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At the present stage of the development of organic and bioorganic chemistry, several basic
approaches to the synthesis of pyrrolo[1,2-a]Jquinolines are known. These compounds are
of interest to the researches primarily as bioregulators with a wide spectrum of biological
activity. This review is an attempt to systematize and generalize literary data relating to the
chemistry of pyrrolo[1,2-a]quinoline and its derivatives as important synthetic substrates
and precursors for the design of biologically active substances. The main approaches to the
synthesis of these compounds, consisting in various preparative methods for constructing
a tricyclic base of pyrrolo[1,2-a]quinolone, were considered. The search for biologically
active substances of this series is important and has a practical and theoretical significance.
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Introduction

One of the main directions of the development
of chemistry is the search for substances with high
biological effect, which can become the base for the
creation of new biologically active substances that
would be competitive as potential medicines in the
market of imported and domestic products. Nitrogen-
containing heterocyclic compounds are known as
natural and synthetic molecules [1,2] that exhibit a
wide range of biological effects [3—5]. Among various
N-heterocycles, pyrrolo[1,2-a]quinoline derivatives
attract considerable attention due to their unique
biological activity [6—12]. It is well known that these
substances show a wide spectrum of activities such
as antibacterial, antifungal, antispasmodic and anti-
inflammatory effects, tumor growth inhibitors, etc.
[13]. Pyrrolo[1,2-a]quinoline derivatives are activators
of caspases and inducers of apoptosis and are also
used as therapeutically effective anticancer agents
[14,15]. Due to these characteristics, functional
derivatives of pyrrolo[1,2-a]quinolines draw
considerable synthetic interest and various synthetic
ways for their preparation were developed [16—18].
This review is an attempt to summarize literary
sources on the synthetic and biological potential of
pyrrolo[1,2-a]quinoline derivatives. At the present
stage of the development of chemistry of nitrogen-
containing heterocycles, several major approaches

to the synthesis of the pyrrolo[1,2-a]quinoline
heterocyclic system are known. Heterocyclic systems
containing pyrrolo[1,2-a]Jquinoline core have a rich
synthetic history and they are characterized by a
wide range of synthesis methods. The production of
this heterocycle is carried out in various ways, using
quinoline, indolizin and their derivatives as a basis,
and constructing a tricyclic structure by embedding
a pyridine ring in a compound already containing
two rings. Considering the relevance of the research
of pyrrolo[1,2-a]quinolones and the positive tendency
for their further development, it was expedient to
systematize and generalize literary sources on the
methods of their synthesis.

Synthesis based on quinoline and its derivatives

One of the common methods for the synthesis
of pyrrolo[1,2-a]quinoline is the production on the
basis of quinoline and its derivatives (via the nitrogen
atom or via C,) as a result of the alkylation reaction.
For the first time, the pyrrolo[1,2-a]Jquinoline system
was obtained by Chichibabin in the form of
homologues of benzoindolizine (1927) [19].

Despite the fact that the reaction of haloketones
with quinaldine (2-methylquinoline) proceeds easily,
homologs of benzoindolizin can be obtained only in
the form of non-crystallizing resins; such resins can
be polymers of already formed compounds (Scheme
1). The reaction occurs in alcohol, followed by
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processing the product with a solution of sodium
bicarbonate [20].
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However, later it was found that the interaction
of quinaldine with chloroacetone or phenacyl
bromide results in the formation of quinaldine
hydrohalides, and not 1-acylalkyl-2-
methylquinolinium halides (Scheme 2).
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Further studies had shown that the nature of
substituents in the quinoline cycle is significantly
influenced by the yield of intermediate N-alkyl
derivatives.

Pyrrolo[1,2-a]quinoline was prepared from
quinaldine (3.1) bypass via oxalic acid derivatives
(Scheme 3) [21].

