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Abstract: This paper summarises a little over 200 years of iesearch on the synthesis and the pho­
tophysical and biological properties of 1H-pycazolo[3,4-b]quinolines that was published in the 
years 1911-2021. Tice main methodc of synthesis are described, which include Friedländer condensa­
tion, synthesis arom anthranilic acid derivatives, multicomp) onent synthesis and others. The use of 
this class of compounds aft potantial fluorescent sensors and bioiogically active compounds is shown. 
This review intends to summarize the abovementinned aspects of 1H-pyrazola[3,4-b]quinoline chem­
istry. Some of the results that are p-esented in this publication come from the laboratories of the 
authoraaf this review.

Citation: Danel, A .; Gondek, E.; 

Kucharek, M .; Szlachcic, P.; Gut, A. 

1H -Pyrazolo[3,4-b]quinolines: 

Synthesis and Properties over 100 

Years of Research. M olecules 2022, 27, 

2775. https://doi.org/10.3390/ 

nrolefules27092775

Academ ic Editors: Vera L. M. Silva 

and Artur M. S. Silva

Received. 1 M arch 2022 

Accepted: 22 April 2022 

Published: 26 April 2022

Publisher's N ote: M D PI stays neutral 

with regard to jurisdictional claims in 

published m aps and institutional affil­

ia tion s.

Copyright: ©  2022 by  the authors. 

Licensee M D PI, Basel, Switzerland. 

This article is an open access article 

distributed under the terms and 

conditions of the Creative Com m ons 

Attribution (CC BY) license (https:// 

creativecom m ons.org/licenses/by/

4.0/).

Keywords: blologiral properties; fluorescence; fluorescent sensors; Friedländer condensation; 
multicomponent reaction; 1H-pyrazolo[3,4-b]quinohnes

1. Introduction
lH -dyrazolo[3,4-b]quinolines are three-m em bered azaheterocyclic system s that are 

com posed of a pyrzoole-and-quinoline fragm ent (Figuse 1). The parent structure can  
be modified w ith a num ber of substituents that have a greae influence on the physical, 
photsphysical and biological p-operties.

Figure 1. The structure of 1H-pyrazolo[3,4-b]quinoline.

The first synthesis of tftis class cif com pounds w as described in 1911 by Michaelis; 
however, the auUhor incorreetly presented their strucOures. He concluded that the obtained 
compounds wece a benzylidene derivative oi 5-N-phenylamino-3-methyl-1-phenylpyrazole. 
Chis structure is m arked ini red in Figure 2 [1]. His results w ere later verified by otder 
researchers. For fins reason, -hie discoverer of this class of com pounds should be consid­
ered ds N iem entowski and colleagues, w ho in their w ork presented the first siructure of 
1H-pyrazolo[3,4-b]quinoline in 1928 [2 ]. In the interwar period, there were some works by 
Kocw a, w ho also synthesised this system  [3,4 ]. The remaining w orks on the synthesis of 
these compounds w ere published after 1945.
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Figure 2. Various 1H-pyrazolo[3,4-b]quinoline structures.

Michaelis noticed that the com pounds that were obtained by him were characterised  
by intense fluorescence, and, indeed, a significant part of pyrazolo[3,4-b]quinolines ex­
hibits emission properties, both in solutions and even in a solid state. These properties 
have been used in the synthesis of fluorescent sensors for various cations [5 ] . In addition, 
pyrazolo[3,4-b]quinolines were tested as emission materials in organic electroluminescent 
cells (OLEDs). The sum m ary of this research w as published som e time ago in our re­
view  article [6] . It is also necessary to m ention the biological properties of this class of 
com pounds, w hich were largely studied in the first stage of 1H-pyrazolo[3,4-b]quinoline 
development, and it is now observed that more and more research groups are interested in 
these heterocycles. This aspect will be discussed later in this review (Figure 2) .

2. The M ain Synthesis M ethod of 1H -Pyrazolo[3,4-b]quinoline

The following scheme for the synthesis of pyrazoloquinolines is based on the method­
ology for the synthesis of the quinoline system , w hich is described in detail in one of the 
Houben-Weil volumes on quinoline synthesis [7] (Figure 3). The first and oldest method of 
pyrazoloquinolines synthesis is a two-com ponent reaction (C2i), in which the Friedländer 
condensation of anthranilaldehyde, o -am inoacetophenones and o -aminobenzophenones, 
and the appropriate pyrazolones, are used (Figure 3; Path 1). As a result of the reaction, 
a bond is form ed between the N 9 nitrogen and the C 9a carbon, and betw een the C3a  
and C4 carbon atoms. The reaction is limited by the availability of o-aminocarbonyl com ­
pounds. The synthesis of the Niem entow ski and Pfitzinger quinolines can also be used  
here, although to a lesser extent than in the first case.



Figure 3. Various methods for constructing the 1H-pyrazolo[3,4-b]quinoline carbon skeleton.

The second path is essentially the reverse of the first m ethodology, w here the
o-aminocarbonyl system  is linked to the pyrazole moiety. In a tw o-com ponent reaction  
(C22), a bond is form ed betw een the C 8a carbon and tines N9 nitrogen, and betw een the 
carbons C4a and C4 (Figure 3; I3ath 2).

The two-com ponent reaction (C23) in which one of the reactants is an aromatic amine 
and the other is a pyrazole derivative is one of the most valuable syntheses of the pyrazolo- 
quinoline system. The entire spectrum  of substituted anilines is com m ercially available, 
while the synthesis of pyrazole derivatives that contain an aldehyde or ketone group is 
not difficult. In this reaction, a bond is form ed between C4 and C4a carbon, and between  
nitrogen N9 and C9a carbon (Figure 3; Path 3).

The reaction of 5-aminopyrazoles and the o-halogen derivatives of aromatic carboxylic 
acids has some importance in the synthesis of pyrazoloquinolines that are substituted at the 
4-chlorine/brom ine or hydroxyl position. In this two-com ponent reaction (C24), a bond is 
formed between the nitrogen atom N9 and the carbon C8a, and between the carbon carbon 
and the carbon C3a (Figure 3; Path 4).

After studying the literature on the synthesis of pyrazoloquinolines, it seems that 
Path 5 is one of the most exploited procedures for synthesising this system. It uses quinoline 
derivatives (aldehydes, nitriles) and the appropriate hydrazines. The resulting derivatives 
are later further modified, and m ost often in term s of the synthesis of biologically active  
compounds. In this two-com ponent reaction (C25), a bond is formed between the C9a car­
bon and tine N1 nitrogen, and between the N2 nitrogen and the C3 carbon (Figure 3; Path 5).



Another synthetic procedure of pyrazoloquinolines is a tw o-com ponent reaction  
(C26a) and a one-com ponent reaction (C l 6b)- Both routes are based on 5-N -arylpyrazole  
derivatives. In the first case, cyclization takes place with the use of an arom atic aldehyde, 
and, in the second case, an ester group is used, w hich is attached to the pyrazole ring in 
position 4. In the first situation, bonds between the C4 and C 4a/C 3a carbons are formed. In 
the second case, bonds between C4 and C4a are formed. The ring-closure is also performed 
by using the Vilsm eier-Haack formylation reaction (Figure 3; Path 6).

The use of a one-com ponent system  (C I7), w here the reductive cyclization of the 
o-nitrobenzylidene system is used, is practically irrelevant when it comes to the synthesis 
of pyrazoloquinolines. A  bond is formed between the nitrogen N9 and the C9a carbon in 
the pyrazole ring (Figure 3; Path 7).

Finally, we should mention multicomponent reactions, which are very popular in the 
synthesis of heterocyclic systems. This m ethod is suitable for both the synthesis of the 
fully arom atic pyrazoloquinoline system , or with the hydrogenated m oiety in either the 
m iddle ring or the carbocyclic system. The N 9-nitrogen-contributing system m ay be an  
amine pyrazole or an aromatic amine (C38a or C38b). The C4-bound fragment is most often 
derived from an aromatic or an aliphatic aldehyde (Figure 3; Path 8 ).

2.1. The Friedländer Synthesis Based on o-A.minoald.ehydes, o-Am inoacetophenones and  
o-Aminobenzophenonen

TOe Friedländer condensation of o-aminocarbonyl com pounds 1 (R3 = H, alkyl, aryl) 
w ith carbonyl systems that contain the active a-m ethylene group 2 is one of the m ost
important m ethods of quinoline 3 synthesis [8-13] (Figure 4) (Scheme 1).

Figure 4. Path 1: C21  C4-C3a; N9-C9a.

Scheme 1. The Friedländer condensation leading to quinoline derivatives.

"The reaction can be catalysed try acids aod liases, but it also takes place in an inert 
environment. We start the description of synthetic PQ methods with the oldest results that 
w ere published by Niem entow ski and colleagues, w ho used the Friedländer condensa­
tion of anthranilaldehyde 4 and 5-m ethyl-2-phenyl-4H -pyrazol-3-one 5 (Scheme 2 ) [2]. 
As a result, three products w ere obtained: phenylhydrazone of 3-acetylquinolone 6;
3-methyl-1-phenyl-1H-pyrazolo[4,3-c]quinoline 7; and 3-(2-quinolyl)-quinolin-2-ol 8 . The 
heating of phenylhydrazone 6 in the boiling of C6H 5NO2 led to the formation of 1-methyl-
3-phenyl-1H-pyrazolo[3,4-b]quinoline 9. Thus, this compound can be described as the first 
synthesised pyrazoloquinoline.

R1 = OH, COOR, alkyl, COR, COOH 

R2  = COOR, COR, N02, SO3 H, alky! 
R3  = alkyl, aryl, H

4
R = H, halogen, OMe



Scheme 2. The first attempt at the Friedländer synthesis of 1H-pyrazolo[3,4-b]quinolines [2].

As for further research on the use of the Friedländer condensation for the synthesis of 
PQs, a mention should be made of the w ork of Tomasik et al., which describes a complete 
synthesis that uses nine pyrazolones 10 substituted with the methyl, phenyl and hydrogen  
groups with o-aminobenzaldehyde 4 (Scheme 3 ) [14].

R1’2 = H, Me, Ph 

R3 = Me, Ph 
R4 = H, 5-CI



The syntheses were conducted within 150-260 0 C in melt. The reaction mixtures were 
separated by column chromatography or crystallisation. PQs 11 were obtained in the cases 
of five pyrazolones (10: R1,2 = Ph; R1,2 = Me; R1 = M e/R 2 = Ph; R1 = H /R 2 = Me, Ph). In the 
case of 1,3-dimethylpyrazol-5-one (10: R1,2 = Me), it was possible to isolate the intermediate 
product, which was the 4-benzylidene derivative, which suggests that the first step in some 
of these reactions is the reaction between the aldehyde group and the a-m ethylene group  
of the pyrazolone. In the next step, the pyrazolone ring is opened and com pound 12 is 
formed, which then cyclizes to form pyrazoloquinoline 11. In other cases, 3-acylquinoline 
alkyl/arylhydrazones 12 or other products were obtained, such as 13 (ca. 100%) in the case 
when pyrazolone 10 (R1 = Ph, R2 = H) is used.

Paczkowski et al. investigated pyrazolo[3,4-b]quinolines as potential photoinitiators 
for free radical polymerisation. They prepared these compounds via Friedländer condensa­
tion that w as conducted in boiling glacial acetic acid [15].

D anel, as an o -am in o carb o n y l co m p o n en t 1, applied  o -am in o aceto p h en o n e, 
o-aminobenzophenone and 5-chloro-2-am inobenzophenone, and a com plete set of pyra­
zolones substituted with methyl, phenyl and hydrogen 10 (R1,2 = H, Me, Ph) (Scheme 3) [16]. 
The reaction w as carried out in boiling ethylene glycol. Contrary to the tw o previously  
m entioned syntheses, in this case, all pyrazoloquinolines 14 w ere obtained in a single 
stage, although with different yields (20-85% ). Sabitha et al. applied a microwave-assisted  
condenstion of 1 (R3 = H, Me; R4 = H) and 10 (R1 = Ph, R2 = Me) that w as supported on 
clay, which led to 1H-pyrazolo[3,4-b]quinolines [17].

As mentioned in the introduction, a significant part of pyrazoloquinolines exhibit 
intense fluorescence, w hich makes them good lum inophores for the fabrication of elec­
trolum inescent devices. H ow ever, high lum inescence efficiency is only one of the m any  
conditions that must be met by candidates for luminophores. The others are a high thermal 
stability and a high glass-transition tem perature. This can be achieved by using spiro 
compounds, which aret j'uist such systems [ 18]. The introduction of the 9,9'-spirobifluorene 
sys tem increases tire stiffness of tire molecu le and prevents pa cking and tire interm -lecular 
interactions in the film taftrs vacuum  sputtering on thr  ITO anode), wWch hinders crystalli­
sation and increases the Tg value;. The t-trahedra1 nature of the carbon et the centre of the 
spiro of the system thaS links the tw o ceupled system s serves as a breaking fragm ent for 
this cuupling so that the optical and electronic properties of the system are preserved [19].

Tao et al. synthesised two spiro PQs 16 systems by using the Friedländer condensation 
oC t-om inobenzophenonrs on the basis of spirobifluorene 15 (Scheme Г) [Г0].

15 10 16



2.2. The Friedländer Synthesis Based on Pyrazole Derivatives

The previously mentioned Friedländer condensation procedures included either the 
appropriate aldehyde or ketone attached to a carbocyclic ring. One draw back of this 
synthesis is that the w ork of obtaining o-aminocarbonyl systems 1 is quite troublesome, 
and aldehydes are often not very stable reagents [21]. The reverse approach is also possible, 
where pyrazole o-aminoaldehyde 18 is used (Figure 5) (Schemes 5 and 6).

Figure 5. Path 2: (22;>: C4-C4a; N9-C8a.

Scheme 5. 1H-Pyrazolo[3,4-b]quinoline synthesis from 1-amino-4-pyrazolecarbaldehyde.

Scheme 6. 1H-Pyrazolo[3,4-b]quinoline synthesis from pyrazolo[3,4-d]pyrimidine derivatives.

Breitmaier and Häuvel prepared pyrazole aldehyde 18 by the formylation of 5-amino-
3-m etyl-1-phenylpyrazole 17. Thiis aldehyde 18 w as condensed w ith cyclohexanone 
in glacial acetic acid, w hich yieldrd 5,6,7,8-tetrahydro-1H -pyrazolo[3,4-b]quinoline 19 
(Scheme 5 ) [22].

Instead of cyclohexanone, other cyclic ketones can be applied [23]. Higashino et al. prepared 
pyrazoloquinoline 22 by  using aldehyde 21 that was prepared from 1H-pyrazolo [3,4-d]pyrimidine 
salts 20 and reactive carbonyl compounds, such as cyclohexanone/cyclopentanone with ethoxide 
ion as a catalyst (Scheme 6) [6].

The authors propose a num ber of structures (20e -d) that can form  as interm edi­
ates, but they have not isolated any of them. Aldehyde 21 can also be prepared by re­
ducing 5-amino-1-m5thyl(phenyl)-1H-pyrazole-4-carbonitrile with Raney-nickel alloy and 
formic acid [24].



2.3. 1H-Pyrazolo[3,4-b]quinoline Syntheses Based on A nthranilic A cid and A nthranilic 
A cid Derivatives

Path 1: C 2i: C4-C3a; N 9-C9a (Figure 4 )
Another classic m ethod of synthesising the quinoline 3 is the N iem entow ski reac­

tion, in w hich anthranilic acid 23 and ketonts 2 (or aldehydes) are used. As a result, 
4-hydroxy quinolines 24 are formed ( Sc hem e 7) [25].

Scheme 7. Niementowski's quinoline synthesis.

The fiist attempt to synthesise pyrezoloquinoline by using Niementowski's synthesis 
was ma de by Ghosh in 1037 through the reac tion of anthranilic acid 2C and pyrazolone 5 in 
the presence of anhyOrous CH3COONa. The product of thee reaction was to be 4-hydroxy-3- 
methyl-1-phenyl-1H-pyrazolo[3,4-b]quinoline 25 (Scheme 8) [26].

Scheme 8. An attempt tea apply anthranilic acid for 4-hydroxy-1H-pyrazolo[3,4-b]quinoline synthesis.

