
SYNTHESIS, IN SILICO ANALYSES, 
ANTIPLASMODIAL, HEME DETOXIFICATION 

AND CYTOTOXIC ACTIVITIES OF PYRANO[2,3-
C]PYRAZOLE-4-AMINOQUINOLINE HYBRIDS AS

ANTIMALARIAL AGENTS

UNIVERSITI KEBANGSAAN MALAYSIA

LEKKALA RAVINDAR

UN
IVE
RSI
TI K
EBA
NG
SAA
N M
ALA
YSI
A



SYNTHESIS, IN SILICO ANALYSES, ANTIPLASMODIAL, HEME 
DETOXIFICATION AND CYTOTOXIC ACTIVITIES OF PYRANO[2,3-

C]PYRAZOLE-4-AMINOQUINOLINE HYBRIDS AS ANTIMALARIAL AGENTS

2025

LEKKALA RAVINDAR

THESIS SUBMITTED IN FULFILMENT FOR THE DEGREE OF
DOCTOR OF PHILOSOPHY

FACULTY SCIENCE AND TECHNOLOGY
UNIVERSITI KEBANGSAAN MALAYSIA

BANGI

UN
IVE
RSI
TI K
EBA
NG
SAA
N M
ALA
YSI
A



SINTESIS, ANALISIS IN SILICO, ANTIPLASMODIAL, PENYAHTOKSIKAN
DAN AKTIVITI SITOTOKSIK HIBRID PIRANO[2,3-C]PIRAZOL-4-

AMINOKUINOLINA SEBAGAI AGEN ANTIMALARIA

2025

LEKKALA RAVINDAR

TESIS YANG DIKEMUKAKAN UNTUK MEMPEROLEH
IJAZAH DOKTOR FALSAFAH

FAKULTI SAINS DAN TEKNOLOGI
UNIVERSITI KEBANGSAAN MALAYSIA

BANGI

UN
IVE
RSI
TI K
EBA
NG
SAA
N M
ALA
YSI
A



iii

DECLARATION

I hereby declare that the work in this thesis is my own except for quotations and 

summaries which have been duly acknowledged.

12 January 2025 LEKKALA RAVINDAR
P108591

UN
IVE
RSI
TI K
EBA
NG
SAA
N M
ALA
YSI
A



, I 

f'!IV\hlII\N II ') r ~~ ,1\ 1'.JAtJ/\ 1){)Kr ( J I ~ f A I 'd ... 1 /\ 11 
,{)/e. I ~l/,'JlllI)N I, ',1,\ "" "fir, JI? ()/ /'//1/ () ' ,()J'I/Y fllf c.,I.~» 

RA~,srA 

rnr f r 'U 

AKsrs TFRBUKA 

lIUA' 1 f' HAD 

PI-f.., ACCESS 

.VUII RESTRICTED 

" , 

, . 

j tlu "i'll ffJK'1. 

, .' I' : : I t , I . , 

UN
IVE
RSI
TI K
EBA
NG
SAA
N M
ALA
YSI
A



", 

, 

, 

i I ,. ~fllUTE 

A.aD\1(\U "IR ". 'n kA.lJ 
T,,......:,,. ... 

~,.....aT4I: 

I ..... It, \M,. (w' T, , ......... " 

I ,"'rI"" "'~"'I~&al' "1_ • ~,. 



iv

ACKNOWLEDGEMENT

Thanksgiving is native to man and gratitude if not expressed turns to be the worst of all 
vices. With deep sense of honesty, I whole-heartedly wish to venerate the God for 
giving me the wisdom, strength and enthusiasm to accomplish this work.The text of the 
acknowledgement should not exceed one page. Dedications are not allowed. The 
acknowledgement should include:

According to Isaac Newton, “If I have seen further, it is by standing upon the 
shoulders of giants”. With unalloyed gratitude, I thank my tireless, task-tackling 
supervisors, Assoc. Prof. Dr. Nurul Izzaty Hassan and Assoc. Prof. Dr. Siti Aishah 
Hasbullah, who were the academic giants that carried me throughout this work. Their 
excellent supervision and guidance throughout the course of my Doctoral studies is 
highly appreciated.

At the same time, I would like to express my deep honor to one and all the 
professors who were educated me and encouraged me during my course works, and 
also, I would like to thank one and all the teachers, laboratory assistants and staff 
members from my school and deportment for their help throughout my Doctoral studies. 

I would like to thank Prof. Lau Yee Ling’s research group for their help and 
guidance during antimalarial examination of hybrid compounds at the Department of 
Parasitology, Faculty of Medicine, University of Malaya. 

I would like to thank Dr. Shevin’s research group for their help and guidance 
during molecular docking and isothermal titration calorimetry (ITC) examination of 
hybrid compounds at the Department of Biological Sciences and Biotechnology, 
Faculty of Science and Technology, Universiti Kebangsaan Malaysia. 

I wish to express deep appreciation to my wife and my family members for their 
support throughout my graduation period. I would like to thank my wonderful friends 
for their encouragement throughout this work.

I would like to express my deep accolade to UKM-Vice Chancellor scholarship 
unit for the PhD grant from October 2021 to September 2024 and I am grateful to the 
Ministry of Higher Education (FRGS/1/2019/STG01/
UKM/02/3) for their financial support.

UN
IVE
RSI
TI K
EBA
NG
SAA
N M
ALA
YSI
A



v

ABSTRAK

Malaria, sejenis penyakit berjangkit yang merebak secara meluas dan membunuh, 
masih menjadi masalah kesihatan global. Sememangnya diketahui bahawa Plasmodium 
falciparuma dalah parasit protozoa utama dan berbahaya dalam genus Plasmodium.
Kajian ini telah menambah senarai penyelesaian yang mungkin dengan menghasilkan 
kumpulan hybrid pirano[2,3-c]pirazol-4-aminokuinolina baharu. Sembilan belas hybrid 
baharu telah disintesis dengan peratusan hasil antara 10 hingga 49% dengan 
menghubungkan rangka 4-aminokuinolina dan pirano[2,3-c]pirazol secara kovalen 
melalui penghubung etil dan dicirikan menggunakan spektroskopi inframerah 
transformasi Fourier (IM) dan spektroskopi resonans magnetik nuklear (RMN). Di
antara semua, hasil yang tinggi dapat dilihat untuk hibrid yang mengandungi kumpulan 
penarik elektron, seperti –CN (24n, 49%), –COOH (24p, 42%), dan –NO2 (24j, 38%) 
pada kedudukan para bagi gelang fenil yang dicantumkan pada moieti piranopirazola. 
Kesemua sembilan belas sebatian hibrid telah diuji dalam kajian in siliko sebelum 
pendokkan molekul, termasuk ramalan fizikokimia dan penyerapan, pengedaran, 
metabolisme, perkumuhan dan ketoksikan (ADMET), seperti pengikatan plasma 
protein (PPB), perencatan CYP2C19, sempadan darah-otak (BBB), dan perencatan P-
glikoprotein (PgP), untuk saringan awal sifat bak ubat hibrid sebatian. Pendokkan 
molekul digunakan untuk menguji keupayaan setiap hibrid dan klorokuina (CQ) piawai 
untuk mengikat kepada enzim laktat dehidrogenase Plasmodium falciparum (PfLDH), 
enzim penting dalam laluan glikolitik parasit. Sebatian hybrid mempunyai afiniti 
pengikatan yang lebih kuat berbanding klorokuina piawai. Selain itu, kajian ini 
meneroka interaksi antara lima hibrid dan hemin, komponen penting dalam laluan 
penyaktoksikan heme bagi parasit malaria. Kalorimetri titrasi isoterma (ITC) 
menunjukkan hybrid mempunyai perbezaan kekuatan dalam mengikat kepada hemin. 
Ini disebabkan oleh struktur sebatiannya yang berbeza. Hibrid 24a dan 24g
menunjukkan keafinan yang kuat terhadap hemin dengan nilai Ka (1.43±0.60)×106 M-

1 dan (1.64±0.97)×106 M-1, masing-masing, menunjukkan bahawa mereka mungkin 
dapat menghentikan proses gangguan. Kajian ini turut menentukan potensi aktiviti 
antimalarial bagi hybrid pirano[2,3-c]pirazol-4-aminokuinolina. Kesemua hybrid ini 
telah menunjukkan interaksi yang baik dengan PfLDH dan hemin serta membuka 
peluang untuk membangunkan strategi terapeutik baru terhadap malaria. Ujian skizon 
antimalaria bagi sebatian hybrid pirano[2,3-c]pirazol-4-aminokuinolina menunjukkan 
bahawa kesemua Sembilan belas sebatian hybrid adalah poten dengan julat nilai IC50 

antara 0.0151 hingga 0.301 μM terhadap strain P. falciparum 3D7 yang sensitif 
terhadap CQ, dan juga didapati aktif terhadap strain P. falciparum K1 yang tahan 
terhadap CQ dengan julat nilai IC50 antara 0.01895 hingga 2.746 μM. Kesemua sebatian 
hibrid yang diuji didapati kurang poten berbanding dadah standard Klorokuina 
dipaspate (CQDP) terhadap strain 3D7 yang sensitif terhadap CQ. Sebaliknya, 
Sembilan daripada kesembilan belas hibrid (24d, 24g, 24h, 24i, 24l, 24n, 24o, 24r, dan 
24s) menunjukkan aktiviti antimalaria yang lebih baik daripada CQDP terhadap strain 
P. falciparum K1 yang tahan terhadap CQ. Antara semua hibrid yang diuji, 24c terhadap 
strain 3D7 dan 24h terhadap strain K1 terbukti menjadi agenanti malarial yang 
berpotensi dengan nilai IC50 masing-masing 0.0151 dan 0.01895 μM. Kesimpulannya, 
sintesis hybrid pirano[2,3-c]pirazol-4-aminokuinolina telah berjaya memperkenalkan 
entity kimia baharu yang berpotensi untuk mempamerkan aktiviti antimalarial yang 
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poten. Ini boleh menyumbang kepada menangani cabaran berterusan rintangan dadah 
dalam rawatan malaria.
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ABSTRACT

Malaria, an infectious disease that spreads widely and can kill people, is still a problem 
for global health. It is known that the Plasmodium falciparum is the major and 
dangerous protozoan parasite in the Plasmodium genus. This study adds to the list of 
possible solutions by making a group of new pyrano[2,3-c]pyrazole-4-aminoquinoline 
hybrids. Here, nineteen novel hybrids were synthesized with a percentage yield of 10 
to 49% by covalently linking the scaffolds of 4-aminoquinoline and pyrano[2,3-
c]pyrazoles via an ethyl linker and characterized using Fourier transform infrared 
spectroscopy (FTIR) and nuclear magnetic resonance spectroscopy (NMR). Among all, 
high yields were observed for hybrids containing electron-withdrawing groups, such as 
–CN (24n, 49%), –COOH (24p, 42%), and –NO2 (24j, 38%) at the para position of the 
phenyl ring attached to the pyranopyrazole moiety. All the nineteen hybrid compounds
were subjected to in silico studies prior to molecular docking, including 
physicochemical and absorption, distribution, metabolism, excretion, and toxicity 
(ADMET) predictions, such as protein plasma binding (PPB), inhibition of CYP2C19, 
blood-brain barrier (BBB), and inhibition of P-glycoprotein (PgP), to pre-screen the 
drug-like properties of the hybrid compounds. Molecular docking was used to test each 
hybrid's and standard chloroquine's ability to bind to Plasmodium falciparum lactate 
dehydrogenase enzyme (PfLDH), an important enzyme in the parasite's glycolytic 
pathway. The hybrid compounds had a stronger binding affinity than the standard 
chloroquine (CQ). Additionally, the study explored the interaction between five hybrids 
and hemin, a pivotal component in the heme detoxification pathway of malaria 
parasites. The isothermal titration calorimetry (ITC) showed that the hybrids had 
different strengths when binding to hemin. This was because their structures were 
different. Hybrids 24a and 24g showed a strong affinity for hemin with Ka values of 
(1.43±0.60)×106 M-1 and (1.64±0.97)×106 M-1, respectively, indicating that they might 
be able to stop the disruption process. This study provides insights into the promising 
antimalarial properties of pyrano[2,3-c]pyrazole-4-aminoquinoline hybrids. It details 
their interactions with PfLDH and hemin and offers potential avenues for developing 
novel therapeutic strategies against malaria. The schizontical antimalarial test of 
pyrano[2,3-c]pyrazole-4-aminoquinoline hybrid compound shows that all nineteen 
hybrid compounds were potent with the IC50 values ranging from 0.0151 to 0.301 μM 
against the CQ-sensitive 3D7 P. falciparum strain, and were found to be active against 
the CQ-resistant K1 P. falciparum strain with the IC50 values ranging from 0.01895 to 
2.746 μM. All the tested hybrid compounds were less potent than the standard drug 
Chloroquine dipaspate (CQDP) against the CQ-sensitive 3D7 strain. In contrast, nine 
of the nineteen hybrids (24d, 24g, 24h, 24i, 24l, 24n, 24o, 24r and 24s) displayed 
superior antimalarial activity than the CQDP against the CQ-resistant K1 P. falciparum
strain. Among all the tested hybrids, 24c against the 3D7 strain and 24h against the K1 
strain were the most promising antimalarial agents with 0.0151 and 0.01895 μM of IC50 

values, respectively. In conclusion, the synthesis of pyrano[2,3-c]pyrazole-4-
aminoquinoline hybrids introduces new chemical entities that have the potential to 
exhibit potent antimalarial activity. This could address the ongoing challenge of drug 
resistance in malaria treatment.
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CHAPTER I

INTRODUCTION

1.1 MALARIA DISEASE

Malaria is a deadly disease transmitted through mosquito bites (Anopheles). 

Plasmodium protozoa cause the sickness, which can be fatal (Birkholtz et al. 2012). 

Five species of the Plasmodium genus causing the disease are Plasmodium vivax,

Plasmodium malariae, Plasmodium falciparum, Plasmodium ovale and Plasmodium

knowlesi (Gildenhard et al. 2019; Manohar & Khan & Rawat 2010). It has been reported 

that Plasmodium falciparum is a significant and dangerous protozoan parasite in the 

Plasmodium genus (Hasan et al. 2015) and is responsible for the majority of deaths and 

accounts for almost 99% of cases in Africa and 63% in Southeast Asia (Tibon & Ng & 

Cheong 2020). Malaria symptoms include chills, fever, tiredness, diarrhoea, vomiting, 

and abdominal discomfort. Sometimes the clinical signs worsen, resulting in kidney 

failure, convulsions, and contractions, respiratory edoema, and circulatory system 

shutdown, eventually leading to coma and death. Furthermore, malaria caused by 

Plasmodium vivax and Plasmodium ovale causes disease relapses after months to years 

since these species remain dormant in the human liver as hypnozoites (Kaur et al. 2009).

According to the World Health Organization's (WHO) Malaria Report for 2023,

there are over 249 million malaria cases and over 608,000 fatalities in 2022 (World 

Malaria Report 2023). According to the research, the African region has had a high 

burden of malaria in recent years and continues to have a high number of cases and 

deaths. In 2022, the African continent was responsible for more than 90% of malaria 

infections and deaths. Nigeria (26.8%), the Democratic Republic of the Congo (12.3%), 

Uganda (5.1%), Mozambique (4.2%), Angola (3.4%), the United Republic of Tanzania 

(3.2%), Burkina Faso and Mali (3.2% each) accounted for more than half of all malaria 
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cases globally (Figure 1.1). Children under the age of five accounted for more than 78%

of all malaria deaths worldwide. Tropical and subtropical countries counting Malaysia 

are also affected by this disease. 

Figure 1.1 Global trends in distribution of malaria cases by country

Source: World Malaria Report 2023

Since the establishment of the Malaria Eradication Program in Malaysian 

Borneo in 1961 and in Peninsular Malaysia in 1967, Malaysia has observed a significant 

reduction in the human malaria burden (Ministry of Health Malaysia; 2022).

Subsequently, Malaysia transitioned into the control phase (from 1980 to 2010), pre-

elimination phase (from 2011 to 2015), and elimination phase (in 2016). Malaria 

incidence in urban Kuala Lumpur is low and has remained consistent since 2005, 

according to records from the university hospital in Kuala Lumpur from January 2005 

to December 2020 (Dian et al. 2021). With the exception of 2015, cases of malaria were

documented in every year. In 2018, the highest prevalence was recorded (10.3%; 3/29) 

(Figure 1.2). Nationwide, Malaria cases reduced to 3688 in 2021, down from 243,870 

in 1961 (Ministry of Health Malaysia; 2022).

UN
IVE
RSI
TI K
EBA
NG
SAA
N M
ALA
YSI
A



3

Figure 1.2 Comparative statistics of the number of malaria cases at University 
Hospital of the National University of Malaysia (UKM) from 2005 to 2020

Source: Dian et al. 2021

Changes in vector habitat are thought to have the ability to alter the transmission 

of malaria. Changes in the vector habitat, such as temperature, average rainfall, and 

humidity, can affect the reproduction rate. Mosquito lifespan and blood-sucking rates 

rose in lockstep with room temperature (Ramasamy & Surendran 2012). Resistance of 

P. falciparum to antimalarial medications such as chloroquine, sulfadoxine, or 

pyrimethamine exacerbates the condition. Resistance to antimalarial medications refers 

to the parasite strain's capacity to survive and multiply even after high drug dosages. 

Many malaria control measures have been implemented, but none have proven effective 

or cost-efficient. The high cost and difficulty of transporting the drug to the rural areas 

worsen the problem. 

Almost all European countries and the United States succeeded in eliminating 

malaria through vector management in the early twentieth century by eradicating or 

eliminating the mosquito from its habitat. Following the discovery of the insecticide 

Dichlorodiphenyltrichloroethane (DDT), a global malaria eradication program was 

carried out in the 1950s and 1960s. The Soviet Union, Sri Lanka, and India all 

contributed to the success of the malaria eradication program. However, global 
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eradication was not achieved due to the program's high cost, objections from local 

communities who refused to spray their homes regularly, and the evolution of pesticide 

resistance. Furthermore, the failure of this programme to eliminate malaria in Western 

countries resulted in a 25-year loss of global focus on malaria (1970-1996). The drug 

resistance of P. falciparum causes an increase in the fatality rate and the number of 

malaria cases. A disease becomes more sophisticated when it successfully combats

human body's immune system.

Vaccines remain the first defence against malaria without effective 

chemotherapy (Malaria vaccine 2016). For children in sub-Saharan Africa and other 

areas with moderate to high P. falciparum malaria transmission, the World Health 

Organisation (WHO) recommends the widespread use of the RTS,S/AS01 (RTS,S) 

malaria vaccine. The recommendation is based on results from an ongoing pilot 

programme in Ghana, Kenya and Malawi that has reached more than 900,000 children 

since 2019 (World Malaria Report 2021). However, reports of chloroquine-resistant 

plasmodium strains hampered this initial line of defence (Narasimhan 2003; Nuwaha 

2001; Wellems & Plowe 2001). As a result, artemisinin and its derivatives have become 

an important component in malaria treatment (Gamo et al. 2010; Wells & Hooft van 

Huijsduijnen & Van Voorhis 2015; Yeung et al. 2004). This class of drugs was thought 

to be the only one capable of treating multi-drug-resistant clones of malaria. Given the 

recent reports of resistance on 21st-century antimalarial "stars" artemisinin and its 

derivative, the current state of antimalarial therapy is extremely concerning (Agarwal 

et al. 2015; Miotto et al. 2013; Sahu & Walker & Tekwani 2014; Talundzic et al. 2015; 

Teixeira et al. 2014; Whit 2010).

The main reasons for the failure of existing therapy can be summarised as 

follows (Figure 1.3): (i) Traditional medications result from haphazard discovery rather 

than rationally designed molecular target-based research methodologies. For example, 

Fidock et al. (2004) discovered the antimalarial potential of natural products such as 

artemisinin and quinine; (ii) a lack of structural diversity among currently used 

antimalarial drugs is a major contributor to the development of cross-resistance and 

multi-drug resistance; and (iii) increasing evidence of tolerance and reduced efficacy to 

artemisinin-based combination therapies (ACTs) has been consistently reported in some 
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countries (Teixeira et al. 2014). These considerations necessitate the prompt 

identification and development of a new class of antimalarial drugs with unique 

mechanisms of action for treating resistant parasite strains and lowering morbidity and 

mortality.

Figure 1.3 Why is there a need to develop a new class of antimalarials?

Source: Rathod et al. 2022

In terms of public health, a cure for malarial diseases aims to reduce the spread 

of infection to others by reducing the infectious population and spreading resistance to 

antimalarial medicines. With the aim of progress in the control of malaria, a range of 

drugs has been utilised, such as 4-aminoquinolines (chloroquine, hydroxy chloroquine, 

piperaquine, and amodiaquine), 8-aminoquinolines (pamaquine, tafenoquine, 

aablaquine, and primaquine), 4-amino alcohols (quinine, quinidine, mefloquine, 

halofantrine, and lumefantrine), endoperoxides (artemisinin, dihydroartemisinin, 

artesunate, and artemether), antibiotics (doxycycline), antifolates (pyrimethamine, 

proguanil, and chloroproguanil), napthoquinones (atovaquone), sulfonamides 

(sulfadoxine and dapsone), and other antimalarial drugs (Figure 1.4) (Okombo & 

Chibale 2018; Vangapandu et al. 2007). These conventional first-line antimalarial drugs 

are extremely effective against susceptible malaria parasites. However, their potency is 

steadily fading as parasites gain resistance to all currently used antimalarial drugs 

(Figure 1.5).
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Figure 1.4 Various chemical classes of the clinically used antimalarial drugs
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Figure 1.5 Timeline showing the interval between the discovery and development 
of resistance to the existing antimalarial drugs

Source: Rathod et al. 2022

Despite these drugs, the development of resistance (Singh et al. 2019), 

particularly to front-line treatments such as artemisinin-based combination therapy 

(ACT), is concerning, as there are no other options for more effectively treating malaria 

(Poonam et al. 2018). As a result, it is essential to develop novel, inexpensive, and 

promising antimalarials with exceptional potency against drug-resistant and drug-

sensitive Plasmodium, as well as antimalarials that can act on dual-stage and multistage 

parasite life cycles (Alonso & Tanner 2013; Alven & Aderibigbe 2019; Ashley & Phyo 

& Woodrow 2018; Kumar et al. 2018). Morphy and Rankovic (2005) and Meunier 

(2008) proposed the concept of hybrid drugs and hypothesised that they could overcome 

drug resistance issues.

1.1.1 4-Aminoquinolines as Antimalarial Agents

Out of a wide variety of N-heterocyclic compounds used for antimalarial treatment 

(Faheem et al. 2022; Kalaria & Karad & Raval 2018), a quinoline bycyclic is an efficient 

moiety in the 21st century (Marinho et al. 2021; Roy et al. 2021; Uddin et al. 2021). 

Because of its simple chemistry, ease of synthesis, and wide variety of biological 

applications in both natural and synthetic derivatives, this scaffold is regarded as a 

biologically relevant active source with several therapeutic potentials including 

antimalarial (Fan et al. 2018; Firestone et al. 2021; Kucharski & Jaszczak & Boratyński

2022), antiparasitic (Kaur et al. 2010), antioxidant (Abdi et al. 2021), antituberculosis 

(Shruthi et al. 2019), antiprotozoal (Dorababu 2021), anticonvulsant (Pawar et al. 2017), 

anticancer (Kamath et al. 2016), antimicrobial (Adeleke et al. 2021), anti-inflammatory 

(Bekhit et al. 2022), antileishmanial (Costa et al. 2020), anti-analgesic (Bekhit et al. 