Quantum-chemical calculations for 2-R-
substituted quinoline and their 4-chloro-derivatives
showed the effect of substituents on charges of carbon

atom (in positions 2 and 4) and on endocyclic
nitrogens and their changes when chlorine is entered
in position C,. Thus, when the methyl group is
entered in the 2nd position of the heterocycle, the
value of the negative charge on the nitrogen atom is
changed, the main properties of the quinoline cycle
are increased. The chlorine atom in the 4th position
increases the electronegativity of the nitrogen atom
and the electron deficiency on the C, atom. This
can lead to an increase in the nucleophilic properties
of the heteromolecule [22].

A further direction of research was developed
in the study of complexes of transition metals, such
as Pd [23—25], Cu [26—31], Cu/Pd [32], Rh [33], Ir
[34], Pt [35], Fe/Au [36], Sm [37], Ce [38], etc.
They are used as catalysts for the derivation of
pyrrolo[1,2-a]quinoline derivatives; however, despite
their potential utility, none of these procedures can
directly provide end products with a lack of heavy
metal admixtures [39—42].

When transition metals are using for the
synthesis of pyrrolo[1,2-a]quinoline derivatives,
I,/acids/carbonates were used as additives [43—46].
These studies have made a significant contribution
to the synthesis of more efficient, simpler and more
environmentally friendly techniques that are still
needed for the synthesis of pyrrolo[1,2-a]quinolines.
A highly efficient synthesis of pyrrolo[1,2-a]-
quinolines without catalysts was reported through
dehydration, [3+2] cyclization of aldehydes and
alkylating agents directly to 2-methylquinoline
(Scheme 4) [47—51].

Considering the example of the interaction of
2-methylquinoline, benzaldehyde and diethylbut-2-
ynedioate on the substrate and using a screening
model with a series of measurements, the effect of
the solvent and the reaction temperature on the yield
of the reaction products was determined. It was
shown that the most optimal solvent is PhCI and a
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temperature is 120°C (89%) [52].

Georgescu et al. [53] proposed another way of
synthesizing pyrrolo[1,2-a]quinolines, which includes
the 1,3-dipolar cyclic-addition reaction of
heterocyclic N-ylides with electron deficient alkynes
or alkenes. The key components of this multi-stage
process are derivatives of quinoline (5.1), various
bromoacetophenones (5.2), asymmetric electron
deficiency alkynes (5.3) and 1,2-epoxypropane
(Scheme 5). The last acts as a solvent and an acceptor
of protons. Generally, the synthesis of pyrrolo[1,2-
a]quinolines by quinoline of N-ylides requires the
preparation and separation of quinoline salts in the
first stage. Further, quinoline salts are converted into
pyrrolo[1,2-a]quinoline by the treatment with an
alkali that generates the corresponding quinoline
N-ylide.

In this multi-stage process, the reaction
mechanism involves the formation of intermediate
of quinoline salt from the corresponding quinoline
and 2-bromoacetophenone. In the next stage, the
bromide salt ion is attacked by an oxyran ring 1,2-
epoxypropane, as a result of which the ring is opened
and the generation of N-ylide is carried out by an
alkoxide. N-ylide reacts with activated (5.3), which
makes it possible to obtain the corresponding
dihydropyrroloquinoline. Finally, pyrroloquinolines

are formed by dehydrification of the intermediate
compound of dihydropyrroloquinoline (Scheme 5)
[53].

Catalysts CUNPS@ZnO—PTh are also used for
the synthesis of pyrrolo[1,2-a]quinolone. The general
catalytic system CuNPS@ZnO—PTh for the synthesis
of various pyrrolo[1,2-a]quinolines by reactions
between different substrates such as quinoline-2-
carboxaldehyde, phenylacetylenes and secondary
amines was studied to optimize the reaction
conditions (Scheme 6) [54].

Practical methods are very desirable due to the
complex requirements for the above-mentioned
reactions. Thus, in one of the methods, a reaction
was chosen which involves the interaction of easily
accessible 2-alkylazoarenes with the use of methylene
and nitroolefins of cerium (III) chloride as a catalyst
under mild conditions. Optimization of the
condensation reaction was accomplished by changing
catalysts and solvents (Scheme 7).

