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Preparation of Guinea Fowl Skeleton by Boiling Method

Prof. Asadullah Hamid (DVM, MSc., PhD)

Department of preclinic, Faculty of Veterinary Science, Kabul University, Kabul,
Afghanistan
Email: pyarookhil@yahoo.com

Abstract

Guinea fowl is a member of domestic fowl family. Recently, this bird has attracted from
different aspects. Guinea fowl can be used as nutrient source for human being, exotic bird
and sometime as guard bird for houses. This research is conducted to prepare the skeleton
of guinea fowl by boiling method. Boiling is the most easy, economic and simple method
for preparation of the skeleton. In order to prepare the skeleton of guinea fowl, first the live
guinea fowl is slaughtered in Islamic method, then after cleaning, the bones are boiled in
water and the clean bones are put in open weather to be dried. Finally, the clean and dried
bones are carried to Anatomy laboratory for preparation, the complete skeleton is installed
in small flat wooden board. The guinea fowl skeleton can be used as a teaching material
and also for conducting research in osteology.

Keywords: Anatomy; Skeleton; Guinea Fowl; Boiling Method; Skeleton Installation
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Abstract

Thiosemicarbazones are important ligands with donor atoms such as nitrogen and sulfur,
which can interact with various metal ions in a flexible and sensitive manner. These ligands
have different coordination forms depending on the presence of donor atoms such as
oxygen (O), nitrogen (N), and sulfur (S) in their structure. Moreover, the substitution of
different groups, such as methyl or phenyl, at the terminal N-position can affect the
coordination state and catalytic properties of the complexes. These compounds are
attractive for their easy preparation method, their ability to form excellent complexes with
both transition and non-transition p-elements, their interesting structural features of their
complexes, and their potential catalytic application. This review article will explore the
catalytic application of transition metal complexes in various organic reactions.
Keywords: Catalytic Application; Transition Metal Complexes; Thiosemicarbazones;
Organic Reactions; Ligand
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Review of the Biological and Health Effects of Aflatoxins on
Organs and Body Systems

Associate Prof. Sayed Arif. Ahmadi

Department of Food technology & Hygiene, Faculty of Veterinary Science, Kabul
University, Kabul, Afghanistak
Email: sayedarif.ahmadi@yahoo.com

Abstract

Aflatoxins are a type of mycotoxins that have carcinogenic, mutagenic, and
immunosuppressive effects. The International Agency for Research on Cancer (IARC) has
classified them as human carcinogens. Aflatoxins can enter the body through ingestion or
inhalation and are absorbed into the bloodstream by crossing the small intestine. They can
be distributed to various organs of the body, such as the liver, lungs, kidneys, and immune,
reproductive, nervous, and digestive systems. As a result, the level of this toxin in the liver
can be 10 times higher than in the muscles.

Keywords: Aflatoxin; Mycotoxin; Biological Effects; Carcinogen; Body
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Drought Aspirations in Kabul Watershed
Prof. Abdul Ghias?, Associate Prof. Sediqullah Reshteen?
1.2 Department of Hydrometeorology, faculty of Geoscience, Kabul University, Kabul,
Afghanistan
Email: ghiassafi@yahoo.com

Abstract

Drought in a region or lack of rainfall and water over a period of time poses a threat to the
survival of all living organisms, as water is an essential element for survival. Over the past
several decades, water resources in many parts of the Kabul watershed have been severely
damaged due to persistent droughts, rapid population growth, mismanagement of water,
environmental problems, climate change, air pollution and other factors. It is even drying
up in some areas. This article assesses the drought in the Kabul river, collects information
on climate change, especially the temperature, evaporation and precipitation on the water,
and conducts a comprehensive study and evaluation of that. At the end of the article,
problems and losses by the drought in Kabul River Basin and appropriate solutions for that
problem presented.

Keyword: Kabul River Basin; Drought; Water; Temperature; Evaporation; Rainfall;
Climate Change
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Systematic Evaluation of Afghanistan's National Food Security and
Self-sufficiency: Managerial and Strategic Perspectives

Assistant Prof. Lutfullah Safi (Ph.D.)

Department of Natural Resources Management, Faculty of Environmental Science, Kabul
University, Kabul, Afghanistan
E-mail: lutfullahsafi7 @gmail.com

ABSTRUCT

Afghanistan is a poor country that has struggled with food insecurity for many years. This
study examines the current state of food security in Afghanistan. The results indicate that
the share of wheat grain and flour imports in total consumption was 26.2 percent in 2002
and rose to 31.6 percent by 2020, while domestic production increased by 6.4 percent per
year. The average annual growth rate of grain imports was 4.7 percent, which is relatively
high. However, domestic grain production has maintained a moderate level of food self-
sufficiency; the self-sufficiency ratio of wheat improved from 58.14 percent in 2001 to
83.25 percent in 2012. Promoting domestic production is seen as an essential strategy to
achieve self-reliance and robust food security.

Keywords: Afghanistan; Food Security; Food Self-Sufficiency; Domestic Production;
Imports
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A Glance at the Pathophysiological and Biochemical Changes in

Cow’s Abomasum Due to Ostertagiosis

Associate Prof.Ahmad Jan Abi

Department of Paraclinic, Faculty of Veterinary Science, Kabul University, Kabul,
Afghanistan.
Email: abiahmadjan@yahoo.com
Abstract
Ostertagiosis is a parasitic disease of cattle that occurs after swallowing the larva of the
disease-causing Ostertagia ostertagi along with grass in the pasture. The stage 3 larva of
this worm, after being swallowed by the cow, sheds its sheath and enters the abomasum,
where it molts and develops into stage 4 larva. Then it enters the glands of the abomasum
and continues to grow. As a result, the various chambers of the abomasum, especially the
acid-producing chambers, are damaged and replaced by chambers with rapid, inseparable,
immature and non-acid secreting proliferation, which results in major structural,
biochemical and physiological changes in the abomasal chambers. In severe infections, the
clinical signs of the disease appear, the sick cow becomes anorexic and diarrheic, loses
body weight, and the growth and weight gain of young cows decreases. As a result of
infection with this worm, large and irreparable economic damages are imposed on dairy
farms. In this article, a review of the pathological characteristics and economic damages
caused by ostertagiosis in cattle is discussed.
Keywords: Gastrin; Hydrochloric Acid; Pepsinogen; Pepsin; Zymogen
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Investigation of Recent Developments in Vegetable Oil
Extraction Industry

Jr. Teaching Asst. Mohammad Tahir Aminzail, Jr. Teaching Asst.
Obaidurahman Abid

12 Department of Organic Chemistry, Faculty of Chemistry, Kabul University, Kabul,
Afghanistan
Email: mt.aminzai@gmail.com

Abstract

Vegetable oils have many applications in both the food (as frying, flavoring and cooking
oil) and non-food industries (production of detergents, paints and biodiesel). They are
mainly found in plant tissues, especially in the seeds, fruits, stone fruits, and tubers of
plants. Different types of plants can produce vegetable oils, such as those with oleaginous
fruits like coconuts and olives or those with oleaginous seeds like sesame, soybean,
rapeseed and flaxseeds. Oil extraction is a crucial step in seed oil processing, as it affects
the quality and quantity of the oil obtained. This article reviews and compares various
methods of vegetable oil extraction, including traditional, conventional (solvent and
mechanical extraction) and unconventional and advanced (ultrasound and microwave
extraction) methods.