2022), and antiviral (Kaur & Kumar 2021). Despite reports of resistance to quinoline-
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based drugs that act on heme, they are still being used as lead compounds for the 

development of novel antimalarial drugs (Sashidhara et al. 2012; Vandekerckhove & 

D'Hooghe 2015), because resistance to this class of drugs is compound specific rather 

than target-oriented (Payne 1987). Some of the marketed drugs related to quinoline 

moiety are shown in Figure 1.6.

Figure 1.6 Marketed drugs based on quinoline moiety

For decades, aminoquinoline has been utilised as a quinoline scaffold in malaria 

drug research (Coban 2020; Lawrenson et al. 2018; Zhou et al. 2020). Quinine (QN), 

derived from Cinchona bark, was first used to treat malaria, followed by other quinoline 

synthetic derivatives such as primaquine (PQ) and chloroquine (CQ). Pamaquine, the 

first synthetic 8-aminoquinoline-based antimalarial drug, was developed in 1925 and 

had greater efficacy than QN. However, due to toxicity concerns, it was eventually 

discontinued and replaced by 8-aminoquinoline medicines such as aablaquine, 

bulaquine, pentaquine, quinocide, tefnoquine, and PQ (Crockett & Kain 2007; Fernando 

& Rodrigo & Rajapakse 2011). CQ, a 4-aminoquinoline, was first chemically 

synthesised in 1934 as a substitute for QN and has been the mainstay of malaria 

chemotherapy for about five decades, with advantages such as low cost, fewer side 

effects than QN, limited toxicity, and excellent clinical profile (Loeb et al. 1946). 

Amodiaquine (AQ) was found as an alternative to CQ in 1948; however, it was 
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eventually removed from the market due to adverse effects and host toxicity concerns 

(Gil 2008). Furthermore, using CQ and AQ as lead compounds, many novel 4-

aminoquinoline medicines with increased antimalarial potency and lower toxicity were 

created, including piperaquine, isoquine, amopyroquine, tebuquine, and 

hydroxychloroquine. Both 8-aminoquinoline (Leven et al. 2019; Mahmud & 

Shallangwa & Uzairu 2020) and 4-aminoquinoline (Nqoro & Aderibigbe 2020) 

chemicals are crucial and often used to treat malaria because of their low cost, ease of 

synthesis, ease of use, and low toxicity. The United States Food and Drug 

Administration (FDA) have approved using 4-aminoquinoline to treat malaria (World 

Malaria Report 2020). The history of the quinoline antimalarial drugs is shown in Figure 

1.7.

Figure 1.7 History of Malaria Treatment

Source: Coban 2020

According to structure-activity relationship (SAR) results on 4-aminoquinoline 

moiety, the 7-chloro and 4-amino groups in quinolines are crucial for high-affinity 

binding to hematin and act by interfering with the parasite feeding process. This is why 

UN
IVE
RSI
TI K
EBA
NG
SAA
N M
ALA
YSI
A



10

the 4-aminoquinoline derivatives are still valuable for malaria drug discovery. The 4-

aminoquinoline compound is critical and often employed to treat malaria because of its 

easy synthesis, easy utilization, and low cost (Manohar et al. 2012). SAR studies on 4-

aminoquinoline derivatives suggest that 4-amino and 7-chloro groups are essential for 

haemozoin inhibition and aid drug accumulation in the parasite's acidic food vacuole 

(Pandey et al. 2001). The antimalarial activity is diminished when the 4-amino group is 

replaced with S or O, and the 7-chloro group is replaced with Br, -OCH3, -CH3, or -CF3.

The tertiary nitrogen on the side chain and the ring nitrogen of 4-aminopyridine are 

important for activity because they allow the drug to accumulate in the parasite cell after 

protonation. Furthermore, the optimal carbon chain length ranges between 2 and 3, 

allowing the compounds to preserve antimalarial efficacy against CQ-resistant P.

falciparum (De et al. 1998). Figure 1.8 depicts a compilation of major SAR observations 

of 4-aminoquinolines (Manohar et al. 2014) based on activity versus CQ-resistant.

Figure 1.8 Summary of significant SAR observation of 4-aminoquinoline 
derivatives

Source: Manohar et al. 2014

1.1.2 Pyrano[2,3-c]pyrazoles as an Important Class of Heterocycles

On the other hand, pyrano[2,3-c]pyrazoles are broadly studied and highly explored and 

play an important role in pharmaceuticals. It displays diverse appealing biological 

activities including antimalarial (Witschel et al. 2015; Shamsuddin et al. 2020; García-

Cañaveras et al. 2021; Biswas & Das 2022), anti-inflammatory (Mandha et al. 2012), 

antimicrobial (Mistry et al. 2012), anti-fungicidal (Ramiz et al. 2012), anticancer (Wang 

et al. 2009), inhibitors of human Chkl kinase (Foloppe et al. 2006), vasodilator 

(Ahluwalia & Dahiya & Garg 1997), analgesic (Kuo & Huang & Nakamura 1984) as 

well as biodegradable agrochemical (Kiyani et al. 2013) (Figure 1.9). Because of 

UN
IVE
RSI
TI K
EBA
NG
SAA
N M
ALA
YSI
A



11

potential biological activities and extensive synthetic utilities, functionalised 

pyrano[2,3-c]pyrazole derivatives have gained significant attention as an important 

class of heterocycles in organic synthesis and the pharmaceutical industry (Guo et al. 

2013). It has attracted researchers to explore this moiety by making modifications at 

various possible positions.

Figure 1.9 Biologically active pyrano[2,3-c]pyrazoles

The approach to drug design was used in the twentieth century with the concept 

of "one-target-one-drug" to discover novel drugs. However, this technique is still 

ineffective in treating a variety of diseases, including cancer, diabetes, and 

cardiovascular disease. In recent years, molecular hybridisation has become an 

important tool for biochemists in drug development. This molecular hybridisation 

involves covalent connections between two or more pharmacophores, each with

antimalarial action. The resulting molecular hybrid may be no better than the parent 

drug in terms of efficacy.

1.1.3 In Silico Molecular Docking Study Methods

The complexity of every disease can be unravelled with the presence of in silico studies 

to see if the protein structure of the disease can be seen. Advances in biological 
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structuring provide many opportunities for computational biologists to design drug 

molecules with better biological activity and fewer side effects.

Molecular docking is the most well-known method for structure-based drug

design. Molecular docking is a computational platform that maps ligands to proteins' 

3D structures, resulting in stable complexes. Molecular docking has different uses and 

values in drug discovery and protein structure-activity investigations (Morris & Wilby 

2008). This docking method examines the position of the drug binding to the protein to 

evaluate the drug's binding affinity and activity. Using a docking score system, a good 

binding site can predict the strength or affinity of the interaction between the ligand and 

the protein (Figure 1.10).

Molecular docking is the process by which two molecules engage with one 

another. Interaction forces can be classified into four types: electrostatic forces, 

electrodynamic forces, steric forces, and solvent-based forces. There are four necessary 

phases in molecular docking. The first step is to prepare the protein structure, which can 

be obtained from the Protein Data Bank (PDB). This structure must first be treated to 

remove water molecules from the protein, stabilise the charge, and generate side chains. 

The next step is to identify the active site on the processed protein. Next, ligands 

collected from various databases, such as ZINC and Pub Chem, can be prepared using 

ChemDraw software. Finally, the ligand and protein will be docked, and all interactions 

will be analysed using a docking scoring method.UN
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Figure 1.10 Flow chart of docking process between ligand and protein

Source: Chaudhary & Mishra 2016

The main goal of this molecular docking is to determine the molecular process 

using computer simulation and, acquire the ideal orientation to reduce free energy. The 

presence of contemporary bioinformatics information technologies can minimise the 

time required to develop effective medicines against Plasmodium parasites. During 

molecular docking investigations on P. falciparum, ligands bind to binding sites on the 

3D structure of P. falciparum. Chloroquine, amodiaquine, quinine, and mefloquine 

compounds had lower affinity binding than the co-crystal structure of nicotinamide 

adenine dinucleotide (NADH) (Waingeh et al. 2013). The findings of this investigation 

indicate that all of these ligands are ineffective in suppressing P. falciparum because 

they are insufficient to be competitive inhibitors.

1.1.4 In Vitro Antimalarial Study Methods

Progress in malaria parasite culture is critical for understanding their biochemical, 

biological, immunological, and pharmacological features. The percentage of blood cells 

infected by the parasite and the total number of red blood cells in the culture influence

the parasite's development and survival in static culture. A high number of parasite-

infected blood cells (more than 10%) disrupts the parasite's growth, and only a few 

strains of parasites that are easy to culture can produce a proportion of parasite-infected 

blood cells of up to 30%.
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In vitro study approaches towards P. falciparum have evolved, and several 

protocols have been utilised in these studies. However, the approach used in the in vitro

cultivation of P. falciparum at the intra-erythrocyte level remains unchanged from that 

described by Trager and Jensen in 1976. This technique's approach involves the use of 

4-(2-Hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES), Roswell Park Memorial 

Institute (RPMI) culture media, human erythrocytes, and sodium bicarbonate. Several 

strategies were used to promote the growth of P. falciparum's asexual stage.

Plasmodium is a pathogen with a complex life cycle involving female mosquitos 

and the development of zoites to host cells at each stage. When sporozoites infiltrate 

the host, they infect hepatocytes and initiate an asexual cycle in the blood. In the early 

stages, plasmodium sporozoites will be injected into the host's dermis during blood-

sucking process. At this point, the sporozoite will use gliding motility to reach the blood 

vessels. The lymphatic system removes and absorbs sporozoites that do not penetrate 

the host's dermis.

Sporozoites that have successfully entered the host's blood vessels will penetrate 

the host's liver through the distribution process. Several proteins are required in the 

distribution process, including SPECT (sporozoite microneme protein essential for 

traversal), SPECT2 (perforin-like protein 1, PLP1), CeiTOS (cell traversal protein for 

ookinetes and sporozoites), PL (phospholipase), and GEST (gamete egress and 

sporozoites traversal protein) (Cowman et al. 2016). The role of all proteins in cell 

dispersion is unknown. However, SPET2 has a membrane assault complex that punches 

a hole in the membrane. The sporozoite will then attack the hepatocyte once the host 

membrane has been penetrated. When a sporozoite is injected into the host's dermis, it 

is in transfer mode until it encounters a hepatocyte, which switches to attack mode. 

After infecting hepatocytes, these sporozoites will change stage (exo-erythrocytic) 

within 10-20 days and release 40,000 merozoites into the bloodstream. When this stage 

is reached, the liberated merozoites will quickly and dynamically invade the 

erythrocytes, resulting in cell division. Once the erythrocyte is attacked, cell division 

occurs in four stages over 48 hours.
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Merozoites will target erythrocytes in the first stage and progress through 

various stages, including pre-invasion, active attack, and ekinocytosis, all within two 

minutes. Pre-attack is the initial engagement, while active attack involves intense 

interactions between merozoites and erythrocytes that produce host cell destruction. 

After the active attack phase, the merozoite membrane fuses with the erythrocyte, 

ensuring that the parasite accumulates in the erythrocyte. The parasite will lose its 

organelles (apical complex and surface coating) and transform into trophozoites (loop 

stage) in the following stage. The parasite will next progress to the schizont stage, when 

it will copy its deoxyribonucleic acid (DNA) multiple times before undergoing 

asynchronous mitotic division. Each schizont will produce 16-18 merozoites that will 

destroy the erythrocyte membrane and spread to normal red blood cells. Figure 1.11

depicts the life cycle of P. falciparum in erythrocytes.

Figure 1.11 The life cycle of Plasmodium falciparum in erythrocytes

Source: Radfar et al. 2009

Trager and Jensen (1997) described two basic ways for growing P. falciparum:

the wax jar approach and the continuous flow method. This wax jar method is utilised 

for parasites cultured in wax jars, with the culture media changing manually at least 
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once daily. Certain conditions must be met to promote good parasite growth in the wax 

jar, including a 3% carbon dioxide level and a 17% oxygen level. In contrast to the 

continuous flow approach commonly used to culture P. falciparum, new culture media 

are continuously added to ensure good parasite growth. This method is better then wax 

jars because it is more practical, as changing the media culture does not have to be done 

daily, and the flow of carbon dioxide gas at 7% and oxygen gas at 5% is continually 

channelled.

1.2 PROBLEM STATEMENT

Malaria is one of the most severe public health challenges worldwide. The disease is 

widespread in tropical and subtropical countries such as Indonesia, West Africa, Brazil, 

and Malaysia. One of the most important challenges in malaria control is the 

development of drug resistance in malaria parasites. The standard malaria treatment is 

artemisinin-combination therapy (ACT). Nonetheless, the Plasmodium parasite's

significant resistance to previous drugs and low ACT efficacy demands fresh drug 

development. The discovery of effective, innovative, and inexpensive antimalarial 

drugs is important in fighting drug resistance, and the hybrid drug concept can be 

utilised to covalently combine two or more active pharmacophores that can act on many 

targets.

The development of novel antimalarial drugs that target the blood stages of the 

malaria parasite's life cycle is critical to achieving the goal of malaria suppression. 

Another method for discovering new metallodrugs is to bind an organic compound with 

known therapeutic value to a metal-containing fragment. According to SAR 

examinations on the 4-aminoquinoline scaffold, the 4-amino and 7-chloro groups in 

quinolines are essential for high-affinity binding to hematin and act by interfering with 

the parasite-feeding process. This is why the 4-aminoquinoline scaffold is still valuable 

for malaria drug discovery. Functionalized pyrano[2,3-c]pyrazole derivatives are highly 

explored and broadly studied and have a significant role in pharmaceuticals. Because 

of extensive synthetic utilities and potential biological activities, pyrano[2,3-

c]pyrazoles have gained significant attention as an important class of heterocycles in 

organic synthesis and pharmaceutical industries. As a result, this research will 
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concentrate on developing pyrano[2,3-c]pyrazole-based 4-aminoquinoline derivatives 

as potential antimalarial agents. We choose pyrano[2,3-c]pyrazoles to improve the 

antimalarial efficacy of 4-aminoquinoline derivatives, by utilising the hybridisation 

concept.

1.3 RESEARCH OBJECTIVES

This study embarks on the following objectives:

1. To synthesise ethyl linker chain contained pyrano[2,3-c]pyrazole-based 4-
aminoquinoline hybrids through a one-pot method followed by a nucleophilic 
substitution reaction.

2. To determine the ADMET properties and examine the molecular docking of 
synthesised hybrids utilising the in-silico approach.

3. To examine the heme detoxification of hybrid compounds.

4. To examine the anti-plasmodial effects of synthesised molecular hybrids 
utilising in vitro P. falciparum CQ-sensitive 3D7 and CQ-resistant K1 Strains.

1.4 RESEARCH SCOPE

The hybridisation of 4-aminoquinoline with pyrano[2,3-c]pyrazoles will increase the 

antimalarial potency of pyrano[2,3-c]pyrazole-4-aminoquinoline hybrids since 

pyranopyrazole derivatives have a wide range of therapeutic applications. Our lab 

recently reported a successful cascade process for conjugating pyrano[2,3-c]pyrazoles 

and 4-aminoquinoline as molecular hybrids for antimalarial agents. In this study, 

nineteen various substituted pyrano[2,3-c]pyrazoles were functionalised with the -NH 

of ethyl linker and the effect on antimalarial activity was studied. In this case, 

functionalising a heterocyclic component at the -NH of the ethyl linker may increase 

the compound's lipophilicity. All the synthesised hybrids were tested in vitro for 

antimalarial against P. falciparum CQ-sensitive (CQS) 3D7 and CQ-resistant (CQR)

K1 strains and cytotoxicity against human normal liver WRL68 cell line, followed by 

molecular docking to predict absorption, distribution, metabolism, and excretion to 

identify newer targets of action. This study should result in a metabolically stable hybrid 

pyrano[2,3-c]pyrazole-4-aminoquinoline that could be used as a promising antimalarial 

agent.
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CHAPTER II

LITERATURE REVIEW

2.1 METHOD FOR THE SYNTHESIS OF PYRANO[2,3-C]PYRAZOLES

Isomeric pyranopyrazole structure includes pyrano[4,3-c]pyrazole, pyrano[3,4-

c]pyrazole, pyrano[2,3-c]pyrazole and pyrano[3,2-c]pyrazole (Figure 2.1). The 

formation of pyrano[2,3-c]pyrazole derivatives has been developed via different 

methods of multicomponent reactions (MCRs) either in two-, three- or four-component 

reactions (Otto & Engberts 2000; Shestopalov et al. 2003; Zonouz & Eskandari & 

Khavasi 2012). MCRs are considered convergent one-pot reaction protocol involving 

two or more of simple yet varied substrates to furnish archetypical molecules or 

complex materials with higher variability. Furthermore, MCR approaches also offered 

multiple advantages counting the elimination of difficult purification processes, the 

utility of easily available and flexible building blocks and also solvent and reagent 

economical purposes (Weber 2002).

Figure 2.1 Structures of isomeric pyranopyrazole

In organic chemistry, multicomponent reaction is one of the best methods for 

the synthesis of heterocycle compounds (Ivachtchenko et al. 2010). In the past decades, 

pyrano[2,3-c]pyrazoles were synthesized from a two-component type reaction of 

tetracyanoethylene and 3-methyl-1-phenylpyrazoline-5-one (Junek & Aigner 1973).  

Subsequently, Otto and Engberts (2000) successfully established a two-component 

Michael type reaction between malononitrile and 4-arylidiene-1-phenyl-1H-pyrazole-

5-one catalyzed by a base for the construction of 4-aryl-pyrano[2,3-c]pyrazoles. 
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Furthermore, several research groups revealed that the Michael type of cyclization 

reaction can also archived smoothly with the aid of weak bases. Conversely, 

Shestopalov et al. (2003) demonstrated the three-component reaction of malononitriles, 

pyrazoline-5-ones and piperidin-4-ones catalyzed by a base (TEA) for the construction 

of spiro-pyrazolopyran derivatives 1 (Figure 2.2).

Figure 2.2 Synthesis of spiro-pyrazolopyran derivatives

In pursuit of developing a green and economical synthesis of pyranopyrazole, 

Sonar et al. (2018) successfully synthesized pyrano[2,3-c]pyrazole hybrids 2 through a 

one-pot three component synthesis. It was reported that the three components used were 

malononitrile, aromatic aldehyde, and 3-methyl-1H-pyrazole-5(4H)-one, with 

triethanolamine as a catalyst (Figure 2.3) 

Figure 2.3 Triethanolamine catalyzed formation of pyranopyrazoles
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In a different progress, Zonouz and Eskandari and Khavasi (2012) successfully 

developed an efficient method for the four-component reaction of aromatic aldehydes, 

malononitrile, hydrazine hydrate and dimethyl acetylenedicarboxylate for the 

construction of 2,4-dihydropyrano[2,3-c]pyrazoles-3-carboxylates 3 in water (Figure 

2.4).

Figure 2.4 Synthesis of pyrano[2,3-c]pyrazole derivatives

Kiyani et al. (2013) synthesized a series of pyrano[2,3-c]pyrazole hybrids 4

through the sodium benzoate catalyzed four-component reaction of equimolar amounts 

of ethyl acetoacetate, malononitrile, aldehyde and hydrazine hydrate in an aqueous 

medium at room temperature (Figure 2.5). A series of substituted aromatic aldehydes 

and phenylhydrazines were used to explore the synthesis reaction, which yielded a total 

of 17 derivatives.

Figure 2.5 Synthesis of pyrano[2,3-c]pyrazole derivatives catalyzed by sodium 
benzoate
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Guo et al. (2013) also developed an efficient synthetic method for the 

construction of diverse pyranopyrazoles 5 by employing ethyl acetoacetate as the β-

ketoester via meglumine promoted four-component reaction (Figure 2.6). To date, 

malanonitriles, aldehydes, β-ketoesters and hydrazines are the most common reagents 

involved in four-component reactions for the synthesis of pyranopyrazoles.

Figure 2.6 Synthesis of pyrano[2,3-c]pyrazoles

A novel synthetic route for the construction of pyrano[2,3-c]pyrazoles was 

accomplished through a domino one-pot, and the four-component reaction of 

malanonitrile, aldehyde, diethyl oxaloacetate and hydrazine in refluxing acidic 

ethanolic solution under the non-catalytic system (Gein & Zamaraeva & Kozulina 2014; 

Mohammat et al. 2018). In the first stage, the reaction between malononitrile and 

aldehyde will provide arylidenemalonodinitrile, and the simultaneous reaction between 

diethyloxalacetate sodium salt and hydrazine hydrate will furnish pyrazolone. In the 

second stage, pyrazolone reacts with arylidenemalononitrile through the Michael 

reaction to generate an intermediate that will undergo isomerization, followed by 

Thorpe-Ziegler cyclization to give pyranopyrazoles 6 (Figure 2.7). This procedure was 

practical, simple, rapid and environmentally friendly as it was carried out in an 

inexpensive solvent (ethanol) without any catalysts or chromatographic purification 

methods. It also provided products wiith good yields.
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Figure 2.7 Synthesis of pyrano[2,3-c]pyrazole derivatives

Recently, Maarop et al. (2020)  synthesized a series of new dihydropyrano[2,3-

c]pyrazole derivatives with reasonable yields replicating four-component and two-

parallel reaction method as demonstrated by Gein and Zamaraeva and Kozulina 2014. 

However, upon varying the original reaction procedure to domino type reaction manner 

provided the dihydropyrano[2,3-c]pyrazoles up to excellent yields within 30 minutes. 

A possible reaction mechanism for the construction of pyrano[2,3-c]pyrazols was 

proposed (Figure 2.8). The reaction mechanism was initiated by the condensation 

reaction between diethyl oxaloacetate salt 7 and hydrazine 8 to generate intermediate 

A, which then underwent intramolecular nucleophilic cyclization to provide 

intermediate B. Subsequent dehydration of intermediate B generated the pyrazolone C, 

which then preceded tautomerization to provide more active enolic pyrazolone D. 

