
Citation: Zayed, M.F. Medicinal

Chemistry of Quinazolines as

Analgesic and Anti-Inflammatory

Agents. ChemEngineering 2022, 6, 94.

https://doi.org/10.3390/

chemengineering6060094

Academic Editor: Dmitry Yu. Murzin

Received: 4 October 2022

Accepted: 15 November 2022

Published: 2 December 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the author.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

chemengineering

Review

Medicinal Chemistry of Quinazolines as Analgesic and
Anti-Inflammatory Agents
Mohamed F. Zayed 1,2

1 Pharmaceutical Sciences Department, Fakeeh College for Medical Sciences, Jeddah 21461, Saudi Arabia;
mfzayed@fcms.edu.sa; Tel.: +966-59-803-5201

2 Pharmaceutical Chemistry Department, Faculty of Pharmacy, Al-Azhar University, Cairo 11884, Egypt

Abstract: Quinazoline is an essential scaffold, known to be linked with various biological activi-
ties. Some of the prominent biological activities of this system are analgesic, anti-inflammatory,
anti-hypertensive, anti-bacterial, anti-diabetic, anti-malarial, sedative–hypnotic, anti-histaminic, anti-
cancer, anti-convulsant, anti-tubercular, and anti-viral activities. This diversity in the pharmacological
response of the quinazoline system has encouraged medicinal chemists to study and discover this
system and its multitude of potential against several biological activities. Many of these studies
have successfully investigated the structure–activity relationship to explore the specific structural
features of their biological targets. The developing understanding of quinazoline derivatives and
their biological targets presents opportunities for the discovery of novel therapeutics. This review
represents different aspects of medicinal chemistry, including drug design, structure–activity relation-
ship, and the mode of action of some analgesic and anti-inflammatory quinazoline compounds. It
pays comprehensive attention to the analgesic and anti-inflammatory activities of quinazolines from
the viewpoint of drug discovery and its development.

Keywords: quinazoline; development; discovery; design; synthesis; structure–activity relationship

1. Introduction

Quinazoline is a double-ring heterocyclic system with two nitrogen heteroatoms in
the six-membered aromatic ring fused to the benzene ring [1–4]. Quinazoline is formed
from the pyrimidine ring fused to the benzene ring at two adjacent carbon atoms (Figure 1).
It is classified as phenyl pyrimidine [5–7]. The first quinazoline derivative was synthe-
sized by Griess et al. in 1869 through a condensation reaction [8]. It was also prepared
from 2-carboxylate derivatives by a decarboxylation reaction [9–12]. Several quinazoline
derivatives were synthesized and studied for their physical and chemical properties in
1903 by Gabriel and Colman [8]. The quinazoline system may contain an oxo group (=O) at
C-2 to form the carbonyl group (C=O), named quinazoline-2(1H)-one (2-quinazolinone)
1 (Figure 1), or at C-4 and named quinazoline-4(3H)-one (4-quinazolinone) 2 (Figure 1).
Otherwise, it may contain two oxo groups at C-2 and C-4 to form quinazoline-2,4-dione
3 (quinazolinedione) (Figure 1) [13–16]. Quinazolines are a group of versatile deriva-
tives with a wide range of pharmacological activities [17–20]. They are used as analgesic,
anti-hypertensive, anti-inflammatory, anti-bacterial, anti-diabetic, sedative–hypnotic, anti-
histaminic, anti-cancer, anti-convulsant, anti-tubercular, and anti-viral agents, as well as
having many other uses [21–25]. The aim of this review was to collect the literature re-
ported by researchers on quinazoline derivatives, their pharmacological activities, and their
structure–activity relationship as analgesic anti-inflammatory therapeutic agents.
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the physicochemical characters of quinazoline, 2-quinazolinone, 4-quinazolinone, and 2,4-

quinazolinedione [27]. Figures 3 and 4 show the lipophilic and the electrostatic potentials 

of these quinazolines [26]. 
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Figure 1. The quinazolines and some of their pharmacological activities.

