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Abstract
Medicinal chemistry can rightfully be regarded as a cornerstone in the public health of our modern society that combines 
chemistry and pharmacology with the aim of designing and developing new pharmaceutical compounds. For this purpose, 
many chemical techniques as well as new computational chemistry applications are used to study the utilization of drugs 
and their biological effects. In the biological interface, medicinal chemistry constitutes a group of interdisciplinary sciences, 
as well as controlling its organic, physical and computational pillars. Therefore, medicinal chemists working to design an 
integrated and developing system that portends an era of novel and safe tailored drugs either by synthesizing new pharma-
ceuticals or to improving the processes by which existing pharmaceuticals are made. It includes researching the effects of 
synthetic, semi-synthetic and natural biologically active substances based on molecular interactions in terms of molecular 
structure with triggered functional groups or the specific physicochemical properties. The present work focuses on the 
literature survey of chemical diversity of phenoxy acetamide and its derivatives (Chalcone, Indole and Quinoline) in the 
molecular framework in order to get complete information regarding pharmacologically interesting compounds of widely 
different composition. From a biological and industrial point of view, this literature review may provide an opportunity for 
the chemists to design new derivatives of phenoxy acetamide and its derivatives that proved to be the successful agent in 
view of safety and efficacy to enhance life quality.
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Abbreviations
HPLC	� High-performance liquid chromatography
GCMS	� Gas chromatography–mass spectrometry
NMR	� Nuclear magnetic resonance spectroscopy
FTIR	� Fourier-transform infrared spectroscopy
TLC	� Thin-layer chromatography
LC/MS	� Liquid chromatography–mass spectrometry
X-ray	� X-radiation
DCM	� Dichloromethane
TBTU	� 2-(1H-benzotriazole-1-yl)-1,1,3,3-tetramethyl-

aminium tetrafluoroborate
IC50	� Half-maximal inhibitory concentration

MTT	� 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide

T3P	� Propylphosphonic anhydride
5-FU	� 5-Fluorouracil
HIF-1α	� Hypoxia-inducible factor 1-alpha
MDM-2	� Mouse doubles minute 2
AChE	� Acetylcholinesterase
BChE	� Butyrylcholinesterase
CTX	� Chemotherapy
H37Rv	� Mycobacterium tuberculosis strain
DPPH	� 2,2-Diphenyl-1-picrylhydrazyl
NO	� Nitric oxide
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CDI	� Carbonyldiimidazole
DMAP	� 4-Dimethyl aminopyridine
COX-2	� Cyclooxygenase 2
VEGFr-2	� Vascular endothelial growth factor receptors-2
SF268	� Human glioblastoma cell line
HCT-15	� Human colon cancer cell line
HCT-116	� Human colorectal carcinoma cell line
MCF-7	� Human breast cancer cell line
PC-3	� Human prostate cancer cell line
SF539	� Human brain cancer cell line
HepG-2	� Human liver cancer cell line

An overview of medicinal chemistry using 
chemotherapy: an introduction

Medicinal chemistry can rightfully be regarded as a corner-
stone in the public health of our modern society [1]. It is 
one of the chemistry branches that intersect with pharma-
ceutical chemistry, especially in industrial organic chemis-
try, pharmacology and other biological disciplines, which 
deals with the composition of pharmaceutical substances or 
biologically active drugs, and their chemical synthesis [2]. 
Medicinal chemistry is a scientific discipline that combines 
chemistry and pharmacology with the aim of designing and 
developing new pharmaceutical compounds or more cor-
rectly, it combines pharmacology and organic chemistry 
[3]. Therefore, medicinal chemistry can identify, manufac-
ture and develop new chemical compounds for therapeutic 
uses: increasing their therapeutic effect and decreasing side 
effects to maintain and improve the health of the human 
being [4]. Furthermore, medicinal chemistry plays one of 
the most important roles in modern healthcare because of 
its effective role in preserving human life by providing a lot 
of medicinal drugs and medical preparations [5]. For this 
purpose, many chemical and technical techniques as well as 
new computational chemistry applications are used to study 
the utilization of drugs and their biological effects [6]. In 
the biological interface, medicinal chemistry constitutes a 
group of interdisciplinary sciences, as well as controlling its 
organic, physical and computational pillars [7]. Medicinal 
practitioners have a strong background in organic chemistry 
as well as an understanding of biological principles related 
to cellular pharmacological drug targeting and to use of 
chemical principles to design effective therapeutic drugs [8].

The discovery of medicines has a long history which 
dates back to the early days of human civilization, even 
though the diseases were treated as enigmatic, mystical and 
frightens [9]. Within those ancient days, medicines were 
used not only for medical treatment but also for religious 
and incorporeal recovery [10]. Where the people were con-
cerned about treating the mysterious diseases by using eat-
ing and drinking, as well as using specific plants and herbs, 

and experimenting randomly on patients [11]. This is due to 
ignorance of the nature and characteristics of the diseases at 
the time. Many archaic populations have recorded the thera-
peutic characteristic of individual selected plants and elixirs 
resulting from the required testing and error study for cures 
for specific conditions [12].

Essential medicines are now identified as some of those 
which fulfill the population’s priority healthcare needs and 
are recommended in terms of disease prevalence and impor-
tance to public health, therapeutic effect and safety proof, as 
well as the impact of service quality [13]. Therefore, medici-
nal chemists working to design an integrated and developing 
system that portends an era of novel and safe tailored drugs 
either by synthesizing new pharmaceuticals or to improving 
the processes by which existing pharmaceuticals are made 
[14]. It includes researching the effects of synthetic, semi-
synthetic and natural biologically active substances based on 
molecular interactions in terms of molecular structure with 
triggered functional groups or the specific physicochemi-
cal properties [15]. Therefore, the contribution of medicinal 
chemistry to both the medicinal and pharmaceutical fields is 
significant, along with the production of medicines, detec-
tion, design and identification of biological activity [16].

Modern process for drug discovery 
and development

The task of seeking a new drug and developing is a com-
plicated, challenging and costly process [17]. It specifically 
aims to find effective drugs with distinct consumer charac-
teristics that can support humanity by relieving symptoms 
of the disease and prolonging its existence. The method of 
modern drug discovery has been revolutionized by success-
ful technologies such as virtual screening, in-silico screen-
ing, structure-based drug design, de novo design, in-vitro as 
well as the advent of genomics, proteomics and bioinformat-
ics [18–21].