Keywords: Vegetable Oils; Fats; Seeds; Extraction; Food Industry
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A Review on How to Build and Care for an Aquarium

Assistant Prof. Sayed Ibrahim Farkhary

Department of Animal Production, Faculty of Veterinary Sciences, Kabul University,
Kabul, Afghanistan
Email: sifarkhary@gmail.com

Abstract

Having an aquarium is one of the cheap, accessible and suitable ways to get in touch with
nature which has a significant effect in reducing stress and decorating houses and
workplaces. In this review, the importance of the aquarium and its construction method
(components, construction materials, shape and size, and construction method), and the
care of the aquarium (water conditions, materials for construction, the appropriate number
of fish in an aquarium, types of aquarium fish and their feeding) has been discussed. The
content of this review could be a great guide for people interested in having an aquarium
and aquarium owners, and with the proximity of people with a small, accessible nature, it
can play an essential role in reducing mental pressure and decorating homes and
workplaces.

Keywords: Aquarium; Construction; Supervision; Water; Food; Feeding
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A Review of the Influence of Lambs Rearing Systems on Growth and
Milk Yield

Sr. Teaching Asstt. Emal Habibi

Department of Animal Protection, Faculty of Veterinary Sciences, Kabul University,
Kabul, Afghanistan
Email: emalhabibi68@gmail.com
Abstract
The aim of this article is to study three common lamb rearing systems in commercial farms
and large flocks of sheep. The three systems are: the system in which lambs are fed by a
milk substitute (SYS-1), the system in which lambs are partially suckled by ewes (SYS-2),
and the system in which lambs only suckle ewes in the period before weaning from milk
(SYS-3). Lamb rearing systems have a significant effect on sheep milk production, but not
on lamb growth. Ewes whose lambs are reared on SYS-1 produce 202+7 kg of milk, ewes
whose lambs are reared on SYS-2 produce 185+7 kg of milk, and ewes whose lambs are
reared on SYS-3 produce the lowest amount of milk, 136+6 kg. This article reviews the
influence of lamb rearing systems on growth and milk yield.
Keywords: Rearing Systems; Lambs; Milk; Growth; Dairy Ewes
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Introduce of Ispaghula
Prof. Gul Ahmad Zahiryan

Department of Horticulture, Faculty of Agriculture, Kabul University, Kabul, Afghanistan
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Abstract

The genus Plantago comprises more than 200 species. P. ovata and P. psyllium are
cultivated for commercial purposes in various European countries. Many of them produce
tasty and nutritious fruits, and some also offer edible parts such as leaves, seeds, flowers,
stems or roots, or they produce edible or useful oils. Psyllium has a long history of use as a
gentle and effective laxative in Western herbal medicine. Both the seeds and the seed husks
of psyllium have demulcent, emollient and laxative properties. They are beneficial for
treating dysentery, catarrhal conditions of the genito-urinary tract, inflamed membranes of
the intestinal canal etc. The seeds are coated with mucilage and expand to several times
their size when immersed in water. The seeds and the husks are rich in fiber, and they form
a highly viscous gel when soaked in water.

Keywords: Ispaghul; Herbal Medicine; Treatment; Coat, Fiber; Gelatinous
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Abstract

Kabul is one of the most polluted cities in the world in terms of air quality. This is due to
the excessive use of fossil fuels instead of renewable energies. In this article, we have tried
to provide the heating demand of the city by solar thermal energy using T-Sol simulation.
For a better understanding, a technical analysis of two gas boiler and heat pump systems,
both using solar thermal energy, has been performed. An area of 35 square meters for solar
collectors has been used to cover the heating demand of a 15-person residential house with
an area of 203.29 square meters. Our findings show that by using solar thermal energy in
Kabul city, we can save 2533.1 cubic meters of gas for boilers and 16443.7 kilowatt hours
of electricity for heat pumps annually, along with reducing 5 to 10 tons of CO2 emissions.
Keywords: Solar Thermal Heating; Fossil Fuels; Gas Boiler; Electrical Heaters; T-*Sol
Software Simulations
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Common Vaccines Applied in Dogs and Cats and Their
Failure Causes

Teaching Assistant. Mohammad Farzad Afshar

Department of Paraclinic, Faculty of Veterinary Sciences, Kabul University, Kabul,
Afghanistan
Email: mfarzad.afshar@gmail.com

Abstract

Pets are often regarded as companions of humans. Owners and veterinarians have the duty
to ensure the well-being of these animals. One of the most essential and effective ways to
prevent and control diseases is vaccination. There are various types of vaccines for dogs and
cats, some of which are mandatory and some of which depend on the lifestyle and the
prevalent diseases in the area. However, there are also many factors that can reduce the
efficacy of these vaccines and result in vaccination failure. This paper discusses the types
of vaccines for dogs and cats and their causes of failure.

Keywords: Kind of Vaccines; Failure; Efficacy; Vaccination; Dog and Cat
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Poisonous Plants of Afghanistan’s Pastures and Their Bad
Effects on Animals

Assistant prof. Mohammad Asif Safi

Department of preclinic, Faculty of Veterinary Science, Kabul University, Kabul,
Afghanistan
Email: asif.safil02@gmail.com

Abstract

Many animals, including humans, can have allergic reactions to certain plants, which can
sometimes be fatal. In our beloved country of Afghanistan, there are some plants that have
a beautiful and attractive appearance, but they are harmful to animals when consumed,
causing illness and even death, which results in losses for our rich and dear nation. In this
article, we have tried to introduce and identify these poisonous plants, so that our wealthy
and skilled people can protect themselves and their animals from the dangers and damages
of these plants, and also know what methods and medicines to use if they or their animals
encounter these poisonous plants, in order to treat and prevent them in a timely manner.
Keywords: poisonous plants; pastures; animals; poisonous plants of Afghanistan;
poisonous plants of the world
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Role of Multithreading in Program Development
Jr. Teaching Asstt. Mohammad Salim Hamdard

Department of Software Engineering, Faculty of Computer Science, Kabul University,
Kabul, Afghanistan
Email: salimhamdard12345@gmail.com

Abstract

The purpose of this research article is to explore and analyze the main challenges and
benefits of a multidisciplinary program that involves different programming languages,
such as Python. One of the key features of these languages is the ability to create multi-
threaded programs, which are programs that consist of two or more threads that can run
concurrently. This allows each thread to perform a specific task independently and
efficiently, making optimal use of the computer resources. The research methodology used
in this article was based on experimental and practical approaches, and the findings indicate
that multi-threading a program enables parallel execution of multiple tasks in the programs,
by assigning each thread a certain task to complete. In a multi-threaded program, the
operating system allocates the processing time among several threads of a program to
execute each thread.