2. Physicochemical Characters of Quinazolines

Figure 2 shows the molecular structures of quinazoline, 4-quinazolinone, 2-quinazolin-
one, and 2,4-quinazolinedione, represented by ball-and-line mode [26]. Table 1 shows
the physicochemical characters of quinazoline, 2-quinazolinone, 4-quinazolinone, and 2,4-
quinazolinedione [27]. Figures 3 and 4 show the lipophilic and the electrostatic potentials
of these quinazolines [26].

ChemEngineering 2022, 6, x FOR PEER REVIEW 2 of 19 
 

 

Figure 1. The quinazolines and some of their pharmacological activities. 

2. Physicochemical Characters of Quinazolines 

Figure 2 shows the molecular structures of quinazoline, 4-quinazolinone, 2-quinazo-

linone, and 2,4-quinazolinedione, represented by ball-and-line mode [26]. Table 1 shows 

the physicochemical characters of quinazoline, 2-quinazolinone, 4-quinazolinone, and 2,4-

quinazolinedione [27]. Figures 3 and 4 show the lipophilic and the electrostatic potentials 

of these quinazolines [26]. 

 

Figure 2. Molecular structure of quinazoline, 2-quinazolinone, 4-quinazolinone, and 2,4-

quinazolinedione, represented by ball-and-line mode. 

Figure 2. Molecular structure of quinazoline, 2-quinazolinone, 4-quinazolinone, and 2,4-quinazo-
linedione, represented by ball-and-line mode.



ChemEngineering 2022, 6, 94 3 of 18

ChemEngineering 2022, 6, x FOR PEER REVIEW 3 of 19 
 

Table 1. The physicochemical characters of quinazoline, 2-quinazolinone, 4-quinazolinone, and 2,4-

quinazolinedione. 

Character 2-Quinazolinone 4-Quinazolinone 2,4-Quinazolinedione 

Molecular formula C8H6N2 C8H6N2O C8H6N2O2 

Molecular weight 130.15 g/mol 146.15 g/mol 162.15 g/mol 

Number of heavy at-

oms 
10 11 12 

Number of aromatic 

heavy atoms 
10 10 10 

Fraction Csp3 0 0 0 

Number of rotatable 

bonds 
0 0 0 

Number of H-bond 

acceptors 
2 2 2 

Number of H-bond 

donors 
0 1 2 

Molar refractivity 39.54 42.36 45.19 

Tropological polar 

surface area 
25.78 A2 45.75 A2 65.72 

Lipophilicity 1.46 1.14 1.04 

Water solubility Soluble Soluble Soluble 

GI absorption High High High 

BBB permeation Yes Yes No 

Bioavailability score 0.55 0.55 0.55 

Lipinski Yes Yes Yes 

Synthetic accessibility Very easy Very easy Very easy 

 

  

  

Figure 3. lipophilic potential of quinazoline, 4-quinazolinone, 2-quinazolinone, and 2,4-

quinazolinedione. Green color represents lipophilic area, white color represents neutral area, and 

pink color represents hydrophilic area. 

Figure 3. Lipophilic potential of quinazoline, 4-quinazolinone, 2-quinazolinone, and 2,4-quinazoline-
dione. Green color represents lipophilic area, white color represents neutral area, and pink color
represents hydrophilic area.
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3. The reaction between isatoic anhydride and an amine, followed by refluxing with 

ethyl orthoformate (Scheme 3) produces 4-(3H)-quinazolinone [25,29]. 
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Table 1. The physicochemical characters of quinazoline, 2-quinazolinone, 4-quinazolinone, and
2,4-quinazolinedione.

Character 2-Quinazolinone 4-Quinazolinone 2,4-Quinazolinedione

Molecular formula C8H6N2 C8H6N2O C8H6N2O2
Molecular weight 130.15 g/mol 146.15 g/mol 162.15 g/mol

Number of heavy atoms 10 11 12
Number of aromatic heavy atoms 10 10 10

Fraction Csp3 0 0 0
Number of rotatable bonds 0 0 0

Number of H-bond acceptors 2 2 2
Number of H-bond donors 0 1 2

Molar refractivity 39.54 42.36 45.19
Tropological polar surface area 25.78 A2 45.75 A2 65.72

Lipophilicity 1.46 1.14 1.04
Water solubility Soluble Soluble Soluble
GI absorption High High High