Subsequently, the Michael-type reaction between the resultant enolic pyrazolone D and 

pre-synthesized aryl/alkylidene malononitrile E generated intermediate F, which then 

preceded isomerization to generate compound G. Finally, Thorpe-Ziegler 

intramolecular cyclization of compound G yielded the final product dihydropyrano[2,3-

c]pyrazol-3-carboxylates 9.
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Figure 2.8 Possible reaction mechanism for the construction of pyrano[2,3-
c]pyrazoles

2.2 METHOD FOR THE SYNTHESIS OF 4-AMINOQUINOLINE DERIVATIVES

Runge (1834) first obtained impure quinoline from coal tar. Later, Gerhardt (1842) 

obtained it from cinchonine and quinine as a degradation product. Coal tar also contains

isoquinoline, alkyl isoquinoline and alkyl quinoline derivatives which are difficult to 

separate. Furthermore, satisfactory synthetic methods have not progressed for several

years. Pure quinoline or benzo[b]pyridine 10 is a weak tertiary base. Several reduced 

quinoline derivatives are decahydroquinolines 11, 1,2,3,4- tetrahydroquinoline 12 and 

1,2-dihydroquinoline 13. An important class of 1,2,3,4-tetrahydroquinoline derivatives 

12 were commonly synthesized from the corresponding quinoline derivatives through 

direct reduction. Tin and hydrochloric acid readily reduce the quinoline to 1,2,3,4-

tetrahydroquinoline 12. 1,2-Dihydroquinoline 13 is a colourless solid, readily oxidized 

to the corresponding aromatic structure. The reduction reaction of quinoline derivatives 

with sodium in liquid ammonia or lithium aluminium hydride furnished the 1,2-

dihydroquinoline derivatives 13, formed as intermediates in the Skaurp synthesis 

(Figure 2.9).
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Figure 2.9 Quinoline and its reduced forms

Quinoline is an aromatic heterocyclic organic compound. It has a benzene ring 

fused with pyridine at two adjacent carbons. The synthetic methodology for 

constructing chloroquinoline derivatives is shown in Figure 2.10. Initially, 4-quinolinol 

14 was transformed to 4-chloroquinoline intermediate 15 by employing the chlorinating 

agent phosphoryl oxychloride (Mao et al. 2007). The alkyl chain having 2/3/4 carbon 

atoms was linked to the 4-chloroquinoline 15 by reacting to aminoalcohols

(butanolamine/propanolamine/ethanolamine) under the optimal reaction conditions to 

furnish quinoline aminoalcohol intermediate 16 (Guantai et al. 2011). Then, 

intermediate 16 was transformed to bromide derivative 17 by employing brominating 

agent HBr-H2SO4 (Cazelles et al. 2007). 

Figure 2.10 Synthesis of chloroquinoline derivatives

2.3 METHOD FOR THE SYNTHESIS OF PYRANO[2,3-C]PYRAZOLE-4-
AMINOQUINOLINE HYBRID COMPOUNDS

Many researchers developed synthetic methods for the construction of various 4-

aminoquinoline derivatives hybridised with diverse heterocyclic moieties including 

artemisinin, adamantane, chalcone, ciprofloxacin, fluorene, guanylthiourea, harmine, 

imidazole, morpholine, nopol, pyrazoline, phthalimide, pyridine, pyrimidine, 
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piperidine, piperazine, quinoxaline, thiophene, triazolopyrimidine, triazole, and the 

metal complex. Widespread resistance of P. falciparum to artemisinin-based 

combination therapy is required to find a novel medicine. Since a wide range of 

therapeutic applications of pyranopyrazoles, the hybridization of pyrano[2,3-c]pyrazole 

derivatives 20 with 4-aminoquinolines 23 will supposedly enhance the antimalarial 

efficacy of pyrano[2,3-c]pyrazole-aminoquinolines 24. Currently, a successful 

procedure for conjugating various pyrano[2,3-c]pyrazoles 20 and 4-aminoquinoline 23

as a molecular hybrid for an antimalarial agent was reported by our research group 

(Shamsuddin et al. 2021) (Figure 2.11).

Figure 2.11 Synthesis of pyrano[2,3-c]pyrazole based aminoquinolines

A possible reaction mechanism for constructing 4-aminoquinoline-pyrano[2,3-

c]pyrazole hybrid compounds was proposed (Figure 2.12). Initially, the elimination of 

acidic proton from the pyranopyrazole upon reaction with bicarbonate base generated 

the hybrid scaffold intermediate. The subsequent nucleophilic addition of the resultant 

pyrazolium anion intermediate to the 4-(bromoethylamino)-7-chloroquinoline via SN2

reaction yielded the 4-aminoquinoline-pyrano[2,3-c]pyrazole hybrid. This elegant 

approach is simple, involving only a few steps to target hybrid molecules.
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Figure 2.12 Plausible mechanism for the construction of pyrano[2,3-c]pyrazole-
based aminoquinolines

2.4 IN SILICO ACTIVITY OF 4-AMINOQUINOLINE DERIVATIVES

Introducing a bioactive moiety to 4-aminoquinoline can enhance its antimalarial, 

anticancer, antiviral, and immunomodulatory properties. For example, introducing a 

pyridine or quinazoline moiety can increase its potency against P. falciparum.

Introducing aryl or alkylamine moiety to 4-aminoquionilne can increase its potency 

against cancer cells. However, the same modifications can also lead to increased 

toxicity, particularly when they are close to other electron-withdrawing

groups. However, the toxicity can also be influenced by the compound’s 

physicochemical properties, such as its solubility, lipophilicity, bioavailability, pKa 

stability, and properties. For example, introducing hydrophilic groups to 4-

aminoquinoline hybrids can increase their solubility and bioavailability and lead to 

decreased lipophilicity and increased toxicity. The solubility of 4-aminoquinoline 

hybrids is critical for their bioavailability and efficacy. SAR studies have shown that

introducing hydrophilic groups, such as amino or hydroxyl groups, can increase the 

solubility of 4-aminoquinoline hybrids. Poorly soluble compounds can decrease 

bioavailability and efficacy, while highly soluble compounds can lead to rapid clearance 

and decreased half-life. 

Furthermore, the pKa stability and properties of 4-aminoquinoline hybrids are 

critical for their biological activity. The pKa value of a compound determines its 

ionization state and ability to interact with biological targets. Compounds with a pKa 

value close to physiological pH of 7.4 are more likely to be in the ionized state, which 

can decrease their cell membrane permeability and decrease their bioavailability.

SAR studies have shown that introducing certain bioactive moieties to 4-
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aminoquinoline can influence pKa stability. The introduction of an amino group 

increases its pKa value but decreases its biological activity. Similarly, introducing an 

electron-withdrawing group, such as a nitro group, can decrease the pKa value but 

increase the biological activity of 4-aminoquinoline hybrids. Therefore, these hybrids’ 

SAR, toxicity, biological potency and physicochemical properties are complex and

dependent on various factors.

Thillainayagam et al. 2014 successfully conducted an in silico study on 4-

aminoquinoline-chalcone hybrid compounds against Plasmodium falciparum lactate 

dehydrogenase enzyme, PfLDH (PDB ID: 1LDG). In this study, thirty-eight 4-

aminoquinoline-chalcon hybrid compounds were docked to PfLDH's active site using 

SYBYL Surflex-Dock software. Following the docking investigation of these thirty-

eight compounds, hybrid 25 revealed a good binding position with the best affinity bond 

of -161.6 kcal/mol. All hybrids showed the same bonding pattern as hybrid 25.

According to this study, compound 25's NH group on the side chain of LYS 267 and 

the carboxylic acid on the side chain of GLU 256 form two hydrogen bonds with the 

compound's oxygen and hydrogen atoms. The two hydrogen bonds have interaction 

bond distances of 2.1 Å and 2.9 Å (Figure 2.13).

Figure 2.13 Structure of compound 25 and hydrogen bonding interactions at the 
active site of PfLDH

Several studies have reported the in silico analysis of quinoline-derived 

compounds on P. falciparum strains. Cortopassi et al. 2011 conducted in silico studies 

and docked a quinoline derivative molecule (26) coupled to hematin dimer to PfLDH. 

The Molegro Virtual Docker (MVD) software was utilised in this investigation to dock 

a chloroquinoline derivative (26) with Hematin, resulting in a complex with the PfLDH 
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strain (PDB ID: 1LDG). The results of this investigation demonstrated that 

chloroquinoline compound (26) produces a lower value, -129.33 kcal/mol, than NADH, 

which is -241.54 kcal/mol. This study also shows why the complex formed by the 

interaction of chloroquine (26) and hematin has a greater docking value than NADH. 

This suggests that this compound can compete with NADH and inhibit PfLDH. As a 

result of this docking investigation, four hydrogen bonds form between the complex 

compounds with the side chains of LYS 192, THR 101, ALA244, and HIS 243 and the 

active site of PfLDH (Figure 2.14).

Figure 2.14 Structure of the chloroquinoline compound (26) used in the docking 
process with the active site of PfLDH

The in silico method utilised to dock the quinoline hybrid compounds with P. 

falciparum was extensively studied. It allowed researchers to examine the compound's 

binding site to the protein and estimate its binding affinity and activity. Tripathi et al. 

2017 docked a 4-aminoquinoline-pyrimidine hybrid to P. falciparum Dihydrofolate 

Reductase-Thimidylate synthetase, PfDHFR-Ts (PDB ID: 3QG2) using Glide 5.8 

software. This work also explains why P. falciparum requires Thymidylate Synthetase, 

a bifunctional enzyme. The findings of this study revealed that compound 27

(9.78kcal/mol) had the greatest docking value at the active site of PfDHFR-Ts. This 

molecule interacts with the active level, forming two hydrogen bonds with the side 

chains of LEU 164 and ARG 122 (Figure 2.15).
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Figure 2.15 The docking position of compound 27 interacts with the active site of 
PfDHFR-Ts (PDB ID: 3QG2)

2.5 IN VITRO ANTIMALARIAL ACTIVITY OF 4-AMINOQUINOLINE 
DERIVATIVES

For over five decades, 4-aminoquinoline hybrid compounds were the most promising 

antimalarial drugs available, and their chemistry, molecular docking, SARs, toxicity, 

and physicochemical properties have been extensively studied. (Bokosi & Ngoepe

2022; Hochegger et al. 2019; Palla et al. 2020; Ramírez et al. 2022; Ravindar et al. 

2023; Singh & Chetia & Kumawat 2021).

2.5.1 Quinoxaline-4-aminoquinolines

Bonilla-Ramírez et al. (2018) synthesized a broad range of novel 4-aminoquinoline 

hybrid compounds having quinoxaline 1,4-di-N-oxide pharmacophores. They examined 

them for antimalarial activity against P. falciparum multidrug-resistant (FCR-3) and 

CQS (3D7) strains by employing CQ (IC50 0.026 μM (3D7) and IC50 0.207 μM (FCR-

3)) as a standard drug. All the evaluated hybrids except 28c showed sub-micromolar 

activity against the 3D7 clone (IC50< 1 μM), whereas only 28b and 28e exhibited IC50

in the same range towards the FCR-3 clone. However, no compound performed better 

potently than standard CQ towards 3D7 and FCR-3 P. falciparum clones. All the 

examined hybrids exhibited low cytotoxicity towards the HepG2 cell line, with CC50

values ranging from 21 to 92 μM and only 1-6 times lower than the reference CQ. In 
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addition, all hybrids displayed high predicted gastrointestinal absorption, and none of 

the compounds violated either Veber’s criteria (i.e., all except 28d with 10 rotatable 

bonds) or Lipinski’s rule of five (Figure 2.16).

Figure 2.16 Antiplasmodial potency of quinoxaline-4-aminoquinolines against 
FCR-3 and 3D7 P. falciparum clones

2.5.2 Adamantane-4-aminoquinolines

Yvette et al. (2018) team identified a new class of antimalarials consisting of a wide 

variety of conjugated aza-adamantanol (29) and adamante-imine (30) 4-

aminoquinolines. The constructed hybrids tested positive for antimalarial activity 

against CQS (NF54) and CQR (K1) P. falciparum clones. Among the series, only 30b

(IC50 = 5 nM) was more potent against the NF54 strain than the reference CQ (IC50 =

7.80 nM). In contrast, hybrids 29a, 29b, and 30a exhibited a 3-4-fold higher antimalarial 

potency against the K1 clone than the reference CQ (IC50 = 300 nM). The hybrids with 

2-to-3-carbon alkyl linkers from both series were the most potent against the NF54 and 

K1 clones. All conjugates displayed low cytotoxicity against the non-parasitic Chinese 

hamster ovarian (CHO) cell line, with IC50 values ranging from 37 to 279 μM (Figure 

2.17).
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Figure 2.17 Antimalarial activity of adamantane-4-aminoquinolines towards NF54 
and K1 P. falciparum clones

2.5.3 Artemisinin-4-aminoquinolines

Capci et al. (2019) synthesized alkydiesteramine thread 7-chloroquinoline derivatives 

hybridized with 3-hydroxy-desoxydihydroartemisinin core 31-33 and screened their 

antimalarial activity towards P. falciparum 3D7, Dd2, and K1 strains. Hybrid 32

containing artemisinin core tethered to 7-chloroquinoline bicycle via 3-(2-

(methylamino)ethyl carbamoyl)propanoate moiety was a more potent counter of all 

three P. falciparum clones K1 (EC50 = 0.78 nM), 3D7 (EC50 = 2.7 nM), and Dd2 (EC50

= 1.0 nM) (Figure 2.18).

Figure 2.18 Antimalarial potency of artemisinin-4-aminoquinolines towards P.
falciparum 3D7, Dd2, and K1 clones
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Pepe et al. (2020) developed novel conjugates of 4-aminoquinolines hybridised 

with artemisinin core (34-36) and evaluated their antimalarial activity against the CQR 

P. falciparum FcB1/Colombia clone using CQ (IC50; 72 nM) and Artemisinin (ART,

IC50; 55 nM) as reference drugs. Hybrid 36b was comparable to ART, whereas the 

remaining hybrids exhibited lower inhibition values (11-33%) at 10 nM (Figure 2.19).

Figure 2.19 Antimalarial activity of artemisinin-4-aminoquinolines against P.
falciparum FcB1/Colombia strain

2.5.4 Pyrimidine-4-aminoquinolines

A broad range of triazole-tethered pyrimidine-4-aminoquinoline derivatives was 

furnished by Chopra and Chibale and Singh (2018) and examined for in vitro potency 

towards NF54 (CQS) and Dd2 (CQR) clones of P. falciparum employing artesunate

(ASN; IC50 < 5.202 μM (NF54) and 0.015 μM (Dd2)) and CQ (IC50 0.018 μM (NF54) 

and 0.275 μM (Dd2)) for comparison. All the screened compounds except 37g were 

identified as more potent towards the NF54 and Dd2 P. falciparum clones. The SAR 

studies showed that the compounds with three carbon methylene linkers between the 4-

aminoquinoline and triazole moieties 37a-f displayed better activity towards both NF54 

and Dd2 clones than the hybrids with two carbon methylene linkers between the 4-

aminoquinoline and triazole moieties 37g-l. The most potent hybrid 37d among the 

series towards the NF54 clone was less potent towards the Dd2 clone, whereas 37j was 

more active than 37d towards the Dd2 clone. Replacement of the methyl ester with ethyl 

and isopropyl esters enhanced activity towards the NF54 and Dd2 P. falciparum clones. 

Introducing a polar nitro substituent at the para position of C-6 phenyl substituent 
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improved the potency. However, replacing the C-6 phenyl substituent with methyl 

group resulted in a decrease in potency. All the compounds were tested for cytotoxicity 

against the mammalian Vero cell line, and the IC50 values (IC50: 15-207 M) indicated 

that most of the conjugates exhibited no detectable cytotoxicity. The most active 

compound 37d towards the NF54 clone showed a high selectivity index (SI = 317.50). 

The majority of active compounds 37a-f (n = 3) possessed higher clog P and log D 

values than the hybrids 37g-l (n = 2) (Figure 2.20).

Figure 2.20 Antiplasmodial potency of pyrimidine-4-aminoquinolines towards 
NF54 and Dd2 P. falciparum clones

Against W2 (CQR) and D6 (CQS) P. falciparum strains, Maurya et al. (2019) 

examined the antimalarial efficacy of pyrimidine-based 4-aminoquinolines having 

pyridyl (38) and thiophenyl (39) unit at the –NH group. Amongst, 39 showed 22-fold

higher activity against the W2 strain than CQ (IC50: 0.4215 μM), and 38 displayed 

higher activity against the D6 strain. The most active compounds were significantly 

non-cytotoxic against Vero cell lines (Figure 2.21). In vitro, Tripathi et al. (2019) hybrid

40 demonstrated 2.8 and 47.3-fold enhanced activity than the standard drugs ART and 

CQ, respectively, with an IC50 of 4.7 nM towards the Dd2 (CQR) strain (Figure 2.21).

Against the NF54 (CQS) strain, Kayamba et al. (2021) hybrid 41 with 1,4-diamine butyl 

spacer between pyrimidine and chloroquine units and 4-hydroxyphenyl rings on 

pyrimidine moiety displayed superior potency (IC50: 0.32 μM), with a favourable safety 

profile of 9.79 to HEK293 cell lines (Figure 2.21).
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Figure 2.21 Antimalarial properties of 4-aminoquinoline-pyrimidines

2.5.5 Imidazole-4-aminoquinolines

A wide variety of 4-aminoquinolines hybridized with imidazole moiety was synthesized 

by Kondaparla et al. (2018) and evaluated for their antiplasmodial efficacy towards 

CQS (3D7) and CQR (K1) P. falciparum clones by utilizing CQ (IC50 0.005 μM (3D7) 

and 0. 255 μM (K1)) as standard drug. All the synthesized hybrids displayed moderate 

to excellent antiplasmodial potency towards both 3D7 and K1 clones of P. falciparum. 

The SAR revealed that the nature of the substituent at imidazole moiety significantly 

affects the antiplasmodial potency of the tested hybrids, and bulky aromatic substituents 

are not suitable on the imidazole ring. Hybrids with electron-donating groups on the 

phenyl ring attached to imidazole moiety displayed lower potency towards the K1 strain 

than those having electron-withdrawing groups. Amongst the series, compound 42m

containing cyclopentyl ring at the fifth position of the imidazole moiety (IC50 = 0.079

μM) displayed the highest activity, followed by the hybrids substituted with tertiary 

butyl group 42i (IC50 = 0.14 μM) and cyclohexyl ring 42q (IC50 = 0.19 μM) at the fifth 

position of imidazole moiety counter to 3D7 clone of P. falciparum. Alkyl and 

cycloalkyl groups were the most favourable substituents in increasing antimalarial 

activity against the 3D7 clone. Towards the K1 strain, some tested hybrids (42b, 42d,

42e, and 42m) exhibited comparable activity to standard CQ (Figure 2.22).
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Figure 2.22 Antiplasmodial activity of imidazole-4-aminoquinolines towards 3D7
and K1 P. falciparum clones

2.5.6 Piperazine-4-aminoquinolines

Kondaparla et al. (2018) identified a variety of 4-aminoquinolines hybridised with 

piperazine scaffold 43 as antimalarial agents. Using CQ as the reference drug, they 

assessed their in vitro antimalarial potency against CQS (3D7) and CQR (K1) P. 

falciparum clones. All twenty-six compounds screened were less potent than the 

standard CQ (IC50 = 5 nM) against the 3D7 strain, whereas eight compounds were more 

potent than the standard CQ (IC50 = 255 nM) against the K1 clone. The most potent 

agent against 3D7 and K1 P. falciparum clones was hybrid 43l, with IC50 values of 

22.61 and 46.52 nM, respectively. According to the SAR results, the type of 

substitutions on the piperazine ring significantly affected the antimalarial activity of 

piperazine-4-aminoquinolines. 3D7/K1 dual inhibitory potency is facilitated by the 

isobutyl moiety at its 2-position to secondary amine and ethyl group on the 7-

trifluoroquinoline cycle. Further, replacing the ethyl group with benzodioxole moiety 

has paved the way for selective K1 inhibitory potency. Nearly all the tested hybrids 

were less cytotoxic toward the Vero cells, and the fairly high SI ranged from 32.77 to 

3,671.69. Most of the hybrids exhibited moderate to good binding scores with the heme

(Figure 2.23).
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Figure 2.23 Antimalarial potency of piperazine-4-aminoquinolines towards 3D7
and K1 P. falciparum clones

2.5.7 Pyridine-4-aminoquinolines

Remarkable antimalarial activity with 0.033 to <10 μM range of IC50 values against P.

falciparum Dd2 strain has been demonstrated by pyridine conjugated 4-aminoquinoline 

hybrids of Huang et al. (2019). In comparison to standard CQ, hybrid 44 was discovered 

to be the most effective agent against the Dd2 strain among the series (Figure 2.24).

Similar to this, de Silva et al. (2019) constructed 4-aminoquinolines substituted with a

pyridine ring and tested them for in vitro efficacy against the P. falciparum W2 strain 

and in vivo activity against the mice infected with P. berghei. With 8.4 μM of IC50 value, 

hybrid 45 was proved to be an effective anti-P. falciparum drug showed superior 

activity against the mice infected with P. berghei five days after infection (Figure 2.24).

Figure 2.24 Antimalarial efficacy of 4-aminoquinoline-pyridines

Recently, the examination of the antimalarial efficacy of the furnished pyridine-

4-aminoquinoline derivatives 46 towards the P. falciparum strain was carried out by 

Patel et al. (2022). CQ (IC50 = 0.06 μM) and QN (IC50 = 0.83 μM) were the reference 
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drugs employed in this examination. All the tested hybrids were less active toward the 

P. falciparum strain. The hybrids with –NHNH- (46a and 46b) linkage were more 

potent than those with -NH- (46c and 46d). All the hybrids performed with good binding 

affinity with shikimate kinase and hypoxanthineguanine phosphoribosyltransferase in 

the molecular docking studies; as such hybrid 46d displayed the lowest (-9.2 kcal/mol) 

binding energy (Figure 2.25).

Figure 2.25 Antimalarial potency of pyridine-4-aminoquinolines towards P.
falciparum strain

2.5.8 Phthalimide-4-aminoquinolines

Rani et al. (2018) reported the microwave-promoted construction of phthalimide 

containing 4-aminoquinoline derivatives to examine their anti-plasmodial potency 

counter to the CQR (W2) P. falciparum clone. Most furnished analogs were non-

cytotoxic to J774 murine macrophage cell lines, and their SI ranges from 126 to 291 

showed potent antimalarial actions with 0.10 to 7.55 μM ranges of IC50values. 

According to the SAR studies, the halogen group on the phthalimide ring and the carbon 

chain length (n = 6, 8) between the two pharmacophores increased antiplasmodial 

potency. Introducing a tetrachloro and tetrabromo-phthalimide enhanced the potency 

profile even at shorter alkyl chain lengths. Among the series, compound 47w with a 

tetra-bromophthalimide ring and hexyl chain as spacer emerged as the most active and 

non-toxic (IC50 = 29.11 μM ) agent with 0.10 μM of IC50 value counter to the CQR

(W2) clone of P. falciparum (Figure 2.26).
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Figure 2.26 Antiplasmodial efficacy of 4-aminoquinoline-phthalimides towards the 
W2 clone of P. falciparum

Rani et al. (2019) examined anti-P. falciparum efficacy of C-5-substituted 

isoindoline-1,3-dione-4-aminoquinoline hybrids against W2 P. falciparum strain. With 

a diethylamino group on dioxoisoindoline moiety, 48 (IC50: 0.097 μM) was discovered 

to be a promising non-cytotoxic drug with a selective index of > 2000 (Figure 2.27). 

The following year, the same group (Rani et al. 2020) examined anti-P. falciparum 

efficacy of cycloalkyl amine substituted 1,3-dioxoisoindoline-4-aminoquinoline 

hybrids against W2 strain. With a selectivity index >4200, 49 with propylamine linker 

between quinoline and dioxoisoindoline units and a hydroxyethyl piperazine group on 

dioxoisoindoline ring emerged as the most potent analog (IC50: 0.006 μM) against W2 

strain (Figure 2.27). Similarly, Shalini et al. (2020) investigated the anti-P. falciparum

effects of naphthalimide hybridized 4-aminoquinoline derivatives towards the W2 

strain. With a selectivity index >4000, 50 containing propylamine linker between 

quinoline and naphthalimide units and a hydroxyethyl piperazine group on 

naphthalimide ring was a promising candidate (IC50: 15.445 nM) in the series (Figure 

2.27). The same research team (Shalini et al. 2020) tested the anti-P. falciparum activity 

of another family of amide-linked naphthalimide-4-aminoquinoline hybrids against 

3D7 and W2 strains. Hybrid 51 was the most potent towards both strains (Figure 2.27).