Keywords: Program; Multithreading; Race Condition; Threads Synchronization
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import threading
import time
def print_name(threadName, delay):
count=0
while count<3:
time.sleep(delay)
count +=1
print ("%s: %s" %(threadName,time.ctime(time.time())))
t1=threading.Thread(target=print_name,args=("Thread-1",1))
t2=threading. Thread(target=print_name,args=("Thread-2",3))
t1.start()
t2.start()
t1.join()
t2.join()
print("Done™)
1 o5 503 sloyf 423 93 threading. Thread _MS™ 3l eslazal b ‘::qu.e odalive C\Jf)ﬁ. S Heb
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Thread-1: Thu Feb 16 14:13:42 2023
Thread-1: Thu Feb 16 14:13:43 2023
Thread-2: Thu Feb 16 14:13:44 2023
Thread-1: Thu Feb 16 14:13:44 2023
Thread-2: Thu Feb 16 14:13:47 2023
Thread-2: Thu Feb 16 14:13:50 2023
Done

S b sy Syge el o (S el Thread 51 sl slans B oojls Sops o Lo oS 087 (55
ol 3 Ted ST S gy s Gl ThIEAD o e 5 st O g« i 33
sbul |3 5l sla Thread ;I ;__,)J?&mim osliz| Thread POOI 1 ol 5 oo Lo SVl o s
225l on Sesl 5 cmlie 35y S5 cpl 35 ealinul Wl g Dpg s iy 53 oS a0k
Js23le 5105 53 gy opl il ae 61 (V) (oS bl iy i ol 3 g0 555 o &S5
r:f.)‘.?:f‘ V..:A\}S-Ga a5 sla Thread sluws fal s cpled oo oolial Thread Pool Executor
L OT G ps g bl ailss Thread s « (SUbMIt) 5 gie Lo 5 OT 5y «polod oo anie
sl 0 3l Sy ool 3l (e oladlie 53l

(Race Condition) s, &I~

[y Thread -pki> 0155 oo OT Law g5 45"l &5, Multithreading 23 30 i 25 3 &S6,5b
g a5 sl gme ool & aThEAd (ol Olejen sl .(F) 5871 Ol (5 gmy 2) CPU 53
A m\;,ﬁizvﬁp,;i: Sl 31 Ok« AST_go 3Ll y gy | Slamlows 35 |

O 53 5 A8k ax8ls uyows Sloglan 4 Olajen b LS DS Ct,?m &S ad)y pdir S Jl>
Race pls S 0,3 1y edd sll Oluks Ll basd) aes &S Jbjs (A8 sbwl Ol
338 h (Sl 408 o 45 355 o 353 b doms el Sl pl (V) 348 e 3L Condition
3okl 1) Jao jadia ldie b AiS o i S Olejes (Thread) s 55 Liles 55 Jls gl
C\ﬁﬁ@%ﬁg}emu oks Joolo lie o)l sl amess 3. S L1 0T 4 dorly &G 031

el Y aue



@ IS gy b ple Ao cale gl

import time
import threading
from concurrent.futures import ThreadPoolExecutor
class Counter:
def __init__(self):
self.value=0
def update(self,name):
print(f"Update Started by {name}")
val=self.value
val +=1
time.sleep(1)
self.value=val
print(f"Update Ended by {name}")
counter=Counter()
with ThreadPoolExecutor(max_workers=3) as executor:
executor.submit(counter.update,"Thread-0")
executor.submit(counter.update,"Thread-1")
print(counter.value)
Pl 313 01 8 o)
Update Started by Thread-0
Update Started by Thread-1
Update Ended by Thread-0
Update Ended by Thread-1
1
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import time
import threading
from concurrent.futures import ThreadPoolExecutor
class Counter:
def __init__(self):
self.value=0
self.lock=threading.Lock()
def update(self,name):
print(f"Update Started by {name}")
self.lock.acquire()
val=self.value
val +=1
time.sleep(1)
self.value=val
self.lock.release()
print(f"Update Ended by {name}")
counter=Counter()
with ThreadPoolExecutor(max_workers=3) as executor:
executor.submit(counter.update,"Thread-0")
executor.submit(counter.update,"Thread-1")
print(counter.value)
FABL o oy S SSG pl 5 ol o5 513 ¢ 8 ol ant
Update Started by Thread-0
Update Started by Thread-1
Update Ended by Thread-0
Update Ended by Thread-1
2
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Studying the Application of Precise Laboratory and Traditional
Methods to Identify Pure Honey

Jr. Teaching Asstt Nasir Ahmad Sarwary

Department of Food technology & Hygiene, Faculty of Veterinary, Kabul University,
Kabul, Afghanistan
Email: Nasirsarwary97@gmail.com

Abstract

There are various methods to assess the quality of honey, both laboratory and traditional.
Traditional methods are fast, simple and inexpensive, but they may not be very precise. On
the other hand, laboratory methods are more accurate, but they also require more resources
and equipment. Honey is an ancient and valuable food that has many health benefits for its
consumers. However, honey frauds have increased in recent years, which has reduced the
trust and interest of consumers in this product. To identify adulterated and low-quality
honey, most countries use two approaches: Laboratory and traditional. Among the
laboratory methods, spectroscopy is one of the most common, rapid, accurate and non-
invasive techniques. Chromatography is another highly accurate technique, but it takes
more time and money.

Keywords: Honey; Traditional Method; Laboratory Method; Fraud; Spectroscopy;
Chromatography
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Impacts of Climate Change on Forest Ecosystems

Jr. Teaching Asstt. Khalid Stanikzai

Department of Forestry and Natural Resources, Faculty of Agriculture, Kabul University,
Kabul, Afghanistan
Email: khalid.stanikzail2@gmail.com

Abstract

Climate change is one of the biggest challenges in the world and has devastating and
unfortunate effects on the forest ecosystem. The forest ecosystem is sensitive to climate
change. Therefore, climate change has significant effects on the distribution of types,
growth, and structure of forests. Climate change affects the growth, mortality, and
reproduction of trees in the forest. The increase in temperature has changed the life cycle
of trees with early buds, leafing, and flowering, and overall, climate change changes forest
ecosystems directly and indirectly. An increase in temperature directly affects the speed of
the process of organic synthesis and plant respiration, and also indirectly by increasing the
risk of pest infestation in the forest ecosystem. Climate change affects the carbon cycle,
forest structure, composition of forest types, and forest performance.

Keywords: Impacts of Climate Change; Disturbance; Forest Ecosystems;
Climate Change; Carbon
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Assessment Importance of Time and Temperature Indicators in Food
Quality and Preservation Process

Assist. Professor Mohammad Asif Noori

Department of Food technology & Hygiene, Faculty of Veterinary Sciences, Kabul
University, Kabul, Afghanistan
Email: mohammadasifnoori4d8@gamil.com

Abstract

Nowadays, instead of focusing on testing and verifying final products, more attention is
paid to monitoring and controlling important parameters throughout the food product
process. Temperature fluctuations reduce the shelf life of perishable products, which results
in a mismatch between the expiration date shown on the label and the quality conditions of
foodstuffs. There is a good relationship between physical, chemical and microbiological
characteristics of food stuffs and color changes in temperature and time indicators. An
indicator is a simple, cheap and desirable tool for monitoring, recording and interpreting
information about the quality of foodstuffs for consumers, and temperature and time
indicators also determine the remaining shelf life of a product.