Development of chemistry processes

After the design, the final stages of synthetic chemis-
try include the development of a lead compound in the 
required quantity and quality to support large-scale animal 
experiments and afterwards human clinical trials [22]. This 
includes refining the synthetic pathway for large industrial 
production and finding the most effective drug formulation 
[23]. Synthetic chemistry aimed at adapting and improv-
ing the synthetic route in medicinal chemistry and involves 
thorough knowledge of appropriate synthetic procedure in 
the sense of large-scale reactions including reaction thermo-
dynamics, economics and safety [24].



1842	 Journal of the Iranian Chemical Society (2021) 18:1839–1875

1 3

Structural analysis

Structural analysis of the active compounds is often per-
formed through computational methods prior to the actual 
synthesis of the ligands for several considerations, includ-
ing time and financial considerations [25]. Pharmaceutical 
product structures are tested in several ways, primarily as a 
means of evaluating the effectiveness, safety and accessibil-
ity [26]. The five parameters of the Lipinski rule based on 
are the number of donors and acceptors of hydrogen bonds, 
a number of rotatable bonds, surface area and lipophilicity 
[27]. The synthetic complexity, chirality, flatness and aro-
matic ring count are other parameters whereby the medicinal 
chemists determine or classify their molecules [28]. Once 
the molecule of interest has been synthesized, different anal-
ysis methods such as TLC, NMR, GC/MS, LC/MS, HPLC/
MS/MS, GCMS, FTIR, X-ray, (electron and neutron diffrac-
tion), elemental analysis, microwave spectroscopy etc. are 
then performed [29].

Chemotherapy trials

Chemotherapy (CTX or CTx) is an aggressive form of 
chemical substance intended to kill quickly growth and 
evolving cells in the body [30]. Chemotherapy, also referred 
to as "chemical cure," has existed since the times of the 
ancient Greeks, but chemotherapy to treat cancer with the 
use of nitrogen mustard started mostly in the 1940s [31, 
32]. Where used chemotherapy to cure cancer started with 
many attempts to establish new methods for evaluating the 
chemical effect in rodents by using transplantable different 
tumors [33]. Nowadays, this is also referred to as anti-tumor 
or anti-neoplastic drugs that may be administered for a cura-
tive purpose or it may be directed at minimizing symptoms 
(palliative chemotherapy) [34]. Chemotherapy can be seen 
to a huge extent as a means of destroying or disrupting can-
cer cells, which can then result in the death of cells (apop-
tosis) [35]. Notably, any use of medications represents a 
systemic cancer treatment in that they are delivered into the 
bloodstream and are thus able to resolve cancer at any ana-
tomical place in the body [36]. Therefore, systemic therapy 
is most often used in combination with several other local 
cancer treatment methods, such as radiation therapy, surgery 

or hyperthermia therapy [37]. The aim of chemotherapy is 
always to prevent or delay the growth of cancer cells by 
reducing the total number of body cancer cells, minimize 
the possibility of cancer spreading, decreasing the size of the 
tumor and reducing current symptoms [38]. While chemo-
therapy is an effective treatment option for several types of 
cancer, but it sometimes poses a risk of side effects [39].

An overview of phenoxy derivatives 
as possible therapeutic candidates

Phenoxy acetic acid is an organic compound that repre-
sents a group of phenoxy acetic acid derivatives contain-
ing anisole in which acetic acid or its derivatives are linked 
to the methane group Fig. 1 [40]. Phenoxy acetic acid is 
often known to be monocarboxylic acid, which is the gly-
colic acid O-phenyl derivative with a sweet and sour tast-
ing with significant smells like honey and can be found in 
cocoa and its products. Phenoxy acetic acid exists as solid 
crystals that have needle-shaped, colourless, readily soluble 
in ether, glacial acetic acid, as well as in ethanol solvent 
with medium-strong acid (pKs = 3.17). Further, it is used 
throughout the manufacture of pharmaceuticals, pesticides, 
fungicides and dyes [41–44]. Phenoxy acids and their deriv-
atives are associated with a variety of biological activities 
such as herbicidal activity [45], anti-mycobacterial agents 
[46], anti-inflammatory activity [47], anti-leishmanial [48] 
and anti-viral activity [49].

Introduction to the synthesis of phenoxy acid 
and its derivatives

Interestingly, phenoxy acetic acid can be easily prepared by 
starting with phenol (1) and chloroacetic acid (3) with a 
solution of sodium hydroxide. The sodium hydroxide solu-
tion deprotonates the phenol hydroxy group. Finally, the 
resulting phenolate (2), now attacks the a-carbon atom of 
the chloroacetic acid nucleophilically, splitting off a chloride 
ion and then forming of phenoxy acetic acid compound (4), 
Scheme 1 [50].

Alternatively, our research group (Shaukath et al. 2008) 
has synthesized a series of phenoxy oxazolines (7) beginning 

Fig. 1   i General structure of 
phenoxy acid, ii phenoxy acid 
derivatives
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with substituted phenols (5) and chloro acetic acid in the 
presence of acetone and anhydrous potassium carbonate to 
afford substituted phenoxy acetic acids (6). Finally phenoxy 
acetic acids and ethanolamine was subjected to microwave 
irradiation to have substituted phenoxy oxazolines. Among 
this series, good yield and potent activity was exhibited by 
para bromo phenoxy oxazoline as shown in Scheme 2 [51].

Also, in the year 2018, our research group has been syn-
thesized a novel phenoxy thiazole derivative (13) starting 
from 2, 4-difluorophenol (8) and ethyl chloroacetate (9) in 
the presence of anhydrous potassium carbonate to achieve 
phenoxy ester (10). On hydrolysis, compound (10) con-
verted to corresponding phenoxy acid (11) and finally this 
on coupling with 2-amino-4-(4-bromophenyl)thiazole (12) 
in the presence of dry dichloromethane (DCM), lutidine and 
2-(1H-benzotriazole-1-yl)-1,1,3,3-tetramethylaminium tetra-
fluoroborate (TBTU) furnished compound (13) as shown in 
Scheme 3 [52].

Pharmaceutical aspects of phenoxy derivatives

Phenoxy derivatives as anti‑cancer agents

In the year of 2018, a novel series of phenoxy thiazoles were 
synthesized by our research group and screened for cyto-
toxic and anti-proliferative activity against multiple cancer 
cells. The result revealed that compound (13) with methyl 
and fluoro substitute has potential cytotoxic efficacy with 
an average IC50 value of ̴ 13 μM. The potent compound (13) 
was further assessed for anti-tumor studies that showed sig-
nificant role against the tumor cells by repressing HIF-1α by 
p53/MDM-2 mediated degradation [52].