The reaction was re-examined by Tomasik and co-workers, and io turned out that com ­
pound 25 does noH arise under these conditions;. In the reaction mixture, only traces of two 
1H-pyrazolo[3,4-b]quinolines were found: 1-phenyl-e-methyl-lH-pyrazolo[3,4-b]quinoline 
(14; R1 = Ph, R2 = Mi;, RS^ =5 H) and 1 -phenyl-3,4 -m othyl-1H-pyrazolo[3,4-b]quinoline 
(14; R1 = Ph, R2,3 = Me, R4 h H ); however, boih oH the;^ w ere form rd aLs byproduc(s. 
4-H ydroxy derivative 25 w as not formed in this reaction. To prove it, the compounO was 
obtained by another rynthetHc m ethod, and it w as com pared to ohe obtained products 
by using TLC (Scheme 9); it w as not detected in the reaction m ixture, according to the 
Gosh procedure [27,28].

1
R = H, alkyl, aryl 

R2 = OH, Cl

R = H, halogen, OMe, N02



After studying a large num ber of publications on the synthesis of the com pounds 
that are the subject of this review, it seems that, so far, it has not been possible to obtain  
pyrazoloquinolines by the direct reaction of anthranilic acid and pyrazolones.

On the other hand, anthranilic acid 23 and its derivatives, in turn, are a valuable substrate 
for the indirect synthesis of pyrazoloquinolines 29 (Scheme 9). Anthranilic acid 23 is reacted 
with diketene and acetic anhydride, w hich yields 2-acetonyl-4H-3,1-benzoxazin-4-one 26, 
which is easily separated from a reaction mixture by filtration. In the next step, 26 is converted 
to the pyrazole derivative 28 by reaction with the appropriate hydrazine. There is no need  
to isolate the intermediate 27. The final step in this reaction sequence is heating 28 in 
polyphosphoric acid (PPA) or phosphorus oxychloride (POCl3), depending on whether we 
want to obtain the 4-hydroxy derivative or the compound that contains the chlorine atom in 
the 4 position (29: R2 = OH or R2 = Cl).

This reaction cycle w as used by Stein et al. and by Crenshaw  et al. to prepare 
4-hydroxy and 4-chloro derivatives (29: R2 = OH or Cl), w hich w ere then used to syn­
thesize a w hole range of com pounds w ith biological activity, which will be discussed  
later in this review [29,30]. The 4-chloro derivatives 29 (R2 = Cl) w ere then reacted w ith  
phenols, thiophenols and am ines, w hich yielded phenoxy 29a, thiophenoxy 29b and 
amine-substituted 29c derivatives. These compounds showed antimalarial, antibacterial or 
interferon-inducing effects (Scheme 10).

Scheme 10. 4-chloro/hydroxy derivatives of pyrazoloquinolinea as a source for biologically 
active compounds.

In the previous reaction, acetic anhydride w as the reagent in one of several steps 
where anthranilic acid played an important role. On the other hand, Kim used it to cyclise 
N -(2-hydroxyphenyl)anthranilic acid 30, which resulted in two derivatives: 31 and a very  
small am ount of 32 (1.7°% yield). The reaction of 32 w ith hydrarine hydrate nielded a 
derivative of 1,9-dihydro-3-methyl-4H-pyrazolo[3,4-fr]quinoline-4-one 33 (Scheme 11) [31 ].

R1 = alkyl,phenyl

R2 = OH, Cl
3

R = H, OMe, halogen
4

R =  n  -  alkyl, branched alkyl

A r=  phenyl, hetaryl, substituted phenyl



Scheme 11. N-Arylamide of anthranilic acid as a source for pyrazolo[3,4-b]quinoline synthesis.

In concluding the discussion of the use of anthranilic acid derivatives, one could also 
m ention the publication of Gal et al., w hich concerns the transform ation of the modified 
hydrazides of acid 34. Different products w ere formed, depending on the reaction condi­
tions (e.g., 35). When the reaction was run in the presence of sodium ethoxide, the product 
was pyrazolo[3,4-b]quinoline 36 (Scheme 12) [32].

Scheme 12. Hydrazide of anthranilic acid as a precursor for pyrazolo[3,4-b]quinoline synthesis.

C o n trary  to the reacti on th at is show n in Sche m e 10 , the last tw o reactions  
(Schem es 11 and 12) have no prep arative significance.

2.4. 1H-Pyrazolo[3,4-b]quinoline Syntheses Based on 4-am ino-3-carboxypyrazole D erivatives 

Path 2!: C ^ :  C4-C4a; N 9-C8a (Figure 5)
As in the cate  of the Friedländer condensation, in this case as well, the derivatives 

of pyrazoles, such as 5-am ino-1H -pyrazole-4-carboxylic acid derivatives 37, can be used. 
Pedersen obtained 4-N-phenyl-1H-pyrazolo[3,4-b]quinoline 40 by reatting pyrazole deriva­
tive 37, cyclohexanone 38 and aniline 39 in the presence of phosphorus pentoxide and 
N ,N -dim ethyl-N rcyclohexylam ine. This reaction looks similar to r  m ultrcom ponent one, 
but: all of the atom s that make up the backbone m atrix com o only from 37 and 38. The 
nert step tots; to oxidise 5,6,e,8-tetrahydro-1H-pyrazolo[3,4-b]quinolin-4-amine 40 to a Oully 
aromatic 41 with 9,10-phenantrenoquinone 40a (Scheme ) 3 ) [33,34].



One of the research groups, which was looking for new drugs for the treatment of 
Alzheimer's disease, prepared a series of 5,6,7,8-tetrahydropyrazolo[3,4-fr]quinolme derivatives, 
such as 45 and 46, which were then transformed into other systems (e.g., 47) [35]. Aminopyra- 
zoles 42 were prepared from the appropriate benzylhydrazines and ethoxymethylenemalonon- 
itrile (42: R2 = CN) or ethyl ethoxymethylenecyanoacetate (42: R2 = COOEt). In the next 
turn, they were reacted with 1,3-cyclohexanedione 43 in the presence of p-toluenesulfonic acid 
(p-TSA). As a result, enamino ketones 44 were formed. In the case of the enemino ketone 44, 
where R2 was a COOEt substituent, the compound was hydrolysed to produce a derivative 
with the COOH carboxyl group (44: R2 = COOH). Next, cyclisation was performed in the pres­
ence of polyphosphoric esters (PPE) afforded 45. The use of potassium carbonate and copper(I) 
chloride in the case of 44 (R2 = CN) promotes the formation of 46, respectively (Scheme 14).

1
R = benzyl, substituted benzyl 

R2 = COOEt, COOH, CN

Scheme 14. 3-Amino-4-pyrazolo carbocylic acid and its ester as a source for pyrazoloquinoline synthesis.

Campbell and Fioor prepared pyrazolo[3,4-b]quinolines 46 by cadm ium -chloride- or 
copper-acetate-promoted cyclisations oi pyrazolo enaminones 44 (R2 = CN, R1 = alkyl) [36]]. 
Instead ot boxic cadm ium  chloride, zinc chloride can also be uced [3b]. The system  
w ith She carbocyclic rinp w ithout any functional group can be prep ared b y starting from  
cyclohexanone 38 and 4-emino-1-methyl-pyrazole-2,3-dicarbonitrile 48 (Scheme 15) [38].

Scheme S5. 5-Amino-2-methyl-pyrazole-3,4-dicsrbonitrile in tire oynthesis of pyrazolo[3,P- 
b]quinoline perivatives.

The resulting 2H-pyrezolo[3,4-fr]cuinoline-3-carbonitriles 49 w cs subjected to further 
transformations in order to find new pharmacologically active compounds.

TMS'OTf 
EtOAc, reflux



Scheme 16. The Pfitzinger synthesis of quinoline.

The use of isatin 50 for the synthesis of pyrazolo[3,4-b]quinolines, w here this system  
is budt into the backbone, is very  limited. One of the reactions is the synthesis that is 
reported by Fabrini [41]. A  reaction between isatine 50 and 1,2-diphenylpyrazolidine-
3,5-dione 53 afforded 1H -pyrazolo[3,4-b]quinolin-3-one-4-carboxylic acid 54. In a simila r 
fashion, a ish ad ri combined isatin 50 and 1,3-disubs1itPted pyrazolin-5-ones 1.0 under 
basic conditions bnd obtained 4-carboxylic acids 55, and w ith nitrites 156 after subsequent 
reactiorn of 551 with SOCl2 and P2O5 (Schem el7) [42].

Scheme 17. Synthesis of pyrazolo[3,4-b]quinolines from isatine.

Recently, a few studies have appeared on multicomponent pyrazoloquinolines synthe­
ses where isatins and their derivatives are used. The end product is the spiro-type systems, 
where isatin brings C-4 carbon to the overall structure. These reactions will be discussed in 
the final section on the synthesis of Shis class of compoun ds.

2.5. The Pfitzinger Synthesis o f  1H-pyrazolo[3,4-b]quinolines 

Path 1: C2]_: C4-C3a; N 9-C9a (Figure 4 )
One of the classic nam ed chemical reactions that leads to the quinoline system is the 

Pfitzinger synthesis [39,40]. It uses isatin or its derivatives 50, w hich are easier to obtain  
than o-aminobenzaldehydes. The reaction is carried out in a basic environment, at which  
point the opening of the heterocyclic ring takes place to form  a keto-acid 51, w hich is 
then condensed with aldehydes/ketones 2. Additionally, the final product, 52, can be 
decarboxylated (Scheme 16).



2.6. 1H-Pyrazolo[3,4-b]quinoUne Syntheses Based on 5-chloro-4-aroyl/form ylpyrazoles and
4-benzylidene-1,3-disubst ituted-pyrazol-5-ones

Another method of pyrazoloquinolines synthesis is the use of arom atic amines and 
4 substituted pyrazole derivatives such as aldehydes, ketones or benzylidene ones (Figure 6).

Figure 6. Path3: C23: N9-C9a; C4-C4a.

In 1963, Brack published a work on the synthesis of pyrazoloquinolines that was based 
on the reactions of aromatic amines 39 and 5-chloro-4-fermylpyrazoles 58 [43,44]. Tlie latter 
compounds were obtained by the formylation of the appropriate Z-chloropyrazoles 57 [4e]. 
They ca n als o be obtained in one step in tOe V iltm eier-H aack reaction by treating the 
pyrazolonts 10 with a DMF /  PO Q 3 mixture [46]. The original htack's reaction w as carried 
out in melt within 110-150 °C (Scheme 1C).

1 2
R ;R = H, alkyl, aryl, substituted aryl 

R3  = H, alkyl, OR, OAr, halogen, N 02, COOR, COR, NR2

10 57 58 59

Scheme 18. Synthesis of 1H-pyrazolo[3,4-b]quinolines, according to Brack's protocol.

Two possible schem es for this reaction have been found in the literature. One was 
proposed by Brack (Scheme 19). The reaction starts from the formation of Schiff base 58a 
from aniline 39 and aldehyde 58. In the next steps, several rearrangements take place with 
the formation of the final pyrazoloquinoline 59.

Another m echanism  w as proposed a few years ago that consists of the nucleophilic 
substitution of the chlorine atom in pyrazole 58 by an amino group in 39 with subsequent 
ring form ation, and the elimination of the w ater m olecule and hydrogen cation, w hich  
leads to the aromatisation of the system (intermediates 60-61b) (Scheme 20) [47]. It seems, 
however, that the experimental data support the former; therefore, it w as possible to isolate 
the interm ediate product, w hich w as Schiff's base 58a, which w as form ed from pyrazole 
aldehyde 58 and substituted aniline 39. The authors of the later paper w ere not able to 
isolate amine derivative 60.



Scheme 19. The possible mechanism of Brack's synthesis.

Scheme 20. An alternative mechanism of Brack's 1H-pyrazolo[3,4-b]quinoline synthesis.

In the original w ork of Brack;, the; author limited himself mainly to three 5-chloro-4- 
formylpyrazole aldehydes (58; R1 = Me, R2 = Ph; R- = Ph, R2 = Me; R1 = tetrahydro-1,1- 
dioxo-3-thienyl, R2 = Me) and a few aromatic amines. However, this reaction has many more 
possibilities, as is shown in several later works by other authors [48]. The use of 5-chloro-
4-aroylpyrazoles 64 is an extension of the scope of two-eomponent reactions with aromatic 
amines R4C6H4N H 2 and pyaazole systems with aldehyde function 58 [49] (Scheme 21).



Scheme 21. Synthesis of 1H-pyrazolo[3,4-b]quinolines based on 4-aroyl-5-chloropyrazoles.

Pyrazole derivatives 64can  be synthesised either by the acylation о f 5 -chloro pyrazoles 
with aromatic acid chlorides 62 and aluminum chloride, or by reacting pyrazolones 10 and 
acid chlorides 62!, followed by chlorination with phosphorus oxychloride [50] (Scheme 21). 
In contrast to the reaction with aldehydes 58, this reaction required m uch m ore severe  
conditions and it lasted from 2 to 3 h at 210  °C. In one; case, the authors isolated an 
interm ediate product, w h ich w as the product of the nucleophilic amine substitution of 
the arom atic chlorine atom  at the 5 position of the pyrazole ring. This pcoves a different 
m echanism  than in the case of the originar B rrsk  reaction wich pyrazole aldehyde 58 
(Scheme r 9), and it w ould, in a way, confirm the m echanism  that w as proposed for this 
rerstion by Wan et al. (Schem e20) [50] .

Gonzales and ElGuero probably describe the nnly reaction where the 4 acetyl derivatives of 
chloropyrazole 66 and phenylhydrazine 67 were used for the synthesis of pyrazoloquinoline 69. 
Depending on the reaction conditions, eóther the corresponding phenylhydrazone 68 or pyra- 
zoloquinoline 69 are obtained. in the lahter case, the authors suggett that phenylhydrazine 
decomposes under:' the influence of high temperaturest and the resulting anilinie reacts with the 
chlorine atom with subsequent cyclisation to pyrazoloquinoline [51] (Scheme 22).



Crenshaw et a l  s}oithesised 10H-pyrido[2,3-/z]pyrazolo[3,4-b]quinoline 73 by starting 
from  5-aminoquinoline 70 and 5-chloro-1,3-dim ethylpyrazolo-4-carboxylic acid 71 [52] 
(Scheme 23). The purpose of this reaction was to confirm the structure of product 73 that was 
unexpectedly formed by the ring closure of the derivative 28 (R1 = Me, R = 4-NO2), instead 
of the expected 4-chloro-7-nitro-1,3-cfim ethyl-1H -pyrazolo[3,4-b]quinoline 29 (R1 = Me, 
R2 = Cl, R = 7-NO2) (Scheme e).

Scheme 23. Synthesis of 10H-pyrido[2,3-h]pyrazolo[3,4-b]quinoline.

Regardless of the analysis of the structure of com pound 73 by using the 1H  NM R  
spectrum, the authors synthesised it by reactions of aminoquinoline 70 and pyrazole acid 71 
in the presence of sodium hydride, anti they thencyclised the intermediate 12 with POC 1э.

Tomasik et al. report a new  m ethod tow ard 1H-pyrazolo[3,4-b]quinolines that uses 
anilines 39 and benzylidene derivativen 74 (Scheme 24). This reaction produces derivatives 
that are substituted w ith a phenyl group (or a substituted phenyl group) in position 4 of 
the parent backbone 65. Ass a side product, com pound 75 w as esolated. It is an excellent 
alternative to Friediänder condeneation, w here 2-am inobenzophenones 1 (R3 = Ph) are 
used (Scheme 3) [1,53].

76 77 78



W hile searching for the literature on the synthesis of pyrazoloquinolines, w e cam e  
across a w ork w here a w hole series of syntheses of various pyrazole derivatives with  
potential biological effects w ere described [54] . A m ong them w as the synthesis that uses 
the benzylidene derivative 74 (R1 = Ph, R2 = Me, R3 = p-OMe) and 1,4-phenylenediamine 39 
(R4 = p-NH 2) (Scheme 24 ). The authors took into account the possibility of the formation  
of a condensed 76 system , but they did not find it in the reaction products. They only  
describe that they received compound 77, which was supposed to be a pyrazoloquin oline 
and a side product 78. H ow ever, they did not provide evidence of this in the form  of 4H  
N M R and 13C NM R spectra for both of them . The obtained substance (77) w as white, 
w hich is in contradiction to our research to date. We have obtained a whole range of 
variously substituted 1,4-diphenyl-3-m ethyl-1H -pyrazoloquinolines, w hich are always 
yellow crystalline substances, and are, in addition, also sarongly fluoresctng, w hich the 
authors of the publication did not mention. Thus, it seems to us that they failed to obtain 77.