Keywords: Temperature; Final Time; Shelf life; Indicator; Microbiological
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Ester Prodrugs and Their Role in Drug Discovery and Design
Jr. Teaching asstt. Abduljalil Nesar

Department of Pharmaceutical Chemistry and Drug Quality Control, Faculty of
Pharmacy, Kabul University, Kabul, Afghanistan
Email: nesarjalil180@gmail.com

Abstract

One of the challenges in designing some drugs is to ensure proper dissolution in biological
fluids, adequate absorption and resistance to hydrolysis. Ester prodrugs are a form of drug
design that can address these issues. Ester prodrugs are the most prevalent type of prodrugs,
accounting for more than 30% of all drugs in the market. This is a review article based on
reliable scientific sources. Ester prodrugs have advantages such as enhanced chemical
stability in various conditions, improved water solubility, suitable absorption and
permeability across the cell membrane, and resistance to hydrolysis. These properties of
ester prodrugs are useful for drug discovery and design.

Keywords: Drug Design; Prodrug; Ester Prodrugs; Water Solubility of Ester Prodrugs,
Lipid Solubility of Ester Prodrugs
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Application of Nanocrystal Technology in the Design of Poorly Soluble
Drug Delivery Systems, A Review

Jr. Teaching Asstt. Roshaan Raihan

Department of Pharmaceutic, Faculty of Pharmacy, Kabul University, Kabul, Afghanistan
Email: roshaankhl@gmial.com

Abstract

Oral drugs need to dissolve in the site of absorption to reach the general circulation after
oral administration. In biopharmaceutics, drugs are categorized into four classes (I, Il, 1ll,
and 1V) based on their solubility and permeability. Class Il drugs have high permeability
but low solubility. Nanocrystals are one of the technologies used to overcome the poor
solubility of drugs. Nanocrystals are small particles with a large surface area that can
enhance solubility, dissolution rate, and mucosal adhesion of drugs, thus improving
bioavailability. Nanocrystals can be formulated into different dosage forms such as
suspensions, tablets, capsules, patches, emulsions, and inhalation powders.

Keywords: Biopharmaceutical Classification of Drugs; Poor Soluble Drugs; Nanocrystals;
Preparation of Nanocrystals; Nanocrystal Formulation
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Conclusion

Since quinoline and its derivatives are known for their broad range of
pharmacological activities, numerous synthetic methods have been created
from time to time for their synthesis by common, homogeneous, and
heterogeneous acid-catalyzed processes; rare-earth-catalyzed, transition
metal-catalyzed, radical catalyzed; microwave-assisted; ultrasound-
promoted; or solvent-free conditions; among others. For the future
development of powerful quinoline derivatives with good or increased
biological activity, the researchers working on this subject will find this
review valuable.
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of 12.99 nm and proapoptotic and antiproliferative effects. They also
showed that the lysosomes cause the suppression of autophagy and that the
mechanism is linked to the obstruction of heme production (58). A new
quinoline ring substituted moiety's in vitro anticancer efficacy against the
PC3 (prostate cancer) and MCF-7 (human breast cancer) cell lines was
described by Aboul-Enein et al. They discovered that compound (72), out of
all the produced compounds, had the highest level of cytotoxicity for the
PC3 and MCF-7 types of cell lines, with ICso values of 11.751 and 6.502 M,
respectively, in comparison to doxorubicin as the reference molecule (PC3:
7.7316 M, MCF-7: 6.774 M) (59). To assess biological activities like in vitro
anticancer activity against human cancer cell lines' antibacterial and
antifungal properties, Bassyouni et al. produced triazolo[1, 5-a] quinoline
(73) derivatives (60). Novel 8-hydroxy quinoline (74) compounds were created
by Tang et al. as anticancer medications (61).
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Scheme 57: It is effective in the cancerous colon
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with an 1Cso value of 3.91 M and 1.91 M, respectively. The SAR (structure-
activity relationship) investigations showed that the chlorine atoms increase
the cytotoxic activity of chalcone rings (51). In a report on synthesizing
hybrid quinolinone derivatives, Moustafa and colleagues used the MTT
assay to assess the antiproliferative effectiveness of the MCF-7 (human
breast cancer) cell line. According to the findings, the cell cycle was
interrupted at the S and G2/M phases. Of all the synthesized derivatives, the
best active compound (65) had an IC50 value of 5.51 M (52). To better
understand some known DNA intercalating agents, Ghodsi et al. explored
the molecular structure and chemical synthesis of a series of new benzo-[h]
quinolines (66) bearing a flexible (dimethylamino) ethylcarboxamide side
chain at position-4 of the quinoline (53). By Ghodsi et al., three human
cancer cell lines—MCF-7 (human breast cancer cells), DU145 (human
prostate cancer cell lines), and A549 (adenocarcinomic human alveolar
basal epithelial cells)—were used to test the cytotoxic effect of the produced
quinoline (67) compounds (54). Heme Oxygenase-1 receptor inhibitors that
are synthesized from imidazole-substituted quinolines were characterized
by Mohan and colleagues as having lower carcinogenic activity. The most
active substance (68), which had ICso values of 39.35, 62.03, and 50.10 M,
respectively, had the most potent cytotoxic effects on A549 (lung cancer)
cell lines (55). Using the human hepatoma and colorectal cancer cell lines
HepG2 and HCT116, El-Sayed et al. reported the synthesis of 2-styryl
quinolines and assessed their in vitro anticancer efficacy. They noticed that
out of all the compounds they had created, compound (69) had the most
potent anticancer effects, with ICso values of 7.70.15 and 8.80.26 g/ml
against the HepG2 and HCT116 cell lines, respectively. The activity was
also compared to that of the common medications 5-Flouro Uracil and
Afatinib, with 1Csg values of 7.90.17 and 5.30.32g/ml against HepG2 cell
lines and 5.40.25, 11.41.26g/ml against HCT116 cell lines, respectively
(56). According to Sidoryk et al., the synthesis of indolo[2, 3-b] quinoline
derivatives (70) with guanidine, amino acid, or guanylamino acid
substituents, as well as an assessment of their in vitro cytotoxic and
antifungal properties (57).

The molecular hybridization approach was used by Ramrez et al. to create
the new compounds, one of which, compound (71), showed good activity
against the human breast cancer cell line (MCF-7 cells) with an 1Cso value
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Anticancer activity

According to the World Health Organization, cancer is the deadliest disease
in the world. It is the second leading cause of death after other diseases, and
there are now 18.1 million deaths from cancer worldwide. Despite numerous
improvements in the treatment, thus far, there has only been a small amount
of success. Trials are still looking for improved preventive measures as
cancer faces many obstacles (49). Polycyclic heterocycles with a
pyrimido[1”,2":1,5]pyrazolo[3,4-b]quinoline ~ (57) framework  were
developed and created by Tiwari et al. The substances were tested for
activity against cancerous Madin-Darby canine kidney (MDCK), mouse
embryonic fibroblast (NIH/3T3), and human embryonic kidney (HEK293)
cells as well as non-cancerous colon, prostate, breast, ovarian, hepatic, and
ovarian cancer cells (HCT-116, S1-MI-80, PC3, DU-145, MCF-7, and
A2780). The chemical structures of quinoline and its derivatives which have
anticancer properties (58—63)(50).

Abbas and colleagues described the quinoline chalcone hybrid compounds
as a nonselective PI3K inhibitor. The most effective anticancer activity was
demonstrated by compound (64) against the A549 (adenocarcinomic human
alveolar basal epithelial cells) and K-562 (lymphoblasts) cell lines,
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Scheme 50, 51: These compounds have antimalarial action.