BBB permeation Yes Yes No
Bioavailability score 0.55 0.55 0.55

Lipinski Yes Yes Yes
Synthetic accessibility Very easy Very easy Very easy

3. Methods of Preparation of Quinazolines

1. The Niemetowski method (Scheme 1) is based on the reaction of anthranilic acid and
formamide under high temperature to yield 4-(3H)-quinazolinone [25,28].
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2. Morgan’s method for the synthesis of quinazoline (Scheme 2) uses the reaction be-
tween 2-acetamidobenzoic acid and an amine in the presence of phosphorous trichlo-
ride to yield 2-methyl-3-phenylquinazolin-4(3H)-one [25,28]
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3. The reaction between isatoic anhydride and an amine, followed by refluxing with
ethyl orthoformate (Scheme 3) produces 4-(3H)-quinazolinone [25,29].
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4. The reaction of amines 2-methyl-4-nitro-bezoxazine-4-one derivatives produces 2-
methyl-4-nitro-quinazolin-4-one derivatives (Scheme 4) [28].
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5. Anthranilic acid and potassium cyanate react together (Scheme 5) to produce 2,4-
quinazolinedione derivatives [29,30].
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6. The reaction of 2-aminobenzamide and styrene in the presence of Di-tertiary-butyl
peroxide (DTBP) and P-toluene sulfonic acid (p-TsOH) produces 2-phenylquinazoline-
4(3H)-one derivatives (Scheme 6) [29,30].
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7. Transition metals are catalyzed by the synthesis of quinazoline (Scheme 7) [30]. This
method is based on the catalytic reduction in the nitro benzamide derivative using
palladium chloride (PdCl2) and iron pentacarbonyl Fe(CO)5.
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4. Analgesic Activity

Many quinazolines have been synthesized and evaluated for their analgesic and anti-
inflammatory activities [31–38]. 2-Phenyl quinazolinone 4 (Figure 5) was synthesized by
Alagarsamy et al. in 2002 [39]. It was biologically evaluated as an analgesic agent. The
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structure–activity relationship study explained that the highest activity was obtained by
the compound with diethyl substitution, while aromatic and alicyclic amine substitution
decreased analgesic activity. This activity was 58 ± 0.45% at 2 h and at 20 mg/kg compared
to that of standard diclofenac sodium, which is 53 ± 0.35% at 2 h at 20 mg/kg. The
modification of compound 4 to thiourea-substituted 2-methyl quinazolinone derivatives 5
produced more active compounds. The most active one was the compound which had the
pyrrolidine ring at C-3 (Figure 5) [40]. The activity of this compound was 65 ± 0.79% at 2 h
at 20 mg/kg. The activity of standard diclofenac during this experiment was 60 ± 0.54% at
1 h at 20 mg/kg. Further modification to thiourea-substituted 2-methylthio quinazolinone
6 yielded higher activity, i.e., 67 ± 1.18% at 2 h at 20 mg/kg [41]. Increasing lipophilicity
at C-2 by placing the butyl group instead of the methyl group yielded a more active
compound 7 with 73 ± 1.49% analgesic activity at 2 h at 20 mg/kg. Standard diclofenac
produced 62 ± 1.49% analgesic activity at 2 h at 20 mg/kg. Placing the benzylamino
group at C-2 produced active compound 8 with 55 ± 0.36% analgesic activity at 2 h at
20 mg/kg [42]. This activity was the same as standard diclofenac. Methylamino substituted
2-phenylquinazolinones 9 were synthesized and evaluated for analgesic activity [43]. They
yielded 43 ± 0.51 to 61 ± 1.08% analgesic activity at 2 h at 20 mg/kg.
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A series of 2-amino-substituted 3-(4-methoxy phenyl) quinazolinones 10 (Figure 6) was
tested for analgesic activity. It produced 64 ± 1.19% analgesic activity at 2 h at 20 mg/kg
for the compound with methylpropylidene, while the compound with ethylpropylidene
yielded higher activity, i.e., 73 ± 1.94% analgesic activity at 2 h at 20 mg/kg [44]. Placing
cycloalkyl chain at C-2 decreased the activity (55 ± 1.38 to 57 ± 1.36% analgesic activity
at 2 h at 20 mg/kg). The electron-withdrawing group at the N-3 aryl group decreased
the activity (44 ± 1.15 to 54 ± 1.25% analgesic activity at 2 h at 20 mg/kg) compared to
standard diclofenac (62± 1.49% at 2 h at 20 mg/kg). Another series 11 of amino-substituted
3-phenylquinazolinone was synthesized by replacing the 4-substituted aryl group in 10 by
the phenyl ring, resulting in less analgesic activity [45]. The cyclization reaction of C-2 and
N-3 produced (1,3,4)-thiadiazol quinazolinones 12 (Figure 6) [46,47]. The cyclic derivative
bearing alkyl moiety showed more analgesic activity than the cyclic derivative with aryl
moiety. The analgesic activity of the cyclic derivative was less than the open derivative
(39 ± 1.32 to 48 ± 1.40% analgesic activity at 2 h at 20 mg/kg).
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Other derivatives of 2-chloroacetonyl-3-substituted quinazolinones 13 (Figure 7) were
synthesized and evaluated for their analgesic activity by Kumar et al. [48]. They displayed
mild-to-moderate analgesic activity. The first series 13 yielded moderate activity, hydrazino
derivative 14 of this series yielded poor activity, while pyrazoline derivatives 15 yielded
good activity with cyclooxygenase inhibitory activity [48].