UN
IVE
RSI
TI K
EBA
NG
SAA
N M
ALA
YSI
A



39

Figure 2.27 Antimalarial properties of 4-aminoquinoline-phthalimides

Sharma et al. (2022) recently produced a novel functionalized oxindole-4-

aminoquinoline scaffold (52 and 53) as promising dual-function antiplasmodials and 

screened their in vitro potency. All of the produced hybrids demonstrated good to 

exceptional antiplasmodial activity against the CQR (W2) P. falciparum clone. The 

antiplasmodial efficacy of scaffolds was affected by the length of the alkyl chain, the 

type of spacer attached, and the nature of the substituent at the C-5 position of the 

oxindole unit, according to the results of SAR. Ten of the eighteen tested compounds 

were more potent than the standard CQ (IC50 = 213.8 nM). Remarkably, conjugates 

with acyclic amines as linkers (52a-o) were more potent than cyclic amine-containing 

compounds (53a-c). The aid of electron-withdrawing groups like Cl or Br on oxindole 

core (52h, 52j, 52o) enhanced the potencies than unsubstituted ones. The activity order 

with respect to the linker followed the order: n = 6 > 4 > 3 > 2 > 0. The most promising 

agent (53o) with 30.9 nM of IC50 value was seven-fold more potent than the reference 

CQ counter to the W2 clone of P. falciparum. The cytotoxicity of the most potent 

compounds, 52j and 52o, was tested against Vero cell lines and proved noncytotoxic, 

resulting in SI > 400 (Figure 2.28).
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Figure 2.28 Antiplasmodial efficacy of oxindole-4-aminoquinolines towards W2 
clone of P. falciparum

2.5.9 Triazole-4-aminoquinolines

In the search for new antimalarial agents, triazole-based aminoquinoline hybrids are 

desirable lead molecules (Ravindar et al. 2023). Triazole-tethered 4-aminoquinoline 

derivative 54, synthesized by Rossier et al. (2019), was discovered to be 30-40 times 

more active than the cobalt complex counterpart against both the K1 and NF54 strains 

(Figure 2.29). One of the screened compounds of de Silva et al. (2019), 55 bearing 

methyl substituent on triazole nuclei, showed superior in vitro activity (IC50: 0.083 μM)

and emerged as the most promising agent against the mice  infected with P. berghei on

the 5th day after infection with favourable SI (132) and low cytotoxicity (IC50: 127 μM) 

(Figure 2.29). Among the Wadi et al. (2019) hybrids, the most active compound 56

towards the 3D7 strain with 40.00 nM of IC50 value was screened further counter to P.

falciparum RKL-9 (CQR) strain. It was determined to be substantially more active 

(IC50: 2.94 nM) than standard CQ (Figure 2.29). Sharma et al. (2020) also investigated 

anti-P. falciparum effects of triazole-tethered tetrahydro-carboline-4-aminoquinoline 

hybrid compounds towards W2 strain, and 57 was discovered as the most promising 

candidate amongst (IC50: 0.49 μM) with a SI > 300 on Vero cell (Figure 2.29).
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Figure 2.29 Antimalarial properties of 4-aminoquinoline-triazoles

Currently, the antiplasmodial activity of a library of 1H-1,2,3-triazole tethered 

4-aminoquinoline-benzoxazole conjugates (58-65) was evaluated against W2 (CQR)

and 3D7 (CQS) P. falciparum clones by utilizing CQ (IC50 = 0.024 μM towards 3D7, 

and IC50 = 0.475 μM towards W2) as a standard (Saini et al. 2021). All the compounds 

screened were less active than the standard CQ; the hybrids displayed IC50 values in the 

low micromolar range against the 3D7 and W2 strains and exhibited remarkable SAR. 

The alkyl spacer between the two moieties significantly increased the antiplasmodial 

potencies, with greater influence observed in hybrids 63a-b than in hybrids 61a-b. The 

promising 4-aminoquinoline-benzoxazole hybrid (63a) with ethyl spacer linker 

displayed 4.15 μM and 3.78 μM of IC50values towards P. falciparum 3D7 and W2 

clones, respectively, with lower cross-resistance with CQ. Inserting piperazyl-ethyl as 

a spacer decreased the potencies in the pioneer 64, confirming the favourable influence 

of flexible chains on quinoline moiety. At the same time, the corresponding oxaborole 

65 exhibited moderate potencies counter to both the clones. The conjugates were non-

cytotoxic towards mammalian Vero cell lines and showed SI in the range of 16.94–

26.45 (Figure 2.30).
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Figure 2.30 Antiplasmodial activity of triazole-4-aminoquinolines towards 3D7 and 
W2 clones of P. falciparum

2.5.10 Guanylthiourea-4-aminoquinolines

Guanylthiourea (GTU) was identified as a significant antimalarial unit, while 4-amino 

quinolone was already well-known for antimalarial potency. Molecules having GTU 

moiety and 4-aminoquinoline 66 have been synthesized and designed utilizing a 

molecular docking study with the PfDHFR enzyme and heme unit (Bhagat et al. 2019). 

In vitro studies of these furnished hybrids showed potent antimalarial efficacy in the 

range of 0.61 to 7.55 μM for the D6 clone and 0.43 to 8.04 μM for the W2 clone. 

Compound 66c was more potent towards D6 and W2 P. falciparum clones with 0.61 

and 0.43 μM IC50 values, respectively. The SAR demonstrated that the chlorine 

substituent, a smaller group, in quinolone moiety plays a crucial role in increasing the 

potency. The carbon chain length (n = 4) was crucial for improving the potency.

Replacement of the chlorine with trifluoromethyl, a bulky group, decreased activity 

towards both the clones. The hybrids, 66g-66i, with two trifluoromethyl groups were 

the least potent among the series. At the highest concentrations tested, none of the 

hybrids were found to be cytotoxic to mammalian Vero cell lines. The required 
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interactions (Asp54 and Ile14) and docking score (-9.63 to -7.36 kcal/mmol) were 

comparable to WR99210 (-9.89 kcal/mol) as determined by molecular docking (Figure 

2.31).

Figure 2.31 Antimalarial potency of molecular hybrids based on 4-aminoquinoline 
and GTU against PfD6 and PfW2 P. falciparum clones

2.5.11 Morpholine-4-aminoquinolines

Hochegger et al. (2019) provided a wide range of morpholine-incorporated 4-

aminoquinoline derivatives 67-69 to test in vitro activity against P. falciparum CQS 

(NF54) and CQR (K1) clones. All eight scaffolds examined had a high nM range against 

both strains. Only the hybrid 69a containing a pyrrolidine moiety demonstrated 

excellent antimalarial activity against both NF54 (IC50: 0.004 μM) and K1 (IC50: 0.011 

μM) P. falciparum strains, with SI values of 30775 and 11191, respectively (Figure 

2.32). The SAR revealed propionamide analogues (69a-d) were more active against 

NF54 and K1 strains than acetamido analogues. The most potent hybrid 69a further 

screened for physicochemical properties, displayed a lower log D7.4 value (1.54) and 

higher ligand efficiency (LE = 0.338 kcal/mol/HA) along with far better permeability 

(Pe = 100.86 nm/s) (68a-c).
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Figure 2.32 Antiplasmodial efficacy of morpholine-4-aminoquinolines towards P.
falciparum NF54 and K1 clones

2.5.12 Nopol-4-aminoquinolines

Nyamwihura et al. (2021) conducted the screening of 4-aminoquinolines hybridized 

with nopol moiety (70 and 71) for their antimalarial potency towards CQS clone 3D7 

and CQR clones NF54 and K1 by utilizing MQ (EC50 2.33 μM (3D7), 0.003 μM (NF54) 

and 0.117 μM (K1)), CQ (EC50 0.004 μM (3D7), 0.005 μM (NF54) and 0.212 μM (K1)) 

and ART (EC500.017 μM (NF54) and 0.11 μM (K1)) as standard drugs. The hybrid N-

(7-chloroquinolin-4-yl)-2-((1S,5R)-6,6-dimethylbicyclo[3.1.1]hept-2-en-2-

yl)acetamide (71) was found to be more potent than the hybrid 2-((1S,5R)-6,6-

dimethylbicyclo[3.1.1]hept-2-en-2-yl)-N-(quinolin-4-yl)acetamide (70) towards all the 

P. falciparum clones (Figure 2.33).

Figure 2.33 Antimalarial efficacy of nopol-4-aminoquinolines towards 3D7, NF54 
and K1 P. falciparum strains

2.5.13 Ciprofloxacin-4-aminoquinolines

Dana et al. (2020) furnished a novel ciprofloxacin (CFX) based 4-aminoquinoline 

hybrid molecule 72 and tested in vitro activity towards CQR (K1) and CQS (3D7) 
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clones of P. falciparum. CQ and CFX were taken as controls. A potent ciprofloxacin-

4-aminoquinoline-based antimalarial hybrid 72 was active at the first and second life 

cycles towards the K1 and 3D7 clones of P. falciparum. Still, it was also non-toxic to 

bacterial and mammalian systems up to 1 μM and 20 μM respectively. The antimalarial 

potency of hybrid 72 at both the life cycle was 2×102 - 7×102 -fold higher than the 

standard CFX. Hybrid 72 was also more active than CQ at the first life cycle toward the 

W2 P. falciparum clone (Figure 2.34).

Figure 2.34 Antimalarial potency of ciprofloxacin-4-aminoquinolines towards 3D7 
and W2 P. falciparum clones

2.5.14 Fluorene-4-aminoquinolines

Parth et al. (2022) identified a novel series of six fluorenes-incorporated 4-

aminoquinoline hybrids (73-78) as promising antiplasmodial agents. They evaluated 

their in vitro activity against the CQS (NF54) clone of the human malaria parasite P. 

falciparum. The evaluation utilised the reference drug CQ (IC50 = 13.0 nM). All tested 

hybrids displayed blood stage activity against P. falciparum, with IC50 values ranging 

between 139 and 437 nM. The SAR uncovered that the nature of the linker between two 

pharmacophores and a substitution at the 9th position of the fluorene moiety 

significantly impacted the potency of the examined hybrids. The hybrids 73 and 74,

which contained an oxalamide linker, were more potent than the hybrids 77 and 78,

which contained an amide linker. The antiplasmodial activity of compounds containing 

a substituent at the 9th position of the fluorene moiety was greater than that of hybrids 

lacking this substitution. Increasing the length of the alkyl chain caused a sequential 

increase in activity. The most potent hybrid 76 showed binding to hemin (logK = 5.95) 

at pH 5.6, corresponding to the pH of the digestive vacuole of P. falciparum (Figure 

2.35).
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Figure 2.35 Antiplasmodial activity of fluorine-4-aminoquinolines against NF54 P.
falciparum strain

2.5.15 Pyrazoline-4-aminoquinolines

A range of novel pyrazoline-4-aminoquinoline 7-chloro-N-[3 or 4-(4,5-dihydro-5-

(phenyl-substituted)-1H-pyrazol-3-yl] phenyl) quinoline-4–amine hybrids (79 and 80)

were also synthesized by Charris et al. (2019) to achieve an antimalarial potency. All 

provided hybrids were screened in vitro for their effects, such as -hematin formation 

inhibitors and in vivo in a murine model. In all experiments, CQ was utilised for 

comparison purposes. Most hybrids significantly inhibited hematin formation (% > 80). 

Some hybrids exhibited antimalarial activity comparable to that of CQ. The hybrids 

with 4′-phenyl substituted moiety were more potent than 3′-phenyl substituted moiety. 

Try methyl substituted anolog 79e displayed higher potency among the 3′-phenyl 

substituted series, while 3,4-dimethoxy substituted hybrid 80c proved more potent 

among  the 4′-phenyl substituted series. Existing hybrids were evaluated in vivo as 

potential antimalarials in mice infected with P. berghei ANKA, a strain susceptible to 

chloroquine (Figure 2.36).
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Figure 2.36 Percentage of inhibition of β-hematin formation (% IβHF) of 
pyrazoline-4-aminoquinolines

2.5.16 The Metal Complex-4-aminoquinoline

Stringer et al. (2019) conducted anti-P. falciparum screening of cationic 1,3,5-triaza-

phosphaadamantane (PTA) Ir(III) and Ru(II) (81-82), Rh(III) half-sandwich (83)

(Stringer & Melis & Smith 2019) and Ferroquine(FQ)-derived (84) (Stringer & Wiesner 

& Smith 2019) 4-aminoquinoline complexes against K1 (CQR) and NF54 (CQS) 

strains. Amongst Ir(III) and Ru(II) species, non-benzylated compounds were less potent 

than the benzyl-PTA counterparts against both strains. Towards the K1 strain, all the 

Ru(II) species displayed reduced potency compared  to the Ir(III) species. Against the

NF54 strain, complex 81 (IC50: 0.11 μM) of the Ir(III) series and complex 82 (IC50: 0.10 

μM) of the Ru(II) series were the most active candidates. Rh(III) complex 83 was active 

with a low nM range against the NF54 strain but disclosed cross-resistance against the 

K1 strain (IC50: > 1000 nM). Among the Ferroquine-derived complexes, 84 was the 

most promising agent against NF54 and K1 strains with inhibitory concentrations of 

0.305 μM and 0.328 μM, respectively (Figure 2.37) 

Pereira et al. (2021) investigated anti-P. falciparum efficacy of metallic hybrid 

CQ and PQ linked by AuI (85). Against the 3D7 strain, the CQPQ-AuI complex was 50-

fold more potent than PQ (IC50: 1.1173 μM) and almost equipotent to CQ (IC50: 0.018 

μM). Against the W2 strain, the CQPQ-AuI complex was as potent as PQ (IC50: 0.1823 

μM) and at very least twice as potent as CQ (IC50: 0.460μM) (Figure 2.37). In the 

following year, Sovari et al. (2022) identified triazole-4-aminoquinoline conjugated 

tricarbonyl rhenium metal species as effective antimalarial agents against P. falciparum
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NF54 and K1 strains. The hybrid complex 86 was the most promising agent with the 

submicromolar range inhibitory potencies against both strains (Figure 2.37).

Figure 2.37 Antimalarial properties of various metal complex-4-aminoquinolines

Minic et al. (2020) developed another ferroquine-containing 4-aminoquinoline 

conjugate 87-90 and examined antimalarial activity counter to CQR (K1) and CQS 

(NF54) clones of the P. falciparum. CQ (IC50 0.001 μM (NF54) and IC50 0.167 μM 

(K1)) and FQ (IC50 0.029 μM (NF54) and IC50 0.039 μM (K1)) were utilized as standard 

drugs in the antiplasmodial assays. The SAR revealed better potencies were obtained 

when ferrocene is linked to the quinoline ring at position 4. The nature of the linker 

between ferroquine and 4-aminoquinoline pharmacophores significantly influenced the 

tested hybrids' potency. The ferrocene-containing heterotricyclic derivative, 90, gave 

no significant activity. Among the series, complex 88 was the most promising 

antimalarial agent with 0.39 and 0.77 μM of IC50 values towards both the NF54 and K1 

clones of P. falciparum, respectively. The most potent conjugates (87-89) were 
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examined for their cytotoxicity towards a mammalian cell line, CHO, and displayed a 

good cytotoxicity profile with lower activities, resulting in high selectivity indices 

(Figure 2.38).

Figure 2.38 Antimalarial potency of Fe-containing 4-aminoquinolines towards 
NF54 and K1 P. falciparum strains

Various neutral and cationic IrIII and RhIII benzimidazole-4-aminoquinoline 

complexes were constructed, and their inhibitory potencies were examined counter to 

CQR (K1) and CQS (NF54) clones of the P. falciparum (Baartzes et al. 2020). CQ (IC50

0.016 μM (NF54) and IC50 0.164 μM (K1)) was employed as the control drug in the 

screening. Overall, the hybrid complexes showed better potency toward the NF54 clone

of P. falciparum. The neutral CˆN-coordinated IrIII and RhIII complexes (91 and 92)

were more active than their cationic NˆN-coordinated IrIII and RhIII counterparts (93 and 

94) against both the clones. Among the neutral and cationic hybrid complexes, the RhIII

complexes (92 and 94) were more potent than the corresponding IrIII complexes (91 and 

93) towards the NF54 and K1 P. falciparum clones. From all the tested hybrids, 

trifluoromethyl-substituted neutral CˆN-coordinated IrIII species 91c was the most 

active towards the NF54 and K1 clones of P. falciparum. Low to no cytotoxicity 

towards the CHO cell line was observed for the screened potent hybrid complexes. 

Selected potent complexes displayed substantial inhibition of β-haematin formation in 

a cell-free NP-40 assay, suggesting an effect on the host haemoglobin degradation 

pathway as a potential contributing mechanism of action (Figure 2.39).
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Figure 2.39 Antiplasmodial activity of Rh/Ir-complex-4-aminoquinolines against 
NF54 and K1 P. falciparum strains

Baartrez et al. (2022) furnished the cationic RhIII polypyridyl benzimidazole-4-

aminoquinoline complexes 95 and screened them for their antiplasmodial potency 

towards the CQS (NF54) and CQR (K1) clones of P. falciparum. Selected potent 

hybrids significantly inhibited β-haematin formation in a cell-free NP-40 assay. All the 

tested hybrid complexes exhibited better potency towards both NF54 and K1 P.

falciparum clones and were found to be slightly non-toxic counter to the Chinese 

hamster ovarian cell line (Figure 2.40).
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Figure 2.40 Antimalarial activity of Rh-complex-4-aminoquinolines against NF54 
and K1 P. falciparum strains

2.5.17 Miscellaneous 4-Aminoquinolines

Aiming to develop effective antimalarial agents, Van de Walle et al. (2020) tested anti-

P. falciparum activity of piperidine-based 4-aminoquinoline hybrids towards K1 and 

NF54 strains. In the series, hybrid 96 was found to be equipotent to CQ (IC50: 0.011

μM) against NF54 strain and higher active against K1 strain than CQ (IC50: 0.167 μM)

(Figure 2.41). Of the twenty-two hybrids tested by Vinindwa et al. (2021), chalcone-4-

aminoquinoline molecular hybrids, 97a-b, having a propyl linker were more active than 

the ethyl linker counterparts against the NF54 strain (Figure 2.41). When comparing the

antimalarial activity of triazolopyrimidine-based 4-aminoquinoline hybrids furnished 

by Chowdhary et al. (2022), analog 98 with an octylamine linker between 4-

aminoquinoline and triazolopyrimidine units was found to be a most potent candidate 

against both the W2 and 3D7 strains with IC50 values of 0.20 and 0.17 μM, respectively. 

It is worth mentioning that 98 showed a 3-fold enhanced activity compared to CQ 

against the W2 strain (Figure 2.41).

Harmine-based 4-aminoquinolines were examined by Poje et al. (2022) for their 

antimalarial efficacy towards P. falciparum CQS 3D7 and CQR 7G8, K1, and Dd2 

strains. The most effective hybrid, 99, showed 5.5-fold enhanced activity than CQ 

against the 3D7 strain and 15.9-fold higher activity against all the CQR strains than CQ 

with high SI (4450) (Figure 2.41). Srbljanovic et al. (2020) recognized thiophene and 

benzothiophene-based 4-aminoquinoline molecular hybrids as effective anti-P.

falciparum agents against 3D7 and Dd2 strains. Only one of the tested hybrids, 100,

demonstrated comparable potency (IC50: 18.77 nM) to CQ against the 3D7 strain, 
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whereas all of them were more potent against the Dd2 strain than CQ with lower IC50 

values (Figure 2.41).

Figure 2.41 Antiplasmodial potency of 4-aminoquinolines hybridized with 
piperidine, chalcones, triazolopyrimidine, harmine, and thiophene

Ionic liquids produced from benchmark antimalarials are emerging as a unique 

approach to cost-effective drug rescue. The laureate salt of CQ (101) synthesized by 

Silva et al. (2020) was a promising ionic liquid against the P. falciparum Dd2 and 3D7

strains with IC50 values of 110 and 4 nM, respectively (Figure 2.42). Among the series 

of Kalita et al. (2020), the inhibitory activity of hybrid 102 with ortho-hydroxy phenyl 

ring (IC50: 0.0008 μM) was comparable to CQ against 3D7 and RKL9 strains (Figure 

2.42). Benzenesulfonamide-based 4-aminoquinoline hybrid 103 with the 2-naphthyl 

ring on the benzenesulfonamide unit emerged as the most promising candidate against 

the 3D7 strain (IC50 = 0.89 μM) among the series of Silveira et al. (2021) (Figure 2.42).

Remarkable antimalarial activities with <1 μM of IC50 value were noticed 

against W2 strain in the case of 4-aminoquinolines incorporated with imines and 

hydrazones synthesized by Marinho et al. (2021). Hybrid 104 (IC50 = 0.215 μM) among 

the hydrazone series and 105 (IC50 = 0.145 μM) of the imine series were proved to be 

more active agents against the W2 strain (Figure 2.42). The hybrids containing methyl 

group at 4-aminoquinoline nuclei were constructed by Tiwari et al. (2021) and 

examined for their anti-P. falciparum efficacy against K1 and 3D7 strains. The most 

promising agent, 106, demonstrated lower IC50 values of 0.06 and 0.04 μM against K1 
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and 3D7 strains, respectively (Figure 2.42). Neto et al. (2022) identified dual hybrid 4-

aminoquinolines as potential antimalarial agents. Of them, hybrid 107 showed nearly 

comparable activity to CQ (IC50 = 0.026 μM) against the 3D7 strain and hybrid 108

displayed 4-fold higher potency against the Dd2 strain (IC50 = 0.201 μM) than the 

reference CQ (IC50 0.828 μM) (Figure 2.42).

Figure 2.42 Antimalarial properties of 4-aminoquinolines

2.6 IN VITRO ANTIMALARIAL ACTIVITY OF PYRAZOLE DERIVATIVES

Pyrazole-incorporated hybrids are simple and effective scaffolds that considerably 

produce extremely effective and low-toxic antimalarial drugs (Ravindar et al. 2022; 

Shamsuddin et al. 2020). Pyrazole derivatives bearing quinoline, pyran, pyrazoline, 

pyridine, pyrimidine, imidazopyridazine, diazepine, curcumin, thiazole, benzothiazole, 

thiazolidine, triazine, oxadiazole, chalcone, furan, and aryl moiety are significant 

scaffolds in the advancement of novel antimalarial drugs.

2.6.1 Quinoline Containing Pryrazoles

A broad range of quinoline carboxylicacids containing substituted pyrazole derivatives 

was furnished and examined in vitro antimalarial potency counter to P. falciparum clone 

employing QN and CQ as reference drugs (Pandya & Patel & Desai 2019). All the 
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clubbed quinoine-pyrazoles 109-112 demonstrated excellent antimalarial potency 

against the P. falciparum clone with an IC50 value range between 0.036 and 1.55 μg/mL. 

