. Electrophysiological experiments demonstrated that
the obtained new compounds exhibited activity as positive allosteric modulators of the
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AMPA receptor. A number of compounds were found to be effective negative modulators
of the receptor, forming interesting activity cliffs.

The aromaticity and reactivity of heterocyclic compounds are among the most stud-
ied problems in organic chemistry. The properties of fused heterocyclic systems often
face a number of problems related to their aromaticity /antiaromaticity and the result-
ing differences in reactivity [12,13]. Heterocycles with high electron affinity as electron-
withdrawing blocks have received much attention [14,15]. A special place among these
heterocycles is occupied by 2,1,3-benzothiadiazole (BTD) and its derivatives, e.g., benzo[1,2-
c:4,5-c0]bis[1,2,5]thiadiazole (BBT), due to their excellent properties such as strong electron-
withdrawing properties, intense light absorption, and good photochemical stability [16].
Furthermore, replacing the 1,2,5-thiadiazole ring in 2,1,3-benzothiadiazole (BTD) with
a 1,2,3-thiadiazole core results in benzo[d][1,2,3]thiadiazole (isoBTD) compounds with
properties similar to those of BTD but with higher ELUMO and band gap (Eg) values [17].
The BBT isomer, benzo[1,2-d:4,5-d0]bis([1,2,3]thiadiazole) (isoBTD), also exhibits promising
electron acceptor properties, and its 4,8-dibromo derivative can be successfully involved in
aromatic nucleophilic substitution reactions and in palladium-catalyzed Suzuki-Miyaura
and Stille cross-coupling reactions with selective formation of mono- and bis-arylated
heterocycles [18]. It is known that many sulfur-containing heterocycles have anticancer
activity [19], due to the low-lying C-S ¢* or C-N ¢* orbitals, which are responsible for
drug-target interactions [20]. Therefore, isoBBT derivatives are of additional interest in
terms of potential biological activity.

Rakitin et al. confirmed the aromaticity of benzo[1,2-d:4,5-d0]bis([1,2,3]thiadiazole)
(isoBBT) and benzo[1,2-c:4,5-c0]bis [1,2,5]thiadiazole (BBT) heterocycles by two modern
criteria, EDDB and GIMIC, at the MP2 level of theory and additionally by UV-Vis spec-
troscopy (contribution 3). A significant difference in the aromaticity degree of isoBBT and
BBT was shown, which significantly affected the reactivity of these compounds. Based on
the study of nucleophilic aromatic substitution reactions in bromo derivatives of isoBBT, a
number of 4-amino- and 4-thio substituted products, 4-arylisoBBT derivatives, inaccessible
by other methods, were obtained by several versions of palladium-catalyzed cross-coupling,
namely, the Suzuki and Stille reactions and direct C-H arylation with 2-unsubstituted thio-
phenes. Selective methods for the synthesis of 4-bromo-8-arylisoBBT derivatives via the
cross-coupling reactions of 4-bromoisoBBT with (het)aryl halides and oxidative direct C-H
arylation with thiophenes were also developed.

It is known that the biological activity of compounds such as isoindolinones and
pyrazoles [21,22] varies significantly depending on the linking of additional nitrogen-
containing substituents or heterocyclic groups such as piperazines and piperidines. There-
fore, the development of new synthetic methods to furnish new hybrid molecules is of
paramount importance, even though additional difficulties can be encountered, especially
when new stereocenters are formed. In fact, asymmetric construction of the isoindolinone
ring is a challenging research field, and many groups are involved [23]. Massa et al.
have developed a number of approaches to the asymmetric synthesis of 3-substituted [24]
and 3,3-disubstituted isoindolinones [25], developing new cascade reactions, often using
organocatalytic systems and producing several new enantioenriched products. Some of the
obtained isoindolinones were also used in the general synthesis of biologically significant
compounds [24]. As the development of these studies, a method for the asymmetric synthe-
sis of new heterocyclic hybrid molecules with the use of acetylacetone as a nucleophile in
an asymmetric reaction with N-carbamoyl-ax-amidosulfone in the presence of Takemoto’s
bifunctional organocatalyst was discovered (contribution 4). The article discusses studies
on the reactivity of the obtained semi-products, the effect of the environment and tempera-
ture on the rate and selectivity of the process, and the effectiveness of various catalysts on
the enantioselectivity of the process. As a result, isoindolinone substituted in the 3-position
by a pyrazole ring was obtained from acetylacetone with high enantioselectivity (89% ee)
and an excellent yield of about 70% for four stages of synthesis. It was shown that the
Takemoto organocatalyst was more effective in comparison with other catalytic systems
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in these reactions. It was also established that the bifunctional nature of the catalysts also
promotes lactamization, which was confirmed through a series of control experiments.

Pyrroloimidazoles are important structural motifs in a number of natural products
and bioactive molecules and key components for optoelectronic devices [26,27]. The known
approaches to pyrrolo[1,2-cJimidazoles include the intermolecular cyclocondensation of
pyrrole, isocyanate, and phosgene or thiophosgene [28]; the reaction of benzotriazol-
1-yl(1H-pyrrol-2-yl)methanone with ketone, isocyanate, or isothiocyanate [29]; Rh(III)-
and Pd(0)-catalyzed C-H functionalization of pyrroles with alkynes, alkenes, and diazo
compounds [30]; the post-Ugi cascade reaction [27]; and the flash vacuum pyrolysis of
imidazol-1-ylacrylates [31].