ChemEngineering 2022, 6, x FOR PEER REVIEW 7 of 19 
 

A series of 2-amino-substituted 3-(4-methoxy phenyl) quinazolinones 10 (Figure 6) 

was tested for analgesic activity. It produced 64 ± 1.19% analgesic activity at 2 h at 20 

mg/kg for the compound with methylpropylidene, while the compound with ethylprop-

ylidene yielded higher activity, i.e., 73 ± 1.94% analgesic activity at 2 h at 20 mg/kg [44]. 

Placing cycloalkyl chain at C-2 decreased the activity (55 ± 1.38 to 57 ± 1.36% analgesic 

activity at 2 h at 20 mg/kg). The electron-withdrawing group at the N-3 aryl group de-

creased the activity (44 ± 1.15 to 54 ± 1.25% analgesic activity at 2 h at 20 mg/kg) compared 

to standard diclofenac (62 ± 1.49% at 2 h at 20 mg/kg). Another series 11 of amino-substi-

tuted 3-phenylquinazolinone was synthesized by replacing the 4-substituted aryl group 

in 10 by the phenyl ring, resulting in less analgesic activity [45]. The cyclization reaction 

of C-2 and N-3 produced (1,3,4)-thiadiazol quinazolinones 12 (Figure 6) [46,47]. The cyclic 

derivative bearing alkyl moiety showed more analgesic activity than the cyclic derivative 

with aryl moiety. The analgesic activity of the cyclic derivative was less than the open 

derivative (39 ± 1.32 to 48 ± 1.40% analgesic activity at 2 h at 20 mg/kg). 

 

Figure 6. The analgesic quinazolines 10, 11, and 12. 

Other derivatives of 2-chloroacetonyl-3-substituted quinazolinones 13 (Figure 7) 

were synthesized and evaluated for their analgesic activity by Kumar et al. [48]. They dis-

played mild-to-moderate analgesic activity. The first series 13 yielded moderate activity, 

hydrazino derivative 14 of this series yielded poor activity, while pyrazoline derivatives 

15 yielded good activity with cyclooxygenase inhibitory activity [48]. 

 

Figure 7. The analgesic quinazolines 13, 14, and 15. 

A series of pyrazole-substituted quinazolinones 16 (Figure 8) was synthesized [49]. 

The 2-phenyl derivative of this series yielded 65% inhibition, the 2-ethyl derivative 

yielded 44% inhibition, and the 2-methyl derivative yielded 48%, compared to standard 

phenylbutazone (25% inhibition) and acetyl salicylic acid (20% inhibition). Further modi-

fication of these derivatives to improve their pharmacokinetic characteristics produced 

other derivatives of pyrazole-substituted quinazolinones 17 [50]. These derivatives were 

examined for their analgesic activity. The structure activity relationship (SAR) study 

Figure 7. The analgesic quinazolines 13, 14, and 15.