Other series derivatives were also investigated for their 
neoplastic development targeting matrix metalloproteases 
and tumor hypoxia activities. The experimental result 
favoured compound (14) with good cytotoxic efficacy with 
prolonged activity against different cancer cell lines as well 
as against Dalton’s solid lymphoma progression [53].

Scheme 1   Synthesis of phe-
noxy acetic acid

Scheme 2   Synthesis of phe-
noxy oxazoline
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Phenoxy derivatives as anti‑nociceptive 
and anti‑inflammatory agents

A series of novel phenoxy acid hydrazides (15) were pre-
pared by Turan et al. [54] and then evaluated for their anti-
nociceptive and anti-inflammatory activities. Almost all of 
the derivatives were reported to demonstrate a nociceptive 
peripheral impact. The findings showed that the presence of 
acidic moiety enhanced the peripheral action of anti-nocic-
eption and decreased the central activity of anti-nociception.

Scheme 3   Synthesis of phenoxy thiazole
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A novel series of 2-(substituted phenoxy)-N-(1-phenyle-
thyl) acetamide analogs (16) were synthesized by Priyanka 
et al. [55] using 1-phenylethylamine and substituted phenols. 
For their anti-inflammatory activity and analgesic activity, 
the synthesized phenoxy compounds were examined and the 
results indicated that halogen-containing phenoxy deriva-
tives enhanced the anti-inflammatory function, while healthy 
anti-cancer, anti-inflammatory and analgesic activities have 
been seen in the derivatives carrying nitro group.

Phenoxy derivatives as acetylcholinesterase 
inhibitors for Alzheimer’s disease

A novel series of 2-phenoxy-indan-1-ones (17) have been 
designed and synthesized by Rong Sheng et al. [56]. The 
phenoxy derivatives then subjected to in-vitro evaluation 
according to the modified Ellman method using rat cortex 
homogenate acetylcholinesterase (AChE) and rat serum 
butyrylcholinesterase (BChE) as acetylcholinesterase inhibi-
tors. The result displayed that most of the compounds exhib-
ited high activity of AChE inhibition, while all the com-
pounds were almost inactive against BChE.
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Phenoxy derivatives as anti‑mycobacterial agents

Twenty new classes of phenoxy acetic acid analogs were 
prepared by Mohammad Shahar yar et al. [57], and it was 
screened for anti-mycobacterial activity against M. tuber-
culosis H37Rv by using the technique BACTEC-460 radio-
metric system. The result of newly synthesized derivatives 
(18) showed promising activities against both drug-sensitive 
and drug-resistant strains of M. tuberculosis. These results 
indicated that the novel phenoxy acetic acids as an interest-
ing lead molecule for further evaluation.

Fig. 2   Structure of acetamide showing a single peptide group Scheme 4   Synthesis of acetamide derivative

Phenoxy derivatives as Anti‑oxidant agents

In 2013, our research group has been synthesized a series 
of (4-benzoyl-phenoxy)-acetic acid analogs (19) and then 
evaluated against in-vitro anti-oxidant effects by using 1, 
1-diphenyl-1-picrylhydrazyl (DPPH), hydrogen peroxide 
(H2O2) and nitric oxide (NO) radical scavenging assays. 
Among the series, un-substituted and chloro derivatives 
exhibited good activities compared to the standard drug 
ascorbic acid [58].

An overview of acetamide derivatives 
as possible therapeutic candidates

Acetamide (also known as ethanamide or acetic acid amide) 
belongs to the class of organic compounds known as car-
boxamides acids with the formula CH3CONH2 Fig. 2 [59]. 
It is associated with the class of acetamides that results from 
the condensation of acetic acid with ammonia as a mono-
carboxylic acid amide Scheme 4 [60]. Acetamide exists as 
a solid, soluble in water and an extremely weak acidic with 
a mousy tasting compound that can found in red beetroot.
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The domain of drug research deals primarily with both 
the design and development of new drugs, based on an 
understanding as to how they function to target a particular 
gene at the molecular level [61]. Molecules with acetamide 
linkage and its derivatives as core structures are reported to 
exhibit a wide spectrum of biological activities [62]. There-
fore, special attention has also been given to acetamide 

medications because of their possible use as a therapeu-
tic agent. Acetamide derivatives and their analogs repre-
senting a high potential of biological activities including 
anti-inflammatory [63], anti-oxidant [64], anti-cancer [65], 
anti-convulsant [66], anti-hypoxic and anti-microbial [67], 
antituberculosis agents [68] and anti-COVID-19 molecules 
[69]. In addition, several acetamide derivatives are used to 
improve some enzymes that inhibit HIV virus activity from 
replicating [70]. Acetamide derivatives found to possess 

Scheme 5   Synthesis of isopropylphenoxy acetamide

sedative or analgesic properties, for example, paracetamol 
(23 and 24) is one of the world’s most widely used as an 
analgesic and antipyretic agents bearing acetamide group 
[55]. Presumably, these are just some of the causes for 
increasing interest in the study of the synthesis, biological 
activity and structure–activity relationships of acetamide 
and its derivatives.

Introduction to synthesis of acetamide and its 
derivatives

Interestingly, our group have been designed and synthesized 
a novel N-(2-aminophenyl)-2-(2-isopropylphenoxy) aceta-
mide (27) by the condensation of ethyl 2-(2 isopropylphe-
noxy) acetic acid (25) with 1,2-diaminobenzene (26), using 
dry DCM as solvent lutidine and TBTU as coupling agent at 
room temperature as shown in Scheme 5 [71].
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Moreover, our group also have been synthesized phe-
noxy acetamide pyridazine derivatives (30a–l) by coupling 
of phenoxy acetic acid derivatives (28a–l) with 3-chloro-
6-hydrazinylpyridazine (29) in the present of lutidine and 
TBTU as coupling agent [53] (Scheme 6).

The syntheses of the 2,2-diphenyl-N-(3-phenylpropyl)
acetamide (32) as reported in Scheme 7 was accomplished 
by using 2,2-diphenylacetic acid (31) in dry DCM with 
N,N1-carbonyldiimidazole (CDI) and 4-dimethyl amino-
pyridine (DMAP), and the reaction mixture was stirred for 
20 min at room temperature. Then 3-phenylpropylamine was 
added and the mixture further stirred for 5 h [72].