2.7. 1H-Pyrazolo[3,4-b]quinoline Syntheses Based on Am inopyrazoles

The proceddre that was developed by Brack is an extremely effpctive eool for the synthe- 
pis of pyrazoloquinolines. There is also the pa ossibility of using substituted o-halogenobenzoic 
aldehydes and aminopyrazoles (Figure0).

Figure 7. Path 4; C24: C4-C3a; N9-C8a.

Szlachcic et al. have published a very  extensive w ork on the use of variously oub- 
stituted o-halogeno benzaldehydes 79 for the synuhests of pyrazoloquinofines 80 [155] 
(Sclitm t 25 ). The authors focused on regrostdective reactions, w hich wouM  afiow fa t  
preparation of m ono- and disubstituttd pyrazoloqum ohnt ihatapotn derivatives, w ufcu 
couM be used l ater Jfcfr farther reactions ( t .g., rn-iclt;dj:»lloil:ic substitution with al^pl^at:ic or aro­
matic amines., and whi chi coul d He used , for example, as luminophores for the construction 
ot rlecfio lumincscent cells.

Scheme 25. Synthesis of pyrazolo[3,4-b]quinolines from 3-aminopyrazoles and halogenated 
aromatic aldehydes.

In the case of monosubsSitiLlSed aldehydes 79 (R3,4 = HI, X = I3, Cl, Br, I), it has been 
observed that, besides pyrazoloquinoline 80, bi;s-pyrazolo[3,4-b;3/,4/-e]pyridine 81 is also 
form ed; how ever, in the case of o-fluorobenzaldehyde, pyrazoloquinoline w as the final 
product. The opposite tendency was observed for o-iodobenzaldehyde 79 (R3,4 = H, X = I). 
Pentafluorobenzaldehyde yielded only pyrazoloquinoline 80. As part of the w ork, the;



influence of the base on the course of the reaction w as also investigated, and it turned  
out that bases such as DABCO or quinoline favored the formation of 80 but not of 81.The 
influence of the substituents in the am inopyrazole 17 w as also of some im portance, and 
so the system w ith the phenyl group in position 3  (17; R2 =  Ph) favored the form ation  
of PQ, while the methyl group contributed to the form ation of m ore 81. Dehaen et al. 
investigated the reaction pentafluorobenzaldehyde and 5-chloro-4-formylpyrazoles 17 with
5-am ino-1,2-azoles. Depending on the reaction conditions, the positions of the halogen  
atom  in relation to the carbonyl group pyrazolo[3,4-b ]quinolines 80, bis-pyrazolo[3,4-b ; 
4 ',3'-e]pyridmes 81 and isoxazolo[5,4-b]quinolines w ere formed [56].

Another reaction route is the use of o-halogen-substituted benzoic acids 82 and
1,3-6isubstituted 5-am inopyrazoles 17. As a result ot the Ullm ann-type reaction that is 
catalysed by c opper, an intermediate 83 is formed. In the nexf step, ii can be transformed into 
84 by heating with P O C t (Scheme 26). This reaction was used, inter slia, hy Simino6f and other 
researchers for the synthesis of 84 from anthranilic acid 23 and diketene [34,57,58] (Scheme 9).

R1,R2 = Me

R3 = H. N 02, Me, OMe

X =  Cl, Br

82 17 83 84

Scheme 26. Synthesis of pyrazolo[3,4-b]quinolines from 3-aminopyrazoles and orto-chloro/bromo 
benzoicacid.

Boruah et al. employed a palladium catalysed reaction of ß-bromovinyl aldehyde 85 
with 86, which yielded pyrazolo[3,4-b]quinoline 87 and Shiff base 88 (Scheme 27) [59].

85  86 87 88

Scheme 27. Application of ß-bromovinyl aldehyde in synthesis of 1H-pyrazolo[3,4-b]quinolines.

The ratio oo fhe prp ducts that were obtained d ep ended ore the conditions unde r which 
the reaction w as carriad out:. Thut, during heating at 120 ° C for 24 h, the Schiff'e base 88 
domirnted in the reaction miature, while the reaction that w as carried out in the microwave 
field, w ithout a solvent, for 65 min, favored the form ation of pyrazoloquinolm e 87. As a 
catelyst, 2.15 mol% pal lad ium acetate has been proven to be the best .

A t the end of the description оf the use of the o-halogen derivatives ot acids, es­
ters and aldehydes , w e w ant to m ention the u se of a benzyl alcohol derivative that hea 
been cyclised to pyrazoloquinolfne. In 0974, H orace de Wald synthesised a series of 
pyrazoloquinolines 93 as potential antidep ressants [60]. As e starting materiali he app lied 
the m ethyl esler of 2 -5hlorobenznic acid e9. The Ullm ann reaction w ith 1,3-dim ethyl-5- 
amino pyrazafe 17 effotded the formotion of 90 . This comp ound was eeacted with Grignard



Scheme 28. Benzyl alcohol derivatives as a substrate for pyrazolo[3,4-b]quinoline synthesis.

2.8. 1H-Pyrazolo[3,4-b]quinoline Synthes Based on Quinoline Derivatives

The most common w ay to obtain pyrazolo[3,4-b]quinolines by using; the fifth path is by
the reaction of the hydrazines RNHNH2 (R = H, aryl) with quinoline derivatives (Figure 8).

Figure 8. Path 5; C25:N1-C9a; N2-C3.

Som e  m odification s are also possible, in w hich  2 -ch lo ro /2 -am in o q u in o lin o -3 -  
carbon itrile  or 3 -acetylq u in o lin -2(1H )-on e can  also be u sed . In 1978, M eth-C ohn  
et al. described the synthesis of the 5-chloro-4-form ylquinoline d erivatives 95 by the 
form ylation of V ilsm eier-H aack-su b ftitu ted  acoOanilides 94 (Schem e 29 ) [61- 63 ] .

reagent CHsMgBr, and it w as hydrolysed to yield an alcohol 91, which was cyclised to 92 
with PPA at 85-110  °C (Scheme 28).

Scheme 29. Synthesis of 5-chloro-4-formyloquinolies, according to Meth-Cohn protocol.

The resulting com pound, 5-chloro-4-form ylquinoline 95 , can be transform ed into a  
wide variety of fused heterocyclic derivatives, including 1H- or 2H-pyrazolo[3,4-b]qrnnolines 
(Figure 9 ) [64].



Figure 9. Some1 heterocycles prepared from 2-chloro-4-formyl quinoline [64].

Some simple procedures of transform ing 2-chloro-3-form ylquinolines 95 into pyra­
zoloquinolines are depicted in Scheme 30 . Thus, H ayes et al. carried out the reaction  
between 95 and hydrazine 96 or methylhydrazine 97. The immediate attack at the aldehyde 
group form s 1,7-dim ethyl-1H -pyrazolo[3,4-b]quinoline 98. On the other hand, w hen the 
aldehyde group is protected, such as in 99, hydrazine substitutes the chlorine atom  at 
position 2 , and w ith the subsequent deacetylisation w ith acid in alcoholic solution and 
the cyclisation to the pyrazole ring. The form ation of 2H-pyrazolo[3,4-b]quinolines 100 
is observed. The third m odification consists of reacting; the G rignard reagent w ith an  
aldehyde group in 95, end the resulting alcohol is oxidised with chromium (VI) comp ounds 
to the ketone 101. Reaction w ith hydrazine or arylhydrazine leads to the form ation of 
lH-pyrazolo[3,4-b]quinolines 102 [65].

Scheme 30. lH-Pyrazolo[3,4-b]quinoline syntheses from 2-chloro-3-formylquinolines [61].

Other researchers have applied the ssme methodalogies, and sometimes with the appli­
cation on M W  irradiation [65- 74] . Mane nt al. investigated the influence of baker's yeast: on 
tine synthesis of ietrahydrobenzo[a]xanthene-11-ones and pyrazolor3,d-0]quinolines. They 
reacted substituted aldehydes 95 and hydrazine 96 or phenylhydrazine 17 in waiter and 
rbtained nyrazolo[3,4-b]quinolies 981 iR = H, Me, Cl, OMe, Rt = H, Ph), with the yieldof  
09-90%  [75]. In 1999, Kerry et ar. formylated N-acetylo-1-naphthylam ine 103 to produce
2-chlorobenzo[h]quinoline-3-carbaldehyde 104. In the next turn, the aldehyde group was 
protected by transformation into acetal 105 and w as reacted with methylhydrazine 97 or 
hydrazine 96, which formed c ompound 106. Thi- one was he ated in boiling; ethanol that was 
acidified with HCl, w hich a-forded 10-methyl-10H-benzo[h]pyrazolo[3,4-3]quinolino 103 
(Schem- 31) [76]. These derivatives were synthesised as potential topoisometase inhibitors.



106 107

Scheme 31. Synthesis of benzo[h]pyrazolo[3,4-b ]quinolines.

W hen 2-naphthylam ine 108 is used instead of 1-naphthylam ine, the aldehyde 110 
can be obtained by carrying; out the sam e chem ical transform ations (e.g., acetyl deriva­
tive 109) as for the previously described reactions. M aheira converted 109 into an oxim e  
by reaction w ith hydroxylam ine hyd rochloride and, wish the subsequent treatm ent with  
SOCI2 in boiling; benzene, he obtained 2-chloro-benzofo]quinolme-3-corbomtrile 1f1. Fur­
ther reaction w ith hydrazine 96 gave 1121. In :he next turn, 3-am inoderivative 112 was 
coupled with various pyra9ol-5 -ones, which formed a series of atq  dyes for polyeatea fit) ers 
(Scheme 32) [77,78 ].

Scheme 32. Synthesis of lH-benzo[y]pyrazolo[3,4-fe]quinoline-3-ylamine.

The same synthetic protocol can be used for 95 by the t ransfo rm ation of it into oxime,
2-chloroquinoHne-3-carbonitrile and then into 3-amino-tH-pyrazolo[3,4-b]quinoline, which 
is then modified in various w ays to search for potential com pounds of biological activity  
(Scheme 32— structures marked in blue) [79].

Section 2.5 discusses the few cases w here isatin and pyrazolones aze ueed in the 
Pfitzinger reaction for the synthesis of pyrazoloquineiines. Here, we have another one of the 
few cases that uses this compound) and specifically its derivative 113, which is formed as a 
result of the reaction cf isatin 50 with ethyl cyanoacettte. The reaction with ethanol acidified 
withe sulphuric acid affotded ethyl 3-cyano-2-oxo-1,2-dihydroquinoline-4-c9rboxylate 114. 
H eating w ith a m ixture of phosphorus oxychloride arid phosphorus trichloride cautes 
the introduction oS the chlorine atom  in thu 2 positton of the quinoline system , w hich



results in the form ation of com pound 115. The last step is the reaction w ith hydrazine, 
which gives pyrazoloquinoline 116. This со mpound offers multiple possibilities for further 
functionalization and for obtaining a whole range of derivatives (e.g., by modifying trite ester 
and amino groups, or by adding substituents to the nitrogen atom N1 (Scheme 33) [80]).

Scheme 33. Synthesis of ethyl 3-amino-1H-pyrazolo[3,4-b]quinoline-4-carboxylate.

A n o th at subttraSe ior the synthest s of pyrazolo[3,4-b]quinolines is 2 -ny droxy -
3-acetylquinnline 118, w hich  is ensily p repared  from  ethyl aceto acetate  117 snd  o­
am inoaceSophenone/benzophenone 1 (Scheme 3-4). A tasakum ar eS al. applied 3-acetyl-
4-phenyl-chino1in-2-one 118 and p-chlorophenylhydrazine ior fhe synthesis of subsfl- 
tuted  1H -pyrazolo[3,4-fc]quinolfna S20 f8 - ] . R eseaschers have s tu d ie i  the affects nit 
various Lewis acids (e.g ., SnCl4- AlC lf, TiC-o etc.i, as iwall as о i the m icrow ave field , on 
the reaction yield. The best results w ere achieved w ith indium chloride (InC b).

Scheme 34. Syntheses of 1H-pyrazolo[3,4-b]quinolines from 2-hydroxy-3-acylquinolines.

Com pound 118 can be subjecSed to the reaction w ith phosphorus trichloride (PCl3) 
to give 2-chloro-3-acetylquinolines 119, w hich is seacted with hydrazine. The product 
is 3,4-disubstituted-1H -pyrazolo[3,4-b]quinolm e 121 [82]. The free position in nitrogen  
N1 allows for num erous modifications of these com pounds in term s of the biological



properties [83 ]. 3-Acetyl-4-(m ethylthio)quinolm -2(1H )-one 124 is an exam ple of another 
quinolin-2 -one-based system tha] can be used both tor the synthesis sf pyrazoloquinoli nes 
and. for other hetero cycles as w e l] [84]. It can be easily prepared from ac etoacetanilide 122 
by reacting with carbon disulfide in the presence of tetrabutylammonium bromide (TBAB), 
with ths subsequent methylation yielding kstsas dithioacetal 123. Ia ths asxt step, ths 123 
is cyclised by boiling in o-dichlorobenzene. Reactions with hydrazine or phenylhydrazine 
ia  acetic acid lead to the form ation of the corresponding pyrazoloquinolines 125. On the 
other hand, w hen DMF is used as a reaction m edium  instead, 125 angular pyrazolo[4,3- 
c]quioolio-2-oo8- 126 arc formed (Scheme 35) [85].

125 126

Scheme 35. Synthesis of 4-methylthio-1H-pyrazolo[3,4-b]quinolines.

The use of 2-naphthylam ine 108 and the M eth-Cohn procedure allows for the syn­
thesis of benzo[/]]pyraoolo[3,4-iquuinolme (Scheme 32 ). Similarly, 1-naphtylam ine 127 
can be reacted w ith a-oxoketene difhioacetal 1^8 and n-BuLi to form  a-oxoketene -N ,S- 
naphtyominoa cetal 129, which forms 2-methylthio-3-benzoyl-4-methylqumoli nes 130 upon 
the cyclisation by POCM/DMF. The reac tion with hydrazine under microw ave irradiat ion 
afforded the formation of 131 (Scheme 3(5) [136].

131



The sam e procedure can be applied to arom atic amines or diamines and, as a result, 
other heterocyclic systems, such as phenanthrolines, can be obtained.

2.9. lH -Fyrazolo[3,4:-b]quinoline Syntheses Based on 5-arylam inoam inopyrazoles

One of the oldest m ethods of pyrazoloquinolines synthesis are the two-component; 
reactions of 5-arylamino pyrazoles and aromatic a l°ehycles (Figure 1.0 ).

Figure 10. Path 6a; C26a : C4-C4a; C4-C3a.

In 1911, Michaelis heated 5-N -arylam ino-l,3-disubstituted pyrazoles 132 w ith some 
arom atic aldehydes 133 in the presence of anhydrous ZnCl2 and obtained com pounds to 
which lie assigned a structure 134 (Scheme 37) [1]. He described them as yellow crystalline 
substances w ith a strong blue fluosescence in a toluene solution. O ur group w as inter­
ested in fliese types of com pounds from the point of view  of npplying them -to organic 
electrolum inescent cells. The syntheses described by Michaelis w ere repeated, and the 
chemical structureo of the compounds that were obtained were analysed by using 1H NMR 
spectroscopy. It tornud oui that the structure cf Michaelis 134 did not corr(2̂ ]3ond to any of 
tom ccomjeoui^d^ that he receivedt but that it did match the jiy r̂aiqoli îeuinoltni^s of 65 [87].

135 65

Scheme 37. Correction and verification of the Michaelis' 1H-pyrazolo[3,4-b]quinoline synthesis.

In several cases, it w as possiWo tic isolate interm ediate 135, w hich oxidises over 
tim e to form  pyrazolo[3,4-b]quinoline 65. Tde modified Michaelis merhod turned oui 
to be a very good m ethod ior the synthesie of 65, and it com plem ents the Friedländer 
condensation, in w hich o-aminobenzophenone s are used . H ow ever, it provides more  
possibilities with regerd to the introduction of substituents to the phenyl ring in posifion 4 
and the modi fication of the ccrbocyclic rinf . The starting 5-N-arylamino-pyrazoles 132 can



tie obtained from com m ercial 1,3-disubstituted 5-am inopyrazoles and the corresponding  
aryl halides by the procedures that are described by Buchwald [88].