A series of pyrazole-substituted quinazolinones 16 (Figure 8) was synthesized [49]. The
2-phenyl derivative of this series yielded 65% inhibition, the 2-ethyl derivative yielded 44%
inhibition, and the 2-methyl derivative yielded 48%, compared to standard phenylbutazone
(25% inhibition) and acetyl salicylic acid (20% inhibition). Further modification of these
derivatives to improve their pharmacokinetic characteristics produced other derivatives of
pyrazole-substituted quinazolinones 17 [50]. These derivatives were examined for their anal-
gesic activity. The structure activity relationship (SAR) study showed that 8-methyl, 6-Cl, and
7-Cl did not increase analgesic activity. However, the 6-chloro-2-phenylquinazoline deriva-
tive displayed 43% inhibition in acetic acid peritonitis, compared to standard phenylbuta-
zone (11% inhibition) and indomethacin (66% inhibition) at a 10 mg/kg dose. The high dose
300 mg/kg of compound 17 displayed a less harmful effect (ulcer index 60) than standard
phenylbutazone (ulcer index 75) and indomethacin (ulcer index 300).
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Several bicyclic heteroaromatic systems (Figure 9) were synthesized and tested for
the in vitro inhibition of the capsaicin activation of novel transient receptor potential
vanilloid 1 (TRPV1) [51]. The order of activity of these different systems is as follows:
5-isoquinoline < 8-quinoline = 8-quinazoline < 8-isoquinoline ≥ cinnoline ≈ Phthalazine ≈
quinoxaline ≈ 5-quinoline. The study showed that two substituted quinazoline derivatives,
18 and 19 (Figure 9), substantially lowered pain and had good activity in animal models of
visceral and inflammatory pain. One of these two derivatives containing 4-trifluromethyl
substitution 18 showed good analgesic activity (IC50 = 42 nM). Meanwhile, another one,
containing 4-bromo substitution 19, showed analgesic activity with 170 nM.
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Hybrid derivatives of isatin-substituted quinazolinones (Figure 10) were examined
for their analgesic activity [52]. Out of these derivatives, 7-methyl isatin joined with 2-
phenylquinazolinone 20 was the most active one. The introduction of 2-aminophenyl at
N-1 of quinazolinone 20 did not increase the activity [53].
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In 2019, Sakr et al. [54] prepared some novel quinazoline benzamide derivatives
(Figure 11). These derivatives were evaluated for their analgesic, anti-inflammatory, and
anti-COX-1/2 activities. The analgesic activity of the new derivatives was assessed by the
acetic-acid-generated writhing test using the reference drugs indomethacin, diclofenac
sodium, and celecoxib as positive controls. Out of these derivatives, two compounds
showed potent analgesic activity. This activity was 4–21-fold more potent than the refer-
ences, namely indomethacin and diclofenac sodium. SAR studies showed that compounds
with a substitution on two phenyl rings, 21 and 22, produced higher activity than the
unsubstituted derivatives. This may be due to an increase in lipophilic characters.

In 2021, Saravanan et al. [55] synthesized a novel series of hybrid quinazoline deriva-
tives of isoxazole moiety, joined with substituted quinazolinone 23 (Figure 12). These
derivatives were evaluated for their analgesic and anti-inflammatory activities. Analgesic
activity was tested via the tail-flick technique using diclofenac sodium as a reference. Ad-
ditionally, they were examined for their antimicrobial and ulcerogenic activities. They
displayed mild-to-strong analgesic activity and low-to-moderate ulcerogenic activity. An
SAR study showed that the compounds with a substitution at 4-position of the attached
phenyl ring produced higher analgesic activity than the compounds containing substitution
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at 3-posiyion of the attached phenyl ring. The electron-withdrawing groups yielded higher
activity than the electron-donating groups. The trifluoro methyl derivative 23 showed the
highest activity among these derivatives.
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5. Anti-Inflammatory Activity

The previously discussed compounds (4–23) were evaluated for their anti-inflammatory
activity. All these derivatives showed anti-inflammatory activity except the compound 20.
It showed low anti-inflammatory activity when it was unsubstituted, while substitution
with Cl at C-6 and CH3 at C-8 showed good activity.