Besides, as shown in Scheme 8, 2-chloro-N-phenylacet-
amide (34) was synthesized by dissolving aniline (33) in 
benzene and triethylamine and then chloroacetyl chloride 
was added with constant stirring [73].

Pharmaceutical aspects of acetamide derivatives

Acetamide derivatives as analgesic agents

A series of N-phenylacetamide sulphonamides were syn-
thesized and interestingly in this series N-[4-[(4-methyl-
1-piperazinyl)sulfonyl]phenyl]acetamide (35) exhibited 
good analgesic activity as comparable or superior than par-
acetamol, while the compounds N-(4-(N,N-diethylsulfamoyl)
phenyl)acetamide (36) and N-(4-(piperazin-1-ylsulfonyl) 
phenyl) acetamide (37) showed an important anti-hyperno-
ciceptive activity which is associated to inflammatory pain 
[74].

Acetamide derivatives as anti‑cancer agents

A series of acetamide sulphonyl analogs have been 
designed and synthesized very recently through a multi-
step reaction and then screened for in-vitro cytotoxic 
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activity against a different human cancer cell lines such 
as HCT-1, SF268, HT-15, MCF-7 and PC-3, using the 
MTT assay. As per the results, most of the acetamides 
showed a good activity but compounds N-(4-methoxy-
phenyl)-2-(4-pyrrolidin-1-ylquinazoline-2-sulfonyl)-
acetamide (38), N-(2-methoxy-phenyl)-2-(4-piperidin-1-yl 

quinazoline-2-sulfonyl)-acetamide (39) and N-(4-methoxy-
phenyl)-2-(4-morpholin-4-ylquinazoline-2-sulfonyl)-aceta-
mide (40) were showed remarkable anti-cancer activity on 
most tested cell lines [75].

Scheme 6   Synthesis of phenoxy acetamide pyridazine derivatives

Scheme 7   Synthesis of diphenylpropyl acetamide

Scheme 8   Synthesis of chloro-
phenyl acetamide
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Acetamide derivatives as anti‑depressant, 
tranquilizer and anti‑convulsant agents

Researchers in search of novel anti-depressants prepared 
a series of triazino acetamides and evaluated against anti-
depressant activity by using tail suspension test in mice. The 
series exhibited a great anti-depressant activity, measured in 
terms of the percentage decrease in immobility duration. The 
synthesized derivatives (41–44) exhibited significant activity 
to reduced immobility compared to standard anti-depressant 
drugs like moclobemide, imipramine and fluoxetine [76].

Moreover, a simple and efficient method for the synthe-
sis and evaluation of acetamides was developed by Ashok 
et al. [77] for anti-convulsant activity, along with the neu-
rotoxicity effect on mice. Among all the synthesized com-
pounds tested, (45) and (46) showed the highest activity with 
anti-convulsant potency relative to phenytoin of 0.74 and 
0.72, respectively. Whereas the other acetamide compounds 
shown moderate potencies in the range 0.21 to 0.64 com-
pared to phenytoin.
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Acetamide derivatives as anti‑microbial 
and anti‑fungal agents

A new series of acetamides was prepared and characterized 
by different spectral data by Ravindra et al. [78] All aceta-
mide derivatives were screened to evaluate anti-microbial 
and anti-fungal activity. The experiments were performed 
and disclosed that the acetamide compounds 2-(4-(benzo[d]
thiazol-5-ylsulfonyl)piperazin-1-yl)-N-(3,5-difluorophenyl) 
acetamide (47) and 2-(4-(benzo[d]thiazol-5-ylsulfonyl)
piperazin-1-yl)-N-(3-isopropylphenyl) acetamide (48) were 
displayed good activity against gram-positive bacteria. As 
well as the other two acetamide compounds 2-(4-(benzo[d]
thiazol-5-ylsulfonyl)piperazin-1-yl)-N-(thiazol-2-yl)aceta-
mide (49) and 2-(4-(benzo[d]thiazol-5-ylsulfonyl)piperazin-
1-yl)-N-(6-chloropyridin -2-yl) acetamide (50) were showed 
good activity against fungi.

An overview of chalcones derivatives 
as possible therapeutic candidates

Chalcone are compounds that consists of two aromatic rings 
linked by α, β-unsaturated ketone, with various substituents 
on the two aromatic rings (51 and 52), and they forms the 
central core for a variety of important biological compounds 
[79]. Various methods are presented to synthesized chal-
cones and its derivatives; one of them is Claisen–Schmidt 
condensation of aryl aldehyde derivatives and acetophenone 
analogs [80]. Due to their various biological and pharmaco-
logical properties, chalcones and its derivatives are intensely 
involved in the medicinal and industrial aspects [81]. Natural 
and synthetic chalcones exhibit a wide variety of biological 
properties including anti-proliferative [82], anti-inflamma-
tory [83], anti-cancer [84], anti-tubercular and anti-bacterial 
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[85], anti-fungal [86], anti-oxidant [87] and anti-leishmanial 
activities [88]. In addition, naturally occurring chalcones 
are precursors in the biosynthesis of chromanones and fla-
vanones and play a significant role in the plant protection 
against ultraviolet radiation, diseases and insects [89].

Scheme 9   Synthesis of chalcone derivatives

Introduction to synthesis of chalcone and its 
derivatives

Chemically, chalcone (51) is obtained by an Aldol condensa-
tion between aromatic aldehydes (benzaldehyde) (53) and 
aromatic ketones (acetophenone) (54) using sodium hydrox-
ide as a catalyst which leads to α, β-unsaturated carbonyl 
system as shown in Scheme 9 [90].

Interestingly, our group introduced an efficient and fac-
ile base-catalyzed Claisen-Schmidt condensation method 
to synthesize 1-(3,4-dimethoxyphenyl)-3-(4- bromophe-
nyl)prop-2-en-1-one (57) by stirring a ethanolic solution 
of p-bromo benzaldehyde (55) and 3, 4-dimethoxy aceto-
phenone (56) for 4–5 h in the presence of 10% potassium 
hydroxide solution as shown in Scheme 10 [91].