Scheme 52, 53: These compounds have antimalarial action
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With ICso values for the NF54 and K1 strains of 0.0120.0010 and
0.0260.0057M, respectively, compound (55) was the most active in the
study (47). Compound (56), a novel 4,7-dichloroquinoline derivative
produced by Murugan et al., had considerable in vitro antimalarial activity
against P. falciparum strains that were CQ-resistant (INDO) and CQ-
sensitive (3D7), with ICso values of 6.7 and 8.5 nm, respectively (48).
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Scheme 43, 44: These compounds have a powerful antimalarial effect
Cl

@ N

Y,
HN
_N N >
HO
as

Scheme 45: This compound has inhibited strains the best
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Scheme 46: This compound had anti-plasmodial action against K1 strains
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chloroquinolin-4-amine significantly affected the anti-plasmodial action.
Alkyl groups and phenyl rings with alkyl substituents were the most
pharmacophore-friendly substituents (39). Using in-vitro anti-plasmodial
activity against P. falciparum CQ-sensitive (F32/Tanzania) and CQ-resistant
(K1/Thailand and FcB1/Colombia) strains, Maguene et al. disclosed the
synthesis of ferrocenyl aminoquinoline derivatives. They found that
compound (47) had considerable antimalarial efficacy against the P.
falciparum strains, with an ICso value for the F32, FcB1, and K1 strains of
33, 27, and 26 nM, respectively (40). New quinoline-acridine hybrid
molecules were created, and Kumar et al assessed their in-vitro antimalarial
efficacy against the P. falciparum NF-54 strain type. With a minimum
inhibitory concentration (MIC) of 0.125 g/ml, they found that compound
(48) displayed superior in-vitro action (41).

Singh et al. created several antimalarial 4-anilinoquinolines (49) that
effectively combated P. falciparum strains sensitive to chloroquine (42). A
couple of ureido-4-quinolinamides were created by Madapa et al. (50), and
they demonstrated antimalarial activity against a chloroquine-sensitive P.
falciparum strain at MICs of 0.25 mg/mL (43). Certain 5-aryl-8-
aminoquinolines (51) with potential antimalarial action were created by
Shiraki et al., but they had less hemolytic activity than Tafenoquine (44).
Singh et al. synthesize 4-anilinoquinoline-ringed antimalarial drugs (52).
The compounds effectively inhibited the rodent malaria parasite P. yoelii
and chloroquine-sensitive P. falciparum strains (42). New quinoline
compounds have been developed, synthesized, and tested for their biological
activity in vitro as antimalarial medicines by Radini et al. Combination (53)
was shown to be the most effective against P. falciparum, showing greater
activity than the industry standard medication chloroquine (ICso = 0.49
g/ml) (45). Stringer et al. tested NF54 (CQS) and K1 (CQR) strains of P.
falciparum for in-vitro antiplasmodial action by Stringer et al., who also
described quinoline-based polyamines with ferrocene added. Additionally,
they noted that compound (54), a ferrocenyl derivative, was the most
effective against the NF54 and K1 strains, with corresponding ICso values
01 0.083, 0.01, and 0.59, 0.03 M (46). Van de Walle et al. conducted in vitro
tests of quinoline compounds with piperidine side chains for
antiplasmodium action on CQ-sensitive (NF54) and CQ-resistant (K1)
strains of P. falciparum.
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Scheme 41: Synthesis of quinolines from anilines and solketal over a solid acid niobium
phosphate
A novel technique for synthesizing quinolines (42) using vinylogous imines,
which are, in turn, made from anilines and cinnamaldehydes, was reported
by Vuong et al. Quinolines and similar compounds are produced by the
reaction of these substrates in a very acidic media (37).

Rl
R\©\ N CF.SO,H R
3 3 AN
— —_—
N/\)\Rl 80C =
N
R=H,Br,Cl R=H,C¢Hs,NaPthyl 42

X=0Ac,Cl
Scheme 42: Synthesis of quinolines that use vinylogous imines.
Biological activity

Antimalarial

Quinolines are renowned for having powerful antimalarial effects.
Bisquinolines synthesized have antimalarial efficacy against both (43,44)
chloroquine-sensitive and -resistant parasites (27) .In a study against the W-
2 (CQ-R), D-10, and 3D7(CQ-S) strains of Plasmodium falciparum, Barteselli
et al. characterized a novel indeno[2,1-c] quinoline derivative evaluated its
in-vitro anti-plasmodial efficacy. They also noted that compound (45), with
ICs0 values of 0.2550.119, 0.8500.181, and 0.8430.096 M, respectively,
inhibited W-2, D-10, and 3D7 strains the best. It has been further shown that
the indeno[2,1-c] quinoline scaffolding was responsible for the synthesized
derivatives' anti-plasmodial action (38). The anti-plasmodial activity of
novel imidazole derivatives against chloroquine-resistant (K1) and
chloroquine-sensitive (3D7) strains of P. falciparum was assessed by
Kondaparla et al. Additionally, they discovered that compound (46) had anti-
plasmodial action against K1 strains and had an ICso 0£ 0.29 0.018 M, equivalent
to the established chloroquine medication (ICso = 0.255 0.049 M). Their findings
demonstrated that substituting the pharmacophore N-(2-[1H-imidazol-1-yl] ethyl)-7-
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Using an earth-abundant, well-defined manganese complex (39) with NNS
ligands, 2-aminobenzyl alcohol and substituted benzyl nitriles can be
synthesized sustainably by acceptor-less dehydrogenative annulation (34).

Mn-catalyst(5 mol%) Rl
KOH (1eq) NN
R o NC\_l —_— R_Cq
. + R 7SN NH,
NH, Toluene,140c,36h
39

R=H,4-Cl R1=4-CIC4H,-, 4-OCH5C¢Hy,2,4,6-(Cl)3CqH,

Scheme 39: Synthesize of 2- amino 3- substitution quinoline from amino benzyl alcohol
and substituted benzyl nitriles
Venkanna et al. used CuO nanomaterial under acetonitrile at 40 C to produce
a straightforward, smooth, air-defiant, inexpensive catalytic method to
access quinolines (40) from substituted o-amino carbonyl compounds and
diacetylene dicarboxylate in one pot. As catalytic candidates for the
processes, many copper catalysts, including copper (I) acetate (CuOAc),
copper bromide (CuBr), and copper iodide (Cul), were evaluated. The
results show that Nano-CuO is more effective in yield than the other
catalysts listed (35).

R
0] 1 3
R COOR®  Nano-CuO(3mol%) R Ny COOR
R > _
, - CH3CN, 40¢,10h R? N” “COOR®
R NF. COOR
’ 40

R=H,CH3,C¢Hs. R'=H,Cl,0CH; R?=H,0CH3,Br. R®=CH; CH,CHs,(CH,)

Scheme 40. Synthesis of quinolines from substituted o-amino carbonyl compounds and
diacetylene dicarboxylate with catalyst of CuO.

Jin and a collaborator created a continuous Skraup synthesis (Skraup
reaction) of quinolines (41) using anilines and solketal over a solid acid
niobium phosphate (NbP) catalyst at 250 C and 10 MPa pressure. The
chosen technique showed a 60% quinoline synthesis selectivity. The need
for reactors and the demanding reaction conditions, such as high
temperature and pressure, reduced its usefulness for scholarly research.
However, this technique might be helpful for commercial applications (36).
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Scheme 36: synthesis of 3-aryl quinolines from anilines and styrene oxide.