Twenty-five of thirty-five synthesized were the most potent, with less than 1 μg mL-1

of IC50 values. Among them, compound 111g emerged as more potent with IC50 0.036 

μg/ml, followed by 112f and 111f with 0.087 and 0.092 μg/mL of IC50 values, 

respectively, which were lower than that of standard agent QN (IC50 = 0.268 μg/mL). 

All other hybrids were not as potent as QN and CQ counter to the P.falciparum clone 

(Figure 2.43).

Figure 2.43 Antimalarial activity of quinolinein containing pyrazoles against P.
falciparum strain

2.6.2 Pyran Containing Pyrazoles

Very recently, a range of pyrano[2,3-c]-pyrazole-5-carbonitriles 113 were synthesized 

and identified as antimalarial drugs and screened for their antimalarial potency counter 
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to the CQS (3D7) clone of P. falciparum employing QN (IC50 = 0.268 μg/mL) and CQ 

(IC50 = 0.020 μg/mL) as standard drugs (Parikh et al. 2022). All the ten constructed 

hybrids were found to be potent with a 0.027-2.09 μg/mL range of IC50 values, which 

is lower than the standard CQ. Compared to the standard QN drug, compounds 113a-d

displayed higher antimalarial activity, whereas 113e-j was lower in antimalarial 

potency than the 3D7 P. falciparum clone. Among all, compound 113d (IC50 = 0.027 

μg/mL), having –CF3 functional group, showed the highest activity, followed by 113c 

(IC50 = 0.032 μg/mL) counter to the P. falciparum clone (Figure 2.44).

Figure 2.44 Antimalarial activity of Pyran containing pyrazole derivatives against 
P. falciparum strain

2.6.3 Pyrazoline Containing Pyrazoles

Kumar et al. (2018) discovered various pyrazoline-pyrazole hybrids endowed with 

benzenesulfonamide 114. Using CQ as a reference drug, they tested the in vitro

antimalarial potency against CQR (RKL9) and CQS (3D7) P. falciparum strains. All 

the tested compounds (114a-q) were exhibited antimalarial potency against the 3D7 

clone of P. falciparum with 1.38 to 6.67 μM range of EC50 values, whereas only selected 

compounds 114a-g found to be potent counter to RKL-9 P. falciparum clone with the 

EC50 values range between 1.31 and 2.39 μM. Compared to their reference drug CQ, 

compounds 114a-g exhibited higher potency against RKL-9 and 3D7 P. falciparum

strains. In vivo, the antimalarial action of the most potent compound, 114f, was tested

against the P. berghei mouse model and demonstrated promising results with good 

mean survival days (Figure 2.45).
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Figure 2.45 Antimalarial activity of pyrazoline-pyrazole hybrids against P. berghei
and RKL9 and 3D7 strains of P. falciparum

Recently, Akolkar et al. (2022) have screened the antimalarial efficacy of

pyrazoline containing pyrazole derivatives 115-118 counter to P. falciparum employing 

CQ and QN as standard drugs. Molecular hybrids of the benzene, pyrazoline, and 

thiophene, ring increased the antimalarial activity (Figure 2.46). Hybrids 116 and 117

were equipotent with 0.47 μM of IC50 value, lower than the standard quinine (IC50 =

0.83 μM). The inhibition potency 118 (IC50 = 0.21 μM) was 4-fold higher than the 

reference QN.

Figure 2.46 Antimalarial activity of pyrazoline containing pyrazoles as against P.
falciparum
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2.6.4 Pyridine Containing Pyrazoles

A novel series of acyl hydrazone-based molecular hybrids of 1,4-dihydropyridine and 

pyrazole 119 was identified as an antimalarial hybrid and tested for their in vitro

antimalarial potency counter to CQS (3D7) P. falciparum strain employing chloroquine 

as reference compound (Kumar et al., 2017). All the screened compounds exhibited 

higher antimalarial potency (IC50 values range between 4.40 and 16.87 μM) than 

commercial drugs ART and CQ. Among all tested hybrids, compound 119g was more 

potent with 4.40 μM of IC50 value (Figure 2.47).

Figure 2.47 Antimalarial activity of acyl hydrazone substituted against the 3D7 P. 
falciparum strain

2.6.5 Pyrimidine Containing Pyrazoles

Azeredo et al. (2017) developed and synthesized the pyrazolopyrimidine derivatives 

incorporated with diverse arylamines at seventh position 120 and screened in vitro

counter to CQR W2 P. falciparum clone in vivo counter to the P. berghei-infected 

mouse model, and in vitro as inhibitors of PfDHODH. Out of fifteen hybrids 

synthesized, thirteen were active counter to P. falciparum, with IC50 value range 

between 1.2 and 92.4 μM. The PfDHODH inhibition revealed that compounds with β-

naphthylamine at the seventh position (120n-o) were the more potent. Hybrid 120o

exhibited higher and selective inhibitory activity (IC50 = 0.16μM), followed by 120n

and 120m, with 4.0 and 6.0 μM of IC50 values, respectively. Hybrids 120n and 120m

displayed low toxicity and higher SI values of 79.6 and 467.8, respectively. Hence, 

these hybrids were screened in vivo in P. berghei-infected mouse mode. On day 5, upon 

treatment at 5 mg/kg, administered orally, both hybrids reduced parasitemia by 50% 

(Figure 2.48).
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Figure 2.48 Antimalarial activity of 7-arylaminopyrazolo[1,5-a]pyrimidines against 
the W2 P. falciparum clone and P. berghei

The following year, a broad range of pyrazolopyrimidine derivatives conjugated 

with phenyl and benzenesulfonamide moieties having various substituents at the para-

position 121 were furnished and screened in vitro counter to CQR W2 P. falciparum

clone (Silvira et al. 2018). Out of nine hybrids synthesized, six demonstrated in vitro

potency against the W2 P. falciparum strain, with an IC50 value range between 5.13 and 

43.40 μM. Among them, hybrid 121c emerged as the most active one with an IC50 of 

5.13 μM, higher than the reference compound CQ (IC50 = 0.55 μM) and lower than the 

sulfadoxine (IC50 = 15.0 μM). Most synthesized hybrids displayed higher SI values than 

sulfadoxine, the standard agent (Figure 2.49).

Figure 2.49 Antimalarial activity of pyrazolopyrimidine-benzenesulfonamide 
derivatives against the W2 P. falciparum strain

Further, imidazo[1,2-a]pyrimidine incorporated pyrazole derivatives 122-123

were designed and synthesized by Prasad & Kalola & Patel (2018) and screened 

antimalarial potency counter to P. falciparum employing chloroquine and quinine as 
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reference drugs. All the tested hybrids exhibited superior potency with the IC50 value 

range between 0.030 and 1.45 μg/ml. SAR studies showed that the hybrids having -F

substituent at the para position of the phenyl ring (122e and 123e) displayed excellent 

antimalarial activity with 0.030 and 0.041 μg mL-1, respectively, whereas the hybrids 

with -Me group at the para position of the phenyl ring (122b and 123b) demonstrated 

below average results with IC50 1.84 and 1.50 μg mL-1, respectively. Among the 

heterocyclic substituents at the sixth position of the pyrimidine ring, N-containing 

heterocycles demonstrated superior antimalarial activities than S-containing 

heterocycles (Figure 2.50).

Figure 2.50 Antimalarial activity of imidazo[1,2-a]pyrimidine substituted pyrazoles 
against P. falciparum

2.6.6 Oxadiazole Containing Pyrazoles

The in vitro antimalarial potency of pyrazole acrylic acid-based oxadiazoles 124

counters to CQS (3D7) P. falciparum clone was tested by Verma et al. (2018) and 

displayed potent antimalarial activity with 0.245 to 3.507 μg/ml range of IC50 values. 

Four compounds, 124e, 124q, 124t, and 124v, out of twenty-four synthesized were the 

most potent, with less than 1 μg/ml of IC50 values (0.515, 0.489, 0.503, and 0.245 μg/ml, 

respectively). These four compounds were further examined for activity counter to CQR

(RKL9) P. falciparum clone and showed an IC50 value of 1.1571, 0.902, 1.571, and 

0.724 μg/ml, respectively (Figure 2.51).
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Figure 2.51 Antimalarial activity of pyrazole acrylic acid-based oxadiazole 
derivatives against 3D7 and RKL9 P. falciparum strains

Continuance of their interest in the antimalarial potency of pyrazole acrylic acid-

based oxadiazole derivatives; an extension was carried out in the next year by Verma et 

al. (2019). All the furnished hybrids demonstrated potent antimalarial activity against 

the CQS (3D7) P. falciparum clone with an IC50 value range between 0.248 and 4.316 

μg ml-1. Out of eighteen compounds synthesized, six (125a, 125f, 125g, 125n, 125o and 

125r) were found to be the most potent with less than 1 μg/ml of IC50 values (0.886, 

0.248, 0.647, 0.322, 0.582 and 0.494 μg ml-1, respectively). Among them, compound 

125f has emerged as the most active one with an IC50 of 0.248 μg ml-1 followed by 125n

with an IC50 of 0.322 μg ml-1. Both were lower than standard agent CQ (IC50 = 0.405 

μg ml-1) (Figure 2.52).

Figure 2.52 Antimalarial activity of pyrazole acrylic acid-based oxadiazole 
derivatives against the 3D7 P. falciparum strain

2.6.7 Curcumin Analogues Containing Pyrazoles

Balaji et al. (2015) also tested the in vitro antimalarial activity of several curcumin 

analogs having pyrazole ring 126. All the examined compounds displayed 
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schizonticidal potency with an IC50 value range between 4.21 and 23.09 μM and 

parasiticidal activity with minimum killing concentrations (MKCs) ranging from 4.18 

to 25.35 μM. Among the tested carboxamide (126a-e) and methanone (126f-o) analogs, 

compounds 126e (IC50; 9.87 μM) and 126o (IC50; 4.21 μM) exhibited maximum 

schizonticidal activity, respectively. Compound 126q had a lesser schizonticidal 

activity with a 23.09 IC50 value among all the tested compounds (Figure 2.53).

Figure 2.53 Antimalarial activity of curcumin analogs having pyrazole rings against 
P. falciparum

2.6.8 Chalcone Containing Pyrazoles

Chalcone (1,3-diaryl-2-propen-1-one) derivatives are simple and well-known analogs 

important progressing of highly active, less toxic antimalarials (Qin et al., 2020). 

Recently, Akolkar et al. (2020) have examined the antimalarial potency of chalcone 

containing pyrazole derivatives 127-130 counter to P. falciparum employing CQ and 
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quinine as standard drugs. All the tested hybrids displayed potency with an IC50 value 

range between 1.46 and 3.93 μM. The strongest potency was found in hybrid 127 with 

an IC50 1.46 μM. (Figure 2.54).

Figure 2.54 Antimalarial activity of compound 127 against P. berghei and 
compounds 128-130 against P. falciparum

2.6.9 Furan Containing Pyrazoles

Choudhary et al. (2022) furnished a wide variety of novel furan containing pyrazoles 

131-133 and examined antiplasmodial potency based on in vitro antimalarial potency 

counter to the CQR (K1) P. falciparum strain. All the twenty-four furnished compounds 

displayed potent anti-plasmodial activity counter to the K1 clone of P. falciparum.

Among the series 131a-h, hybrids 131a, 131d, 131e, 131f, and 131g exhibited very 

good activity with IC50value <5 μg/ml, followed by hybrid 131b with IC50 value <10 

μg/ml, whereas hybrids 131c and 131h displayed lower antimalarial activity with IC50

value greater than 10 μg/ml. Similarly, hybrids 132d, 132e, 132f, and 132g displayed 

excellent antimalarial potency, while hybrids 132c and 132h were found to have poor

activity. In addition, hybrids 133e, 133f, and 133g also exhibited higher antimalarial 

potency, although hybrids 133b and 133h demonstrated a much lesser activity. 

According to the SAR studies, halogen as R substituent enhanced activity, whereas 

electron-donating or electron-withdrawing groups as R substituent reduced activity. 

Among all the twenty-four furnished hybrids, 132d and 132g have emerged as excellent 

antimalarial agents with IC50 values of 1.968 and 1.983 μg/mL, respectively (Figure 

2.55).
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Figure 2.55 Antimalarial activity of furan containing pyrazole derivatives against 
the K1 P. falciparum strain

2.6.10 Diazepine Containing Pyrazoles

A broad range of Pyrazolo[3,4-b][1,4]diazepine derivatives 134 was identified as 

antimalarial agents and screened in vitro antimalarial potency counter to Plasmodium

parasite using CQ as the reference compound (Insuasty et al. 2015). All the tested 

compounds 134a-f exhibited moderate in vitro antimalarial potency against the 

Plasmodium parasite, with the IC50 value range between 11.3 ± 2.3 and 18.9 ± 1.7μg 

mL-1. Hybrid 134f displayed an efficient antimalarial potency against the Plasmodium

parasite with 11.3 ± 2.3 μg mL-1of IC50 value (Figure 2.56).

Figure 2.56 Antimalarial activity of pyrazolo[3,4-b][1,4]diazepine derivatives 
against Plasmodium parasite
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2.6.11 Thiazole Containing Pyrazoles

Cheuka et al. (2014) extend the construction of uncovered aminomethylthiazole 

pyrazole carboxamide derivatives 135-144 by replacing the pyrazole and thiazole cores. 

Among all the tested analogs, compound 138 exhibited better activity with a 1.84 μM 

IC50 value (Figure 2.57). However, all the synthesized compounds were shown lower 

in vitro antiplasmodial activity against CQS malaria parasite P. falciparum (NF54) with 

an IC50 value range between 1.84 and 67.5 μM.

Figure 2.57 Antimalarial activity of aminomethylthiazole pyrazole carboxamide 
derivatives against the NF54 strain of P. falciparum

2.6.12 Benzothiazole Containing Pyrazoles

A wide variety of pyrazoles having benzenethiazole and iminium groups 145 were 

identified as antimalarial hybrids and tested in vitro antimalarial potency counter to 

CQS (3D7) P. falciparum clone (Aggarwal et al. 2018). Hybrids 145g-l with Ar1 = 4-

MePh exhibited higher antimalarial potency with EC50 values ranging from 1.953 to 

3.518 μg/mL, whereas hybrids 145m-r with Ar1 = 4-FPh and 145a-f with Ar1 = Ph 

exhibited moderate (EC50 = 2.59-5.9 μg/mL) and lower (EC50 = 2.7-8.3 μg/mL) 

antimalarial activity, respectively. Among all the tested compounds, hybrid 145l (Ar2 

= 3-ClPh) was found to be the most active one with 1.953 μg/mL of EC50 value, followed 

by hybrid 145j (Ar2 = 4-ClPh) with the EC50 of 1.98 μg/mL while hybrid 145a (Ar2 = 

Ph) was found to be the least active one with 8.34 μg/mL of EC50 value (Figure 2.58).
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Figure 2.58 Antimalarial activity of benzenethiazole-incorporated pyrazoles against 
the 3D7 strain of P. falciparum

2.6.13 Thiazolidine Containing Pyrazoles

Very recently, various pyrazole derivatives linked to thiazolidine moiety were 

developed and examined for their in vivo antimalarial potency counter to the P. 

falciparum clone (Bekhit et al. 2022). All the examined hybrids displayed considerable 

antimalarial potency with a minimum of 59.3% suppression and the lowest mean 

survival time of 8.71 days reported with hybrid 146a. Among the studied compounds, 

147a and 147b emerged as the most promising antimalarial agents with a maximum 

suppression of 95.35% and 96.51% and the highest mean survival time of 17.6 and 

16.22 days, respectively (Figure 2.59).

Figure 2.59 Antimalarial activity of thiazolidine-incorporated pyrazoles against P.
falciparum

2.6.14 Triazine Containing Pyrazoles

Gogoi et al. (2020) examined the in vitro antimalarial potency of 1,3,5-triazine 

incorporated pyrazole derivatives 149 counter to the CQS (3D7) P. falciparum clone 

employing CQ as the standard agent. Out of ten hybrids synthesized, three hybrids 149e

(p-chlorophenyl amino-functionalized), 149g (p-bromophenyl amino-functionalized), 
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and 149h (m-chlorophenyl amino-functionalized) displayed considerable in vitro

antimalarial potency counter to 3D7 P. falciparum clone with 53.85, 62.50, and 100 

μg/mL of IC50 values, respectively. In contrast, other hybrids displayed no antimalarial 

potency (Figure 2.60).

Figure 2.60 Antimalarial activity of 1,3,5-Triazine incorporated pyrazoles against 
the 3D7 P. falciparum clone

2.6.15 Miscellaneous Pyrazoles

A new class of 1,3,4-trisubstituted pyrazole derivatives was developed and studied in 

vitro antimalarial potency counter to CQR (RKL9) P. falciparum strain and 

antiplasmodial activity counter to P. berghei (Bekhit et al. 2018). Hybrids 152a-d, were 

the most active antiplasmodial agents counter to P. berghei, with a higher percentage

of inhibition range between 90-100%. The hybrid 152c demonstrated superior 

antimalarial potency (IC50 = 0.0142 μM), 13-folder higher than standard CQ 

phosphate. The in silico studies of the most potent analogs counter to the quadruple and 

wild-type mutant pfDHFR-TS structures confirmed the antimalarial activity. Moreover, 

the hybrids demonstrated significant in silico drug-likeness and pharmacokinetics. RBC 

hemolysis assay and acute toxicity analysis showed satisfactory physiological 

tolerability of the most potent hybrids up to 150 mg kg-1 through the oral route and 75 

mg kg-1 through the parenteral route (Figure 2.61).
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Figure 2.61 Antimalarial activity of 1,3,4-trisubstituted pyrazoles against P. berghei 
and RKL9 P. falciparum clone

In the same year, the in vitro antimalarial potency of pyrazole acrylic acid-based 

amide derivatives 159 counter to CQS (3D7) P. falciparum clone was tested and 

displayed potent antimalarial activity with 0.985 to 4.412 μg/mL range of IC50 values 

(Verma et al. 2018). Compound 159g was further screened for activity counter to CQR

(RKL9) P. falciparum clone and showed an IC50 value of 4.234 μg/mL (Figure 2.62). 

One compound, 159g out of eight synthesized, was the most potent, with IC50 less than 

1 μg/mL of IC50 value (0.985μg/mL).
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Figure 2.62 Antimalarial activity of pyrazole acrylic acid-based amide derivatives 
against 3D7 and RKL9 P. falciparum clones

The synthetic method for the construction of tetrahydro-1H,5H-pyrazolo[1,2-

a]pyrazole-1-carboxylate derivatives 160 and 161 were reported by Strašek et al. 

(2019), and an assessment inhibition of dihydroorotate dehydrogenase of PfDHODH 

was demonstrated. All the tested hybrids developed selectivity for PfDHODH more 

than HsDHODH (Figure 2.63). Compound 161 was found to be the more active with 

an IC50 2.9 μM.

Figure 2.63 Antimalarial activity of tetrahydropyrazolo[1,2-a]pyrazole-1-
carboxylates

2.7 IN VITRO ANTIMALARIAL ACTIVITY OF PYRANO[2,3-C]PYRAZOLE-4-
AMINOQUINOLINE DERIVATIVES

The hybridization of 4-aminoquinoline with pyrano[2,3-c]pyrazoles will increase the 

antimalarial activity of pyrano[2,3-c]pyrazole-aminoquinoline hybrids since 

pyranopyrazole derivatives have a wide range of therapeutic applications. Recently, 

Shamsuddin et al. (2021) developed a novel hybridization method to synthesize 4-

aminoquinoline-pyrano[2,3-c]pyrazole hybrids and screened their antimalarial efficacy 

towards CQS (3D7), and CQR (K1) strains of P. falciparum. For all the evaluations, 
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CQ (EC50 0.002 μM (3D7) and 0.33 μM (K1)) and ART (EC50 0.0001 μM (3D7) and 

0.00017 μM (K1)) were utilized for comparison. All the synthesized hybrids were 

potent towards the 3D7 and K1 strains of P. falciparum. Data from antimalarial 

assessment revealed that the molecular compound 162 demonstrated better in vitro

antimalarial activity towards both the 3D7 and K1 P. falciparum clones and displayed 

low to moderate cytotoxic activities, with CC50 ranging from 17 to 103 μM. The 

docking studies showed that hybrid 162b evidenced the highest binding energy on P.

falciparum lactate dehydrogenase (PfLDH). This result suggested that PfLDH is a 

potential molecular target of the furnished hybrid. Overall, all hybrids demonstrated a

poor human absorption and low aqueous solubility. Notably, the in silico prediction 

showed that all the hybrids were hepatotoxic (Figure 2.64).

Figure 2.64 Antimalarial activity of pyranopyrazole conjugated 4-aminoquinolines 
towards CQS (3D7) and CQR (K1) strains of P. falciparum

Bulky and lipophilic groups counting furan and phenyl increase the antimalarial 

potency against CQS strains in 162a, 162b, 162c and 162e. However, removing the

phenyl group in 162d reduces the compounds' activity. Contrarily, the furan 

substitutions at the 2nd position commonly reduce the activity against the CQR (K1)

strain. Similarly, adding the hydroxyl group in 162e unfavourably decreased the 

antimalarial activity. Alkyl substitutions in the para positions (162b) confer the best 

activity against CQR (K1) and CQS (3D7) strains (Figure 2.65).
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Figure 2.65 The SAR study of 4-aminoquinoline-pyrano[2,3c]pyrazole hybrid
compounds

Source: Shamsuddin et al. 2021

2.8 CONCLUSION

In conclusion, out of a broad range of N-heterocyclic compounds used for 

antimalarial treatment, pyranopyrazole and 4-aminoquinoline bicycles are efficient 

moieties in the 21st century. Because of their simple chemistry, ease of synthesis, and 

a wide variety of biological applications in both natural and synthetic derivatives, these 

scaffolds are regarded as a biologically relevant active source with several therapeutic 

potentials including antimalarial activity. Considering the potent antimalarial activity

of these scaffolds against both the CQS and CQR strains of P. falciparum, this study

aimed to synthesize a novel series of pyrano[2,3-c]pyrazole-aminoquinoline hybrid 

compounds as antimalarial agents by covalently linking the moieties of various aromatic 

substituted pyrano[2,3-c]pyrazoles and 4-aminoquinoline via an ethyl linker. To

achieve this goal, the prediction of good bioavailability using an in silico approach 

(ADMET/PK profile), molecular docking analysis on PfLDH, heme detoxification, in

vitro antimalarial potencies of all synthesized hybrids against CQS (3D7) and CQR

(K1) strains of P. falciparum and cytotoxicity against human normal liver WRL68 cell 

line is carried out in this research.
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CHAPTER III

RESEARCH METHODOLOGY

3.1 INTRODUCTION

This chapter discusses the meterials and methods used for the synthesis of 4-

aminoquinolines, pyrano[2,3-c]pyrazoles, pyrano[2,3-c]pyrazole-4-aminoquinoline

hybrids, and also in silic study methods, isothermal titration calorimetry methods, and 

in vitro study methods.