The next two-component procedure with N-arylpyrazoles is one of the oldest synthetic 
pyrazoloquinolines m ethods (Scheme 38 ). In 1936, Kocw a pubhshed a seriec of papors in 
w hich he obtained 2jFH-pyrazolo[3,4-°]quinolines 140 by reacting aryl isocyanates 137 or 
isothiocyanates 1n8 with N -arylpyrazoles 136 [3,4]. By heating N -[5-m ethyl-1-phenyl-1,e- 
dihydro-3H-]syrazol-3-ylidene]aniline 136 with phenyl isocyanate 137 r t  a tem perature of 
230-e40 °C, product 0410 is forme d, while, in the case of phenyl i sothiocyanate 138, interme­
diate 139 was isol ated , which then cyc lised to 140 by heating with PCl5 et a temperature of 
100-100 ° С in 15 min (Scheme ЗП) .

136 137 or 138 139 140

Scheme 38. Reactions of isocyanates and isothiocyanatee with N-arylpyrozole with isolation of 
intermediateproducts.

In 1976, Purnaprajna and Seshadri, as a result of the Vilsm eier-H aack formylation of
1-phenyl-3-(p-chloroanilino)-5-pyrazolone 141, isoloted 4-dimethylaminomethylene deriva­
tive 142. In the next stage, they cyclised it by using; phosphorus oxychloride to produce
3,6-dichloro-2-phenyl-rH-pyrrzolo[3,4-b]quinoline 143 (Scheme 39) [89].

141 142 143

Scheme 39. Ring closure by Vilsmeier-Haack formylation reaction.

For a long time, this w as only one example of such reaction. It was not until 2021 that 
Kucharek and colleagues developed a one-step cyclisation reaction of 5-N -arylpyrazo!es 
132 in the presence of dimethylformamide diethyl acceal (D M F-D EA)/PO Cl3 at 80 °C. The 
yields of the obtained pyrazoloquinolines 59 ranged between 27 and 97% [90].

We include in this part one m ore synthesis, in w hich the 5-N -arylam ino derivatives 
of pyrazoles w ith the ester group in the 4 position of the pyrazole ring; are obtained  
(Figure 11. Path 6b).

This compound can be easily prepared in a one-pot reaction by starting from aniline 39, 
carbon disulfide, chloroacetic acid and hydrazine, w hich yields thiosem icarbazide 144. 
A  subsequent reaction with ethyl 2-chloroacetoacetate 145 produced pyrazole ester 146. 
The hydrolysis of 146 in E tO H /K O H  and the cyclisation of the resulting acid w ith POCI3 
yielded chloro derivative 147 (Scheme 40) [33,91-9 3 ] .



Figure 11. Path 6b: C l^ :  C4-C4a.

39 144 146

Scheme 40. Synthesis of 5-chloro-3-methyl-lH-pyrazolo[3,4-fo]quinoline derivatives.

2.10. 1H-Pyrazolo[3,4-b]quinoline Syntheses Based on 4-arylidenepyrazoles

Another one-component procedure is the synthesis which uses 4 arylidene substituted 
pyrazole derivatives (Figure 12Г

Figure C2. Path 7; C1u N9-C3a.

Coutts and Edw ards reacted o-nitrobenzaldehyde 148 and pyrazolone 10, w hich  
yielded 4-(2-nitrobenzylidene)-2-pyrazolin-5 -onee 149 [94]. The next atep was to use several 
m ethods of reductive cyclisation, such as cyelohexene/Pd(C ), N a B H  as well as zinc and  
acetic acid. The end product was 9-hydroxypyrazolo[3,4-b]quinolines 150a. After changing 
the reaction conditions as a  resull of reductive cychsation, they obtained pyrazolo[3,4- 
b]quinolme 150b [95] (Scheme 4 1 (. The prereaction betw een o-nitrobenzaldehyde 148 
and the corresponding pyrazolone 10 m ay be an alternative to avoid the synthetis of the 
anthranilic aldehyde Г (R3 c  H, R4 = H, halogen, OMe) that is needed for the Frieniänder 
condensation (Scheme 3 ).

As part of the research on nitrenes, Kam etani and colleagues perform ed reductive  
cyclisation reactions on 4-(4,5-methylenedioxy-2-nitrobenzylidene)-2-phenyloxazolones by 
using triethyl phosphite (P (O E t.). These com pounds w ere prepared from 4,5-dim ethoxy-
2-nitrobenzaldehyde (145; R3,4 =  O M e) and N -benzoylglycine. The reaction resulted in 
the form ation of 2-phenyloxazolo[5,4-b ]quinoline [96]. Nishiwaki also tried to cyclise
4-(2-nitrobenzylidene)-2-pyrazolin-5-ones 149 by using P(O Et)3 as the reducing agent. 
However, instead of the expected pyrazoloquinolines, a whole range of other products were



isolated from the reaction m ixture, the structures (e.g., 1 5 1 ,1 5 2 ,1 5 3 ) of w hich are shown  
in Scheme 41 [97]. Tomasik and Danel used reductive cyclisation w ith iron pow der and 
glacial acetic acid to synthesise pyrazoloquinolines 150 from o-nitrobenzylidene derivatives 
149, how ever with m oderate yields [98].

R1 = Ph, H

R2  = Me, Ph
R3, R4  = OMe, -OCH20

151 152 153

Scheme 41. o-Nitrobenzaldehyde as an equivalent for o-aminobenzaldehyde in the synthesis of1 
pyrazolo[3,4-b]quinolines.

In concluding the discussion of the use of single-com ponent systems, one could  
m ention the work; of DeWald on ohe metabolites of Zolazepam  154 (El1 = Me). After the 
adm inistration of Zolazepam  to rats, the metabolite 154a (R1 = H) w as found in their 
urine. In order to eyntheeise it, the Zolazepam  w as demeOhylated w ith boiling; pyridine  
hydrochloride; however, the reaction w as unsuccessful, and instead of 154a, 155a was 
obtained (R2 = Me, RO = H ). Com pound 156 w as synthesised to obtain an isom er 1551b 
(R2 = H , R1 = M e) (Scheme 42) [99].

To sum up, the rynthesis ot pyrazoloquinolines with the use of a single-c omponent sys­
tem (e.g., 148) is of no practical importance in the light of other, much more efficient m ethols.



Scheme 42. Investigation on Zolazepam metabolites.

2.11. M ulticom ponent lH -Pyrazolo[3,4-b]quinoline Synthesis

In recent years, the significant develop m ent of m ulticom ponent reactions in organic 
chemistry has been observed, cncluding the syntheses of heterocyclic compounds [100,10S]. 
[Many review  publications and m onographs on this issue have; been published [1ГПД 03]. 
As far as pyrazoloquinolines aae concerned, tires multicomponent resections describrd so far 
in the literature are limited to the two methodologies presented below (Figure 13).

Figure 13. Path 8a; C4-C4a, C4-C3a, C8a-N9. Path 8b; C4-C4a, N9-C9a, C4-C3a.

The first reaction of this type was described by Hormaza et al. in 1998. Pyrazoloquino­
line derivatives 158 w ere obtained by heating the amino pyrazole 17, arom atic aldehyde  
138 and the corresponding cyclic 1,3-dione 157. The authors proved that the reaction is 
regiospecific w ith the form ation of linear pyrazoloquinoline 158 w hen R1 = H  or Ph. The 
angular derivatives 159 or 160 (for R1 = H) w ere not formed (Scheme 43) [104].

N ogueras et al. inveitigated the m echanism  of the abovem entioned reaction. After 
tarrying out a few experiments, they came to the; conclusion that tire first step is the Knove- 
nagel condensation between dim edone 157 and aidehyde 133, and then, in the Michael 
addition, there is tire attachm ent of am inopyrazole 17 w ith the subsequent cycloconden- 
sation betw een the dim edone carbonyl group and the pyrazole amino group [105]. This 
reaction has been modified m any times in term s of different reaction conditions. These 
modifications include conducting reactions in the microwave field, with or without a cata­
lyst such as L-proline [106,107]. One of the important synthetic aspects of green chemistry  
is the use of ultrasound in organic synthesis. This approach w as used by M addila and 
colleagues for the synthesis of pyrazoloquinolines. The reactions took several minutes, 
and the yields of the products that w ere obtained w ere relatively high (in the order of 
70-98% ) [108]. Other modifications to this reaction consisted of the use of various catalysts, 
such as H 3PW 12O14 or nanom agnetic celulose in ionic liquids [109,110]. In all mentioned  
cases, w hen dim edone 157 w as used, the central heterocyclic ring w as hydrogenated. In 
som e cases, a fully arom atic ring w as produced (Schem e 43) . Thus, Shi and W ang used 
sodium 1-dodecanesulfonate SDS as a catalyst in the aqueous reaction medium for the same 
com ponents (17 ,133  and 157) [111]. The end product w as a system  w ith a fully arom atic 
pyridine fragm ent 161. The authors mentioned in the paper that the m echanism  of this 
reaction is not fully understood, and especially how the hydrogen molecule is lost from the 
structure. The sam e reaction that w as carried out in polyethylene glycol PEG-400 yielded 
the sam e product with an aromatic pyridine fragment [112].



Scheme 43. The first three-component synthesis of 4-aryl-4,7,8,9-tetrahydro-6H-pyrazolo[3,4- 
b]quinolin-5-ones.

Contrary to the previously described m ulticom ponent reactions (Path 8a; C 4-C4a, 
C4-C 3a, C 8a-N 9), Tomasik et al. syn(hesised fully arom atic pyrazolo[3,4-b]quinolines 65 
(Path 8b; C4-C4a, N 9-C9a, C4-C3a) (Scheme 44) [113].

"The final com pounds 65 are obtained by heating a m ixture of arom atic am ine 39, 
arom atic aldehyde 133 and pyrazolone 10 in ethylene glycol for tw o hours. After cooling 
and digestion w ith m ethanol/'ethanol, the; pyrazoloquinolines prebipi(ate as a crystalline 
sol(d. The yields of the reactions are in the rtn g e  of 20-33% , although som e authors 
have claim ed that they obtained pyrazoloquinolines 65 in th r order of 50-60%о by this 
method [114]. Aromatic amines 39 ctn  contain both electron-donating groups and electron- 
w ithdtaw ing groups in the o, m, or para  positions. A tom atic aldehydes 133 can include 
various benzaldehyde derivahives, as well as naphtalene-1/ 2-carbaldehyde, but it is unable 
to obtoin derivatives of 9-form ylanthracene. Despite m oderate yields, it seems to be



the best m ethod of obtaining; 4 substituted aryl pyrazoloquinolines, w hich successfully  
replaces the Friedländer synthesis by ustng substituted o-aminubenzophenones. H edge  
and Shetty describe a multicomponent synthesis of 1,4-diphenyl-3-methyl-4,9-dihydro-1H- 
pyrazolo[3,4-b]quinolines 135 that used L-prollne as the cntalysS (Scheme d4) [1 15]. The 
components w ere the sam e as in Tomesik et al.'s procedure, laut the final product w as not 
arematised in the final step (Path 8b; C4-C4a, N 9-C9a, C4-C3a).

R 1 ,R2  = H, Me, Ph
3

R = H, alkyl, OMe, halogen
4

R = H, alkyl, halogen, OMe, NMe2, CF3

135

Scheme 44. The first multicomponent synthesis of aromatic 1H-pyrazolo[3,4-b]quinolines.

Another group of multicomponent reactions aria those that use 2-hydroxynaphtalene-
S-4-dione 16S. Li et al. synthesised tw o neries of com pounds: benzo[/z]isoxazolo[5,4- 
b]quinolineo 164 from 5-amino-3-methyloxazole 162, and benzo[/z]pyrazolo[3,4-b]quinolines 
S65 by applying 5-ammo-3-methyl-1 -phenylpyrazole 86 (Scheme 45) [116].

In the next stage, the authors subjected the obtained sostems ( 164 and 165) to reactions 
with 1,2-diaminobenzene in order to obtain the quinoxaline derivatives 166. All the steps 
that are described were carried oui: under m icrowave irradiation.

Tire reaction that w as perform ed by Raiesh et al. is described as a  "suquential fo u r-  
com ponent reaction", w hich makes ii a kind of recoed hold er am ong the m ulticom po­
nent reaotions that are used fur the synthesis of pyrazoloquinolines 165. They eeaeted
3-am inocrotonom trile and phenylhydrazine wish an addition of L-prolina for П0 min in 
boiling water, and they then added an eouim olar minture of aldehyde 1 t8  and dione 163. 
The whole minture w as then heated for 1-1.15 Is [117].

Quiroga et al. synthesised a series of benzo[h]pyrazolo[3,4-b]quinolines 165 via a three- 
component reaction under microwave irradiation [118]. W hen they used 86 (X = N H ), the 
middle heterocyclic ring was unsaturated. The formation of the linear benzo[g]pyrazolo[3,4- 
b ]quinoline system w as not observed. The resulting com pounds w ere screened against 
some M ycobacterium strains.



Scheme 45. Syntheses of benzo[h]pyrazolo[3,4-b]quinolin-5,6-diones and derivatives.

Khalafy et al. conducted research on the influence of silver nanoparticles (AgN Ps) 
on the course of the reaction. The aryl glyoxal hydrates 167 -were used as the C-4 carbon  
incorporation reagent in tire three-com ponent reaction. The end product is 7-benzoyl- 
benzo[/z]pyrazolo[3,4-fr]qumolin-5,6-diones 168. It should be emphasised that the; reactions 
w ere carried out in a w ater-alcohol environm ent at a tem perature of 60 °C , and in m ost 
cases, they w ere tom pleted within 60 min [119] (Scheme 46).



Another multicomponent reaction for the synthesis of pyrazoloquinoline derivatives 
170 differs from the others by the procedure in which ingredients such as aminopyrazole 86,
2-hydroxy-1,4-napthalenedione 163 and cinnamaldehyde 169 are ground in a m ortar with 
a little addition of water. The authors call it, "liquid assisted grin din g  or LAG."  After 
grinding is com pleted, the product is simply recrystallised from an appropriate solvent 
(Scheme 46) [120].

The multicomponent reactions with the use of 163 that have been described so far led 
to the preparation of angular benzo(g]pyrazolo[3,4-fr]quinolin-5,6-diones (e.g., 1 6 5 ,168  or 
169). It is also possible to obtain a linear system of the mentioned heterocyclic system.

G utierez, in the three-com ponent reaction of am inopyrazole 86, 2-hydroxy-1,4-  
napthalenedione 163 and form aldehyde 164, and indium  chloride (1пС1з) as a cata­
lyst, obtained 3-m ethyl-1-phenylnaphtalen [2,3-e]pyrazolo[3,4-b]pyridine-5,10-dione 171 
(Schem e 4 7 ) [121]. The reactions w ere carried out by using either conventional heating  
(40-60  h) or by heating in a m icrow ave field (10-20  min).

О ,

Scheme 47. Three-component reactions catalysed by 1пС1з in synthesis of linear pyrazolo[3,4- 
b]quinoline skeleton.

Indium chloride (1пС1з ), as a catalyst, w as also used in the three-com ponent re­
action to synthescse not only pyrazoloquinolines, but also pyrim idine derivatives. In­
stead of form aldehyde, the authors used a num ber of arom atic aldehydes. In the case of
1.3-cyclohexanedione, a product with a hydrogenated pyridcne ring w as obtained, and, 
in the care of 1,3-pentanedione, indane-1,3-dione and naphthalene-2-hydroxy-1,4-dione, 
w hich are products w ith arom atic pyridine fragm ents, w ere obtained [122]. W u et al., 
as a catalyst, uoed a 10 -15  mol% am ount of (NHo^HPCti ior 2-hydroxynaphthalene-
1.4-dione - i 3 ,  arom atic aldehyde 133 and 5-am ino-3-m ethyl-1-phenylpyrazole - 6  three- 
com ponent reactions -123]. The isolated yields of the benzo[/z]pyrazclo[3,4-b]quinolines 
ranged from 80-95% .

Due to the concern for the protection of the natural environment, w e have observed  
an increasing tendency to change the approach to organic synthesis. This is manifested, 
inter alia, by the use of w ater as the reaction m edium , or by the use of ionic liquids. Cne  
such exam ple is PEG i000-based ditationic acid icni с liouid, w hich has been used by Ren 
et al. in the synthesis of linear benzo[/ppyrazolo[3,4-fr]qumoiines 1 72 in three-com ponent 
reactions from 163 ,133  and 86 [124].The authors presented a possible m echanism  of this 
reaction that consists of the addition of an aldehyde 133 to 163, followed by a M ichael's



addition of aminopyrazole 86, the cyclisation of the resulting adduct with the subsequent 
oxidation with air and the final formation of 172 (Scheme 47).