By using biomimetic dehydrogenative condensation or coupling reactions,
Chakraborty et al. reported a straightforward, affordable, and atom-efficient
method for synthesizing quinolines from 2-amino benzyl alcohol and (37)
carbonyl compounds. The responses were catalyzed by well-defined,
reasonable, and simple-to-prepare singlet diradical (biradicals) Ni (II)-
catalysts in a good yield(32).

Ni-catalyst(4mol%b)

E;COH ) . KOC(CH3)3(0.5 iq) m
NT R

NH» @) Toluene,80 C,10h

R= Aryl,Alkyl 37

Scheme 37: synthesis of quinolines from 2-amino benzyl alcohol and carbonyl
compounds with a catalyst of Ni

Glycerol's role as a green bio-based solvent (obtained from renewable
sources), reactant, and/or catalyst in synthesizing novel heterocycles (38)
under pressure has been studied by Al Marzougq et al. Using a new modified
Skraup synthesis that uses glycerol and pressure Q-tubes, it was possible to
synthesize novel quinolines and their derivatives in good yields
successfully. Under pressure in an aqueous acidic media, substituted anilines
and glycerol synthesize novel quinolines (33).

2804/[]0 Hzo
Q- tube/200c

Rl= H,F =HF 38

Scheme 38: synthesize novel quinolines and their derivatives from substituted anilines
and glycerol
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Under catalytic radical cation salt-induced conditions, Jia et al. reported
achieving a domino C-H functionalization of glycine derivatives to produce
a series (34) of quinolines. The hypothesized mechanism is that the reaction
is carried out by a peroxyl radical cation produced by coupling O, and TBPA
(29).

R
R [(4-Br-CgH,)3N][SbClg] N RY
@L L) eea) .
HN r1 [nClsAir or O5,MeCN, NG o~
_>/" RT or 60C,3-24h
[e) (@]
o __
34

R= Aromatic R1=H ,CH3,Benzyl

Scheme 34: Synthesis of quinolines using glycine derivatives by the coupling of O, and
TBPA

By cyclizing 2-iodo aniline and a-benzyl b-keto ester derivatives,
Selvakumar et al. were able to efficiently obtain 2,3-disubstituted quinoline
compounds (35) from het/aryl-substituted Morita-Baylis-Hillman adducts.
This method converts the MBH adducts into a-benzyl b-keto ester
derivatives, which can cyclize to produce quinolines in high yields (30).

i. Pd(COAC),, TBAB,DABCO Q

MeCN,Reflux,12h e
i) ] \
I 0 ii.Filteration 0
HO (0] > ~
* N NT R
NH,

R ii. DBU,RT,24h

\

35

R= Aromatic
Scheme 35: Synthesis of 2,3-disubstituted quinoline compounds from 2-iodo aniline and
a-benzyl b-keto ester derivatives

In the presence of Al,03/MeSOsH, Sharghi H et al. described the
straightforward, extremely effective, and green synthesis of 3-aryl
quinolines via a one-pot reaction between anilines and styrene oxide. This
method allows for the quick and efficient synthesis of 3-aryl quinolines at
room temperature (36) without needing solvent (31).



IS gy b ple Ao cale gl

R’ R’
EX E
B ~ croNoLRT. :
_— R" 3NO2,R.T. "
R/ N3 1-6hr R/ R
31

EX=NIS,Br, R'=H,OAC
R"=Alkyl.Aryl

Scheme 31: Synthesis of quinolines from 1-azido-2-(2-propynyl) benzene by catalyst

Researchers have discovered that the bisquinolines (32) synthesized by
Raynes et al. had a good amount of antimalarial activity against
chloroquine-resistant and chloroquine-sensitive parasites (27).

cl
N
NEt n)
HN& « N | g
NEt
&9@
32

n=4,6,8
Scheme 32: This compound has a good antimalarial activity

The multi-component synthesis of pyrimido[4,5-b]-quinoline derivatives
(33) was reported by Mohammadi et al. using 1,3-disulfonic acid
imidazolium hydrogen sulfate as the ionic catalyst for condensation of 6-
amino-1,3-dimethyluracil, cyclic 1,3-diketones, and aromatic aldehydes in
ethanol at 70 C. The current methodology offers several benefits, including
great yields, a straightforward process, quick reaction times, high product
yields, and simple work-up procedures. The catalyst may also be easily
retrieved and recycled multiple times without clearly losing any of its
activity (28).

[d5|m]HZSO4 25mol%) ~
)\ + R— ‘ >
C,HsOH, 70C,15-35min O

R=6-F,4-F,4Cl,4-Br,4-OCH3,4-CHy,3-Br,3-NO,,2-Cl  R!=H,CH, 33

y

Scheme 33: Synthesis of pyrimido[4,5-b]-quinoline derivatives using 1,3-disulfonic acid
imidazolium hydrogen sulfate as the catalyst for condensation of 6-amino-1,3-
dimethyluracil, cyclic 1,3-diketones, and aromatic aldehydes
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Scheme 28: Synthesis of 2-phenyl substituted quinolines from distillation with tosylic
acid (p-TsOH)
Treating 2-oxo propionic acid with aniline and benzaldehyde while using
rare earth metal catalysts and refluxing it in water makes it possible to

synthesize (29) 2—phenquuinoline—4—carboxylic acid (24).
COOH
HOH Yb(PFO)s | N
H,0, reflux /
1
29

Scheme 29: Synthesis of 2-phenylquinoline-4-carboxylic acid from 2-oxo propionic acid
with aniline and benzaldehyde

By means of palladium-catalyzed Sonogashira coupling and subsequent
cyclization, 1-(1-(allyloxy) prop-2ynyl) benzene (1,6-enynes) (30) and
benzimidoyl chlorides react to produce quinoline derivatives (25).

R
\/\ \/
~R o Pd(PPhs),Cl, | Q
. S ~
=z 2.5mol% Cul Nl _
N~ _CI Et3N,80C,7hr
Y Ar
Ar
30

Scheme 30: Synthesis of quinoline derivatives from 1-(1-(allyloxy) prop-2ynyl) benzene
(1,6-enynes) and benzimidoyl chlorides

When 1-azido-2-(2-propynyl) benzene is intramolecularly cyclized in
nitromethane (CH3NO2) at room temperature or in THF at 100C in the
presence of catalytic (31) quantities of AuCls/AgNTF», the resulting
quinolines are produced in good yields (26).
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Meyer-Schuster rearrangement has been used to synthesize  2,4-
disubstituted quinolines (19). This procedure produces 2,4-disubstituted
quinolines by rearranging 2-amino aryl ketones (26) and phenylacetylenes
in the presence of zinc trifluoromethanesulfonate in the ionic liquid 1-hexyl-
3-methylilmidazolium hexafluorophosphate [hmim][PFs]. The same
product was produced via microwave irradiation without a solvent when
indium (III) trifluoro methane sulfonate was present (20).