One of the newest approaches to the assembly of dipyrrolo[1,2-a:1’,2’-c]limidazole
core was discovered by Trofimov et al., based on accessible acylethinylpyrroles (contri-
bution 5) [32]. The efficient and convenient method for the synthesis of previously un-
known pyrrolo[1’,2:2,3]imidazo[1,5-a]indoles and cyclohepta[4,5]pyrrolo[1,2-c]pyrrolo[1,2-
aJimidazoles was developed via the reaction of non-catalytic [3 + 2]-annulation. In this
work, the effect of the reaction conditions on the chemo- and regioselectivity of the process
was studied, and the results of the screening of reaction conditions were discussed using
the example of the benzoylethynyltetrahydroindole-pyrroline model system. Optimization
of the proposed synthetic method allowed implementing a catalyst-free one-pot chemo-
and regioselective synthesis of polycondensed indoles and imidazoles functionalized with
acylethenyl groups in up to 81% yields under mild conditions. It was found that the physic-
ochemical properties of the new compounds, which are of crucial importance for TADF
emitters in OLEDs, taking into account their availability, allow the use of such compounds
in optoelectronics. The developed approach also opens up a straightforward route to
biochemically related functionalized polycondensed heterocyclic systems, a prospective
platform for drug discovery.

Selective serotonin reuptake inhibitors (SSRIs) are widely used in the treatment of
depression and other mental disorders, although current treatment methods suffer from
a number of pharmacological drawbacks [33]. The development of synthetic methods
for the preparation of analogues of 5-hydroxytryptamine and homotryptamine are the
subject of research targeting new drugs that act on the central nervous system through the
serotonergic mechanism and exhibit multidirectional pharmacological activity [33,34]. Of
particular interest are derivatives with a conformationally restricted aminoethyl residue at
position 3 of the indole ring. Conformational restrictions of the side chain are known to
have a significant effect on the biological activity of compounds that inhibit the serotonin
transporter protein SERT and the 5-HT1A receptor [35,36]. Recently, interest in new ligands
with high binding to the 5-HT¢ receptor has increased significantly due to the role of
this receptor in the pathomechanisms of depression, schizophrenia, and Alzheimer’s and
Parkinson’s diseases [37].

A method for the preparation of a series of chiral derivatives of (R)- and (S)-3-
(piperidin-3-yl)-1H-indole based on racemic mixtures of 3-(piperidin-3-yl)-1H-indole and
its derivatives was proposed by Slifirski et al. (contribution 6). The synthetic method
significantly simplified the separation of diastereomers and allowed the isolation of pure
enantiomers of the final products, which are of crucial importance for the development
of new drugs. In the course of the studies, the authors unexpectedly obtained new tetra-
cyclic derivatives of 9,12-diazatetracyclo[10.3.1.0>10.038|hexadeca-2(10),3(8),4,6-tetraenes.
In addition, the authors proved the absolute structures of all the obtained compounds.

The synthesis of large and medium-sized carbo- and heterocycles is largely based on
ring expansion reactions. A number of approaches have been developed for the synthesis
of a wide variety of classes of compounds, including lactones, O-, N-, S-heterocyclic
rings, substituted azulenes, and various azepine derivatives. Ring expansion reactions
can be based on various substrates and proceed by different mechanisms, which include a
number of rearrangements and cycloaddition reactions [38-40]. A wide range of reactions
that demonstrate the synthetic importance of functionalized carbocyclic and heterocyclic
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molecules formed via six-membered ring expansion reactions, based on the literature
published from 2017 to 2022, are presented and thoroughly discussed in the review by
Zaki et al. (contribution 7). The review was structured according to the final reaction
products and discussed methods for the synthesis of lactams from cycloketones, nitroso
compounds, 3-keto esters, and oximes; the synthesis of lactones based on oxazines, the
reactions of lactones with azeridines, and the synthesis of azulenes based on chromenones,
derivatives of 1,3-diazepinones from functional 1,4-dihydro-2H-pyrimidinones; and the
synthesis of tropone derivatives from alkynyl quinols. It is worth noting that the authors
provide the results of the biological activity studies of the products. The review also
discusses such reactions as Aza—Claisen rearrangement [38], Beckmann rearrangement [39],
Tiffeneau-Demjanov rearrangement [40], Schmidt rearrangement [41], [10+4] and [6+6]
cycloaddition reactions [41,42].

At present, chemical syntheses using natural metabolism attract much attention from
scientists. A wide range of natural carbohydrates serves as a starting point for the chem-
ical transformation of biomass, which leads to bioderivatives of furans. Currently, the
synthesis and application of furan compounds is an important branch of green and sus-
tainable chemistry. Indeed, many articles describe the synthesis of 5-HMF and its deriva-
tives, as well as the preparation of new materials based on them [43-45]. At the same
time, 1,4-functionalized C6-furan fragments can be found among the natural compounds.
The search for practically significant natural products with subsequent biotechnologi-
cal production is an attractive methodology for a sustainable development [46]. The
number of oxygen atoms in the Cé-furanic derivatives can be the key factor for their prac-
tical possibilities [47,48]. A discussion of the literature data on natural compounds that
can be the target of full-cycle methods or biological studies was given in the excellent
review by Ananikov et al. (contribution 8). The authors proposed the clear and well-
structured review of 1,4-disubstituted furan derivatives based on the oxidation level of
the initial 1,4-dimethylfuran to 5-formylfuran-2-carboxylic acid and furan-2,5-dicarboxylic
acid. The review discussed methods for the synthesis and sequential functionalization
of 1,4-dimethylfuran based on increasing the oxidation level of the initial compounds,
which clearly demonstrates the possibilities of implementing biosimilar synthetic ap-
proaches to the synthesis of practically significant furanyl compounds. The review of
natural biosynthetic pathways and their incorporation into practice is of great importance
for sustainable chemistry.
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