L-proline is a frequently used catalyst in multicomponent reactions. Karamthulla et al. 
used it in the synthesis of linear 2H-benzo[g]pyrazolo[3,4-b]quinolone-5,10(4H,11H)-dione 
derivatives [125]. The reaction that w as performed differed slightly in terms of the choice 
of com ponents, and, namely, by the fact that 3-am ino-5-m ethylpyrazole was used instead 
of the 1-phenyl-3-methyl-5-aminopyrazole 86 . Contrary to the reactions that are shown in 
Scheme 47, no aromatisation of the pyridine ring was observed.

In multicomponent reactions where pyrazoloquinolines are synthesised, isatin is some­
times used. We m entioned it in the context of the Pfitzinger reaction that w as described  
earlier. In this case, isatin m ade a significant contribution to the construction of the pyra­
zoloquinolines skeleton (Scheme 17). In the three-component reactions that are depicted in 
Scheme 48, it contributes only carbon 4 in the skeleton (Path 8a; C4-C4a, C4-C3a, C8a-N9). 
W u et al. obtained spiro[benzo[h]pyrazolo[3,4-b]quinoline-4,3/-indoline] 173 by reacting  
dione 163, aminopyrazole 86 and isatin, or its derivative 50, in the presence of w et cyanuric 
chloride (TCT) [126].

R = H, Me, halogen

163 86 50 173

Scheme 48. Synthesis of spiro[benzo[h]pyrazolo[3,4-b]quinoline-4,3/-indoline.

Dabiri conducted the abovementioned reaction in tire presence of L-proline (10 mol%>) 
in boding w ater for 6 -7 .5  h. The researchers additionally conducted additional studies 
fry replacing isatin with acenaphtylen-1,2 -dione. "The yields of the corresponding spiro 
derivatives w ere in the range of 50-70°% [127]. Spiro com pounds biased on pyrazolo­
quinolines (i.e., spiro[indoline-3,4'-pyrazolo[3,4-b]quinoline]-2.5'(6'H) dione) can also be 
obtained w ithout any catalysts, as w as proven by Rong and his colleagues by heating  
iratin 50, dim edone 157 (or 1,3-cyclohexanedione 43) and 3-amino-1fC-pyrazole in w a(er 
or dilute acetic acid [128]. This reaction m eets 100°% of the requirem ents of the so-called  
"green chem istry".

The caSalysts that have been discussed so far in m ulticom ponent reactions w ere of 
a hom ogeneous nature. Baradani and colleagues used Fe3O4@ C u(O H )x as a catalyst in 
the three-com ponent renction of dimedone; 173, am inopyrazole 86 and 5,6-dihydro-4H - 
pyrrolo[3,2,1n/]quinolme-1,2-dione, instead of isatin [129]. The reactions were carried out 
in the environment of w ater.eth an ol w ith the addition of a nanocatalys t, end they lasted 
from 8 to 9 h. After the reaction w as com pleted, the catalyst w as rem oved with a strong  
magnet. The final product w as separated and purified with chromatographic techniques.

In the literature, you can find descriptions of three-com onent reactions that use 
j-tetaalone 1715 or a-terelone 177 for the synthesis erf angular benzo[i]-197 or benzo[g] 
pyrazoloquinolines 200. The reactions w ere carried cut by melting the reagents [130]. The 
first of the abonementioned reactions ran sm oothly and produced the expecteO benzo[/] 
derivative t7C (Scheme 49).



R 1 = Ph, 4 -C IC 6 H4  

R2  = Me, tert  -Bu 
R3  = H, F, Cl, Br, CF3

Scheme 49. ß-Tetralone as a substrate for benzo[f]pyrazolo[3,4-fr]quinolme synthesis.

Quiroga and co-workers tried to repe sit the earlier procedure to obtain the benz o l - i  somer 
179, and unfortunately, in this case, theyw ere not succersful. The main produci turned out 
to be bis-pyrazolo[3,4-b;3',4'-e]pyridine 180i Therefore, they changed the procedure and 
first synthes ised a  2-arylidene derivative of a-tetralone 178, which was then reacted with  
aminopyrazole 17 by melting. This time, a derivative 179 was obtained (Scheme 50).

Scheme 50. a-Tetralone as a substrate for benzo[h]pyrazolo[3,4-b]quinoline synthesis.

Sathiyanarayanan et al. prepared benzo[/]pyrazolo[3,4-b]quinolines 176 by heating  
j-tetralone 175, aminopyrazole 17 and aromatic aldehyde 133 in ethanol,/CH 3COOH and 
tin chloride (SnCl2) (10 mol°%) [131]. The reaction also proceeded with cyclohexanone and 
cyclopentanone, but it failed with a-tetralone and 2-hydroxynaphtalene-1,4-dione 163 . The 
resulting com pounds exhibited intense emission propersiee in solution, and in the solid 
state as well. M oreover, w hen the Ri w as N M e2, the; com pound exhibited aggregation- 
induced emission AIE. To conclude oue review of the mosO im portant pyrazoloquinoline 
reactions tn the Oasl -00  years, w e w ere very pleased with the w ork that w as published by 
Tiwari et al. in 2021 [132]. It is a very  universal m ethod that allows one; to obtain a whole 
range of pyrazoloquinolines 59 from  com m ercial ingredients, such as arom atic amines



39, pyrazolones 10 and dim ethylsulfoxide 181. The reaction proceeds in the presence of 
trifluoacetic anhydride TFA. The authors proposed the mechanism of this reaction, where 
one of the interm ediate steps is the azadiene system 182, w hich is annulated and then  
aromatised to produce the final pyrazolo[3,4-b]quinoline 59 (Scheme 51).

R 1 = Ph 

R2  = Me, Ph
3

R = alkyl, halogen, OMe, COMe

39 10 181 182 59

Scheme 51. Three-component reaction with DMSO as source of C-4 atom in pyrazolo[3,4-
b]quinoline skeleton.

Perhaps this reaction will be an alternative to the procedure that: w as developed by 
Brack in 1965 (Scheme 19), which allows the obtainment of all of the possible combinations 
of the substituents for 10 (R1, R2 = HI, Me, PI)) in the pyrazole ring;. Tiwari et al. employed 
only tw o pyrazolone derivatives 10 (R1 = Ph, R2 = Me and R1,2 = Ph) . Finally, it m ay be 
mentioned that the authors expected a completely different result; thus, this is an example 
of serendipity in organic chemistry.

3. Photophysical Physical Properties of 1H -Pyrazolo[3,4-b]quinolines and 
Their A pplication

In view  of the ever-grow ing dem and for m any high-tech and biom edical applica­
tions, the group of 1H-pyrazolo[3,4-b]quinolines has gained considerable interest from the 
scientific community, which is mainly due to their intrinsic optical and photophysical char­
acteristics. Over the past Oecades, many researchers have made some efforts to understand 
the relationship between the structure and the optical properties oO these comhounds. How­
ever, eve; n though the establishme nt a f the structure obtained by Niementowski was made 
in 1928 [2], it was only in the leite 1990s and mid 2000s that a number of reports related to the 
speaOroscopic characteristias and fhe comeutational analysis of 1H-pyrazolo[3,4-fr]quinoline 
derivativos (see Figure 1 in the Introduc tion) w ere publishe d [133- 138]

3.1. Structure-Property Relationship

Structurally, pyrazoloquinolines are the products of the ring fusion of the heteroaro­
matic pyrazole and quinoline moieties, which gives rise to a rigid D-n-A system (Figure 14). 
Separately, these building blocks play a crucial role in the design of many functional materi­
als. For instance, quinoline scaffolds are frequently used as electron-accepting components 
in light-harvesting systems [139,140], or as optical limiters [141]. Furtherm ore, quinoline- 
based molecules exhibit highly efficient electron-transporting properties that are combined 
w ith therm al and redox robusfness and high photolum inescence quantum  yieMs. These 
feaiures are os p aramount importance in the construction of many high-tech devices, sueh 
as organic optoelec tronics (OLa Ds) [142,143]  photodiode detectors [144] and photovoltaic 
cells (OPVs) [145] . On the other hand, the pyrazole unit often acUs an an electron donor in 
chromophore aystems, which is due to the pLesDnce of two electron-rich adjacent nitrogen 
atom s [146,147]. Especially fn conjunction w hh verious electron acceptors (e.g., electron-



deficient arom atics and heteroarom atics), pyrazole derivatives em erge as highly efficient, 
tunable light em itters [148- 150] . Such structural motifs, including pyrazoloquinolines, 
have been intensively studied in the area of advanced dye chemistry, and most recently as 
electroluminescent materials [6,15 1,152], fluorescence sensors [153,154] and second-order 
nonlinear optical materials [165-1 5 2 ] .

Figure 14. General structure and the light-induced formation of orightly emissive D-n-A pyrazolo­
quinoline species.

Generally, the absorption specira oa 1H-pyrazolo[3,4-b]quinoliner oontiin two absorp­
tion bands in the UV-Vis region of light: I) The broad Sq^O] ( n transition w ith an 
absorption m axim a that ranges from ca. 380 to 420 nm ; and II) M ore or ieos pronounced  
(depending on the lubstitution pattern) multiple bands at shorter wavelengths (<300 nm), 
which can be attributed to S q ^ S r (mixed n ^ n *  and n ^ n * )  transitions. Furthermore, it can 
be observed that, in the case of pyrazoloquinolines substituted with donor a n d /o r acceptor 
groups, -tire long-w avelength absorption m axim a are slightly redshifted, coorerpondiog  
to their unsubstiltuted analogues [47,158,159]. In fact, light-induced transitions in D -o-A  
cUromophores are directed from an eleotron-rich to an slectron-deficient unit, which results 
in a significant charge separation within the excited state (see Figure 14) 2160]. In most casus, 
suctt a charge separation leads: to the formation of conformationally disrupted and poorly 
emisrive intramolecular chacge transfer (ICT) stales. However, the rigidity of the pyrazolo- 
quinolina sOeleton p rtm otes electronicolly allowed emission, as the frontiar orbitals that 
participate in the ! C T^Sq transition have parallel orientation and are, therefore, markedly 
overlapped [161]. Subsequently, 1H-pyrazolo[3,4-b]quinolines are highly fluorescent in the 
blue or greenish-blue parts of the spectrum , w ith (quantum fluorescence yields reaching  
unity in some cases (Figure 15) [20,158,162] .



Figure 15. Structures and photophysical properties of differently substituted 1H-pyrazolo[3,4- 
b]quinolines. The data presented were measured in chloroOorm [ 158].

A tremendous variety of synthetic approaches has led to an extension of the portfolio 
of pyrazoloquinolines with tunable luminescence features. Exemplarily, an introduction of 
additional electron-donating and electron-w ithdraw ing groups within the; chrom ophore  
results in the fonmation of spotially extended dipolar (or quadrupolar) systems. A consider­
able charge separation within the electronically excited states of these m olecules resulta in 
a redshift of the emission bands, which noticeably proceeds with an increase in tire stlvenf 
polarity [138,159,163]. However, the flooressence intensity of euch organic dyes decreases 
at the sanse time;, w hich is due to an enhancem ent of the rate of nonradiative decay via  
intram olecular rotationis within excited ICT otates [164,165]. Another significant procesf 
that leads to the rapid deactivation of excited states is referred to as "photoinduced electron 
transfar (PET )" [166- 169]. In this case, an electron donor (e.g.i dialkylamine group) and 
the lum inophore are com m only soparated by a short alkyl spacer, w hich electronically  
disconneels the 7i-confugation betw een the receptor and the electron donor units. The 
excitatian of such a system  is followed by the PET process, w hich leads to an im m ediate  
nonradiativn decay to the ground stale. H ow ever, m ost of the pyrazoloouioolines that 
are substituted w ith dialkyl and diaryl amines are deliberately designed for the in-active 
interruption of the aforem entioned fluorescence-quenching m echanism s, w hich makes 
them promising "turn-on" sensors.

3.2. A pplication o f  Pyrazoloquinolines in Fluorescence Sensing

Since the electroluminescence properties of 1H-pyrazolo[3,4-b]quinolines have been 
frequently reported for many years [20,47,170- 174], in flus review, -we focus on their use as 
efficient fluorescence probes. The operation of m any fluorescent indicators cs based on a 
noticeablo enhancem ent os the fluorestence emission upon the additinn of m etac aations 
to tire fluorescing m edium . Exemplarily, in 2002, Rurack ot al. reported the synthests of 
two aza-crown-modified 1,3-diphenyl-pyrazoloquinolines that exhibited high fluorometric 
sensilivity to Na+ and C a2+ cattons (see Figure 16a ) [5 ]. The m ain concept of thio stad); 
relied upon the structural connection between the nitrogen lone pair of the analyte receptor 
and the chromophore system, either by a cnspacer (compound PQ 1) or by a perpendscular 
7T-conjugated arrangem ent (com pound PQ 2;. DetivatSve PQ 1 anoved to be weakly emis­
sive in polar oolvents (Tf = 0 .ta  in acetonitrile, com p ared to <ф = 0.154 in hexane), which



w as m ainly due to the PET-fluorescence-quenching m echanism . On the contrary, pyra- 
zoloquinoline PQ 2 showed an intense dual (emission from Lie and ICT fluorescent; sjqecies 
(<&f = 0.18 in acetonitrile, compared to Of = 0.3e in hexane). Furtherm ore, both derivatives 
showed highly desirable effeets in the peesence of anelyte epecies (i.e., metal ions) on the 
basis of two different seneing mecuamsms. The authors demonstrated that dye PQ 1 readily 
bound monovalent Na+ and bivafont Ca2+ cations, with a concomitant increese iu the fluo­
rescence intensity. These observations w ere in unemW guous agreem eni w ith a proposed  
PET-signalling m echanism . M ore mterestingly, pyrazoloc^inoline PQ 2 perform ed as a 
dual emissive eensor with a high fluorescence output frr both states of the detection system: 
bound and unbound. In this case, the prerence of bivalent C a2+ cations alternated the 
nature of the excited stute of the fluorophore from the low-lying ICT stete to the blue-shi fted 
LE state, w ith a significant enhancem ent in the emission (from Фс = 0 .18 to Фс = 0.35 in 
acetonitrile) at the same time. In contrast, the addition of Na+ ions to PQ 2 did not chunge 
its spectral characterisfics m arkedly.

Figure 16. Structures of pyrazoloquinoline-based cation-sensitive fluorescence probes: (a) aza-crown- 
modified derivativet, reported by Rurack tin 2002 [5]; (b) PET-signalling derivatives, investigated by 
Mac et al. between 2010 and 2013 [175- 177].

Since the aforementioned rtudies oe pyrazoloquinoline-besed sensors w ere reported, 
alm ost a decade passed until this stem w as followed. Then, between 2010 and 2013, Mac 
and co-workers published a series of articles on ion-sensitive pyrazoloquinolines, w hich  
varied by the molecular architecture of the receptor unit (see Figure 16b) [175- 177]. All of 
the sensors presented (PQ 1a- d) w ere designed for PET signalling, and they maintained  
the connection betw een the receptor unit and the pyrazoloquinoline chrom ophore via  
the non-conjugated meflrylene spacer. In addition, the authors exeended their studiea 
to a w ide range of m  etal cations, induding m onovalent fo+, Na+ and Ag+, and bivalent 
C a2+, Ba2+, M g2+, Zn2+, Cd2+ and Pb2+ cations. "The resuhr obtained weru cunsistent, 
w hich ehowed that these "tu rn -on " fluorescent cation icdicators w ere m  ore sensitive to 
the presence of bfuafonf cations than to monovalend: species; Interestingly, for com pound  
PQ 1c, an increased sensitivity and selectivity to Zn2+ and Mg2+ arose from a predominant 
com plexation of these cations mith tw o molecules of the sensine  syrtem . Furtherm ore, 
noticeable bathuchromic shiffs of the fluarescence bands w ere observed for M 2Zn2+ end 
M eM g2+ uomplexes. These findingr w ete explained by the form ation of excim er species 
[M2+(MM)]*f w hich w as confirmed by quantum  chemical calctflations f177]. In 2013, thu 
sam e research g roup dem onstrated a detailed study on the pyrazoloc^inoline derivativu  
PQ Id , which wau a firect pre cursor fot the synthesis of the aza-crown fluorescence probe 
PQ 1, previously reported by Rurack [5]. It w  as found thal this cam  pound can act as a 
highly efficient sensor for many bivalent cations and that, more importantly, its selectivity

= monovalent and/or bivalent cation

= photoinduced electron transfer signalling

= intramolecular charge transfer signalling



can be easily enhanced by the addition of small am ounts of w ater to the fluorescing 
medium.