3.2 MATERIALS AND METHODS

All the solvents (dimethyl sulfoxide, ethyl acetate, n-hexane, toluene, dichloromethane, 

ethanol, and methanol) and chemicals were commercially available and did not require 

further purification. Activated charcoal (granulated), 4,7-dichloroquine 97%, 

monoethanolamine, hydrobromic acid 48%, acetic acid 98%, hydrazine solution 35 

wt.% in H2O, diethyl oxalacetate sodium salt 95%, malononitrile 99%, 4-

methoxybenzaldehyde 99%, 3-hydroxybenzaldehyde 99%, 2-methoxybenzaldehyde 

98%, 4-ethoxybenzaldehyde 99%, furan-2-carbaldehyde 99%, benzaldehyde 99%, 4-

chlorobenzaldehyde 97%, 4-bromobenzaldehyde 99%, 3-nitrobenzaldehyde 99%, 4-

nitrobenzaldehyde 98%, 2,4-dihydroxybenzaldehyde 98%, thiophene-2-carbaldehyde 

98%, 3-bromo-4-dihydroxybenzaldehyde 97%, 4-formylbenzonitrile 98%, 3-

ethoxybenzaldehyde 98%, 4-formylbenzoic acid 97%, 4-hydroxybenzaldehyde 99% 2-

hydroxy-1-naphthaldehyde 99% and picolinaldehyde 99% were purchased from Sigma-

Aldrich, Darmstadt, Germany and used without further purification unless stated.

Melting points were measured using the Stuart SMP40 instrument at room 

temperature till 300 ◦C. Elemental study was carried out by a Flash Elemental Analyzer 

110 series (Selangor, Malaysia). The reaction progress was monitored using thin-layer 
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chromatography (TLC) on Merck Kieselgel (New Jersey, NJ, USA) 60F254, which was 

visualised with an ultraviolet lamp, and the hybrids were purified utilizing silica gel 

column chromatography.

Fourier transform infrared (FTIR) spectroscopy is a technique used to identify

and confirm the presence of the significant functional groups of pyrano[2,3-

c]pyrazoles-aminoquinolines hybrids. In this technique, infrared light source is used to 

quantify the frequency absorption in a molecule of the compounds showing the presence 

of functional groups such as amine (NH2 and NH), cyano (CN), carbonyl (COOEt), and 

C=C, bonds present pyrano[2,3-c]pyrazoles-aminoquinoline hybrids. The FTIR spectra 

were taken in a wide spectral range of absorption frequency between 500-4000 cm-1. In 

this study, attenuated total reflection (ATR) was employed in preparing the sample.

Nuclear magnetic resonance (NMR) spectroscopy is a preeminent technique

which uses a component of electromagnetic radiation (radio frequency waves) to

promote transitions between nuclear energy levels (Resonance) (Tognarelli et al. 2015). 

NMR is used in this study to elucidate the chemical structures of the pyrano[2,3-

c]pyrazoles, aminoquinolines and pyrano[2,3-c]pyrazole-4-aminoquinoline hybrids. 

This technique offers complete analysis and interpretations of the entire spectrum with 

respect to the number and environment of proton and carbon in a compound. This 

spectroscopy technique was employed at frequency of 400 MHz and 100 MHz for 1H

and 13C NMR, respectively. All the samples were dissolved in deuterated (DMSO-d6 or 

chloroform-d6) and processed using Mnova software. Generally, the combined data 

obtained from FTIR and NMR spectra is often adequate to confirm the identity and 

structure of the synthesised compounds.

3.3 GENERAL PROCEDURE FOR THE SYNTHESIS OF PYRANO[2,3-
C]PYRAZOLE DERIVATIVES (20A-S)

Pyrano[2,3-c]pyrazole compounds 20a-s were synthesized in moderate to good yields 

following the procedure described by Mohammat et al. (2018). To an oven-dried three-

neck round-bottom flask (100 mL) with stirring bar charged 35% hydrazine solution 

(0.49 mL, 5.5 mmol) (8), with diethyloxalacetate sodium salt (1.15 g, 5.5 mmol) (18), 

20 ml ethanol, and 1 ml of acetic acid. The reaction mixture was refluxed for 15 minutes. 
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Malononitrile (0.33 g, 5 mmol) (19) and carbonyl compound (5 mmol) were then added 

to the reaction mixture, and vigorously refluxed for additional 30 minutes. After 

completion of the reaction (monitoring by TLC), the reaction mixture was cooled to 

room temperature, and the resulting precipitate formed was filtered off and washed with 

water, dried, and recrystallized from methanol (Figure 3.1).

Figure 3.1 Pyrano[2,3-c]pyrazoles synthesis

3.3.1 Synthesis of ethyl 6-amino-5-cyano-4-(4-methoxyphenyl)-1,4-dihydropyrano[2,3-
c]pyrazole-3-carboxylate (20a)

The synthesis method of the pyrano[2,3-c]pyrazole compound 20a is the same as

described  in subsection 3.3, using a mixture of hydrazine solution 35% (0.49 mL, 5.5 

mmol) (8), sodium diethyloxalacetate solution (1.15 g, 5.5 mmol) (18), 1 mL of Acetic 

acid, 20 mL of ethanol, Malanonitrile (0.33 g, 5 mmol) (19) and 4-

methoxybenzaldehyde (0.68 gr, 5 mmol), to yield a white solid (64%). Melting point:

235-236 oC; 1H NMR (400 MHz, DMSO) δ 13.68 (s, 1H), 7.01 (dt, J = 9.6, 2.8 Hz, 2H), 

6.96 (s, 2H), 6.84 (dt, J = 9.6, 3.2 Hz, 2H), 4.70 (s, 1H), 4.11 (q, J = 6.8 Hz, 2H), 3.71 

(s, 3H), 1.10 (t, J = 6.8 Hz, 3H); 13C NMR (100 MHz, DMSO): δ 160.4, 158.6, 158.4, 

137.6, 130.4, 129.4, 128.8, 120.8, 114.9, 114.0, 104.5, 61.3, 58.7, 55.5, 36.7, 14.3. IR 

results are identical with Mohammat et al. (2018).
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Figure 3.2 1H NMR spectrum of compound 20a

Figure 3.3 13C NMR spectrum of compound 20a
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3.3.2 Synthesis of ethyl 6-amino-5-cyano-4-(3-hydroxyphenyl)-1,4-dihydropyrano[2,3-
c]pyrazole-3-carboxylate (20b)

The synthesis method of the pyrano[2,3-c]pyrazole compound 20b is the same as 

described  in subsection 3.3, using a mixture of hydrazine solution 35% (0.49 mL, 5.5 

mmol) (8), sodium diethyloxalacetate solution (1.15 g, 5.5 mmol) (18), 1 mL of Acetic 

acid, 20 mL of ethanol, Malanonitrile (0.33 g, 5 mmol) (19) and 3-

hydroxybenzaldehyde (0.61 gr, 5 mmol), to yield a white solid (64%). a white solid 

(56%). Melting point: 237-238 oC; IR cm-1: 3438 (NH2), 3300 (NH), 2186 (CN), 1718

(COOEt), 1636 (C=C); 1H NMR (400 MHz, DMSO) δ 13.71 (s, 1H), 9.26 (s, 1H), 7.07 

(t, J = 7.6 Hz, 1H), 6.99 (s, 2H), 6.58 (ddd, J = 8, 2.4, 0.8 Hz, 1H), 6.54 (d, J = 7.6 Hz, 

1H), 6.47 (t, J = 2 Hz, 1H), 4.64 (s, 1H), 4.12 (q, J = 7.2 Hz, 2H), 1.10 (t, J = 7.2 Hz, 

3H); 13C NMR (100 MHz, DMSO): δ 160.5, 158.7, 157.7, 156.1, 146.8, 129.6, 129.5, 

120.8, 118.5, 114.6, 114.1, 104.3, 61.3, 58.4, 37.4, 14.3. 

Figure 3.4 1H NMR spectrum of compound 20b
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Figure 3.5 13C NMR spectrum of compound 20b

3.3.3 Synthesis of ethyl 6-amino-5-cyano-4-(2-methoxyphenyl)-1,4-dihydropyrano[2,3-
c]pyrazole-3-carboxylate (20c)

The synthesis method of the pyrano[2,3-c]pyrazole compound 20c is the same as 

described  in subsection 3.3, using a mixture of hydrazine solution 35% (0.49 mL, 5.5 

mmol) (8), sodium diethyloxalacetate solution (1.15 g, 5.5 mmol) (18), 1 mL of Acetic 

acid, 20 mL of ethanol, Malanonitrile (0.33 g, 5 mmol) (19) and 2-

methoxybenzaldehyde (0.68 gr, 5 mmol), to yield a White solid (76%). Melting point:

212-213 oC; IR cm-1: 3412 (NH2), 3390 (NH), 2189 (CN), 1718 (COOEt), 1647 (C=C); 
1H NMR (400 MHz, DMSO) δ 13.57 (s, 1H), 7.21-7.16 (m, 1H), 6.96 (d, J = 7.6 Hz, 

1H), 6.90 (dd, J = 7.6, 1.6 Hz, 1H), 6.86-6.83 (m, 3H), 5.06 (s, 1H), 4.08 (q, J = 5.2 Hz, 

2H), 3.71 (s, 3H), 1.03 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, DMSO): δ 161.1, 158.8, 

157.1, 156.8, 132.9, 129.3, 129.1, 128.4, 120.8, 120.7, 111.9, 104.1, 61.1, 57.3, 56.0, 

32.1, 14.1.
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Figure 3.6 1H NMR spectrum of compound 20c

Figure 3.7 13C NMR spectrum of compound 20c
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3.3.4 Synthesis of ethyl 6-amino-5-cyano-4-(4-ethoxyphenyl)-1,4-dihydropyrano[2,3-
c]pyrazole-3-carboxylate (20d)

The synthesis method of the pyrano[2,3-c]pyrazole compound 20d is the same as 

described  in subsection 3.3, using a mixture of hydrazine solution 35% (0.49 mL, 5.5 

mmol) (8), sodium diethyloxalacetate solution (1.15 g, 5.5 mmol) (18), 1 mL of Acetic 

acid, 20 mL of ethanol, Malanonitrile (0.33 g, 5 mmol) (19) and 4-ethoxybenzaldehyde 

(0.75 gr, 5 mmol), to yield a yellowish white solid (85%). Melting point: 210-211 oC; 
1H NMR (400 MHz, DMSO) δ 13.67 (s, 1H), 7.01-6.96 (m, 4H), 6.82 (dt, J = 9.6, 2.8 

Hz, 2H), 4.70 (s, 1H), 4.11 (q, J = 6.8 Hz, 2H), 3.97 (q, J = 6.8 Hz, 2H), 1.30 (t, J = 7.2 

Hz, 3H), 1.10 (t, J = 6.8 Hz, 3H); 13C NMR (100 MHz, DMSO): δ 160.4, 158.7, 157.7, 

156.0, 137.5, 129.4, 128.4, 120.8, 114.5, 104.6, 63.4, 61.3, 58.7, 36.7, 15.1, 14.3. IR 

results are identical with Mohammat et al. (2018).

Figure 3.8 1H NMR spectrum of compound 20d
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Figure 3.9 13C NMR spectrum of compound 20d

3.3.5 Synthesis of ethyl 6-amino-5-cyano-4-(furan-2-yl)-1,4-dihydropyrano[2,3-
c]pyrazole-3-carboxylate (20e)

The synthesis method of the pyrano[2,3-c]pyrazole compound 20e is the same as 

described  in subsection 3.3, using a mixture of hydrazine solution 35% (0.49 mL, 5.5 

mmol) (8), sodium diethyloxalacetate solution (1.15 g, 5.5 mmol) (18), 1 mL of Acetic 

acid, 20 mL of ethanol, Malanonitrile (0.33 g, 5 mmol) (19) and furan-2-carbaldehyde

(0.48 gr, 5 mmol), to yield a brown solid (61%). Melting point: 218-219 oC; 1H NMR 

(400 MHz, DMSO) δ 13.77 (s, 1H), 7.48 (q, J = 0.8 Hz, 1H), 7.10 (s, 2H), 6.35 (q, J =

2 Hz, 1H), 6.12 (d, J = 3.2 Hz, 1H), 4.93 (s, 1H), 4.22-4.15 (m, 2H), 1.17 (t, J = 7.2 Hz, 

3H); 13C NMR (100 MHz, DMSO): δ 161.3, 158.7, 155.9, 142.3, 129.7, 120.6, 110.8, 

105.9, 101.5, 61.4, 55.3, 31.2, 14.3. IR results are identical with Mohammat et al. 

(2018).
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Figure 3.10 1H NMR spectrum of compound 20e

Figure 3.11 13C NMR spectrum of compound 20e
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3.3.6 Synthesis of ethyl 6-amino-5-cyano-4-phenyl-1,4-dihydropyrano[2,3-c]pyrazole-
3-carboxylate (20f)

The synthesis method of the pyrano[2,3-c]pyrazole compound 20f is the same as 

described  in subsection 3.3, using a mixture of hydrazine solution 35% (0.49 mL, 5.5 

mmol) (8), sodium diethyloxalacetate solution (1.15 g, 5.5 mmol) (18), 1 mL of Acetic 

acid, 20 mL of ethanol, Malanonitrile (0.33 g, 5 mmol) (19) and benzaldehyde (1.06 gr,

5 mmol), to yield a white solid (66%). Melting point: 226-227 oC; 1H NMR (400 MHz, 

DMSO) δ 13.72 (s, 1H), 7.31-7.27 (m, 2H), 7.22-7.18 (m, 1H), 7.18 (s, 2H), 7.11-7.09 

(m, 2H), 4.76 (s, 1H), 4.09 (q, J = 6.8 Hz, 2H), 1.05 (t, J = 7.2 Hz, 3H); 13C NMR (100 

MHz, DMSO): δ 160.5, 158.6, 156.1, 145.4, 129.5, 128.7, 127.8, 127.1, 120.7, 104.1, 

61.3, 58.4, 37.4, 14.2. IR results are identical with Mohammat et al. (2018).

Figure 3.12 1H NMR spectrum of compound 20f
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Figure 3.13 13C NMR spectrum of compound 20f

3.3.7 Synthesis of ethyl 6-amino-4-(4-chlorophenyl)-5-cyano-1,4-dihydropyrano[2,3-
c]pyrazole-3-carboxylate (20g)

The synthesis method of the pyrano[2,3-c]pyrazole compound 20g is the same as 

described  in subsection 3.3, using a mixture of hydrazine solution 35% (0.49 mL, 5.5 

mmol) (8), sodium diethyloxalacetate solution (1.15 g, 5.5 mmol) (18), 1 mL of Acetic 

acid, 20 mL of ethanol, Malanonitrile (0.33 g, 5 mmol) (19) and 4-chlorobenzaldehyde 

(0.70 gr, 5 mmol), to yield a white solid (74%) Melting point: 228-230 oC; IR cm-1:

3390 (NH2), 3145 (NH), 2173 (CN), 1731 (COOEt), 1641 (C=C); 1H NMR (400 MHz, 

DMSO) δ 13.77 (s, 1H), 7.35 (dt, J = 9.2, 2.8 Hz, 2H), 7.13 (dt, J = 9.2, 2.4 Hz, 2H), 

7.06 (s, 2H), 4.79 (s, 1H), 4.10 (q, J = 6.8 Hz, 2H), 1.07 (t, J = 6.8 Hz, 3H); 13C NMR 

(100 MHz, DMSO): δ 160.5, 158.5, 156.0, 144.4, 131.6, 129.7, 129.6, 128.7, 120.6, 

103.6, 61.4, 57.9, 36.8, 14.3.
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Figure 3.14 1H NMR spectrum of compound 20g

Figure 3.15 13C NMR spectrum of compound 20g
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3.3.8 Synthesis of ethyl 6-amino-4-(4-bromophenyl)-5-cyano-1,4-dihydropyrano[2,3-
c]pyrazole-3-carboxylate (20h)

The synthesis method of the pyrano[2,3-c]pyrazole compound 20h is the same as 

described  in subsection 3.3, using a mixture of hydrazine solution 35% (0.49 mL, 5.5 

mmol) (8), sodium diethyloxalacetate solution (1.15 g, 5.5 mmol) (18), 1 mL of Acetic 

acid, 20 mL of ethanol, Malanonitrile (0.33 g, 5 mmol) (19) and 4-bromobenzaldehyde 

(0.92 gr, 5 mmol), to yield a white solid (71%). Melting point: 221-222 oC; 1H NMR 

(400 MHz, DMSO) δ 13.77 (s, 1H), 7.49 (dt, J = 9.2, 2.4 Hz, 2H), 7.09-7.06 (m, 4H), 

4.77 (s, 1H), 4.10 (q, J = 6.8 Hz, 2H), 1.07 (t, J = 6.8 Hz, 3H); 13C NMR (100 MHz, 

DMSO): δ 160.5, 158.5, 156.0, 144.8, 131.6, 130.1, 129.6, 120.6, 120.1, 103.5, 61.4, 

57.8, 36.9, 14.3. IR results are identical with Mohammat et al. (2018).

Figure 3.16 1H NMR spectrum of compound 20h
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Figure 3.17 13C NMR spectrum of compound 20h

3.3.9 Synthesis of ethyl 6-amino-5-cyano-4-(3-nitrophenyl)-1,4-dihydropyrano[2,3-
c]pyrazole-3-carboxylate (20i)

The synthesis method of the pyrano[2,3-c]pyrazole compound 20i is the same as 

described  in subsection 3.3, using a mixture of hydrazine solution 35% (0.49 mL, 5.5 

mmol) (8), sodium diethyloxalacetate solution (1.15 g, 5.5 mmol) (18), 1 mL of Acetic 

acid, 20 mL of ethanol, Malanonitrile (0.33 g, 5 mmol) (19) and 3-nitrobenzaldehyde 

(0.75 gr, 5 mmol), to yield a yellow solid (70%). Melting point: 224-225 oC; 1H NMR 

(400 MHz, DMSO) δ 13.85 (s, 1H), 8.11 (dt, J = 6.4, 2.8 Hz, 1H), 7.98-7.97 (m, 1H), 

7.65-7.60 (m, 2H), 7.17 (s, 2H), 5.03 (s, 1H), 4.08 (q, J = 6.8 Hz, 2H), 1.04 (t, J = 7.2 

Hz, 3H); 13C NMR (100 MHz, DMSO): δ 160.7, 158.4, 155.9, 148.1, 147.5, 134.9, 

130.5, 129.8, 122.4, 122.3, 120.4, 102.8, 61.4, 57.3, 36.9, 14.2. IR results are identical 

with Mohammat et al. (2018).
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Figure 3.18 1H NMR spectrum of compound 20i

Figure 3.19 13C NMR spectrum of compound 20i
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3.3.10 Synthesis of ethyl 6-amino-5-cyano-4-(4-nitrophenyl)-1,4-dihydropyrano[2,3-
c]pyrazole-3-carboxylate (20j)

The synthesis method of the pyrano[2,3-c]pyrazole compound 20j is the same as 

described  in 3.3, using a mixture of hydrazine solution 35% (0.49 mL, 5.5 mmol) (8), 

sodium diethyloxalacetate solution (1.15 g, 5.5 mmol) (18), 1 mL of Acetic acid, 20 mL 

of ethanol, Malanonitrile (0.33 g, 5 mmol) (19) and 4-nitrobenzaldehyde (0.75 gr, 5 

mmol), to yield a yellow solid (74%). Melting point: 235-237 oC; 1H NMR (400 MHz, 

DMSO) δ 13.85 (s, 1H), 8.18 (dt, J = 9.2, 2.4 Hz, 2H), 7.40 (dt, J = 9.6, 2.8 Hz, 2H), 

7.18 (s, 2H), 4.97 (s, 1H), 4.08 (q, J = 7.2 Hz, 2H), 1.05 (t, J = 7.2 Hz, 3H); 13C NMR 

(100 MHz, DMSO): δ 160.7, 158.4, 156.0, 152.7, 146.7, 129.8, 129.3, 124.1, 120.4, 

102.8, 61.4, 57.1, 37.1, 14.3. IR results are identical with Mohammat et al. (2018).

Figure 3.20 1H NMR spectrum of compound 20j
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Figure 3.21 13C NMR spectrum of compound 20j

3.3.11 Synthesis of ethyl 6-amino-5-cyano-4-(2,4-dihydroxyphenyl)-1,4-
dihydropyrano[2,3-c]pyrazole-3-carboxylate (20k)

The synthesis method of the pyrano[2,3-c]pyrazole compound 20k is the same as 

described  in subsection 3.3, using a mixture of hydrazine solution 35% (0.49 mL, 5.5 

mmol) (8), sodium diethyloxalacetate solution (1.15 g, 5.5 mmol) (18), 1 mL of Acetic 

acid, 20 mL of ethanol, Malanonitrile (0.33 g, 5 mmol) (19) and 2,4-

dihydroxibenzaldehyde (0.69 gr, 5 mmol), to yield a orange solid (42%). Melting point:

281-282 oC; IR cm-1: 3479 (NH2), 3358 (NH), 2212 (CN), 1720 (COOEt), 1636 (C=C);
1H NMR (400 MHz, DMSO) δ 12.66 (s, 1H), 9.50 (s, 1H), 6.78 (d, J = 8.4 Hz, 1H), 

6.42 (dd, J = 8.4, 2.8 Hz, 1H), 6.38 (d, J = 2.4 Hz, 1H), 6.327 (s, 2H), 5.94 (s, 1H), 5.28 

(s, 1H), 4.34 (d, J = 6.4 Hz, 2H), 1.31 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, DMSO): 

δ 159.7, 159.4, 157.3, 156.8, 151.3, 130.1, 116.9, 113.4, 111.8, 102.6, 89.0, 71.0, 61.5,

27.2, 14.5.
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Figure 3.22 1H NMR spectrum of compound 20k

Figure 3.23 13C NMR spectrum of compound 20k
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3.3.12 Synthesis of ethyl 6-amino-5-cyano-4-(thiophen-2-yl)-1,4-dihydropyrano[2,3-
c]pyrazole-3-carboxylate (20l)

The synthesis method of the pyrano[2,3-c]pyrazole compound 20l is the same as 

described  in subsection 3.3, using a mixture of hydrazine solution 35% (0.49 mL, 5.5 

mmol) (8), sodium diethyloxalacetate solution (1.15 g, 5.5 mmol) (18), 1 mL of Acetic 

acid, 20 mL of ethanol, Malanonitrile (0.33 g, 5 mmol) (19) and thiophene-2-

carbaldehyde (0.56 gr, 5 mmol), to yield a yellow solid (60%). Melting point: 205-207
oC; 1H NMR (400 MHz, DMSO) δ 13.80 (s, 1H), 7.34-7.32 (m, 1H), 7.11 (s, 2H), 6.93-

6.91 (m, 2H), 5.13 (s, 1H), 4.22-4.16 (m, 2H), 1.14 (t, J = 7.2 Hz, 3H); 13C NMR (100 

MHz, DMSO): δ 160.7, 158.6, 155.4, 149.9, 129.7, 127.1, 125.0, 120.7, 104.2, 61.5, 

58.2, 32.6, 14.3. IR results are identical with Mohammat et al. (2018).