Further, a novel series of fluoro-substituted chalcone 
derivatives (62a–i) were prepared by three steps reaction. 
First phloroglucinol (58) was treated with acetic anhydride 
in the presence of methane sulfonic acid at 80 °C to achieve 
compound 1,1′,1′’-(2,4,6-trihydroxybenzene-1,3,5-triyl)
triethanone (59). The next step was to obtain compound 

1,1′,1′’-(2,4,6-Trimethoxybenzene-1,3,5-triyl)triethanone 
(60) by the reaction of compound (59) with dimethyl sul-
phate. To the solution of compound (60) and benzalde-
hyde derivatives (61a–i) in methanol, potassium hydroxide 
solution was added and stirred for 14 h at 25 °C. After the 

completion of reaction, solvent was removed and crude 
sample was treated with 2 M hydrochloric acid solution, 
extracted with DCM and purified via column chromatog-
raphy to yield chalcone compounds (62a–i) as depicted in 
Scheme 11 [92].

Many chalcones also can be obtained via coupling reac-
tions by using different reactants (63–69). Several reactions 
involved C–C and C-heteroatom covalent bond via oxidative 
addition transmetalation-reductive elimination, as illustrated 
in Scheme 12 [93].

In general, chalcones synthesis was carried out through 
the condensation method in the presence of acid or base 
catalysis. At present due to their wonderful biological activi-
ties, various synthetic methodologies and procedures were 
reported which include various methods such as:

Microwave irradiation condition

Recently microwave solvent-free method was employed to 
prepare different chalcones (72). This method has more fea-
tures over other conventional methods because it minimizes 
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the reaction time, solvent evaporation and most importantly 
with best yield of the product Scheme 13 [94].

Ultrasound irradiation technique

Ultrasound irradiation is one of the beneficial techniques, 
because it saves the reaction time by an increase in the vibra-
tional state of the lattice that makes chemical reactions in 
a short time. In view of this, Chtourou et al. [95] reported 

a solvent-free synthesis of chalcones (73) with high yield 
using acidic KSF clay under the ultrasonic irradiation tech-
nique Scheme 14.

Witting reactions

Witting olefination is a method for the synthesis of chalcones 
by taking into account the basic function of chalcones as α, 
β-unsaturated carbonyl derivatives. In light of this, Ramirez 

Scheme 10   Synthesis of dimethoxy chalcone

Scheme 11   Synthesis of different chalcone derivatives
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Scheme 12   Many chalcones obtained via coupling reactions

Scheme 13   Different chalcones synthesis via microwave solvent-free method

Scheme 14   Synthesis of 
chalcones derivatives using 
ultrasonic irradiation technique

H CH3O
O

Acidic clay (KSF)

(70) (73)(54)

R R
100 oC, ultrasound irradiation

R=Br

O
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et al. [96] were achieved the new chalcones (51) by refluxing 
triphenyl benzoyl methylene phosphorane (74) and benza-
ldehyde (70) using tetra hydro furan as solvent Scheme 15.

Pharmaceutical aspects of chalcone derivatives

Chalcone derivatives as anti‑cancer agents

In the year of 2019, Lina et al. [97] have been synthesized 
two new series of chalcone derivatives through Claisen-
Schmidt condensation. In the two series, compounds 
(E)-5-(3-(4-chlorophenyl) acryloyl)-2-methoxybenzene-
sulfonamide (75) and (E)-N-(4-amino-2-(methylthio)-6-
oxo-1,6-dihydropyrimidin-5-yl)-5-(3-(4-chlorophenyl)
acryloyl)-2 methoxy benzenesulfonamide (76) exhibited 
potent anti-cancer activity against the majority of cell lines, 
especially HCT-116 for compound (75) and SF539 for (76) 
compound.

Scheme 15   Synthesis of chal-
cones using Witting reaction 
method

Likewise, in 2020 a series of coumarin-chalcone 
were synthesized and evaluated for anti-cancer potency 
by Yu Wang et  al. [98] Among all compounds, (E)-7-
(diethylamino)-3-(3-(3-hydroxy-4-methoxyphenyl)-3-ox-
oprop-1-en-1-yl)-2H-chromen-2-one (77) with red fluores-
cence has been developed as cancer treatment agent. Further, 
this studies displayed that compound (77) induces cancer-
cell apoptosis.
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Chalcone derivatives as anti‑inflammatory 
and anti‑depressant agents

Zhe-Hao et al. [99] were designed, synthesized and evalu-
ated twenty four quinoline-chalcone analogs against anti-
depressants and anti-inflammatory effects. The results 
illustrated that compounds (78–80) displayed the more anti-
depressant activity by shortened immobility times. Likewise, 
the same compounds exhibited moderate COX-2 inhibitory 
effects similar to standard drug celecoxib.

Chalcone derivatives as anti‑bacterial agents

Due to the increase in anti-biotic resistance and other factors 
the researchers has been encouraged to look for new active 
compounds against multidrug-resistant pathogens. In this 
connection, compounds (81–88) were developed by Man Xu 
et al. [100] and screened for anti-bacterial activity which 
displayed good result.
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Chalcone derivatives as anti‑oxidant agents

Very recently Afzal et al. [101] have been synthesized a new 
series of chalcones conjugated with isoxazole ring and eval-
uated for their anti-oxidant activity which displayed supe-
rior anti-oxidant potency. Among the synthesized chalcone 

derivatives, compounds (89) with three methoxy groups at 
2, 4 and 6-positions and (90) with one methoxy group at 
2-position exhibited potent anti-oxidant activities and its 
potency were near equal to the standard compound.
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Fig. 3   Heterocycles comprising 
nitrogen atoms

An overview of heterocycles containing 
nitrogen as possible therapeutic candidates

A cyclic organic compound that contains all carbon atoms 
in the formation of a ring is called a carbocyclic compound. 
When a component of the carbocyclic ring system replaced 
by at least one hetero atom such as oxygen, nitrogen, sul-
phur etc., then it is referred as a heterocyclic compound. 
Owing to its abundance in natural resources and various 
biological activities, heterocyclic chemistry is amongst the 
most important sources of new drugs within the medical 
society [102]. It is in this sense that scientists are pouring 
most of their effort currently is focusing on studying the 
chemistry of heterocyclic compounds because of their great 
importance, whether in the pharmaceutical side or in other 
industrial applications [103, 104]. Therefore, it still draws 
the attention of researchers working not just in the field of 
natural products but also from the field of synthetic organic 
chemistry. The chemistry of the heterocyclic compounds that 
contain nitrogen within their composition shows a dynamic 
role in medicinal chemistry and has paying healthy inter-
est due to their unique pharmacological properties [105]. 