Two new derivatives of quinazolines, 25 and 26 (Figure 13), were designed, synthe-
sized, and evaluated for their anti-inflammatory activity [56]. These derivatives were
substituted isoquino-quinazolinone 25 and substituted quinazolino-quinazolinone 26. They
were compared to the potent substituted 2-phenyl-quinazoline compound 24, but both
were less active than compound 24.
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Other derivatives of compound 27 (Figure 14) were tested for their anti-inflammatory
activity at 8 mg/kg using standard piroxicam at 4 mg/kg [57]. An SAR study showed that
unsubstituted, 4-methyl, and 3-nitro derivatives of compound 27 yielded better activity
than standard piroxicam. Using a 4 mg/kg dose yielded lower activity than piroxicam or
diclofenac for the three derivatives. A structural modification was conducted by the intro-
duction of the nicotinyl thiadiazole group at C-3 of 28 to improve the anti-inflammatory
activity [58]. Nicotinyl-5-pyridyl thiadiazole of substituted 2-phenylquinazolinone yielded
the highest activity, equivalent to standard ibuprofen. Substituted quino-quinazolinedione
derivatives 29 and 30 showed an activity range of 12.7–58.2%. SAR studies showed that
10-iodosubstitution resulted in a significant increase in anti-inflammatory activity. Addi-
tionally, 4-phenylaminomethyl and 6-methoxyphenylaminomethyl substitution enhanced
anti-inflammatory activity [59].
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A series of 1-phenyl quinazolinone derivative 31 was synthesized to be evaluated as
anti-inflammatory agents. Among these derivatives, 2-piperidenomethyl was the most
active compound followed by 2-methlyl and then the 2-dimethylaminomethyl derivative.
The 2-chloromethyl substituents showed least activity [60].

2,3,6-trisubstituted quinazolinone derivatives 32–36 (Figure 15) were designed, syn-
thesized, and tested as anti-inflammatory agents [61]. These derivatives showed a variable
activity range of 10.28–53.33%. Compounds with o-methoxyphenyl substituents at C-3
and p-dimethylaminophenyl at C-2 showed activity higher than standard phenylbutazone.
In addition, these derivatives were tested for their ulcerogenic activity. The highly active
anti-inflammatory derivatives were less ulcerogenic compared to standard phenylbutazone.

Some novel derivatives of benzothiazole-substituted 2-phenyl quinazolinone derivatives
37, 38 (Figure 16) were tested for their anti-inflammatory activity using indomethacin as a
reference drug [62]. All the derivatives showed less activity (21.3–77.5% protection) than
indomethacin (80.9% protection). The brominated substituted derivatives 38 showed lower
activity (21.3–27% protection) than the unsubstituted derivatives (30–77.5% protection). An
SAR study explained that compounds with electron-withdrawing groups, such as 4-nitro
and halogen, yielded less activity than those with electron-releasing groups, such as 4-alkyl
and alkoxy. Moreover, when these derivatives were tested for their COX-I- and COX-II-
inhibitory activity, they showed weak activity against COX-I, and strong activity against
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COX-II. The activity was IC50 = 98–100 µM for COX-I and 0.39–1.87 µM for COX-II. While
standard indomethacin showed 0.22 µM for COX-I and 2.64 for COX-II. Additionally, the active
derivative showed a good GI safety profile at a 100 mg/kg/day oral dose without ulceration,
compared to 100% ulceration which was the result from indomethacin at the same dose.
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New derivatives of quinazolinones 39 (Figure 17) displayed significant activity at a
200 mg/kg dose, comparable to standard ibuprofen [63]. The most active derivatives were
4-nitrostyryl-substituted quinazolinone, and 4-hydroxystyryl-substituted quinazolinone.
They showed an activity range of 62.2–80.7% reduction in the edema volume. The 3-
naphtalene-substituted quinazolinone derivatives 40 (Figure 17) were tested for their
anti-inflammatory activity at 50 mg/kg. They yielded 19.69–59.61% inhibition, with a
good GI safety profile (30–70% ulcerogenic activity). Among these derivatives, 6-bromo-
substituted-quinazolinone was the most potent derivative. The anti-inflammatory activity
of standard phenylbutazone was 38.9% with 50% ulcerogenic activity [64].
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Figure 17. The anti-inflammatory quinazolines 39 and 40.