Figure 3.24 1H NMR spectrum of compound 20l
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Figure 3.25 13C NMR spectrum of compound 20l

3.3.13 Synthesis ethyl 6-amino-4-(3-bromo-4-hydroxyphenyl)-5-cyano-1,4-
dihydropyrano[2,3-c]pyrazole-3-carboxylate (20m)

The synthesis method of the pyrano[2,3-c]pyrazole compound 20m is the same as 

described  in subsection 3.3, using a mixture of hydrazine solution 35% (0.49 mL, 5.5 

mmol) (8), sodium diethyloxalacetate solution (1.15 g, 5.5 mmol) (18), 1 mL of Acetic 

acid, 20 mL of ethanol, Malanonitrile (0.33 g, 5 mmol) (19) and 3-bromo-4-

hydroxibenzaldehyde (1.0 gr, 5 mmol), to yield a white solid (76%). Melting point: 224-

225 oC; 1H NMR (400 MHz, DMSO) δ 13.73 (s, 1H), 10.12 (s, 1H), 7.20 (d, J = 1.6 Hz, 

1H); 7.01 (s, 2H), 6.90-6.85 (m, 2H), 4.68 (s, 1H), 4.16-4.10 (m, 2H), 1.13 (t, J = 7.2 

Hz, 3H); 13C NMR (100 MHz, DMSO): δ 160.4, 158.6, 155.4, 153.1, 137.7, 132.1, 

129.5, 128.1, 120.7, 116.7, 109.1, 104.1, 61.4, 58.3, 36.3, 14.3. IR results are identical 

with Mohammat et al. (2018).
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Figure 3.26 1H NMR spectrum of compound 20m

Figure 3.27 13C NMR spectrum of compound 20m
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3.3.14 Synthesis of ethyl 6-amino-5-cyano-4-(4-cyanophenyl)-1,4-dihydropyrano[2,3-
c]pyrazole-3-carboxylate (20n)

The synthesis method of the pyrano[2,3-c]pyrazole compound 20n is the same as 

described  in subsection 3.3, using a mixture of hydrazine solution 35% (0.49 mL, 5.5 

mmol) (8), sodium diethyloxalacetate solution (1.15 g, 5.5 mmol) (18), 1 mL of Acetic 

acid, 20 mL of ethanol, Malanonitrile (0.33 g, 5 mmol) (19) and 4-formylbenzonitrile

(0.65 gr, 5 mmol), to yield a yellow solid (68%). Melting point: 218-221 oC; 1H NMR 

(400 MHz, DMSO) δ 13.83 (s, 1H), 7.77 (dt, J = 8.4, 2 Hz, 2H); 7.31 (dt, J = 8.4, 2 Hz, 

2H); 7.14 (s, 2H), 4.90 (s, 1H), 4.08 (q, J = 7.2 Hz, 2H), 1.03 (t, J = 6.8 Hz, 3H); 13C

NMR (100 MHz, DMSO): δ 160.7, 158.4, 156.0, 150.7, 132.8, 129.7, 129.0, 120.4, 

119.2, 110.0, 102.8, 61.4, 57.2, 37.4, 14.2. IR results are identical with Mohammat et 

al. (2018).

Figure 3.28 1H NMR spectrum of compound 20n
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Figure 3.29 13C NMR spectrum of compound 20n

3.3.15 Synthesis of ethyl 6-amino-5-cyano-4-(3-ethoxyphenyl)-1,4-dihydropyrano[2,3-
c]pyrazole-3-carboxylate (20o)

The synthesis method of the pyrano[2,3-c]pyrazole compound 20o is the same as 

described  in subsection 3.3, using a mixture of hydrazine solution 35% (0.49 mL, 5.5 

mmol) (8), sodium diethyloxalacetate solution (1.15 g, 5.5 mmol) (18), 1 mL of Acetic 

acid, 20 mL of ethanol, Malanonitrile (0.33 g, 5 mmol) (19) and 3-ethoxybenzaldehyde

(0.75 gr, 5 mmol), to yield a yellowish white solid (55%). Melting point: 211-212 oC; 

IR cm-1: 3319 (NH2), 3179 (NH), 2189 (CN), 1729 (COOEt), 1654 (C=C); 1H NMR 

(400 MHz, DMSO) δ 13.73 (s, 1H), 7.19 (t, J = 8 Hz, 1H), 7.01 (s, 2H), 6.76 (dd, J =

8, 2.4 Hz, 1H), 6.64-6.61 (m, 2H), 4.72 (s, 1H), 4.11 (q, J = 7.2 Hz, 2H), 3.97 (q, J =

7.2 Hz, 2H), 1.30 (t, J = 7.2 Hz, 3H), 1.07 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, 

DMSO): δ 160.6, 158.8, 158.6, 156.1, 146.9, 129.8, 129.5, 120.7, 119.8, 114.4, 112.5, 

104.0, 63.3, 61.3, 58.2, 37.3, 15.1, 14.2.
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Figure 3.30 1H NMR spectrum of compound 20o

Figure 3.31 13C NMR spectrum of compound 20o
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3.3.16 Synthesis of 4-(6-amino-5-cyano-3-(ethoxycarbonyl)-1,4-dihydropyrano[2,3-
c]pyrazol-4-yl)benzoic acid (20p)

The synthesis method of the pyrano[2,3-c]pyrazole compound 20p is the same as 

described  in subsection 3.3, using a mixture of hydrazine solution 35% (0.49 mL, 5.5 

mmol) (8), sodium diethyloxalacetate solution (1.15 g, 5.5 mmol) (18), 1 mL of Acetic 

acid, 20 mL of ethanol, Malanonitrile (0.33 g, 5 mmol) (19) and 4-formylbenzoic acid

(0.75 gr, 5 mmol), to yield a brownish white solid (84%). Melting point: 242-244 oC; 

IR cm-1: 3321 (NH2), 3175 (NH), 2189 (CN), 1718 (COOEt), 1641 (C=C); 1H NMR 

(400 MHz, DMSO) δ 7.84 (d, J = 8 Hz, 2H), 7.12 (d, J = 8 Hz, 2H), 7.04 (s, 2H), 4.80 

(s, 1H), 4.08 (q, J = 6.8 Hz, 2H), 1.90 (s, 1H), 1.04 (t, J = 7.2 Hz, 3H); 13C NMR (100 

MHz, DMSO): δ 160.5, 158.5, 155.9, 129.8, 128.9, 128.1, 127.7, 120.6, 103.5, 61.3,

57.9, 37.3, 21.7, 14.7, 14.2.

Figure 3.32 1H NMR spectrum of compound 20p
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Figure 3.33 13C NMR spectrum of compound 20p

3.3.17 Synthesis ethyl 6-amino-5-cyano-4-(4-hydroxyphenyl)-1,4-dihydropyrano[2,3-
c]pyrazole-3-carboxylate (20q)

The synthesis method of the pyrano[2,3-c]pyrazole compound 20q is the same as 

described  in subsection 3.3, using a mixture of hydrazine solution 35% (0.49 mL, 5.5 

mmol) (8), sodium diethyloxalacetate solution (1.15 g, 5.5 mmol) (18), 1 mL of Acetic 

acid, 20 mL of ethanol, Malanonitrile (0.33 g, 5 mmol) (19) and 4-

hydroxybenzaldehyde (0.61 gr, 5 mmol), to yield a white solid (55%). Melting point:

217-218 oC; 1H NMR (400 MHz, DMSO) δ 13.66 (s, 1H), 9.24 (s, 1H), 6.94 (s, 2H), 

6.89 (dt, J = 9.6, 2.8 Hz, 2H), 6.66 (dt, J = 9.2, 2.8 Hz, 2H), 4.64 (s, 1H), 4.12 (q, J =

7.2 Hz, 2H), 1.10 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, DMSO): δ 160.3, 158.7, 

156.4, 156.0, 135.9, 129.4, 128.7, 120.9, 115.4, 104.8, 61.3, 58.9, 36.7, 14.3. IR results 

are identical with Mohammat et al. (2018).
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Figure 3.34 1H NMR spectrum of compound 20q

Figure 3.35 13C NMR spectrum of compound 20q
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3.3.18 Synthesis of ethyl 6-amino-5-cyano-4-(2-hydroxynaphthalen-1-yl)-1,4-
dihydropyrano[2,3-c]pyrazole-3-carboxylate (20r)

The synthesis method of the pyrano[2,3-c]pyrazole compound 20r is the same as 

described  in subsection 3.3, using a mixture of hydrazine solution 35% (0.49 mL, 5.5 

mmol) (8), sodium diethyloxalacetate solution (1.15 g, 5.5 mmol) (18), 1 mL of Acetic 

acid, 20 mL of ethanol, Malanonitrile (0.33 g, 5 mmol) (19) and 2-hydroxy-1-

naphthaldehyde (0.86 gr, 5 mmol), to yield a yellow solid (52%). Melting point: 231-

233 oC; IR cm-1: 3393 (NH2), 3173 (NH), 2197 (CN), 1720 (COOEt), 1654 (C=C); 1H

NMR (400 MHz, DMSO) δ 12.63 (s, 1H), 7.94-7.84 (m, 4H), 7.47-7.36 (m, 2H), 7.22 

(d, J = 9.6, Hz, 1H), 6.78 (s, 2H), 5.72 (s, 1H), 4.40 (s, 2H), 1.37 (s, 3H); 13C NMR (100 

MHz, DMSO): δ 160.6, 159.8, 156.9, 147.6, 131.1, 129.1, 127.3, 125.0, 123.3, 121.1, 

117.9, 117.2, 114.3, 71.3, 61.2, 55.5, 27.3, 25.5, 14.6.

Figure 3.36 1H NMR spectrum of compound 20r
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Figure 3.37 13C NMR spectrum of compound 20r

3.3.19 Synthesis of ethyl 6-amino-5-cyano-4-(pyridin-2-yl)-1,4-dihydropyrano[2,3-
c]pyrazole-3-carboxylate (20s)

The synthesis method of the pyrano[2,3-c]pyrazole compound 20s is the same as 

described  in subsection 3.3, using a mixture of hydrazine solution 35% (0.49 mL, 5.5 

mmol) (8), sodium diethyloxalacetate solution (1.15 g, 5.5 mmol) (18), 1 mL of Acetic 

acid, 20 mL of ethanol, Malanonitrile (0.33 g, 5 mmol) (19) and picolinaldehyde (0.53

gr, 5 mmol), to yield a brown solid (54%). Melting point: 289-291 oC; IR cm-1: 3404

(NH2), 3313 (NH), 2212 (CN), 1723 (COOEt), 1626 (C=C); 1H NMR (400 MHz, 

DMSO) δ 12.85 (s, 1H), 7.82 (d, J = 6.8 Hz, 1H), 6.94 (d, J = 9.2 Hz, 1H), 6.54-6.45 

(m, 2H),  6.13 (s, 2H), 4.16 (q, J = 7.2 Hz, 2H), 3.18 (s, 1H), 1.15 (t, J = 7.2 Hz, 3H); 
13C NMR (100 MHz, DMSO): δ 154.9, 150.4, 138.0, 130.0, 123.3, 121.2, 120.4, 117.5, 

115.8, 111.4, 101.6, 80.3, 60.8, 49.1, 14.3.

UN
IVE
RSI
TI K
EBA
NG
SAA
N M
ALA
YSI
A



101

Figure 3.38 1H NMR spectrum of compound 20s

Figure 3.39 13C NMR spectrum of compound 20s
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3.4 GENERAL PROCEDURE FOR THE SYNTHESIS OF 4-(ETHANOLAMINO)-
7-CHLOROQUINE (22)

In a three-neck round-bottom flask, a mixture of 4,7-dichloroquinoline (2 g, 10 mmol)

(21) and aminoethanol (10 mL) was heated for 5 h at 130 ºC. The mixture was then 

allowed to cool at room temperature and poured into cold water during which the 

compound precipitated. The precipitate was filtered and dried under vacuum to get 2-

((7-chloroquinolin-4-yl)amino)ethan-1-ol (22) as a white solid in 94% yield (Figure 

3.40) (Guantai et al. 2011). Melting point: 210-211 oC; 1H NMR (400 MHz, DMSO) δ 

8.37 (d, J = 5.6 Hz, 1H), 8.26 (d, J = 8.8 Hz, 1H), 7.78 (d, J = 2 Hz, 1H), 7.45 (dd, J =

9.2, 2.4 Hz, 1H), 7.25 (t, J = 5.6 Hz, 1H), 6.51 (d, J = 5.2 Hz, 1H), 4.88 (s, 1H), 3.66 (s, 

2H), 3.37 (t, J = 5.6 Hz, 2H); 13C NMR (100 MHz, DMSO): δ 152.4, 150.7, 149.6, 

133.8, 127.9, 124.5, 124.5, 117.9, 99.2, 59.2, 45.6.

Figure 3.40 4-(Ethanolamino)-7-chloroquine synthesis
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Figure 3.41 1H NMR spectrum of compound 22

Figure 3.42 13C NMR spectrum of compound 22
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3.5 GENERAL PROCEDURE FOR THE SYNTHESIS OF 4-(
BROMOMETHYLAMINO)-7-CHLOROQUINE (23)

Under cold conditions, hydrobromic acid (0.88 mL, 16.2 mmol) and sulphuric acid 

(0.29 mL, 5.5 mmol) was added slowly to 22 (0.58 g 2.6 mmol). The reaction was then 

refluxed for 4 h at 165 ºC, and the progress of the reaction was monitored using TLC. 

The reaction medium was quenched by adding NaHCO3 solution dropwise and the pH 

was adjusted around 7. The reaction mixture was then extracted with dichloromethane 

dried over Na2SO4 and concentrated under vacuum to obtain the corresponding product 

23 in 70% yield as a white solid (Figure 3.43) (Cazelles et al. 2011). Melting point: 140-

141 oC; 1H NMR (400 MHz, DMSO) δ 8.44 (d, J = 5.2 Hz, 1H), 8.25 (d, J = 8.8 Hz, 

1H), 7.82 (d, J = 2.4 Hz, 1H), 7.50 (dd, J = 9.2, 2.4 Hz, 1H), 6.59 (d, J = 5.6 Hz, 1H), 

3.77-3.70 (m, 4H), 3.33 (s, 1H); 13C NMR (100 MHz, DMSO): δ 151.8, 149.9, 146.4, 

135.4, 125.7, 125.6, 124.8, 117.3, 99.4, 44.7, 31.6.

Figure 3.43 4-(Bromoethylamino)-7-chloroquinoline synthesis
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Figure 3.44 1H NMR spectrum of compound 23

Figure 3.45 13C NMR spectrum of compound 23
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3.6 GENERAL PROCEDURE FOR THE SYNTHESIS OF PYRANO[2,3-
C]PYRAZOLE-4-AMINOQUINOLINES (24A-S)

To a mixture of desired pyrano[2,3-c]pyrazole 20a–s compounds (5 mmol) and 4-

(bromoethylamino)-7-chloroquinoline (1.43 g, 5 mmol) (23) in DMSO, sodium 

bicarbonate (0.84 g, 10 mmol) was added and vigorously stirred for 24 h at 30–40 ◦C. 

After cooling to room temperature, the mixture was extracted using 80 mL of brine and 

20 mL of ethyl acetate, the organic layer was separated, and then concentrated through 

rotary evaporator. Finally, a mixture of ethyl acetate:hexane (3:1) was used to purify all 

the synthesized hybrid compounds through the silica column chromatography (Figure 

3.46) (Shamsuddin et al. 2021).

Figure 3.46 Synthesis of pyrano[2,3-c]pyrazole-aminoquinoline hybrids

3.6.1 Synthesis of ethyl 6-amino-1-(2-((7-chloroquinolin-4-yl)amino)ethyl)-5-cyano-4-
(4-methoxyphenyl)-1,4-dihydropyrano[2,3-c]pyrazole-3-carboxylate (24a)

The reaction between pyrano[2,3-c]pyrazole 20a (1.7g, 5 mmol) and 4-

(bromoethylamino)-7-chloroquinoline (1.43g, 5 mmol) (23) afforded pyrano[2,3-

c]pyrazole-aminoquinoline hybrid compound 24a as a brown solid with 25% yield and 

melting range of 169-171 oC. IR cm-1: 3354 (NH2), 3229 (NH), 2187 (CN), 1718

(COOEt), 1640 (C=C); 1H NMR (400 MHz, DMSO) δ 8.43 (d, J = 5.6 Hz, 1H), 8.10 

(d, J = 9.2 Hz, 1H), 7.82 (d, J = 2 Hz, 1H), 7.48 (dd, J = 8.8, 2 Hz, 1H), 7.33 (dt, J =

9.6, 2.8 Hz, 1H), 7.01-6.99 (m, 2H), 6.91 (dt, J = 9.2, 2.8 Hz, 2H), 6.79 (dt, J = 9.2, 2.8 

Hz, 2H), 6.55 (d, J = 5.6 Hz, 1H), 4.70-4.65 (m, 2H), 4.61 (s, 1H), 3.81 (s, 1H), 3.72 (s, 

3H), 1.92 (s, 3H), 0.77 (t, J = 6.8 Hz, 3H); 13C NMR (100 MHz, DMSO): δ 172.5, 161.4, 

158.6, 158.3, 154.7, 137.4, 131.1, 128.6, 128.3, 124.6, 119.5, 117.3, 117.0, 114.2, 

114.0, 105.9, 61.3, 58.8, 55.7, 55.5, 41.2, 37.0, 36.7, 24.1, 21.5, 13.7. HRMS calcd. for 

C28H25ClN6O4: m/z 544.1626; found: m/z 545.1679 (M+).
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Figure 3.47 1H NMR spectrum of hybrid 24a

Figure 3.48 13C NMR spectrum of hybrid 24a
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3.6.2 Synthesis of ethyl 6-amino-1-(2-((7-chloroquinolin-4-yl)amino)ethyl)-5-cyano-4-
(3-hydroxyphenyl)-1,4-dihydropyrano[2,3-c]pyrazole-3-carboxylate (24b)

The reaction between pyrano[2,3-c]pyrazole 20b (1,63g, 5 mmol) and 4-

(bromoethylamino)-7-chloroquinoline (1.43g, 5 mmol) (23) afforded pyrano[2,3-

c]pyrazole-aminoquinoline hybrid compound 24b as a brown solid with 24% yield and 

melting range of 199-201 oC. IR cm-1: 3388 (NH2), 3311 (NH), 2200 (CN), 1733

(COOEt), 1619 (C=C); 1H NMR (400 MHz, DMSO) δ 9.370 (s, 1H), 8.39 (d, J = 5.2 

Hz, 1H), 8.07 (d, J = 9.2 Hz, 1H), 7.79 (d, J = 2.4 Hz, 1H), 7.47-7.42 (m, 2H), 7.06-

7.01 (m, 3H), 6.58 (ddd, J = 8, 2.4, 0.8 Hz, 1H), 6.45 (d, J = 5.6 Hz, 1H), 6.46-6.44 (m, 

2H), 4.74 (q, J = 6.8 Hz, 1H), 4.58-4.53 (m, 2H), 3.76-3.69 (m, 4H), 0.83 (t, J = 7.2 Hz, 

3H); 13C NMR (100 MHz, DMSO): δ 160.2, 158.7, 157.7, 154.7, 151.7, 150.4, 148.9, 

146.6, 134.1, 129.7, 129.5, 127.4, 124.9, 124.4, 118.2, 117.8, 114.5, 114.1, 105.7, 99.1, 

61.3, 58.5, 49.7, 42.7, 37.7, 13.7. 

Figure 3.49 1H NMR spectrum of hybrid 24b
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Figure 3.50 13C NMR spectrum of hybrid 24b

3.6.3 Synthesis of ethyl 6-amino-1-(2-((7-chloroquinolin-4-yl)amino)ethyl)-5-cyano-4-
(2-methoxyphenyl)-1,4-dihydropyrano[2,3-c]pyrazole-3-carboxylate (24c)

The reaction between pyrano[2,3-c]pyrazole 20c (1.70g, 5 mmol) and 4-

(bromoethylamino)-7-chloroquinoline (1.43g, 5 mmol) (23) afforded pyrano[2,3-

c]pyrazole-aminoquinoline hybrid compound 24c as a brown solid with 10% yield and 

melting range of 180-182 oC. IR cm-1: 3347 (NH2), 3278 (NH), 2146 (CN), 1722

(COOEt), 1640 (C=C); 1H NMR (400 MHz, DMSO) δ 8.42 (d, J = 5.6 Hz, 1H), 8.26 

(d, J = 9.2 Hz, 1H), 7.81 (d, J = 2.4 Hz, 1H), 7.58 (t, J = 5.2 Hz, 1H), 7.47 (dd, J = 9.2, 

2.4 Hz, 1H), 7.27 (dd, J = 7.6, 1.6 Hz, 1H), 7.22-7.18 (m, 1H), 6.98 (d, J = 8.4 Hz, 1H), 

6.67 (d, J = 5.6 Hz, 1H), 6.62 (td, J = 14.8, 7.6, 0.8 Hz, 1H), 5.57 (s, 2H), 6.46-6.44 (m, 

2H), 4.48-4.43 (m, 1H), 4.33-4.28 (m, 2H), 3.768 (s, 4H), 1.92 (s, 3H), 1.27 (t, J = 7.2 

Hz, 3H); 13C NMR (100 MHz, DMSO): δ 172.5, 159.2, 156.9, 152.1, 150.5, 149.3, 

134.0, 131.6, 129.8, 128.9, 127.8, 126.0, 124.7, 124.4, 120.7, 117.9, 111.7, 104.1, 99.2, 

67.1, 61.6, 55.9, 41.9, 34.8, 31.1, 26.9, 21.5, 14.4. 
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Figure 3.51 1H NMR spectrum of hybrid 24c

Figure 3.52 13C NMR spectrum of hybrid 24c
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3.6.4 Synthesis of ethyl 6-amino-1-(2-((7-chloroquinolin-4-yl)amino)ethyl)-5-cyano-4-
(4-ethoxyphenyl)-1,4-dihydropyrano[2,3-c]pyrazole-3-carboxylate (24d)

The reaction between pyrano[2,3-c]pyrazole 20d (1.77g, 5 mmol) and 4-

(bromoethylamino)-7-chloroquinoline (1.43g, 5 mmol) (23) afforded pyrano[2,3-

c]pyrazole-aminoquinoline hybrid compound 24d as a brown solid with 14% yield and 

melting range of 201-203 oC. IR cm-1: 3382 (NH2), 3354 (NH), 2189 (CN), 1718

(COOEt), 1640 (C=C); 1H NMR (400 MHz, DMSO) δ 8.38 (d, J = 5.2 Hz, 1H), 8.04 

(d, J = 9.2 Hz, 1H), 7.79 (d, J = 2.4 Hz, 1H), 7.22 (d, J = 8.8 Hz, 1H), 6.97 (s, 2H), 6.89 

(dt, J = 9.6, 2.8 Hz, 2H), 6.77 (dt, J = 9.6, 2.8 Hz, 2H), 6.52 (d, J = 8.8 Hz, 1H), 6.67 

(d, J = 5.6 Hz, 1H), 4.70-4.63 (m, 2H), 4.60 (s, 1H), 3.96 (q, J = 7.2 Hz, 2H), 3.73-3.67

(m, 4H), 1.30 (t, J = 4 Hz, 3H), 0.76 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, DMSO): 

δ 160.0, 158.6, 157.6, 154.7, 151.7, 150.4, 148.9, 137.3, 134.1, 129.6, 128.6, 127.4, 

124.8, 124.4, 120.7, 117.7, 114.5, 105.8, 99.0, 63.4, 61.2, 58.9, 49.7, 42.7, 37.0, 15.1, 

13.7. HRMS calcd. for C29H27ClN6O4: m/z 558.1782; found: m/z 559.1802 (M+).

Figure 3.53 1H NMR spectrum of hybrid 24d
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Figure 3.54 13C NMR spectrum of hybrid 24d