Heterocycles comprising nitrogen atoms such as quinolines, 
indoles, purine, carbazole, pyridine, pyrimidine, imidazole 
and pyrrole Fig. 3 demonstrate a variety of biological activi-
ties, and their synthetic methods have become an interesting 
field in medicinal chemistry [106].

In nature, many of the nitrogen-heterocyclic compounds 
are widely spread to possess complex pharmacological and 
physiological activities and are components of several mol-
ecules of biological importance, including nucleic acids, 
vitamins, pharmaceuticals, antibiotics, pigments and agro-
chemicals [107–111]. Moreover, the electron-rich nitrogen 
containing heterocycle is not only able to easily accept or 
donate a proton, but it could also easily establish numerous 
weak interactions that can help them to bind with various 
enzymes and receptors in biological targets with extremely 
affiliated therapeutic properties [112–115].

The aza heterocycles are important structural units in 
the marketed drugs [116]. Nearly two-thirds of the main 
small molecule drugs have a minimum one aza heterocy-
clic fragment in their design structures [117]. Whereas 
nitrogen-based synthetic heterocyclic compounds provide 
broad therapeutic applications in several medical categories, 
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such as VEGFr-2 inhibitors (91) [118], anti-cancer [119], 
anti-tubulin (92) [120], anti-inflammatory [121], anti-
aging [122], anti-tumor (93) [123], anti-influenza [124], 
anti-tubercular [125], anti-bacterial [126], anti-diabetic 
[127], anti-dengue virus [128], anti-convulsant and anti-
depressant [129], promising antioxidant, antifungal and 
anti-acetylcholinesterase agents (94) [130]. Moreover, they 
have been widely found as a key structural material and 
dominate the field of dyestuff synthesis [131], agro-based 
chemicals [132] and supramolecular chemistry [133]. They 
have attracted attention because of their synthetic utility in 
catalysis [134], photosensitizers [135], polymer chemistry 
[136] and nanotechnology applications [137]. Therefore, 
considerable attention needs to be given in order to develop 
effective new techniques to synthesize various novel aza het-
erocyclic candidates.

By incentivized the information provided from the above 
literature, this work involves the synthesis, characterization 
and pharmacological application of heterocyclic indole and 
quinoline derivatives.

An overview of indole as possible therapeutic 
candidates

In drug discovery, the core value of heterocyclic systems 
for therapeutic chemists is the ability to synthesize one 
library focusing on a single central scaffold and test it 

against a variety of different receptors which involved in 
different pathways, producing multiple active compounds 
[138]. Indole is a heterocyclic compound with a molecu-
lar formula of C8H7N and characterized as a six-membered 
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Fig. 4   The different types of 
indole synthesis

Scheme 16   Synthesis of indole 
derivatives

Scheme 17   Synthesis of new indole derivative
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benzene ring fused to a five-membered pyrrole ring. It has a 
bicyclic structure and the most basic indole is shown above 
(95), which found in many natural and synthetic molecules 
that are associated with several biological activities [139]. 
The indole nucleus as a versatile and unique scaffold is 
frequently found in the medicinal chemistry and experi-
mental drug design field with marvellous characteristics 

[140]. Due to the presence of an electron-rich pyrrole moi-
ety [141, 142], that can use non-covalent interactions with 
various other molecules through hydrogen bonding forma-
tion between NH moiety and π–π system [143]. Because 
of this ideal property, indole and its diverse derivatives are 
widely used for the design and development of novel drugs 
[144]. A broad range of pharmacological applications has 

Scheme 18   Synthesis of two new series of indole derivatives

Scheme 19   Synthesis of indole hydrazone derivative
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been linked to natural and artificial molecules that hold an 
indole nucleus, providing it an appropriate building block for 
several therapeutic agents [145]. Indole derivatives are com-
monly present in many natural products that occur in various 
types of plants, fungi, animals and marine species [146]. For 
instance, it is present in tryptophan (essential amino-acid), 
serotonin (neurotransmitter found in all bilateral animals), 
indole-3-acetic acid (plant hormone from auxin class) and 
melatonin (hormone found in animals, plants and micro-
organisms), etc. [147]. Therefore, it got high attention to 
the development of new synthetic methods and the confir-
mation of their pharmacological activities involving anti-
cancer [148, 149], anti-inflammatory, anti-oxidative [150], 
anti-histamines [151], anti-HIV [152], anti-microbial [153] 
and cardiovascular [154].

Indole and its analogs are crucial and play a vital role 
in drugs targeting the immune system [155]. Furthermore, 
many of indole derivatives are considered as potent scav-
engers of free radicals [156]. The various studies including 
in-vitro and in-vivo investigations have shown that indole 
moiety substances can effectively inhibit type 2 diabetic 
activity [157, 158]. Thus, over the years the development 
and selective designing of indole and its derivatives have 
always been at the heart of the current investigation of new 
and highly effective drugs [159].

Introduction to synthesis of indole and its 
derivatives

There are many methods and reactions associated with 
indole synthesis involving Fischer, Hemetsberger, Made-
lung, Nenitzescu, Sundberg, Mori, Buchwald, Van Leusen 
and Kanematsu synthesis as represent in Fig.  4 [160]. 
For example, one of the oldest and most widely used and 
versatile methods for indole synthesis (98) is the Fischer 
indole synthesis that started in the year 1883 with substi-
tuted phenylhydrazine (96) and an aldehyde or ketone (97) 

under acidic conditions. Today the anti-migraine drugs of 
the triptan group are still synthesized by this old method 
Scheme 16 [161].

Sandes et al. [162] reported the synthesis of new indole 
derivative (101) by refluxing a mixture of 1H-indole-3-car-
baldehyde (99) and hydrochloride of aminoguanidine (100), 
for 20 min as depicted in Scheme 17.

Interestingly, Lamie et al. [163] has been prepared two 
new series of indole derivatives by refluxing ethanolic mix-
ture of indole-3-carboxaldehyde (102) and primary amine 
(103) to get intermediate (104), which on reacting with sub-
stituted chloroacetophenone and aromatic halide separately 
afforded compounds (105) and (106), respectively, as shown 
in Scheme 18.