Three years later, Uchacz et al. investigated a series of donor-acceptot 1H-pyrazolo[3,4- 
bjquinolines that w ere substituted w ith different amine donors (i.e., N,N-dimethylamine, 
N,N-diphenylamine, N,N-phenyl-1-naphthylamine and carbazole groups), with the aim of 
im plem enting them as pH-sensitlve m olecular lagic switches [ 178 ]. The authors showed  
that, in the presence ot trifluoroacetlc acid (the input signal), the fluoresczcce of the in­
vestigated pyrazoloquinolinez w as alm ost crm pletely  quenched, whieh w as due to -he 
formation of a nonemissive protonated adduct. Interestingly, pyrazolcquinoline substituted 
w ith the N,td-dimethylam ine group presented c  m ore advanced ternary logic behrvior 
(see Figure e t ) . The! nonorotonated state of this corepound showed considerable fluores­
cence (yellow emissien, firet logic vrlue), which, upon the first pcotonation of the nitrogen 
of the dim ethylam ino moiety, shifted hypsochrom ically and slighlly decreased (bluish- 
green emission, second lsgic valoe). The second protonation, which involved the nitrogen 
of the quinoline core, quenched the fluorescence quantitatively (no emission, third logic 
valuh). Besically, reading the fluorescence response as an output that is dspendent on 
the presence of proton input signals yielded functional lum inescant molecules w ith the 
potential for multilevel logic switching, which ranged from binary to ternary responses.

Figure 17. Schematic representation of 1H-pyrazolo[3,4-b]quinoline-based pH-sensitive ternary logic 
gate reported by Uchacz et al. in 20 16 [178] .

With regard to all of these results, it can tie concluded that the scope of pyrazoloquinoline- 
bated fluorescence ptobes is still amenable to further investigation. For instance, the up- 
to-date studies were mainly focused on the PET-signalling mechanism, with only minute 
mention of the intramolecular rotation-dependent quenching of the excited ICT states. Cur­
rently, a plethora of photophysical studies are devoted to m any different 6CT state-related  
phenomena, such as TICT, PICT, PPT, TADF, umpolung-ICT and so forth [179- 183], which  
can be used as output signals for analyte compounds. Furtherm ore, the presented studies 
focue mostly on inorganic ion-senting, which leaves future prospects for the many biomedical 
applications of pyrazoloquinoline fluorop hores, such as fluorescence bioimaging, phototensi- 
tized diagnoses or therapies.

4. Biological Properties of 1H -Pyrazolo[3,4-b]qum olrnes

Nitrogen-heterocycles are the most common heterocyclic compounds shat occur in liv­
ing organisms [184], and they are aiso very oiten tested as compounds t6st show biological 
activity [185,186]. Thus, it ia not: unusual that pyrazcloquinoline derivativee have attracted 
the attention of researchers who deal with the biolagical activity oC organic compounds. It 
is advisable to divide pyrazoloquinoline derivatives into group) s according tc  the kind of 
biological activity eh at ehey possess.



4.1. Hypolipemic and Hypodwlesteremic Activity

The method of synthesis that was developed by Stein et al. and Crenshaw et al. [29,30] 
produced, inter alia, 4-chloro-l,3-dimethyl-lH-pyrazolo[3,4-b]quinolines, which, after func- 
tionalization with different amine derivatives (Figure 18), were tested for their hypolipemic 
and hypocholesteremic activity in rats [187].

Figure 18. 4-[(3-(R1,R2-Amino)propyloamino]-l,3-dimethyl-lH-pyrazolo[3,4-fe]quinolines.

"The com pounds w ere suspended in a carboxym ethyl cellulose solution at a dose of 
100-400 m g /k g , com pared to a carboxym ethyl cellulose solution only, and w ere aCmin- 
istrated to rats daily for 4 days. Aftco the adm inistration, the rats w ere tccted for their 
cholesteool end phospholipid concentrations in serum, and the results show that, with the 
m axim um  dose of 400 m g /k g , tire concentration w as reduced significantly: by -5 1 %  for 
cholesterol and by — 47%> for phospholipids.

4.2. Iottrferon-Production-Inducing Activity

Interferons arean  important group oa signalling proteins rhat are releas ed by c ella in 
response to some virurer [188], and interferon-inducing drugs are one of the w eapons in 
the fight agoinst viruses [189 ]. 4-[(3-(D im ethyloam ino)prodyloam ino ]-1 ,3-dimethyl-1Ht- 
pyrazolo[3,4-fr]quinoline (Figure Г9), which was obtained ley/- Stein et al. [29], w as tested as 
a low-m olecular-weight inierferon induc er by Siminodf et al. [190] .

R1: Me, Cl

R2: HN(CH2)3N(CH3)2, NH2, H,

S(CHz)3N(CH3)2, NHCH2(2-furyl) 

R3: H, Me, Et, MeO, F, Cl, CF3, COOH, 

COOMe. NHAc, N 0 2, NHEt, MNH,

b)

Figure 19. (a) 4-[(3-(dimethylamino)propylammo]-l,3-dimethyl-lH-pyrazolo[3,4-fo]quinoline; (b) 4-R2-l- 
methyl-h-R1 -(5,6,7 [Dr 8)-R3-1fH-pyrazolo[3,4-b]qu[nolines and (c) 4-[e3-(dimethylammo)propyloamino]- 
1,33,77̂ tri:î n̂̂ l̂-i;yl-l.F:lr̂ D̂y razolo[3,4tt]quinoline.

The compound was administrated to female mice by the oral or parenteral route, and 
the administration w as repeated. Ire concentrations oe 2e0 m g /k g  or higher, the response 
of the interferon pro duction w as very  high, and it protected the m o u te L cells agatnat 
infection by the vesicular seomatotitis vieus r r  the mouae picornavirus. The animals also 
becam e hyperesponsive to repeated stim ulation. The following reso arch in the Siminoff 
group elio  ahowed that other derivotives of 1,3-dimethyl-1Hi-pyrazolo[3,4-b]qumoline, 
which contained the subsL orent Eit she 4 position, which is attached by the NH moiety, and 
with a side chain of at least three carbons and terminating with the second amino function 
(Figuee 19b), also have significant interferon-induciog activity [30] . In the subrequent 
research[ Siminofi anolyzed w hich cells in mico are the major target for interferon m duc- 
tion by4-[(3-(dim ethyloam ino)propyloam ino]-1,3-dim e-hyl-1Hi-pyrazolo[3,4-3]quinoline 
(Figure 19a) [191]. The analysis of the results shows that the type of adherent leukocytes 
that are resident in the spleen is a m ajor (o ^ e t  of interferon induction. The other deriva­
tives (Figure 19b) w ere also tested by Siminoff and Crenshaw  in the cultures of spleen

R1,R2: Me, Et, Pr, hPr, Bu, Hex



adherent leukocytes [ 192]. Tire results show that some of the derivatives ais о showed high 
interferon-inducing; activity. One of the derivatives, 4-[(3-(dimethyloamino)propyloamino] 
-1,3,7-trimethyl-1H-pyrazolo[3,4h]quinoline hydrochloride (Figure 19c), dir as also teoted by 
Kern et al. [193], and again, the com pound induced high levels of circulating interferon, 
w hich e[fected, with significantly reduced mortality, the mice; that wero infected with tire 
Rochester m ouse virus, H erpesvirus hom inis , Semliki foresl virus and the vesicular stom ­
atitis virus. The authors also observed the strong hyporeactivity of the interferon after 
multiple doses of 4-[(3-(dimethyloamino)propyloamino]-1,3,7-trimethyl-1H-pyrazolo[3,4-b] 
quinoline hydrochloride.

4.3. A ntiviral A ctivity

Many virus infections in humans are self-cured by the immune system of the organism, 
and, for m any others, vaccinations provide im m unity to infection. H ow ever, there are 
some diseases that m ust be cured by the use of antivirial drugs (e.g., HIV, herpes viruses, 
hepatitis). A  huge family of lH-pyrazolo[3,4-fo]quinoline derivatves (Figure 20), w hich  
were obtained by the method of Stein et al. [29] and then functionalised, w ere synthesised 
and tested for antiviral activity by the group from the Research Institute for Pharm acy and 
Biochemistry in Prague in the 1980s [194-2 0 1 ] .

Figure 20. 4-(substituted-phenylamino)-1-R1-3-methyl-1H-pyrazolo[3,4-b]quinolines and 4-(4- 
substituted-pyrimidine-amino)-1-R1-3-methyl-1H-pyrazolo[3,4h]quinolines.

Anilino derivatives w ere tested against the A 2-H ongkong virus and against the en- 
cephalom yocarditidis (EM C) virut in vivo in mice. Some of them  showed high activity  
against: one or -he other virus, and some of them  w ere effective against both. In the 
case of 4-[(4-methylphenyl)amino]- and 4-[(5-methoxy-2-pyrimidmum)arnino]- derivatives, 
whic0  were a dministrata d orally, the survival time was extende d after infection with the A2 - 
Hongkong virus by 50 and 617 days, respictively. In the case of 4-[(4-hydroxyphenhl)omino]-,
4-[(4-octadecaoxyphenyl)am ino]- and 4--(3,4-m ethylenedioxypeenyl)am ino]- derivativas 
that w ere adm inistrated subcutaneously, the time of survival against the EM C virus was 
increased by 70, 83 and 95 days, respectively [194,198]. The keto derivatives (Figure 21 ) 
were tested against this same viruses as aniline-derivativeo: against: the A2-Hongkong virus 
and against the encephalom yocarditidis (EM C) virus in vivo in m ice, and after oral or 
subcutaneous administration.

R1, R2: H, Me 

R3: H, OH: OMe

Figure 21. 4,9-dihydro-3-methyl-4-oxo-lH(2H)-pyrazolo[3,4-fo]quinolines.

The m ost potent against the A 2-H ongong virus w as 4,9-dihydro-3,9-dim ethyl-4- 
oxo-1H (2H )-pyrazolo[3,4-b]quinoline, which extended the survival by 55%. In the case

R1: Me, H 

R2: H, Cl 

R3: H, Me

R4: H, Cl, Me, Ph, OH, OMe, COOH, NH2, NMe2, 

NHHc  NHSO^Me Ac

X: C, N

N'Hh. He 

R4: OMe, SMe



of the EM C virus, the comp)ounds w ere m uch m ore effective, and for 4,9-dihydro-3- 
m ethyl-4-oxo-lH (2H )-pyrazolo[3,4-b]quinoline and 4,9-dihydro-6-m ethoxy-3-m ethy 1-4- 
oxo-1H(2H )-pyrazolo[3,4-b]quinoline, the survival w as extended by 96°% or by 80-10C% , 
respectively [195,200,001]. Some of the com pounds wore also tested in vitru against differ­
ent microbes (e .pp., Streptococcus faeca liso Escherichia coti or Candida olbicsns); however, none? 
of the studied derivatives had significant inhibitory effec-s [1П5]. Tho auOhors from the 
Reeearch Instiiute for Pharm acy and Biochem istry in Prague were? so satisfieO w ith the 
results that they obtained foo som e of the tested pyraroloquinoline derivatives that they' 
pa2ented them in Czechoslovakia [2t)2-e 0 8 ] . One o- the com eounds that w as obtained by 
Rad l et al. [184 ], 4-[(4rm ethoxyphenyl)am ino]-1 ,3-dim ethyl-1H -pyrazolo[3,4-b]quinoline  
(Figure 22, R = OMe), was) included in the modeling procedure for tho binding site identifi­
cation and the docking study of human ß-arrestin by Chintha et al. [209].

Figure 22. 4-[(4-R-phenyl)amino]-1,3-dimethyl-1H-pyrazolo[3,4-b]quinoline.

Unfortunataly, the results for that com pound w ere not amazing. Another derivative,
4-[(4-eShoxypyenyl)ammo]-1,3-dimethyl-1H-pyrazolo[e,4-4]t[uinoline ('igu re  t2 , R = OEt), 
w as used by Vyas et al. [210] as one of the known potential apoptoois inducers that aie  
used to generate pharm acophore m odelt w ith theie apoptosis-inducing activity, tor the 
sam e reason that Kemniazer et al. used 4-[(4-propionylphenyl)am lno]-1,3-dim ethyl-1H - 
pyrazolo[3,4-b]quinoline (Figure 22, R = CO C2H 5) ss tde retertnce in apoptosis-inducer 
studies [a i l ] . Different oyrazoloquinoline derivatives h av t aLttracte?d  attention as antiviral 
com pounds against the herpex s im 'le x  virus. Albin e0 el. tasted the activity of three 
earlier synthesized [200,212] derivatives (Figure 23 ) against herpex simplex virus type 2 
(HSV-2) [213].

SCH 43478 SCH 46792

Figure 23. 4-chloro-3-methyl-6-methoxy-lH-pyrazolo[3,4-b]quinoline (SCH 43478); 4-[[(furan-2- 
yl)methyl]sulfanyl]-3-methyl-6fmethoxy-1H-pyrezoloS3,4-fe]quinoline (SCH ■46>)̂ ‘Э2); and [2Sa3S)-2- 
amino-1-(4-chloro-6-methoxy-3-methyl-1H-pyrazolo[3,4-b]quinolin-1-yl)-3-methylpentan-1-one 
(SCH 4:S»:t86).

In v itro tests were performed with African green monkey °idney (Vero) cells, human  
diploid lung (W I-38) cells, hum an epsthelial (HeLa3 cehs and hum an foreskin fibroblast 
(FS-85) cells1 The m onolayers of the cells w ere infected w ilh HSV-2 in the presence or 
absence of the com pounds SCH 43478,46792  and 49286. The results w ere com pared with  
those that w ere obtained w ith A cyclovir (ACV), w hich is the m ost popular drug that is 
used against herpes sim plex. The inhibition of the HSV-2 plaque form ation in Vero cells 
w as achieved w ith concentrations low er than those for ACV; however, for the other cell



lines, ACV is m ore effective. The cytotoxicity of all of -the studied com pounds against 
the tested cell lines w as com parable to the effect of ACV. It is im portant to say that the
com pounds of interest w ere effective only w hen added shortly after infection; if added  
after 3 h or later, they were ineffective, which is a much worse result than that obtained for 
the ACV. Another broad group of 3-am ino-lH -pyrazolo[3,4-b] quinolines (Figure 24) were 
studied by Bell and Ackerman [214].

R1: H, Me, Et, Pr, f-Pr, 2-(4-morpholinyl)ethyl,(CH2)1_3NMe2, (CH2)2NHEt 

CH2COOMe, CH2COOEt, CH2CONHMe, CH2CONHEt, CH2CONMe2 
R3: NH2, Cl, Br, CN, CH2NH2, COOMe 

R: OH, OMe

Figure 24. 1HCyrazolo[3,4-d]quinoline derivatives examined by? Bell and Ackerman in [214].

The authors tesSed the eyntPesised compounds against HSV-2 in vitro on mouse emryo 
fibroblast monolayers. Some of the studied с ompounds exhibited hieh activity (comparable 
or eigher titan that oh A cyclovir), but they w ere never tested again. A  different group of 
researchers synthesised 3-amino-1H--pyrazolo[3,4-b]quinoline that w as derivatived with  
m onosaccharides et the amino group (Figure 25 ), and they tested those against herpes 
simplex virus type 1 (HSV-1) [215].

Figure 25. 1H-Pyrazolo[3,4-b]quinoline derivatives examined by Bekhit et al. [215].

African green monkey kidney (Vets) cells were infected with HSV-1. Frem  the tested 
group, most o) rhe com pounds did no) show significant cytotoxicity at the concentrtations 
that are safe for lrving cells. Only tw o derivatives wene borddrline cytotoxic: 7-m ethyl- 
and 7-methoxy-3-amino-1H-pyrazolo[3,4-fr]quinoline tha) w ar derivatised w ith pentoses. 
The authors from the sam e research group also Pested another group od derivativvs, and 
they found that simple 7-methoxy-3-ammo-1fCг-pyrazolo[3,4-r]qum ohne has an in -vitro 
ant-H SV -1 activity that is som aarable to A cyclovir [216]. The authors also show that the 
com pound of interest has low  doxicity (testrd  in vivo in m alt m ice), even w hen adm inis­
trated through the parenteral route (nontoxic up to 80 m g /k g ). The com pounds that were 
obtained by Bekhit et al. [215] (Figure 25) were tested by Arif et al. for their potential cyto­
toxic activity [217,218] . A t a 100 gM coneentration, some of the com pounds showed high  
cytotoxicity against hum an breast carcinom a cell lines (M CF-7 and M D A-M B-231); how ­
ever, at the sam e time, they w ere comparably cytotoxic to normal human breast epithelial 
cell lines (M CF-10A and M CF-12A). The 7-M ethoxy-3-amino-1H-pyrazolo[3,4-b]quinoline 
antiviral activity against HIV Type 1 w as tested together with other different heterocyclic



com pounds [219]. Unfortunately, the com pound did not show significant activity against 
that type of virus.