The general scheme for the synthesis of
pyrrolo[1,2-a]quinolines is presented in Scheme 8
[38].

Getting from arylalkins and N-arylpyrrols

Cheeseman et al. [55] reported the first reaction
from arylalkines and N-arylpyrrole. It was found that
(9.1) may act as a precursor of pyrrolo[1,2-
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alquinolone (Scheme 9). Accordingly, it was treated
with chloromethylaldehyde with triethylphosphite (to
activate chloromethyl halide), and then the
intermediate phosphonate was reacted with sodium
ethoxide. The main product formed in this process
was pyrroloquinoline, which was isolated only in
sequential quantities. The best outcomes were
observed in the synthesis of 5-diethoxyphosphoryl
derivatives (Scheme 9) [55].

R =H, O-P[OC,Hs],
Scheme 9

In the case of N-unprotected pyrrole

derivatives, it can be expected that the nitrogen atom
acts as a nucleophile, and there is an exclusive
carbocyclization form 1H-benzo|glindoles. The
simple path is opened for the formation and access
to the skeleton of the pyrrolo[1,2-a]Jquinoline
containing the heteroatom at the base. For
comparison, different catalysts were selected, which
acted on the substrate with substituents (R = H;
C¢H,;). It was stated that PtCl, is the most effective
catalyst for these reactions (Scheme 10) [56].

Mamane et al. [57] determined the effect of
catalysts (PtCl,, GaCl,, and InCl;) and substituents
(R =H, Me, Ph, C;H,;, and SiMe,) on the yield of
the target compounds. The smallest yield of the
reaction product was observed at R=H when PtCl,
was used as a catalyst, whereas InCl; (at R=C,H,;)
provided the highest yield (91%).

Hulcoop and Lautens [58] offered a way to
obtain pyrroloquinolines using the synthesis of Retro-
Diels-Alder products. The reaction proceeds with
the formation of an intermediate products, it is
selective and can be used to prepare compounds

Basic approaches to the synthesis of pyrrolo[ 1,2-ajquinolines derivatives: a review



10 ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2019, No. 6, pp. 6-16

10.1 10.2

R =H, Me, COOMe, C6H40Me
Scheme 10

with different substituents (R,=CH,, R,=CHO). The
adding of the 2-position of the Ph group leads to a
slight increase in the output of the target products
(from 81% to 84%) (Scheme 11) [58].

An interesting method for the synthesis of 1-
(2-bromophenyl)-1H-pyrrole/1-(2,6-dibromofenyl)-
1H-pyrrole and N,N-diisopropylethylamine
(DIPEA) with aromatic alkynes in the presence of
catalytic amounts of rhodamine 6G (Rh-6G) with a
blue light irradiation followed by an internally
molecular cyclization leads to the formation of
pyrrolo[1,2-a]quinolones [59]. The ring of
pyrrolo[1,2-a]quinoline was obtained with a 60%
yield and the reaction time of 24 hours. The high
reduction power of an excited stable radical anion
Rh-6G, prepared by photoradiation of xanthos dye
/@ Pd(OAc),

N PPh,

082003

Br norbornadiene
-

toluene, 120°C
sealed tube

Ro

1.1

R1

Ry =H, Me, F, Cl; Ry = H, CHO

nitrogen with visible light in the presence of DIPEA
is used in this synthetic approach (Scheme 12). The
reaction proceeds in visible light and at room
temperature [59].

Synthesis based on derivatives of pyridine or
indolizine

A fundamentally different approach to the
synthesis of pyrrolo[1,2-a]quinolines is a synthesis
based on derivatives of pyridine or indolizine. Most
methods for the synthesis of indolizine include the
1,3-dipolar cycloconduction of pyridine N-
methylides with electron deficient alkins or alkenes
and intramolecular catalysts, transition metals, and
cyclizomerization of pyridines with specific C—2
functionalities.

However, these methods often require multi-
stage synthesis. Thus, common and convenient
methods for the synthesis of indolizines from simple
and easily available precursors are still important
(Scheme 13) [16,60—63].