In addition, in 2019 two novel series of indole analogs has 
been synthesized by Monica Demurtas et al. [164] starting 
with 1H-indole-2-carboxylic acid (107) which initially con-
verted into the corresponding ester (108). In next step, ester 
(108) was refluxed with hydrazine hydrate to get 1H-indole-
2-carbohydrazide (109). Finally, indole hydrazone deriva-
tive (110) was achieved by coupling the intermediate (109) 
with the suitable aryl-aldehyde Scheme 19. Besides, indole 
benzo-hydrazone derivative (113) was achieved by coupling 
indole-2-carboxaldehyde (111) with the suitable hydroxy-
benzo-hydrazide (112) as shown in Scheme 20.

Pharmaceutical aspects of indole derivatives

Indole derivatives as  anti‑cancer agents  In an effort to 
recognize the potential anti-cancer agents, some new 
indole derivatives have been prepared and tested against 
three cancer cell lines (HCT-116, HepG-2, and MCF-
7) based on sulforhodamine B assay. Further, among the 
series, compounds N-(3-(2-(5-(morpholinosulfonyl)-2-
oxoindolin-3-ylidene)acetyl) phenyl)acetamide (114), 
4-(2-(5-(morpholinosulfonyl)-2-oxoindolin-3-ylidene)
acetyl) phenyl acetate (115), 2-(5-(morpholinosulfonyl)-

Scheme 20   Synthesis of indole benzo-hydrazone derivative
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2-oxoindolin-3-ylidene) malononitrile (116) and (E)-ethyl 
2-cyano-2-(5 (morpholinosulfonyl)-2-oxoindolin-3-ylidene)
acetate (117) showed broad-spectrum of anti-cancer potency 
on the tested cancer cell lines and also showed good IC50 
values [165].

Indole derivatives as  anti‑oxidant, anti‑bacterial and  cyto‑
toxicity agents  Recently in a search for novel drugs as 
anti-oxidant and anti-bacterial, and cytotoxicity activities, a 
series of new indole derivatives were prepared via the Kno-
evenagel reaction in. Besides, they were subjected to in-vitro 

anti-bacterial investigation and showed that the compounds 
with halogen substituent such as 8-chloro-2-methyl-3-
oxo-2,3,9,10tetrahydropyrido[4′,3′:3,4]cyclopenta [1,2-b]
indole-4-carbonitrile (118) had strong inhibitory action. 
Regarding anti-oxidant screening, compounds (E)-2-cyano-
2-(5-methyl-3,4-dihydrocyclopenta[b]indol-1(2H)-ylidene) 

acetamide (120), (E)-2-(5-chloro-3,4-dihydrocyclopenta[b]
indol-1(2H)-ylidene)-2-cyanoacetamide (121) and (118) 
showed a great activity compared with the reference drug. 
Finally, cytotoxic activity was also evaluated and com-
pounds (118) and (119) exhibited interesting cytotoxicity 
activity [166].
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Indole derivatives as  anti‑inflammatory agents  Recently 
Yuanzheng Huang et  al. [167] have been designed and 
synthesized a series of novel indole amide analogs. 
Besides, they were evaluated for in-vivo anti-inflam-
matory activity. The result displayed that, compounds 
(5-chloro-1-(4-chlorobenzyl)-1H-indol-2-yl)(4-((3,5,6-tri-
methylpyrazin-2-yl)methyl)piperazin-1-yl)methanone 
(122), 5-chloro-1-(4-fluorobenzyl)-N-(2-(5-methoxy-
1H-indol-3-yl)ethyl)-1H-indole-2-carboxamide (123), 

(5-chloro-1-(4-fluorobenzyl)-1H-indol-2-yl) (4-(4-meth-
oxybenzyl)piperazin-1-yl)methadone (124) and (5-chloro-
1-(4-chlorobenzyl)-1H-indol-2-yl)(4-(4-chlorobenzyl)
piperazin-1-yl)methadone (125) were exhibited the highest 
selectivity as anti-inflammatory agents. Furthermore, potent 
compounds (122–124) marked potential in-vitro COX-2 
inhibitory as compared to the reference celecoxib. In addi-
tion, the results showed that compounds (123 and 124) have 
no significant cytotoxicity on normal cells.
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An overview of quinoline as possible therapeutic 
candidates

The literature survey reveals that day by day in the whole 
world health problems are increasing and in this view the 
discovery of new therapeutics is highly essential [168–170]. 
Also, a majority of heterocyclic compounds are commonly 
distributed both in natural products like alkaloids and in var-
ious aspects of the synthetic chemotherapy fields are playing 
a vital role in our life [171]. In particularly, nitrogen-based 
heterocyclic aromatic compound like quinoline attracted 
tremendous attention over the past 200 years [172]. Qui-
noline is a naturally occurring compound in carbon tar and 
also can be detected in tobacco smoke, petroleum refining 
pollution, coal, shale oil extraction and wood processing 
[173]. Further, it is used as a solvent for resins and terpenes 
which are used in paint manufacturing as well as for metallic 

corrosion inhibition, due to its combination of high elec-
tron density [174]. There are a number of natural products 
(126–129) with quinoline skeleton isolated from different 
plant species which are used as a medicine or employed as 
a lead molecule for the development of newer and potent 
molecules [175]. Furthermore, several quinoline derivatives 
have been found to be used as agrochemicals as well as in 
the processing of dyes, food colorants and pH indicators as 
well as in the synthesis of other organic substances [176]. 
Moreover, quinolines and its derivatives can also emerge 
as potential therapeutic agents in the treatment of cancer, 
heart failure and inflammatory diseases [177, 178]. Also, 
it represents an attractive class of compounds possessing 
biological activities such as anti-convulsant [179], analgesic 
[180], anti-bacterial [181], anti-fungal [182], anti-malarial 
[183] and so on.
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Introduction to synthesis of quinoline and its 
derivatives

Quinoline is a nitrogenous bicyclic heterocyclic belonging 
to the class of organic compounds with the molecular for-
mula of C9H7N [184]. The quinoline moiety consists of a 
benzene ring fused into a pyrimidine to form benzo[b]pyri-
dine. It exists as a colorless liquid, slightly soluble in water 
and used as an anti-corrosive substance [185]. There are 
many methods associated with quinoline synthesis involving 
Skraup synthesis, Doebner-miller Ring synthesis, Povarov 
reaction, Friedlander synthesis, Conrad-Limpach reaction 
and Combes synthesis Fig. 5. For example, Skraup quinoline 
synthesis is the best chemical reaction used to synthesis qui-
noline from heated primary aromatic amines with glycerol, 
and an oxidizing agent such as nitrobenzene in concentrated 
sulfuric acid [186].