R’ R’
| X o Zn(OTf)2 N X
. =—Ph ——m>
/N [hmim]PF6 SN\
R NH; 85C2-25n R N” "Ph

26

Scheme 26: synthesis of 2,4-disubstituted quinolines by rearranging 2-amino aryl ketones
and phenylacetylenes in the presence of zinc trifluoromethanesulfonate

By condensation and cyclization of 2-(2-trimethylsilyl) ethynyl) aniline

with aryl aldehydes, 2-Phenyl-4-alkoxy quinoline (27) has been synthesize.
In the presence of methanol as a solvent, sulfuric acid accelerates the process

21).

OMe
CHO
ms
A Acid,MeOH A
+ > —
NH, reflux N O
27

Scheme 27: Synthesis of 2-Phenyl-4-alkoxy quinoline from 2-(2-trimethylsilyl) ethynyl)
aniline with aryl aldehydes

Reacting 2-iodoanilines and ethyl acrylate with azobisisobutyronitrile
(AIBN) and tributyltin hydride, 3,4-dihydroquinolin-2-one has been
synthesized (22).

Kuznetsova created phenyl-substituted quinol using acidic catalysis in the
presence of boron trifluoride etherate to produce 2,4-substituted
tetrahydroquinolines. These quinolines were then converted to 2-phenyl-
substituted quinolines (28) under vacuum distillation with tosylic acid (p-
TsOH) (23).
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By reacting 2-amino benzylic alcohol derivatives with ketones or alcohols
in the presence of base and benzophenone as hydride scavengers, poly-
substituted quinolines have (23) been synthesized (16).

R
OH R KOtBu R
: A o ; Ph,CO B
_—
+ « 1,4-Dioxane = "
NH, ©” R" 30c,30min NTOR
23
R=H,Ph
R'=H,Alkyl
R"=Alkyl.aryl

Scheme 23. Synthesis of poly-substituted quinolines from 2-amino benzylic alcohol
derivatives with ketones or alcohols in the presence of base and benzophenone

Recently, under the impact of MW radiations, Ojer et al. described an
exciting and significant metal-free Friedlander synthesis of 2,3,6-substituted
quinolines using substituted 2-aminobenzaldehydes and ethyl acetoacetate
catalyzed by nano-carbon aerogels. Their surface chemistry significantly
influenced the catalytic performance of carbon aerogels, and the presence of
oxygenated functional groups (24), particularly COOH, boosted the catalytic
activity and, consequently, the yields of quinolines (17).

R CHO Q Aerogel, MW R AN COOEt

\©i " )&ccoa 323K,4h m
NH, N

R=H,CI
24

Scheme 24: synthesis of 2,3,6-substituted quinolines using substituted 2-
aminobenzaldehydes and ethyl acetoacetate catalyzed by nano-carbon aerogels

Wacker-type oxidative cyclization with palladium as the catalyst has been
presented as a method for the mild-condition synthesis of 2-methyl
quinolines (25) with good yields (18).

R
Pd(OAC), R"
1,10-Phenanthroline | oS oS

- — —
>
MeOH,25 or 40C, 36hr R N° CHgz
25

Scheme 25: synthesis of 2-methyl quinolines uses palladium as the catalyst
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In the presence of dodecyl phosphonic acid (DPA) as a catalyst, poly-
substituted quinolines (19) have been produced using 2-amino-substituted
ketone and ketone as reactants in aqueous media and solvent-free conditions
(14).

o Ph O
DPA(0.1mmol)

= OEt
)J\/lk o _
NH, N~ “CHjg
19

Scheme 19: To synthesize poly-substituted quinolines, use phosphonic acid as a catalyst
and 2-amino-substituted ketone and ketone

2,3 ,4-trisubstituted quinolines (20) have been synthesized by stirring 2-
amino substituted aromatic ketones and carbonyl compounds with a reactive

methylene group in ethyl ammonium nitrate (EAN) 12}
o

R
o EAN CHs
R \
@ - A 45C =
NH, N

20
Scheme20: To synthesize 2,3,4-trisubstituted quinolines, 2-amino substituted aromatic
ketones, carbonyl compounds, and ethyl ammonium nitrate
Aniline and acetophenone were used to synthesize 2,4-diphenyl-2-methyl-

1,2 dihydroquinoline (21) in the presence of an E4a zeolite catalyst with tiny
pores (15).

R
NH
2 )(J)\ E45.Toluene E:(‘j\
+ R CH =
3 110cC,6h N' R CHs
H,O
21

Scheme 21: For the synthesis of 2,4-diphenyl-2-methyl-1,2, dihydroquinoline used
Aniline and acetophenone

By cyclizing 2-iodoanilines with alkynyl aryl ketones in the presence of a
nickel catalyst, 2,4-disubstituted quinolines (22) have been synthesized (3).

R
NH; O NiBry(dppe),Zn A R
+ "R——= X | _

22
Scheme 22: Synthesis 2,4-disubstituted quinolines from cyclizing 2-iodoanilines with
alkynyl aryl ketones in the presence of a nickel catalyst
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Iraj et al. have reported the use of potassium dodecatugstocobaltate
trihydrate (K5CoW120403H20) as a reusable and environmentally
friendly catalyst to create 2,4-disubstituted quinolines (16) in a single pot by
reacting structurally different 2-amino aryl ketones with various aryl
acetylenes under microwave irradiation and solvent-free conditions (11).

1] RI
R
KsCOW,4,0,49.3H,0 XN
| X O+ |‘| 5 12Y20-5M2 o |// )
Y MW(1000W) R N~ TAr
R NH, Ar 110 C,5-20min

16

Scheme 16: To synthesize 2,4-disubstituted quinolines, a potassium
dodecatugstocobaltate trihydrate (KSCoW120403H20) was used as a reusable and
environmentally friendly catalyst

Tomar et al. reported on the Skraup synthesis of dibromo quinolines (17)
from 4,4-dibromo-2,3-diamino biphenyl utilizing H>SO4 and I, as a more
environmentally friendly catalyst. Based on these cores, a significant change
in the design of conjugated materials was shown (12).

Br
NH,
H>S04,12
—_—
NH, Glycerol,110c
AN
/

17

A/

Br

Scheme 17: synthesis of dibromo quinolines from 4,4-dibromo-2,3-diamino biphenyl
utilizing H,SO4 and I,
Two molecules of o-halo acetophenones were condensed and cycled with
urea or primary amines to create specific halogen-substituted (18)
quinolines (13).

ReBI’(CO)5
3 mol%
+ n'C3H7NH2 B ——
H3C toluene
Sealed tube)
o <l 150 C,48h

18

Scheme 18: Synthesize halogen-substituted quinolines from Two molecules of o-halo
acetophenones with urea
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aldehyde under ultrasonic irradiation in ethylene glycol as solvent at
temperature 1A Qo produce pyrimido[4,5-b] (13) quinoline derivatives.
This process produced fused pyrimidine derivatives in short amounts (10—
33 min), with high to exceptional yields (9).