The placing of thiazolidindione and azetidinone at C-3 of quinazolinone produced
novel derivatives 41–43 (Figure 18). These derivatives were evaluated for their anti-
inflammatory activity [65]. They yielded comparable activity (16.3–36.3%) to standard
phenylbutazone at a 50 mg/kg dose. The cyclization reaction of arylidene in compound 41
resulted in azetidinone derivative 42 and thiazolidinone derivative 43. The series thiazo-
lidinone derivatives showed superior anti-inflammatory activity compared to the series of
azetidinone derivatives.
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The 5-chloro-2-substituted-triazoloquinazoline derivative 44 (Figure 19) was reported to
be an anti-inflammatory agent, which had activity ranging from more potent to equipotent to
the reference ketoprofen [66]. Another series of substituted triazolo-quinazoline derivatives
45 (Figure 19) were designed, synthesized, and evaluated for the anti-inflammatory activity
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through the carrageenin-induced paw edema test. The results showed comparable activity
to the reference indomethacin [66].
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Figure 19. The anti-inflammatory quinazolines 44 and 45.

Other derivatives of the piperidinyl-substituted quinazolinone 46 (Figure 20) was eval-
uated as an anti-inflammatory agent for the treatment of inflammatory diseases, including
rheumatoid arthritis, autoimmune diseases, and ulcerative colitis [66]. It showed potent
anti-inflammatory activity. The reported 5-chloro-2-methylsulfonyl-triazoloquiazoline 47
(Figure 20) was reported to be a potent anti-inflammatory agent against different types
of inflammatory mediators, such as nitric oxide (NO), tumor necrotic factor α (TNF-α),
prostaglandin (PGE-2), and bacterial lipopolysaccharide (LPS)-stimulated macrophages.
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Leniolisib 49 (Figure 21) [67] is a quinazoline-based selective phosphoinositol-3-kinase
δ (PI3Kδ) inhibitor. It has been designed as an anti-inflammatory immunomodulator
agent [67]. It shows potent inhibitory activity (IC50 = 9 nM). It inhibits a wide spectrum
of immune-cell functions for neutrophils, basophils, mast cells, monocytes, plasmacytoid,
and dendritic cells. It is currently under clinical research for treating Sjogren’s syndrome
and APDS/PASLI, which is a disease caused by a gain of function mutations of PI3Kδ.
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6. Analgesic and Anti-Inflammatory Quinazolines Marketed Drugs

The marketed drug proquazone 50 (Figure 22) [68] is a quinazoline-based non-steroidal
anti-inflammatory agent (NSAI). It is a 4-aryl-1-alkyl-quinazolinone derivative [68]. It is
the first effective anti-inflammatory drug of a non-acidic nature. It is used in the treatment
of rheumatoid arthritis and osteoarthritis. The dose of 300 to 900 mg/day is as effective as
aspirin and diclofenac in the patients with osteoarthritis. Earliest studies have proved the
efficacy of proquazone in acute inflammatory disorders and revealed that it offers useful
analgesic support in acute pain conditions, such as dysmenorrhea and headache.

ChemEngineering 2022, 6, x FOR PEER REVIEW 15 of 19 
 

 

Figure 22. The molecular structure of proquazone and fluproquazone. 

The marketed quinazoline anti-inflammatory agent NSC127213 (Figure 23) [68] is a 

derivative of tetrazolo quinazoline [68]. NSC127213 works by inhibiting the histamine-1 

receptor (H1R) and the histamine-4 receptor (H4R) for the treatment and prevention of 

inflammatory, autoimmune, and allergic diseases. The molecular structure of these mar-

keted drugs was based on previous studies on analgesic anti-inflammatory quinazolines 

(Table 2). 

 

Figure 23. The molecular structure of NSC127213. 

Table 2. Molecular formula, generic names, chemical names, and uses of marketed analgesic and 

anti-inflammatory quinazolines [68]. 