Recently novel series of quinoline derivative was syn-
thesized by Prasad et al. using multi-component reaction, 
starting with aniline (130), 2-nitro benzaldehyde (131) and 
propargyl alcohol (132) in the presence of copper bromide to 
get (2-(2-nitrophenyl)quinolin-4 yl)methanol (133) as shown 
in Scheme 21.

Then intermediate compound (133) subjected to a series 
of reactions to get the final two series of quinolines deriva-
tives (137a–b) and (138a–b). Finally, these compounds were 

characterized by using NMR and mass spectra as shown in 
Scheme 22 [187].

A convenient and eco-friendly protocol for the synthe-
sis of polysubstituted quinoline analogs (141) was achieved 
using propylphosphonic anhydride (T3P) as a mild water 
scavenger catalyst with minimizing reaction times and excel-
lent yields as shown in Scheme 23 [172].

Quinoline-based Schiff base derivatives (144) have been 
introduced by Muhammad Taha et al. [188] by refluxing 
methanolic mixture of methyl quinoline-6-carboxylate (142) 
and hydrazine hydrate for 6 h to obtain quinoline-6-carbo-
hydarzide (143). The intermediate (143) was then refluxed 
for 3 h with various aromatic aldehydes in the presence of 
5–6 drops of glacial acetic acid to obtain quinoline deriva-
tives (Z)-N’-ethylidenequinoline-6-carbohydrazide (144) as 
shown in Scheme 24.

Pharmaceutical aspects of quinoline derivatives

Quinoline derivatives as  anti‑diabetic II agents  The qui-
noline Schiff base derivatives (144) were evaluated against 
diabetic-II activity, it was found that compounds (E)-N′-
(2,5-dihydroxybenzylidene)quinoline-6-carbohydrazide 
(145), (E)-N’-(2,3-dihydroxybenzylidene)quinoline-6-car-
bohydrazid (146), (E)-N’-(2,4-dihydroxy benzylidene)
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quinoline-6-carbohydrazide (147), (E)-N’-(3,4-dihydroxy-
benzylidene)quinoline-6-carbohydrazide (148), (E)-N’-
(3-hydroxy-4-methoxybenzylidene)quinoline-6-carbo 
hydrazide (149), (E)-N’-(2-fluorobenzylidene)quinoline-
6-carbohydrazide (150) and (E)-N’-(2-hydroxybenzylidene)

quinoline-6-carbohydrazide (151) displayed most potent 
anti-diabetic II activity. Further, derivative (148) was found 
as a good inhibitor against α-glucosidase in comparison 
with the reference drug [188].

Fig. 5   Some quinoline synthesis methods: (1) Skraup reaction, (2) Doebner reaction, (3) Doebner–Von Miller reaction, (4) Povarov reaction and 
(5) Conrad–Limpach reaction

Scheme 21   Synthesis of nitrophenyl quinolin
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Scheme 22   Synthesis of two series of new quinolines derivatives

Scheme 23   Synthesis of poly-
substituted quinoline analogs



1869Journal of the Iranian Chemical Society (2021) 18:1839–1875	

1 3

Quinoline derivatives as  anti‑cancer agents  In 2018, a 
group of researcher synthesized a variety of substituted qui-
noline derivatives as anti-cancer agent and evaluated in-vitro 
anti-cancer activity against different cell lines. Compounds 
6-bromo-5-nitroquinoline (152) and 6,8-diphenylquinoline 

(153) showed the highest anti-proliferative activity as com-
pared to the 5-fluorouracil (5‐FU) as reference drug. Fur-
thermore, compound (152) has been detected as a potential 
apoptotic activity inducer [189].
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that of standard. In addition, anti-microbial screening exhib-
ited that these compounds (154–157) showed an interesting 
activity against both gram-positive and negative bacteria.

Scheme 24   Synthesis of ethylidenequinoline carbohydrazide derivatives

Quinoline derivatives as  anti‑oxidant, anti‑inflammatory 
and anti‑microbial agents  In the year 2020, synthesis of four 
azo-imine quinoline derivatives (154–157) were established 
by Khaoula et al. [190] In this study, azo-imine quinolines 
were designed, synthesized and evaluated against anti-oxi-
dant, anti-inflammatory and anti-microbial activities. The 
results displayed that compounds (154 and 155) considered 
as potential anti-oxidants. Further, the same compounds 
were revealed potent anti-inflammatory activity similar to 

Quinoline derivatives as  anti‑tubercular agents  Interest-
ingly, the efficient protocol of a novel quinoline derivatives 
synthesis has been developed by Rajkumar et al. [191] and 
also evaluated them against anti-tubercular activity. Mol-
ecules with amide linkage showed good inhibition activity 
as compared to their ether analogs. Among all novel series, 
compounds (158–162) exhibited significant activity against 
M.tuberculosis H37Rv.
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Conclusion

The current review strongly described the various synthetic 
methods and biological activities of phenoxy acetamide and 
its derivatives (Chalcone, Indole and Quinoline), due to vari-
ous their greater influence and relevance in the pharmaceu-
tical field of chemistry. The need has always been and will 
still continue to survive in the medical domain for new drugs 
with different biological effects. In the available literature, 
our efforts focus more on a study of the biological impact of 

phenoxy acetamide and its derivatives. Phenoxy acetamide 
and its derivatives are significant pharmacophores with dis-
tinct biological activities, and several different derivatives of 
phenoxy acetamide already have been used for therapeutic 
applications.

The above literature review demonstrates that phenoxy 
acetamide and its derivatives are pharmacologically very 
powerful, and thus, their design and synthesis is the future 
area of research. Furthermore, it has been shown that the 
structural modification of the different positions of the basic 
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molecules enables enhancing the pharmacological charac-
teristic. Phenoxy acetamide, chalcone, indole and quinoline 
scaffolds have gained and expanded importance in the field 
of medicinal chemistry by exhibiting different biological 
activities such as anti-convulsant, analgesic, anti-bacterial, 
anti-inflammatory, anti-cancer and anti-fungal, etc. This 
review significantly enhanced the awareness of such scaf-
folds and offered new methods to develop efficient phar-
macological properties for new derivatives. Therefore, it is 
recommended to researchers in the future to pay more atten-
tion to such compounds that have significantly contributed 
to the pharmaceutical area which we expect to play a key 
role in light of developing new synthesis methods in order 
to enhance their applications.
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