Up-to-date synthetic methods require high and
specific ligands, optimal temperature and the use of
transition metals as catalysts; they are multi-stage
processes. In some cases, the presence of cyclized
and non-cyclized products formed during the reaction
does not allow them to be effectively separated.
Transition-metal-free catalysis in visible light is a
selective and effective alternative method for the
synthesis of pyrrolo[1,2-a]quinolines.

[\

[ |
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Scheme 11
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Rh-6G
DIPEA, DMSO

Scheme 12
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Conclusions

In conclusion, it is clear that pyrrolo[1,2-
a]quinolines and their derivatives occupy an
important place in the synthesis of heterocycles.
Various approaches to the synthesis of pyrrolo[1,2-
a]quinolines are presented in this article. New
developments in the synthesis of pyrrolo[1,2-
a]quinoline may be expected in the future.
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OCHOBHI IIAXOAN 10 CUHTE3Y ITOXIJIHUX
I[IIPPOJIO[1,2-A]XTHOJITHIB: OIJIA,

0.A. bpaxcxo, A.C. €eaam, M.I1. 3aszopooniii, M. M. Kopnem,
0.0. bpaxcko, A.B. Jlacpon

Ha cyuwacnomy emani pozseumky opeaniunoi ma 6ioopeai-
uHOI XiMii 6i00MO OeKinbka OCHOBHUX nioxodie do cunmesy nippo-
a0f 1,2-alxinoninie, sxi yikasi, y neputy uepey, sk biopeeyismopu 3
WUpoKUM chekmpom bionoeiunoi axkmusHocmi. Jlana oensidosa cmam-
ms € cnpobor cucmemMamu3yeamu ma y3aeatoHumu AimepamypHi
docepena, wo cmocytomocs ximii nippoaof 1,2-a[xinoniny, tioco no-
XIOHUX K 8aXCAUGUX CUHMEMUUHUX cybcmpamie i nonepeoHuxie
0151 KOHCMPYI0GAHHSA 0i0102IMHO AKMUBHUX peuo8uH. Pozensinymo
0CHO6HI hi0x00u 0o cunmesy 0aHOI HU3KU CHOAYK, W0 NOASL2A0Mb Y
PIBHUX NPenapamusHux Memoouxkax no6y0oeu mpuyuKAi4Hoi OCHO-
6u nipponof 1,2-a[xinoniny. [lowyk 6ionoeiyHo akmueHux pe1osuH y
OdaHitl HU3UI CNOAYK € OOYINbHUM, MAE NPAKMUUHY | meopemu4Hy
3HAYUMICMb.

KimouoBi ciioBa: cvHTe3, XiHOJIH, iHIOJI3WH, TippoJo-
[1,2-a]xiHOJMiH, 6i0IOTIYHO aKTUBHI PEYOBUHM.

BASIC APPROACHES TO THE SYNTHESIS OF
PYRROLO[1,2-A]QUINOLINES DERIVATIVES: A REVIEW

O.A. Brazhko, A.S. Yeviash *, M.P. Zavgorodnii, M.M. Kornet,
0.0. Brazhko, A.V. Lagron

Zaporizhzhia National University, Zaporizhzhia, Ukraine
* e-mail: alina.evlash@gmail.com

At the present stage of the development of organic and
bioorganic chemistry, several basic approaches to the synthesis of
pyrrolof 1,2-a]quinolines are known. These compounds are of interest
to the researches primarily as bioregulators with a wide spectrum of
biological activity. This review is an attempt to systematize and
generalize literary data relating to the chemistry of pyrrolo[1,2-
alquinoline and its derivatives as important synthetic substrates and
precursors for the design of biologically active substances. The main
approaches to the synthesis of these compounds, consisting in various
preparative methods for constructing a tricyclic base of pyrrolof1,2-
alquinolone, were considered. The search for biologically active
substances of this series is important and has a practical and theoretical
significance.

Keywords: synthesis; quinolone; indolizine; pyrrolo[1,2-
a]quinolone; biologically active substances.
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