Molecular Formula Generic Names Chemical Name Uses 

C18H18N2O 

Proquazone 

Proquazonum 

RU 43715 

SaH 43-715 

Sandoz 43-715 

UNII-42VPJ2980S 

2(1H)-Quinazolinone, 

1-isopropyl-7-methyl-

4-phenyl 

Analgesic 

Anti-inflammatory 

Antirheumatic 

Cyclooxygenase In-

hibitors 

C18H17FN2O 

Fluproquazone 

Fluproquazonum 

Fluproquazona 

RF 46-790 

SaH 46-790 

Tormosyl 

UNII-U4K85O58HD 

BRN 089183 

2(1H)-Quinazolinone, 

4-(4-fluorophenyl)-7-

methyl-1-(1-meth-

ylethyl) 

Analgesic 

Anti-inflammatory 

Antirheumatic 

C8H5N5 
NSC127213 

UNII-7UWV5UYI5C 

Tetrazolo(1,5-

c)quinazoline 
Anti-inflammatory 
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Fluproquazone 51 (Figure 22) is a fluoro-substituent derivative of proquazone. Addi-
tionally, it is a non-steroidal anti-inflammatory drug (NSAID) with potent activity.

The marketed quinazoline anti-inflammatory agent NSC127213 (Figure 23) [68] is a
derivative of tetrazolo quinazoline [68]. NSC127213 works by inhibiting the histamine-1
receptor (H1R) and the histamine-4 receptor (H4R) for the treatment and prevention of
inflammatory, autoimmune, and allergic diseases. The molecular structure of these marketed
drugs was based on previous studies on analgesic anti-inflammatory quinazolines (Table 2).

Table 2. Molecular formula, generic names, chemical names, and uses of marketed analgesic and
anti-inflammatory quinazolines [68].

Molecular Formula Generic Names Chemical Name Uses

C18H18N2O

Proquazone
Proquazonum

RU 43715
SaH 43-715

Sandoz 43-715
UNII-42VPJ2980S

2(1H)-Quinazolinone,
1-isopropyl-7-methyl-

4-phenyl

Analgesic
Anti-inflammatory

Antirheumatic
Cyclooxygenase

Inhibitors

C18H17FN2O

Fluproquazone
Fluproquazonum
Fluproquazona

RF 46-790
SaH 46-790
Tormosyl

UNII-U4K85O58HD
BRN 089183

2(1H)-Quinazolinone,
4-(4-fluorophenyl)-7-

methyl-1-(1-
methylethyl)

Analgesic
Anti-inflammatory

Antirheumatic

C8H5N5
NSC127213

UNII-7UWV5UYI5C
Tetrazolo(1,5-
c)quinazoline Anti-inflammatory
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7. Summary of SAR Studies of Analgesic and Anti-Inflammatory Quinazolines

1. A strong analgesic activity was noted when N-3 was an aliphatic substituent in
quinazolinone moiety. Changing the aliphatic group to an aryl group enhanced
the analgesic activity. Generally, electron-withdrawing groups at N-3 decreased the
activity. The cyclization of C-2 and C-3 in quinazolinone moiety resulted in decreased
analgesic potency. The molecular hybridization of quinazolinone moiety with another
heterocyclic system, such as thiazolidinone, thiazole, and azetidinone, improved the
analgesic activity

2. The anti-inflammatory effect was increased by the presence of electron-withdrawing
groups in C-1, C-6, and C-7 of the quinazolinone system. The introduction of the
phenyl ring at N-1 position decreased the anti-inflammatory activity. The molecular
hybridization of quinazolinone moiety with another heterocyclic system, such as
thiazolidinone, thiazole, and azetidinone, improved the anti-inflammatory activity.

8. Conclusions

As mentioned above, the quinazoline system has a wide range of biological activi-
ties, such as being analgesic, anti-inflammatory, anti-diabetic, anti-hyperlipidemic, anti-
hypertensive, anti-bacterial, anti-fungal, anti-viral, anti-malarial, anti-convulsant, anti-
cancer, anti-depressant, and anti-tubercular agents, as well as other activities. Therefore, it
has great therapeutic potential for the treatment of different types of diseases and infections.
The study of the structural–activity relationship (SAR) is the key for the improvement
of efficient quinazoline therapeutic agents. Optimized quinazoline derivatives will be
produced via an SAR-based study. Structural modifications can be performed by different
techniques, such as the molecular hybridization or bioisosteric replacement techniques.
Based on that, it is very possible that improved quinazolines having great potency and low
side effects will go on to be created.
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