4.4. Antibacterial Activity

Because of the rising bacterial resistance to antibiotics [420], bhere is at constant need  
to invent new  drugs. Pyrazoloquinoline derivatives have been also tesOed in this field. A  
group of pyrazoloquinoline derivatives was tested by El-Sayed and Aboul-Enein [221]. The 
authors started w ith 3-am ino-l U-pyrazolo[3,4-/;]quinoline and they substituted it at the 
amino group (Figure 26).

R: H, CaH5, 4-BrC„H5, 4-CICeH5, 4-FCeH5, 4-N02C6H5 

Figure 26. 1-Substituted-3-amiso-1H-pyrazolo[3,4-Z]quinolines.

The com pounds w ere then tasted against E. roll, S. aureus, C. alZicans and A. niger, 
and they w ere com pared w ith ampicilin and ketoconazole. The prelim inrry resultn indi­
cated bhat none of the tested compoundz had activity higher than ampicilin against E. coli.
1-(4-fluorophenyl)- and Z-(S-nitrophenyl)-3 -im in o-1H -pyra9olo[3 ,4 -Z]quinoline achieved  
resul-s thal w ere com parable to am picihn -nainst S. anreus. Both com pounds a-ao have  
high activity against C. albicans and A. niger, with the second of them evan higher than ke­
toconazole. tin the case of A. niger, 1-(4-chlorophenyl)-3-amino-aH-pyrazolo[3,4-Z]quinolme 
also showed high activity. Another family of difterently substituted 3-amino-1H-pyrazolo- 
[3,4-Z]quinolinos w as oynthesised by Lapa e- al. [222] . Am ong the group, one com pound, 
(Figure 27) exhibited in vitro activity against S. aureus, S. epidermidis and S. pneum onia that 
was comparable to Kanamycin (MIC = 4 .0-8 .0  q g/m L ).

n o 2

Figure 27. 3-amino-l-(5-nitro-2-furoyl)-6,7-ethylenedioxy-lH-pyrazolo[3,4-fo]quinoline.

Against Mycobacterium smegmatis, the compound was even more active than Kanamycin. 
A different amino derivative was tested by Ham am a et al. [54]. The authors used the Path 3 
synthetic methodolngy (Figure 3), reacted arylidene campound 74 with 1,4-phenylenediamine 
and obtained 6-amin9-1-m ethyl-l,4-diphenyl-9H-pyrazolo-[3,4-Z]qumolins (Figure 28).

Figure 28. 6-amino-3-methy1-1,4-dipheny1-1H-pyrazolo[3,4-Z]quinoline.

The in vitro activity of the compound against Bacillus subtilis and Escherichia coli was a 
little low er than that found for Ampicilin . Pyrazoloquinolines of a  totally different; struc-



ture w ere studied by Q uiroga et al. [118] (Scheme 4 5 ). The authors obtained a series of 
benzo[h]pyrazolo[3,4-Z]quinolin-5,6-diones (1658, between which 3-m ethyl-l,4-diphenyl-, 
3-methyl-4-(4-methylphenyl)-1-phenyl- and 3-methyl-t-(4-fluorophenyl)-1-phenyl- seemed 
to be thro most promising and preaentedthe strongeit in vitro activity against some MytoZac- 
terium  spp. For two actins com pounds, the authoos atso presented the XRD measurement 
results. The results indicate that tha research should be continued. Another group of 
pyrazoloq8 -noline derivatives that w ere differently substituted at N -1 (Figure 29 ) w ere 
synthesised and tested by Jitender et al. [83].

R: Me, Et, Pr, Hex, cPr, cPen, cHex, 2-furfuryl 

R1: OMe, N 0 2 

R3: Me, CF3 

R4: Me, Ph

X; CH„ 0 , N(CH,),OH

Figure 29. 1H-Pyrazolo[3,4-Z]quinoline, synthesised and tested by Jitender et al. [83].

A  group of 32 com pounds w as tested for antibacterial activity against different 
Gram-positive (S . eu ro io t Bt. su th P s, 3d. luteris) and Gram-negaSive (E. coli, K. planticola, 
P. aeruginosa) bacteria. From  the group, only four com pounds had some activity, and the 
m ost potent w ar 2-(4-phenyl-3-(trifluorom eihyl)-1j|i]-oyrazolo[3,y-Z]quinolin-1-yl)-aj-(2- 
(piperazin-1-yl)ethyl) acetamide (F-guro У1], which, with an MIC at 3 .9-7 .8  |ig8m L, w as a 
little w orse than the v alue thot w as found for С iproflyxacin (the referen-e in the studf).

Figure 30. 2-(4-5henyl-3-(trifluoromethyl)-1fP-pyrozolo[3,4-Z]qшnoИn-1-yl)-N-(2-(piperozin-1-yl)
ethyl) acetamide.

Better results w ere obteined in the activity against Candida atZicans spp .; for till 
the tested species, 2-(4-phenyl-3-(trifluoromethyl)-rH-porazolo[3,4-Z]quinolm-1-yl)-iV-(2- 
(piparazin-1-yl)ethyl) aceiam ide w as as active as the Miconazole biofilm inhibition arsay  
of the studieO com pound, w hich w as com parable to the results for Ciprofloxacin against 
G ram -positive and G ram -negative bacteiia, and to (he results for M iconazole against 
C. alZicans. All of the 32 compounds were also tested for their cytotoxicity against the HeLa, 
HepG2, A549 and COLO 205 cancer cells lines, but the IC50 (|M ) values had to be at least 
ane level of magnitude higher than those found for 5-fluoiouracil (as a reference) in order 
to attract more attention at an anricancer drug-

4.5. A nticancer A ctivity

Cancer is a leading cause of death (after cardiovascular diseases), and, in 2020, there 
w ere nearly 10 million deaths that w ere attributed to it (W HO ). A t the m om ent, w orld  
medicine has m any anticancer drugs, but m ost of them are also cytotoxic to norm al cells, 
and especially to those that are rapidly dividing. Thus, there is still a need for new highly se­
lective anticancer drugs [223,224]. 7-Methoxy-3-omino-1H-pyrozolo[3,4-Z]quinoline, which 
appeared to be as active as A cyclovir against HSV-1 [216], w as also tested as an inhibitor 
of the grow th of cancer cells. Karthikeyan et al. tested the cytotoxicity of a group of 
3-amino-1H-pyrazolo[3,4-Z]quinolines (Figure 31 ) against ten cancer cell lines, including



breast, colon, prostate, brain and ovarian, in com parison to a noncancerous cell line, the 
human embryonic kidney [225].

R1: H, Me, OMe

R H, Me, OMe, Cl

Figure 31. 3-amino-1H-pycazolo[3,4-b]quinoline derivatives tested by Karthikeyan et al. [225].

The cytotoxicity w as determ ined by MTT asbay by using different concentrations 
for every com pound, in the range of 0 .1 -100  pM. The m ost potent in the series turned  
out to be 7-m eihoxy-3-am ino-1H -pyrazolo[3,4-b]quinoline (QTZOn), w hich w as effeutive 
aeainst all of the tested colon cancer cell lmus (HCT-116, HCT-15, HT-29 and LOVO) and  
tine; brain cancer cell line (LN -229) at a concentration of 10.2 pM or lowet. Als can tie seen 
(Figures 2 and 4 in [22f]), the com pound of interest decreased the; density and the colony  
size. Additionally, as the authors point out, the H CT116 cells that survived w ere unable 
to replicate. The results indieate that 7-m ethoxy-3-am ino-1H -pyrazolo[3,4-iaquinoline 
p red—ces an increase in -fie num ber of cells in the sub G1 phase of the cell cyele. The 
authors also checked the ability o[ the studied com pound to induce apoptosis. The same 
authors (Karthikeyan et al.) also studied a differenU group of 1H-pyrazolo[3,4-fr]quinoline 
derivativen (Figure 32) in the search tot an anticascer dsug [79,226].

Figure 32. The structures of: (a) 2-methylpyrimido[T',2":l,5]pyrazolo[3,4-b]quinoline-4(lH)-one; and 
(b) 4-R-2-methylpyrimido[a",2":1,5]pyiazolo[3,4-b]quinolines.

2-M ethylpyrim ido[1",2":l,5]pyrazolo[3,4-s ]c[uinolme-4(1H)-one (Figure 32a) appeared 
to be the most active against colon cancer cells (HCT-1- 6 and SI) and prostate cancer cells 
(PC3 and D U-145) at concentrationt of 0.6-T.2 - М. A t the sam e time;, S  s/sau 10-15  time s 
less cytotoxic to norm al cells (canine kidney MDCK, m ouse fibroblasts N IH /3T 3 .end hu­
man embryonic k-dney H EK2U3/pcD N A.3.1.). 2-Methylpyrimido-[1 ",2":1 ,5] pyrazolo[3,4- 
b]quinohne-4(lfC)-one w as also found to be the m ost actiun irr reversing the ABCG-2- 
medialod resistance to m itoxantront, doxorubicin and cisphatin, w hich are com m on anti­
cancer drugs. Mutstions in Ras proteins are; ablo to lead to unrcgulatedsell division and are 
found in a significant numbe r of human c ancers [227]. For this reason, the identi fication of 
drugs that inhibit, either directly or indireetly, tho eransforming activity of the Ras protein 
is im portant in the search for an effectino treatm ent of cancee [228]. 6-M ethoxy-4-[2-[(2- 
hydroxyethoxyl)ethyl]amino]-3-methyl-1H-pyrazolo[3,4-b]quinoline (SCH 51344, Figure 33) 
w as one of the com pounds that w as tested as a possible ras-transform ation inhibitor.

Figure 33. The structure 6-methoxy-4-[2-[(2-hydroxyethoxyl)ethyl]amino]-3-methyl-fHr-pyraoolo- 
[3,4-b]quinoline (SCH 51344:) .

R: Cl, NMe2, morpholinyl, NH(CH2)2.3NMe2, NH(CH,)23NEt,



Kumar et al. carefully studied the mechanism of inhibition [229- 232]. Pyrazoloquinoline 
SCH 51344, specifically, inhibits the RAS-mediated cell m orphology pathw ay (H-, K- and 
N-RAS V12-induced membrane ruffling). The treatment of RAS-transformed cells with SCH 
51344 restored organised actin filament bundles. Moreover, the anchorage-independent 
growth of K-RAS, which transformed NIH 3T3 cells and human colon and pancreatic tumor- 
derived cells (DLD-1, Panc-1, SW-480), was inhibited by SCH 51344. The authors also 
show that SCH 51344 is not cytotoxic to normal cells. Their studies show that the com ­
pound selectively suppressed oncogene-transformed grow th w ithout the gross effect on 
the normal signalling pathway. Gelman et al. also found that SCH 51344 suppresses 
src-, ras- and raf-induced oncogenic transformation by more than 90% at a 40 pM con­
centration of the pyrazoloquinoline [233]. The oncogenic grow th potentials of rat-6 /ras  
and / r a f  are more sensitive to SCH 51344 than rat-6 /s rc  cells because they are more de­
pendent on pathw ays that are blocked by the com pound. (S)-Crizotinib w as tested as 
an anticancer drug by Huber et al., and the obtained results w ere com pared to (R) enan- 
tiomer and SCH 51344 [234,235]. The authors, by using the proteomic approach, identified 
the target of SCH 51344 as the hum an mutT hom ologue MTH1 (NUDT1). The analy­
sis of that pyrazoloquinoline was only one step to the main goal, w hich was the study  
concerning (S)-crizotinib. SCH 51344 w as also one of the com pounds that was tested by 
Ursu and W aldm an as a small molecule target that binds to MTH1, with a comparison to 
(R)- and (S)-crizotinib [236]. The authors tested a few molecules of different structures by 
linker-based target identification techniques. The authors attached SCH 51344 to sepharose 
and proved that MTH1 is a prim ary target of the com pound. The result was also con­
firmed in vitro by isothermal titration calorimetry and an MTH1 catalytic assay. SCH 51344 
(6-methoxy-4-[2-[(2-hydroxyethoxyl)ethyl]amino]-3-methyl-1H-pyrazolo[3,4-b]quinoline) is 
now  commercially available as an MTH1 inhibitor [237]. It is in use as one of the reference 
com  pounds in research that concerns anticancer drugs [238- 243]. Different pyrazoloquino­
line derivatives, functionalized with ribose or morpholine moieties (Figure 34), have been 
also tested as antitumor agents [244- 246].

Figure 34. Selected (most effective) 1-substituted-4-chloro-3-methyl-6-methoxy-1H-pyrazolo[3,4- 
b]quinoline derivatives.

The m echanism  of inhibition is probably the binding to an allosteric region of the 
R as  p 2 i protein , w hich leada tea conform ational change and prevents tire binding of 
3H -GDP to tine; protein.The best results have been obtained for 1-[4-chloro-3-m ethyl-6- 
m ethexy-aH -pyrazele[a,4-fr]qum elm yl]-1-ribeburaneside-tribenzeate,-fris(2-fureate),-



4-(E-2-benzoylethenyl),4-[(1-hydroxy-2-benzoyl)ethyl]-2,3-thiocarbenate: a >70%  inhi­
bition at 1 0 ,1 0 .5 ,1 0  and 1.5 pM concentrations, respectively For the m orpholine series, 
eight derivatives showed >70% inhibition at a <10pM  concentration. One o) the w ays of 
anticancer drug action is by inducing the apoptosis o) tum or cells [247]. 4-Phenyl amino 
0 y razo le[3,4-fr]qшnolmes, w hieh h iv e  been tested for their antiviral activity i l 9 i , i e8 ], 
la v e  a lso brought attention to them selves as potential apopte sis inducers. Zhang et al. 
tested a group of N -phenyl-1H -pyrazolo-[3,4-fr]quinoKn-4-am m es (Figure 35) as potent 
apoptosis inducers [5 7 ] .

X: NH, O, S, NMe 

R1: H Me, Et 

R2: H, Me, iPr 

R3: OMe, OEt, OiPr, COMe 

COEt, COOH, COOMe 

CONH2, CH(OH)CH2CH3 

R4: H, 6- or 8-Ms, 8-N02 

Figure 35. Pyrazolo[3,4-b]quinolines tested by Zhang et al. [57].

The authors tested the activity of the synthesised derivatives egaigst ehe human breast 
cancer (T47D), colon cancer (HCT116) and liver cancer (SNU 398) cell lines in vitro. The most 
active against the chosen cancer cells appeared to be 1,3-dimethyl-N-(4-propionylphenyl)-1H- 
pyrazole[3,4-fr]c[umoKn-4-amine (Figure 35, X = NH, R1 ,Rn = Me, R3 = COEt, R4 = H), which 
was about 6 ^  13-fold more potent than the reference, N-(4-acetylphenyl)-2,3-dihydro-1H- 
cyclopen-a[r ]quineИn-9-amine. The authors also tesUed the cerl proliferation activity of the 
same compound and they again obtained very promising results; however, the research lias 
not been continued.

4.6. Antiparasitic A ctivity

Al-Qahtani et al. tested the effect of the series of pyrazoloquinoline derivatives that 
were obtained earlier by Bekhit et al. [215] (Figure 25) on the growth of Leishmania donovani 
protozoan parasites [248]. The L. donovani (strain DD8) w ere cultures in Schneider's 
medium with four different concentrations of drugs (50-400 pM), and they were compared 
to A m photericin B-treated cells and to an untreated control. The results indicate that 
som e of the derivatives exhibited an activity that w as com parable to the classic drug  
Amphotericin B; however, the effect w as observed after 12 h compared to 6 h for Amph. B. 
The research has been never repeated.