SRECRRCI—

R= SH,SCH3,0H

Ethylene glycohol O : O
-H
908!
N” N7 "R
H

13
Scheme13: 6-amino-2-(alkylthio)-pyrimidine -4(3H) one, 1,3-cyclohexadiene, and aryl
aldehyde under ultrasonic irradiation in ethylene glycol as solvent to produce
Pyrimido[4,5-b] quinoline

According to Kowari and Mallak Mohammadi (2011), basic ionic liquids
(BIL) in aqueous media were used in the ultrasound-promoted synthesis of
(14) quinolines. This process is easy to use and produces high yields—
ultrasonic frequencies of 20-50 kHz cure conditions by producing aromatic
methyl ketones (10).

o COOH
© BIL xo-CHs
O + )J\/ H.O ~
H 2 N~ "CHs
14

Scheme 14: Basic ionic liquids (BIL) in aqueous media were used in the ultrasound-
promoted synthesis of quinolines

The production of quinoline alkaloid (15) analogs now uses a one-step
process. The Mukaiyamaaldol condensation is modified to form the basis of
the process by utilizing the high reactivity of lactones or anhydrides.

o o)
HsC | CHs
CH3 SN TiC 4 X
/ | CHj3
tms—0 l )\ 25 C Z o
O-CHs X N
R
15

Schemel5: By utilizing the high reactivity of lactones or anhydrides, synthesize quinoline
alkaloids
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Scheme 10: synthesis of quinolines from derivatives of 0-amino phenylboronic acid and a,
b-unsaturated ketones

2-Aminoaryl ketones were cyclized with phenylacetylenes to produce 2,4-
disubstituted quinolones. This reaction takes place with a zinc
trifluoromethanesulfonate catalyst in an ionic liquid media ([hmim]PFe) (6).
Lekhok etal., under microwave and solvent-free conditions, the same
product (11) was produced in the presence of a catalytic quantity of indium
(1) trifluoromethane sulfonate (7).

Rl R1
X X
|\ o Zn(OTf)2 |
= —_— = i~
R=Z NH, [hmimlpFe Ph

85C,2-2.5h 11

Scheme 11: 2-Aminoaryl ketones were cyclized with phenylacetylenes to produce 2,4-
disubstituted quinolones.

With the aid of 1,4-diazabicyclo[2.2.2]octane (DABCO), diverse 2-alkoxy-
and 2-aroxy-3-substituted quinolines(12) have been created from o-alkynyl
aryl isocyanides, alcohols, and phenols (8).

R P
7 7 R R
Ry POCI, PrNEt Tt RsOH,DABCO "t 2
_
CH,CLR T CH,Cl R,
NHCHO ~ 2 ° NC 0
12
Ry=HMe
Rz = R3 = Aryl,Alkyl

Scheme 12: 1,4-diazabicyclo [2.2.2] octane diverse 2-alkoxy- and 2-aroxy-3-substituted
quinolines have been created from o-alkynyl aryl isocyanides, alcohols, and phenols.
Araghi et al. reported the one-pot three-component reaction involving 6-

amino-2-(alkylthio)-pyrimidine -4(3H) one, 1,3-cyclohexadiene, and aryl
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To synthesize quinoline and quinoline derivatives, (8) numerous synthetic
pathways have been devised in addition to the traditional approaches. Chen
et al.reported the condensation of 2-iodoanilines with alkynyl aryl ketones
using nickel as a catalyst to produce 2,4-disubstituted quinolines (3).

Ry

R ' O NiBry(dppe),Zzn R N
\©i v R C\A CH4CN,80C,12h _
NH, r N~ Ar

8

Scheme 8: Condensation of 2-iodoanilines with alkynyl aryl ketones using nickel as a
catalyst to produce 2,4-disubstituted quinolines

Nasseri and colleagues using a cheap catalyst called NbCl15 to condense o-
amino aryl ketones and carbonyl compounds (Scheme9) have synthesized
quinolines. The quinoline derivatives were produced in glycerol, which has
a low environmental impact and high yields (76-98%) over a quick (20-90
minute) reaction time. Both ketones and diketones provided the desired
compounds (9) in this investigation with good to outstanding yields (4).

(@] CeHs 5
0 NbCI5(10mol%) A
CGHS + R].Ak -
2 Glycerol, 110C =
NH2 R y N Rl
9

Scheme 9: Using a catalyst of NbCl5 to condense o-amino aryl ketones and carbonyl
compounds and produce 2,3 di alkyl 4- phenyl quinoline

Horn et al. reported the synthesis of quinolines from derivatives of o-amino
phenylboronic acid and a, b-unsaturated ketones, which is a change from the
standard (10) SkraupDoebner-von Miller synthesis. The approach has the
benefit that it can operate in basic circumstances as opposed to highly acidic
ones (5).
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Figl: A few promising compounds with the quinoline ring

Synthesis

Several established protocols are there for synthesizing quinoline rings,
which can be well modified to prepare a number of differently substituted
quinolines. These can be changed to yield a variety of different substituted
quinolines. The Skraup, Doebner-Von Miller, Pfitzinger, Friedlander,
Conrad-Limpach, and Combes synthesizes, among others, have been
commonly used to create the quinoline ring (Figure 2).

HSOy4,PhNO2

skraup reaksiyonu

Fig 2: Traditional techniques for synthesizing different substituents of quinolines
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Introduction

Quinoline (1) is a double-ringed organic molecule with the chemical
formula CoH7N with a benzene ring fused to pyridine at two adjacent carbon
atoms. Quinoline is a heterocyclic aromatic organic compound. Benzo
pyridine, benzo[b]pyridine, 1-benzazine, and benzo are other names for
quinoline. It is a hygroscopic, yellowish oily liquid that is soluble in many
different organic solvents as well as alcohol, ether, and small amounts of
water. The scientific community, particularly those interested in the
chemistry of natural products, has taken a keen interest in quinoline and
isoquinoline alkaloids derived from natural sources due to their amazing
biological activity and comparatively simple structures (1). Synthetic
organic chemists have expressed a growing interest in quinoline and its
related compounds, driven by the increasing demand for larger quantities in
advanced biological research. This heightened focus stems from the need to
facilitate extensive studies and investigations in the field, underscoring the
crucial role these compounds play in furthering our understanding of various
biological processes. As a result, researchers are actively working to develop
efficient synthetic methodologies to produce quinoline and its congeners on
a larger scale, enabling more comprehensive and impactful biological
studies.
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Quinoline alkaloids, sourced from animals, plants, and microbes alike,
exhibit diverse biological activities. Numerous quinoline derivatives have
been created and reported for use in various applications. Quinoline
derivatives are frequently employed as "parental" compounds to develop
molecules with therapeutic properties, particularly those with anti-malarial
and anti-microbial properties. Quinolines' antibacterial, anticancer,
antifungal, hypotensive, anti-HIV, analgesic, and anti-inflammatory
properties and their derivatives are well documented (2). A few promising
compounds (2—7) with the quinoline ring system are given in Figurel.
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A Comprehensive Review of the Quinoline Heterocyclic
Ring and Its Antimalarial and Anticancer Biological
Activities
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Abstract
Quinoline is a preferred scaffold that emerges as a significant assembly motif for creating
novel pharmacological molecules among heterocyclic compounds. Due to the extensive
spectrum of biological and pharmacological properties of quinoline and its derivatives,
numerous synthetic pathways have been created for their synthesis. Quinoline and its
derivatives tested with diverse biological activity constitute an essential class of compounds
for new drug development. As a result, these compounds have been produced as intentional
structures, and numerous scientific communities have assessed their biological activities.
This review will investigate the quinoline heterocyclic ring and the antimalarial and
anticancer biological effects of quinoline derivatives.
Keywords: Quinoline; Heterocyclic; Biological Activity; Antimalarial; Anticancer;
Pharmacology
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