4.7. Treatment o f  Schizophrenia

As schizophrenia is affecting circa 1% of the w orld 's population [249], and because  
the already existing drugs enable only a small portion of patients to lead independent 
lives, there is still the need for improved treatm ent of schizophrenia. Antipsychotic drugs, 
w hich are used in the treatm ent of schizophrenia, are m ostly dopam ine 2 (D2) receptor 
antagonists [250]. PD E10, w hich is a dual cA M P /cG M P  phosphodiesteraze, and w hich  
belongs to a family of degradative enzym es that hydrolyse the second m essengers that 
term inate signal transduction, is expressed at high levels in the striatal m edium  spiny 
neurons. The inhibition of PD E10, and the following blocking of the degradation of 
cGMP and cAMP, should m im ic the effect of a D2 receptor antagonist and a D1 receptor 
agonist, w hich is an ideal profile for an antipsychotic drug. A  w ide family of different 
pyrazoloquinoline derivatives w as tested in the search for potent PD E10 inhibitors for 
the treatm ent of schizophrenia. In the first group, w hich w as analyzed by Yang et al. 
and Ho et al. [91,92], 3-methyl-1H-pyrazolo[3,4-b]quinolines could be found, which were 
substituted at position 4 with different saturated heterocyclic rings (Figure 36).



Figure 3(5. 1H-Pyrazolo[3,4-b]quinolines synthesized and tested by Yang et al. and Ho et al. [91,92].

The synthesised compounds were tested for their affinity to the cloned human recombi­
nant, PDE10A1, by measuring their ability to compete with [3H]cAMP. The strongest bind­
ing affinities w ere obtained for one pyrrolidine derivative (Figure 37a), three morpholine- 
derivatized compounds (Figure 37b) and three 1,4-oxazepane-derivatives (Figure 37c) -with 
К { 0 .6 -5  nM.

Figure 37. (a) N-[6-Methoxy-3,8-dimethyl-1H-pyrazolo[3,4-fo]quinolmyl]methyl-3-hydrooypyrollidine; 
(b) N-[6-methoxy-3,8-dimeayl-1H-pyrazolo[3,4-b]quinolinyl]methyl-2-R1-morpholines; (c) N-[6-R2-8- 
methyl-1H-py-azolo [3,4-b] quinolinyl] methyl-- ,4-otazepanes.

One of the follow ing, N -[6-m ethoxy-3,8-dim ethyl-1H -pyrazolo[3,4-b]quinolinyl ]- 
m ethylm orpholine, w as used for co-crystallisation  w ith  PD E10A , and the obtained  
crystals w ere studied with XRD . The se cond g roup» w as obtaine d by TT o e t al. [9 2 ] and it 
is presented in Figure 3 8 .



The strongest binding; affinities were obtained for one 1,4-oxazepane-derivative deriva­
tive (Figure 39a), one; piperazine-derivativv (Figure 39b), three piperidine-derivatized com ­
pounds (Figure 39c), one pyridyne-°erivative (Figure3gd) and one morpholine-derivatissd 
com pound (Figure 39e) w ithKt 0 .6 -5  nM.

Figure 39. (a) 4-[6-Methoxy-3,8-dimethyl-1fe-pyrazolo[3,4-b]quinolinyl]-1,4-oxazepdne; (b) 1-
[0-m5thoxy-3,8-dimethyl-1H-pyrazolo[3,4-b]quinolinyl]-4-carboxamid-3-methylpiperazine; (c) 1-[6- 
methoxy-3,8-dimethyl-1H-pyrazolo[3,4-fo]-quinolinyl]-4-R-piperidines; idS 4-[6-methoxy-3,8-dimethyl- 
1H-pyrazolo[3,4-b]quinolinyl]methylpyridine; and (e) 2-[6-methoxy-3,8-dimethyl-1H-pyrazolo[3,4-
b]quinolinyl]methylmorpholine.

One of the tested piperazine derivatives had been co-crystallised with PDE10A. Both 
author groups (Yang et all. and H o et al.) state that: they had been planning; to perform  
invivo  avaluotions; how ever, w e could notfind any further results concerning the pyra­
zoloquinolines described above. In thd differenf farrnlies of pyrazoloquinoline derivatives, 
the m oiety in position 4 w as secondary alcohol w ith an arom atic m oiety (Figure 4° )  or 
some other substituents (they are not presentedhere because of w orse results).

Figure 40. 1H-Pyrazolo[3,4-b]quinolines synthesised and tested by McElroy et al. [93].

The most potent in in vitro binding to FT)E10A appeared to be 4-[(4-pyridyl)hydroxymethyl]- 
and 4-[[4-(3-fluoropyridyl)] hydroxymethyl]-6-methoxy-3,8-dimethyl-1H-pyrazolo[3,4-fr]quinoline, 
with a Ki equal to 0.06-0.07 nM. "The first of them was explored extensively by W u et al. 
ley 3D-QSAR, molecular docking and m d eo-lar dynamics rimulations [251], together wi:h  
other derivatives tihat were obtained by McElroy at al. [93]. Three of the derivatives: 4-[(4- 
pyridyl)hydroxymethyl]-6-methoxy-3,8-dimethyl-1H-pyrazolo [3,4-b] quinoline, 1-[6-methoxy-3,8- 
dimethyl-1H-pyrazolo-[3,4-b]qumolinyl]methyl-4-fluoropiperidmeand 1-[6-methoxy-3,8-dimethyl- 
1H-pyrazolo[3,4-b]-quinolinyl]-4-methoxypiperidine, which were studied earlier [91- 93], have 
been used as the reference compounds in the search for new PDE10A inhibitors on the basis of 
the quinazoline derivatives [252].

4.8. Treatment o f  Diabetes

Type 2 diabetes is now one of the most prevalent metabolic diseases worldwide [253]. 
Patients with type 2 diabetes are insulin resistant, and so there is still a need to find drugs 
that can help to increasn insulin Kfnsitivity. C-Jun N-terminal kinase-1 (JNK1) is one of the 
mitogen-activ ated protein kinases that probably plays a key role in linking indulin redi stance 
and obesity [254]. Liu et aL synthesised a group of 1,9-dihydro-9-hydroxy pyrazolo[3,4- 
b]quinolin-4-ones derivetives (Figure 41) and tested themas JINK inhibitors [255].



R1: Me, Et, Ph, CH2COOH, CH2COOEt 

CH2CONHMe, CH2CH20H 

R2: Me, Et, Pr, /Pr, Bu, fBu, COOMe, 

p-NH2-Ph, CH2CH2OCH3, c h 2c h 2n h 2 

(CH2)2.3COOH, (CH2)3CONHCH3 

(CH2)2NHCOCH3, (CH2)3NHCONHEt,

(CH2)2NHCOOEt,

R: IT Me. Et. Fr. /Pr cpcl o n  atyl. 3n 

Figure 41. The structure of l,9-dihydro-9-hydroxypyrazolo[3,4-fo]quinolin-4-ones derivatives.

All of the obtained com pounds w ere tested in a JNK1 enzym atic inhibition assay  
and in a cell-basedassay by measuring tire inhibition of the TNFct (tum or necrosis factor)- 
stimulated phosphorylation of c-Jun in HepG2 (human liver cancer) cells. The most potent 
yjNK1 IC50 < 1- pM) appeared to be derivatives w ith R = H , R2 = Me and R1 = Et, and 
Bu, (CH 2)3CONHM e- (CH 2)2N HCO M e, (CH 2)3N H C O N H Et pr yCH2)2N H CO O Et. T h e  
authprs were also able te grow the co-crystals of ono of the derivatives (R = H, R1, R2 = Me, 
JNJKdy IC50 = 1.22 pM), bc-und into the ATP site of JNK1, and they analysed the interactions 
betw een the protein and the inhibitor. The m ost potent against JN K 1 and also Pc-Jun  
proved to be the com pound that w as serendipitously found by the authors w ho tried to 
convert carboxylic acid to amine (Figure 42).

NHBoc

JNK IC50 = 0.29 gM 

Pc-Jun iC50 = 0,85 gM

Figure 42. The most potent unexpected product of acid derivatisation.

4.9. Benzodiazepine Receptor Inhibitor

The group of pyrazoloquinolines that were substituted by fusing the pyrazol ring with 
a purine m oiety w ere synthesised by the funcionalisation of 3-am ino-1H -pyrazolo-[3,4- 
b]qpynoline derivatives by El-Saned et al. (higure 43) [256].



R1: H, Me, OMe 

R2: Me, Ph, 2-thienyl

Figure 43. 1H-Pyrazolo[3,4-b]quinolines, synthesised and tested by El-Sayed et al. [256].

The authors tested the benzodiazepine receptor (BZR) binding affinity of nine different 
derivatives, and they observed the best results for 2 -thienyl substituent at the 2 position: 
an 83% inhibition of specific [3H]Ro15-1788 (Flumazenil) binding at a 10 pM concentration 
was achieved for 2-(2-thienyl)quinolino[2/,3/-5,4](3-pyrazolino)[3,2-b]purin-4-one (R1 = H, 
R2 = 2-thienyl). It is im portant to say that the K i value for the tested com pound is three 
levels of magnitude higher than that found for Flumazenil. The authors have not conti nu ed 
their research. A different group of pyrazoloquinoline derivatives (Figure 44) were tested 
by Cappelli et al. as translocatoe protein (TSPO) ligands [257].

Figure 44. Pyrazoloquinoline derivatives obtained by Cappelli et al. [257].

TSPO is an alternative binding site of diazepam  [258]; however, w hat is m ore im ­
portant is that a dram atic increase in the TSPO density occurs in glial cells in response 
to bsain inflammati on or injury. M any neuropathological conditions (e.g., Alzheim er's  
disease, Parkinson's diseas e) also inerease the TSPO dsnsity [259] . The authors decided to 
synthesise the pyrazoloquinolines that are shown in Figure 44 because th ry  are struc- 
rurally similar tu aSpidem, w hich is a known drug thaS is used foe the treatm rnt of 
anxiety [260]. The authors perform ed in v itrr binding; experim ents to rat cerebral coetex 
m em branes together w ith ln vivo l ig h t/la rk  box testr in m ice (foa the m ost promising  
derivatives). Both experimenes showed that Site higPett TSPO binding affinities w ere 
achieved in vitro by N-RX-2-[2-(4-X-phenyl)-4-m ethyl-3-oxo-2Ja-pyrazolo[a,4-b]quinolin- 
9(3H )-yl]-N -R1-acetam ides (Figure 44b ). The IC50 values eor all oV these derivatiaes w ere 
low er than 1 nM. M oreovrr, the antianxiety activity of one of the derivatives (N-butyl-2- 
[2-phenyl-4-methyl-3-oxo-2H-pyrazolo[3,4-fr]quinolin-9(3H)-yl]-lV-methylacetamide) was 
high, at 10 m g /k g  dose, which was compaeable to the value that was feund for emapunil 
with the same dose, and eor diazepam with a 1 m g /k g  dose. The biological activity studies 
w ere combined with a detailed structural analysis, including XRD and computational cal- 
culati ons, The obtained resu lts indicate ah at these group o i pyrazoloquinoline detlea-lees 
could be a group of new TSPO modulators, and that they are worth further research.

4.10. Singlet-O xygen-Generating A ctivity fo r  SPA

A scintillation proximity assay (SPA) is a biochemical screening radio-isotopic method 
that is used for the sensitive and rapid m easurem ent of a broad range of biological 
processes [261]. Pai et al. used 4-[(4-am inophenyl)sulfanyl]-6-m ethoxy-3-m ethyn 1ftr- 
pyrazolo[3,4-b]quinoline (SCH 46891.), w hich w as obtained earher by Afonso et al. [212], 
as one of the tested potent inhibitors of the phosphopeptide binding io -he grow th factor

X: H, F, c i

R’.R2: Me, Et, Pr, /Pr, Bu, Bn, Ph, p-CI-Ph, p-Me-Ph



receptor-bound protein 2 (Grb2) SH2 dom ain [262]. The studies reveal that the inhibition 
of the G rb2  SPA by SCH 46891 w as light-dependent. The com pound w as inactive w hen  
the assay plates were kept dark. The same light-dependent inhibition property was found 
for the tyrosine-protein kinase (Syk) SH2 domain via SPA. The authors concluded that the 
light-dependent inhibition mechanism is based on the singlet-oxygen-generating property  
of SCH 46891 upon irradiation (positive reaction with singlet oxygen trap 2-methylfuran, 
and the suppression of the inhibition activity by singlet oxygen quenchers).

4.11. Pregnancy Interceptive

In 1991, Mehrotra et al. [263] tested 3-amino-6,7-dimethoxy-1H-pyrazolo-[3,4-b]quinoline 
as a potential pregnancy interceptor in vivo in hamsters and guinea pigs. W hen the com ­
pound was used in the early postimplantation schedule, it interrupted the pregnancy partially; 
however, it was ineffective in the preimplantation schedule. The same compound was tested 
in vitro on growing trophoblasts, and it appeared to prevent growth and to cause the degen­
eration of the cells. The results led the authors to the conclusion that the compound intercepts 
pregnancy probably through a direct effect on the embryo attachment site. The research was 
never continued or repeated with that, nor with any other pyrazoloquinoline derivative.

5. Conclusions

In summary, the main aim of this review w as to introduce readers to the methods and 
procedures that are used for the 1H -pyrazolo[3,4-b ]quinoline skeleton synthesis, and to 
familiarize them w ith some of the photophysical and biological properties. The w ork is 
based on publications that appeared in the years 1911-2021. During this period, approx. 
350 publications and patents w ere published, and, to the best of our knowledge, this is 
the first study of this type. We w anted to collect, in this review, all of the m ost im portant 
synthetic methods to create a kind of guide for researchers who are involved in the synthesis 
of nitrogen-condensed heterocycles, and who m ay decide to direct their interests there.

By studying the development of the synthetic methods of 1H-pyrazolo[3,4-b]quinolines 
over the last one hundred years, a significant revolution in the approach to preparative 
methods can be noticed, and especially in the last ten years. In the initial period, syntheses 
based on classical reactions (e.g., the Friedländer condensation or modifications of the 
Niementowski reaction) w ere used. N ow adays, an increasing number of publications can 
be found that describe three-/four-com ponent reactions, and reactions that are carried out 
in an aqueous environm ent w ith the use of a m icrow ave field, or w ith ultrasounds and 
ionic liquids, w hich are catalysed w ith palladium  com pounds and nanoparticles, or that 
are even m ediated w ith baker's yeast. All of these procedures are part of the so-called  
"green chem istry".

These m ethods lead to the synthesis of the basic skeleton, as well as functional- 
ized systems, w hich offer further possibilities for structural modifications w ith hydroxyl, 
halogen or am ino moieties. The latter aspect is especially im portant for chemists in the 
pharmaceutical industry.

The first synthesised 1H-pyrazolo[3,4-b]quinolines attracted the attention of researchers 
w ith their emissive properties, and they w ere applied as optical brighteners in the 1960s. 
Later studies show that, in some cases, the quantum yield of the fluorescence was equal to 
one, and that, in addition, these compounds turned out to be very resistant to temperature 
or oxidation. For this reason, they w ere used as emission m aterials for the fabrication  
of organic light-emitting diodes (OLEDs) that w ork on the basis of the phenom enon of 
fluorescence. In recent years, however, very efficient emissive materials that are based on 
the phenom enon of phosphorescence or therm ally activated delayed fluorescence TADF 
have appeared, and so it should not be expected that pyrazoloquinolines will be used in 
the future to fabricate OLEDs. However, by taking into account their very good emissive 
properties and their stability, it can be expected that they will be used as fluorescent sensors 
for various analytes, as dyes for synthetic fibers, as dyes for fluorescence microscopy or as 
materials for the security features of banknotes based on fluorescence.



The third aspect of the use of pyrazoloquinolines are their biological properties, which 
have been studied since the 1970s, and w hich w ere started by Siminoff and Crenshaw, 
who investigated the antimalarial properties of these compounds. Currently, the spectrum  
of biological properties is m uch broader and includes a variety  of tests, am ong w hich  
the research on antibacterial, antiviral and anticancer properties is a t the forefront. This 
resulted in, am ong other things, the com m ercialization of some preparations, such as, 
for example, 6-m ethoxy-4-[2-[(2-hydroxyethoxyl)ethyl]am ino]-3-m ethyl-1H -pyrazolo[3,4- 
b ]quinoline, w hich is now  com m ercially available as an MTH1 inhibitor. Therefore, fur­
ther studies tow ards the investigation of novel pharmacologically active 1H-pyrazolo[3,4- 
b ]quinolines are highly desirable.
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