3.6.5 Synthesis of ethyl 6-amino-1-(2-((7-chloroquinolin-4-yl)amino)ethyl)-5-cyano-4-
(furan-2-yl)-1,4-dihydropyrano[2,3-c]pyrazole-3-carboxylate (24e)

The reaction between pyrano[2,3-c]pyrazole 20e (1.5g, 5 mmol) and 4-

(bromoethylamino)-7-chloroquinoline (1.43g, 5 mmol) (23) afforded pyrano[2,3-

c]pyrazole-aminoquinoline hybrid compound 24e as a brown solid with 22% yield and 

melting range of 232-234 oC. 1H NMR (400 MHz, DMSO) δ 8.40 (d, J = 5.6 Hz, 1H), 

8.09 (d, J = 9.2 Hz, 1H), 7.80 (d, J = 2 Hz, 1H), 7.53 (t, J = 6 Hz, 1H), 7.48-7.45 (m, 

2H), 7.13 (s, 2H), 6.50 (d, J = 5.6 Hz, 1H), 6.32 (q, J = 2 Hz, 1H), 6.01 (d, J = 2.8 Hz, 

1H), 4.835 (s, 1H), 4.77-4.70 (m, 1H), 4.61-4.55 (m, 1H), 3.87-3.78 (m, 2H), 3.71 (t, J

= 5.6 Hz, 2H), 0.91 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, DMSO): δ 161.1, 158.6, 

156.1, 154.6, 151.4, 150.7, 146.9, 142.3, 129.7, 127.1, 125.0, 124.4, 120.5, 117.7, 

110.8, 105.6, 103.1, 99.1, 61.4, 55.3, 49.7, 42.7, 31.5, 13.8. IR and MS results are 

identical with Shamsuddin et al. (2021).
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Figure 3.55 1H NMR spectrum of hybrid 24e

Figure 3.56 13C NMR spectrum of hybrid 24e
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3.6.6 Synthesis of ethyl 6-amino-1-(2-((7-chloroquinolin-4-yl)amino)ethyl)-5-cyano-4-
phenyl-1,4-dihydropyrano[2,3-c]pyrazole-3-carboxylate (24f)

The reaction between pyrano[2,3-c]pyrazole 20f (1.55g, 5 mmol) and 4-

(bromoethylamino)-7-chloroquinoline (1.43g, 5 mmol) (23) afforded pyrano[2,3-

c]pyrazole-aminoquinoline hybrid compound 24f as a yellow solid with 18% yield and 

melting range of 145-147 oC. 1H NMR (400 MHz, DMSO) δ 8.39 (d, J = 5.6 Hz, 1H), 

8.06 (d, J = 8.8 Hz, 1H), 7.79 (d, J = 2 Hz, 1H), 7.50 (t, J = 5.6 Hz, 1H), 7.42 (dd, J =

9.2, 2.4 Hz, 1H), 7.26 (t, J = 7.2 Hz, 2H), 7.19 (dt, J = 6.4, 1.2 Hz, 1H), 7.02 (dd, J = 6, 

1.6 Hz, 4H), 6.49 (d, J = 5.6 Hz, 1H), 4.74-4.69 (m, 1H), 4.67 (s, 1H), 4.62 (q, J = 6 

Hz, 1H), 3.72-3.62 (m, 4H), 0.74 (t, J = 6.8 Hz, 3H); 13C NMR (100 MHz, DMSO): δ 

160.1, 158.6, 154.8, 151.7, 150.5, 148.9, 145.2, 134.1, 129.6, 128.7, 127.6, 127.4, 

127.0, 124.8, 124.4, 120.6, 117.8, 105.5, 99.0, 61.2, 58.5, 49.7, 42.6, 37.7, 13.6. IR and 

MS results are identical with Shamsuddin et al. (2021).

Figure 3.57 1H NMR spectrum of hybrid 24f
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Figure 3.58 13C NMR spectrum of hybrid 24f

3.6.7 Synthesis of ethyl 6-amino-4-(4-chlorophenyl)-1-(2-((7-chloroquinolin-4-
yl)amino)ethyl)-5-cyano-1,4-dihydropyrano[2,3-c]pyrazole-3-carboxylate (24g)

The reaction between pyrano[2,3-c]pyrazole 20g (1.72g, 5 mmol) and 4-

(bromoethylamino)-7-chloroquinoline (1.43g, 5 mmol) (23) afforded pyrano[2,3-

c]pyrazole-aminoquinoline hybrid compound 24g as a brown solid with 23% yield and 

melting range of 157-159 oC. IR cm-1: 3408 (NH2), 3311 (NH), 2191 (CN), 1720

(COOEt), 1641 (C=C); 1H NMR (400 MHz, DMSO) δ 8.38 (d, J = 5.2 Hz, 1H), 8.06 

(d, J = 9.2 Hz, 1H), 7.78 (d, J = 2.4 Hz, 1H), 7.48 (s, 1H),7.37 (dd, J = 9.2, 2 Hz, 1H), 

7.31 (d, J = 8.4 Hz, 2H), 7.05 (t, J = 8.8 Hz, 4H), 6.47 (d, J = 5.6 Hz, 1H), 4.71-4.62

(m, 3H), 3.71-3.60 (m, 4H), 0.69 (t, J = 6.8 Hz, 3H); 13C NMR (100 MHz, DMSO): δ 

160.1, 158.4, 154.7, 151.9, 150.3, 144.3, 134.0, 131.5, 129.7, 129.5, 128.7, 127.6, 

124.7, 124.4, 120.5, 117.8, 104.9, 99.0, 61.2, 58.0, 49.7, 42.6, 37.1, 31.2, 13.6. HRMS 

calcd. for C27H22Cl2N6O3: m/z 548.1130; found: m/z 549.1151 (M+).
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Figure 3.59 1H NMR spectrum of hybrid 24g

Figure 3.60 13C NMR spectrum of hybrid 24g
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3.6.8 Synthesis of ethyl 6-amino-4-(4-bromophenyl)-1-(2-((7-chloroquinolin-4-
yl)amino)ethyl)-5-cyano-1,4-dihydropyrano[2,3-c]pyrazole-3-carboxylate (24h)

The reaction between pyrano[2,3-c]pyrazole 20h (1.94g, 5 mmol) and 4-

(bromoethylamino)-7-chloroquinoline (1.43g, 5 mmol) (23) afforded pyrano[2,3-

c]pyrazole-aminoquinoline hybrid compound 24h as a light pink solid with 29% yield 

and melting range of 171-173 oC. IR cm-1: 3408 (NH2), 3382 (NH), 2186 (CN), 1699

(COOEt), 1638 (C=C); 1H NMR (400 MHz, DMSO) δ 8.38 (d, J = 5.2 Hz, 1H), 8.00 

(d, J = 9.2 Hz, 1H), 7.77 (d, J = 2 Hz, 1H), 7.44 (dt, J = 9.2, 2.4 Hz, 2H), 7.38-7.33 (m, 

2H), 7.07 (s, 2H), 6.98 (dt, J = 9.2, 2.4 Hz, 2H), 6.48 (d, J = 5.6 Hz, 1H), 4.73-4.68 (m, 

1H), 4.67 (s, 1H), 4.65-4.60 (m, 1H), 3.72-3.58 (m, 4H), 0.69 (t, J = 6.8 Hz, 3H); 13C

NMR (100 MHz, DMSO): δ 160.1, 158.4, 154.7, 152.2, 150.1, 149.4, 144.7, 133.9, 

131.6, 129.9, 129.7, 127.8, 124.6, 124.2, 120.4, 120.0, 117.8, 104.8, 99.0, 61.2, 58.0, 

49.7, 42.6, 37.2, 13.6. HRMS calcd. for C27H22BrClN6O3: m/z 592.0625; found: m/z

593.0745 (M+).

Figure 3.61 1H NMR spectrum of hybrid 24h
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Figure 3.62 13C NMR spectrum of hybrid 24h

3.6.9 Synthesis of ethyl 6-amino-1-(2-((7-chloroquinolin-4-yl)amino)ethyl)-5-cyano-4-
(3-nitrophenyl)-1,4-dihydropyrano[2,3-c]pyrazole-3-carboxylate (24i)

The reaction between pyrano[2,3-c]pyrazole 20i (1.77g, 5 mmol) and 4-

(bromoethylamino)-7-chloroquinoline (1.43g, 5 mmol) (23) afforded pyrano[2,3-

c]pyrazole-aminoquinoline hybrid compound 24i as a yellow solid with 12% yield and 

melting range of 214-215 oC. IR cm-1: 3458 (NH2), 3319 (NH), 2195 (CN), 1731

(COOEt), 1636 (C=C); 1H NMR (400 MHz, DMSO) δ 8.49 (d, J = 6 Hz, 1H), 8.34 

(ddd, J = 8.4, 2.4, 1.2 Hz, 1H), 8.24 (t, J = 1.6 Hz, 1H), 8.13-8.11 (m, 1H), 7.96 (t, J =

2 Hz, 1H), 7.88 (ddd, J = 7.6, 1.6, 1.2 Hz, 1H), 7.83 (d, J = 2.4, 1H), 7.78 (t, J = 8.4, 

1H), 7.61 (t, J = 7.6, 1H), 7.54 (d, J = 1.2, 1H), 7.19 (s, 1H), 6.68 (d, J = 6.4, 1H), 4.95 

(s, 1H), 4.71 (q, J = 6, 2H), 3.78-3.65 (m, 4H), 0.70 (t, J = 7.2 Hz, 3H); 13C NMR (100 

MHz, DMSO): δ 165.2, 160.4, 158.3, 154.6, 148.1, 147.5, 138.4, 135.8, 134.6, 130.9, 

129.7, 126.1, 125.3, 124.9, 123.9, 122.4, 120.3, 118.8, 116.1, 104.5, 100.0, 61.5, 57.5, 

53.7, 37.2, 21.5, 13.6. 

UN
IVE
RSI
TI K
EBA
NG
SAA
N M
ALA
YSI
A



119

Figure 3.63 1H NMR spectrum of hybrid 24i

Figure 3.64 13C NMR spectrum of hybrid 24i
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3.6.10 Synthesis of ethyl 6-amino-1-(2-((7-chloroquinolin-4-yl)amino)ethyl)-5-cyano-4-
(4-nitrophenyl)-1,4-dihydropyrano[2,3-c]pyrazole-3-carboxylate (24j)

The reaction between pyrano[2,3-c]pyrazole 20j (1.77g, 5 mmol) and 4-

(bromoethylamino)-7-chloroquinoline (1.43g, 5 mmol) (23) afforded pyrano[2,3-

c]pyrazole-aminoquinoline hybrid compound 24j as a yellow solid with 38% yield and 

melting range of 198-200 oC. IR cm-1: 3410 (NH2), 3311 (NH), 2191 (CN), 1697

(COOEt), 1645 (C=C); 1H NMR (400 MHz, DMSO) δ 8.39 (d, J = 5.2 Hz, 1H), 8.13 

(dt, J = 9.2, 2.4 Hz, 2H), 8.01 (d, J = 9.2 Hz, 1H), 7.76 (d, J = 2.4, 1H), 7.38-7.32 (m, 

2H), 7.30 (dt, J = 9.6, 2.8 Hz, 2H), 7.18 (s, 2H), 6.47 (d, J = 5.6 Hz, 1H), 4.86 (s, 1H), 

4.79-4.72 (m, 1H), 4.65-4.59 (m, 1H), 3.72-3.57 (m, 4H), 0.63 (t, J = 7.2 Hz, 3H); 13C

NMR (100 MHz, DMSO): δ 160.4, 158.2, 154.7, 152.7, 152.1, 150.1, 149.3, 146.6, 

133.9, 129.9, 129.0, 127.8, 124.6, 124.2, 124.1, 120.2, 117.8, 104.0, 99.0, 61.3, 57.2, 

49.8, 42.6, 37.4, 13.6. HRMS calcd. for C27H22ClN7O5: m/z 559.1371; found: m/z 

560.1443 (M+).

Figure 3.65 1H NMR spectrum of hybrid 24j
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Figure 3.66 13C NMR spectrum of hybrid 24j

3.6.11 Synthesis of ethyl 6-amino-1-(2-((7-chloroquinolin-4-yl)amino)ethyl)-5-cyano-4-
(2,4-dihydroxyphenyl)-1,4-dihydropyrano[2,3-c]pyrazole-3-carboxylate (24k)

The reaction between pyrano[2,3-c]pyrazole 20k (1.71g, 5 mmol) and 4-

(bromoethylamino)-7-chloroquinoline (1.43g, 5 mmol) (23) afforded pyrano[2,3-

c]pyrazole-aminoquinoline hybrid compound 24k as a brown solid with 13% yield and 

melting range of 278-279 oC. IR cm-1: 3403 (NH2), 3354 (NH), 2214 (CN), 1705

(COOEt), 1630 (C=C); 1H NMR (400 MHz, DMSO) δ 13.08 (s, 1H), 9.56 (s, 1H), 8.43 

(d, J = 5.2 Hz, 1H), 8.17 (d, J = 9.2 Hz, 1H), 7.81 (d, J = 2.4 Hz, 1H), 7.49 (dd, J = 8.8, 

2.4 Hz, 1H), 7.15 (s, 1H), 6.84 (d, J = 8.8 Hz, 1H), 6.44-6.42 (m, 5H), 5.98 (s, 2H), 5.36 

(s, 1H), 4.40 (q, J = 6.8 Hz, 2H), 4.12-4.06 (m, 2H), 1.35 (t, J = 7.2 Hz, 3H); 13C NMR 

(100 MHz, DMSO): δ 160.9, 159.8, 157.6, 156.9, 152.4, 151.4, 150.3, 149.3, 134.0, 

130.2, 127.9, 124.9, 124.4, 117.8, 116.9, 113.1, 112.6, 112.0, 102.6, 99.2, 88.8, 71.0, 

67.0, 61.9, 41.8, 27.2, 14.5. HRMS calcd. for C25H21ClN6O3S: m/z 546.1418; found: 

m/z 547.7913 (M+).
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Figure 3.67 1H NMR spectrum of hybrid 24k

Figure 3.68 13C NMR spectrum of hybrid 24k
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3.6.12 Synthesis of ethyl 6-amino-1-(2-((7-chloroquinolin-4-yl)amino)ethyl)-5-cyano-4-
(thiophen-2-yl)-1,4-dihydropyrano[2,3-c]pyrazole-3-carboxylate (24l)

The reaction between pyrano[2,3-c]pyrazole 20l (1.58g, 5 mmol) and 4-

(bromoethylamino)-7-chloroquinoline (1.43g, 5 mmol) (23) afforded pyrano[2,3-

c]pyrazole-aminoquinoline hybrid compound 24l as a brown solid with 36% yield and 

melting range of 239-240 oC. IR cm-1: 3423 (NH2), 3326 (NH), 2189 (CN), 1720

(COOEt), 1671 (C=C); 1H NMR (400 MHz, DMSO) δ 8.38 (d, J = 5.6 Hz, 1H), 8.09 

(d, J = 8.8 Hz, 1H), 7.80 (d, J = 2 Hz, 1H), 7.45 (dd, J = 9.2, 2.4 Hz, 2H), 7.30 (dd, J =

5.2, 1.2 Hz, 1H), 7.14 (s, 2H), 6.89 (q, J = 3.6 Hz, 1H), 6.82-6.81 (m, 1H), 6.48 (d, J =

5.6 Hz, 1H), 5.03 (s, 1H), 4.78-4.71 (m, 1H), 4.61-4.55 (m, 1H), 3.83-3.68 (m, 4H), 

0.87 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, DMSO): δ 160.6, 158.6, 154.1, 151.8, 

150.4, 149.5, 149.0, 134.1, 129.8, 127.6, 127.0, 124.9, 124.8, 124.5, 124.4, 120.6, 

117.8, 105.6, 99.1, 61.5, 58.2, 49.8, 42.7, 32.9, 13.7. HRMS calcd. for C25H21ClN6O3S:

m/z 520.1084; found: m/z 521.1203 (M+).

Figure 3.69 1H NMR spectrum of hybrid 24l
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Figure 3.70 13C NMR spectrum of hybrid 24l

3.6.13 Synthesis of ethyl 6-amino-4-(3-bromo-4-hydroxyphenyl)-1-(2-((7-chloroquinolin-
4-yl)amino)ethyl)-5-cyano-1,4-dihydropyrano[2,3-c]pyrazole-3-carboxylate 
(24m)

The reaction between pyrano[2,3-c]pyrazole 20m (2.02g, 5 mmol) and 4-

(bromoethylamino)-7-chloroquinoline (1.43g, 5 mmol) (23) afforded pyrano[2,3-

c]pyrazole-aminoquinoline hybrid compound 24m as a brown solid with 25% yield and 

melting range of 217-219 oC. IR cm-1: 3393 (NH2), 3339 (NH), 2197 (CN), 1708

(COOEt), 1647 (C=C); 1H NMR (400 MHz, DMSO) δ 10.13 (s, 1H), 8.39 (d, J = 5.2 

Hz, 1H), 8.02 (d, J = 9.2 Hz, 1H), 7.78 (d, J = 2.4 Hz, 1H), 7.40 (dd, J = 8.8, 2 Hz, 2H), 

7.18 (d, J = 2 Hz, 1H), 7.03 (s, 2H), 6.87-6.85 (m, 1H), 6.81 (dd, J = 8.4, 2 Hz, 1H), 

6.48 (d, J = 5.6 Hz, 1H), 4.68 (q, J = 8 Hz, 1H), 4.60-4.57 (m, 2H), 3.73-3.66 (m, 4H), 

0.82 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, DMSO): δ 160.1, 158.6, 154.5, 153.1, 

152.1, 150.2, 149.3, 137.6, 133.9, 131.9, 129.6, 127.9, 124.7, 124.3, 120.6, 117.8, 

116.7, 109.1, 105.4, 99.1, 61.3, 58.5, 49.7, 42.6, 36.6, 13.7. HRMS calcd. for 

C27H22BrClN6O4: m/z 608.0574; found: m/z 609.0661 (M+).
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Figure 3.71 1H NMR spectrum of hybrid 24m

Figure 3.72 13C NMR spectrum of hybrid 24m
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3.6.14 Synthesis of ethyl 6-amino-1-(2-((7-chloroquinolin-4-yl)amino)ethyl)-5-cyano-4-
(4-cyanophenyl)-1,4-dihydropyrano[2,3-c]pyrazole-3-carboxylate (24n)

The reaction between pyrano[2,3-c]pyrazole 20n (1.67g, 5 mmol) and 4-

(bromoethylamino)-7-chloroquinoline (1.43g, 5 mmol) (23) afforded pyrano[2,3-

c]pyrazole-aminoquinoline hybrid compound 24n as a yellow solid with 49% yield and 

melting range of 199-201 oC. IR cm-1: 3390 (NH2), 3319 (NH), 2197 (CN), 1723 

(COOEt), 1647 (C=C); 1H NMR (400 MHz, DMSO) δ 8.39 (d, J = 5.6 Hz, 1H), 8.01 

(d, J = 9.2 Hz, 1H), 7.77 (d, J = 2.4 Hz, 1H), 7.73 (d, J = 8 Hz, 2H), 7.43 (t, J = 5.6 Hz, 

1H), 7.38 (dd, J = 9.2, 2.4 Hz, 1H), 7.23 (d, J = 8.4 Hz, 2H), 7.145 (s, 2H), 6.49 (d, J =

5.6 Hz, 1H), 4.72 (q, J = 7.6 Hz, 1H), 4.66-4.61 (m, 2H), 3.72-3.56 (m, 4H), 0.63 (t, J

= 7.2 Hz, 3H); 13C NMR (100 MHz, DMSO): δ 160.3, 158.2, 154.7, 151.7, 150.6, 150.4, 

148.8, 134.1, 132.8, 129.9, 128.7, 127.4, 124.8, 124.3, 120.3, 117.7, 109.8, 104.1, 99.0, 

61.3, 57.4, 49.7, 42.6, 37.6, 13.6. HRMS calcd. for C28H22ClN7O3: m/z 539.1473; found: 

m/z 540.1505 (M+).

Figure 3.73 1H NMR spectrum of hybrid 24n
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Figure 3.74 13C NMR spectrum of hybrid 24n

3.6.15 Synthesis of ethyl 6-amino-1-(2-((7-chloroquinolin-4-yl)amino)ethyl)-5-cyano-4-
(3-ethoxyphenyl)-1,4-dihydropyrano[2,3-c]pyrazole-3-carboxylate (24o)

The reaction between pyrano[2,3-c]pyrazole 20o (1.77g, 5 mmol) and 4-

(bromoethylamino)-7-chloroquinoline (1.43g, 5 mmol) (23) afforded pyrano[2,3-

c]pyrazole-aminoquinoline hybrid compound 24o as a brown solid with 31% yield and 

melting range of 179-180 oC. IR cm-1: 3421 (NH2), 3334 (NH), 2189 (CN), 1720

(COOEt), 1641 (C=C); 1H NMR (400 MHz, DMSO) δ 8.39 (d, J = 5.6 Hz, 1H), 8.05 

(d, J = 9.2 Hz, 1H), 7.79 (d, J = 2.4 Hz, 1H), 7.40 (dd, J = 8.8, 2.4 Hz, 2H), 7.17 (q, J

= 8 Hz, 1H), 7.02 (s, 2H), 6.77 (ddd, J = 8.4, 2.8, 0.8 Hz, 1H), 6.62 (t, J = 2 Hz, 1H), 

6.59-6.54 (m, 1H), 6.48 (d, J = 5.6 Hz, 1H), 4.75-4.69 (m, 1H), 4.65 (s, 1H), 4.62-4.56

(m, 1H), 3.76-3.69 (m, 6H), 0.79 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, DMSO): δ 

160.2, 159.5, 158.6, 154.7, 152.0, 150.3, 149.2, 146.8, 134.0, 129.9, 129.6, 127.7, 

124.7, 124.3, 120.6, 119.7, 117.8, 113.9, 111.9, 105.4, 99.1, 61.3, 58.4, 55.4, 49.7, 42.6, 

37.7, 15.1, 13.7. 
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Figure 3.75 1H NMR spectrum of hybrid 24o

Figure 3.76 13C NMR spectrum of hybrid 24o
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3.6.16 Synthesis of 4-(6-amino-1-(2-((7-chloroquinolin-4-yl)amino)ethyl)-5-cyano-3-
(ethoxycarbonyl)-1,4-dihydropyrano[2,3-c]pyrazol-4-yl)benzoic acid (24p)

The reaction between pyrano[2,3-c]pyrazole 20p (1.77g, 5 mmol) and 4-

(bromoethylamino)-7-chloroquinoline (1.43g, 5 mmol) (23) afforded pyrano[2,3-

c]pyrazole-aminoquinoline hybrid compound 24p as a brown solid with 42% yield and 

melting range of 211-212 oC. IR cm-1: 3334 (NH2), 3132 (NH), 2191 (CN), 1720

(COOEt), 1612 (C=C); 1H NMR (400 MHz, DMSO) δ 8.39 (d, J = 5.2 Hz, 1H), 8.13 

(dt, J = 9.2, 2.4 Hz, 2H), 8.01 (d, J = 9.2 Hz, 1H), 7.76 (d, J = 2.4 Hz, 1H), 7.38-7.32 

(m, 2H), 7.30 (dt, J = 9.6, 2.8 Hz, 2H), 7.18 (s, 2H), 6.47 (d, J = 5.6 Hz, 1H), 4.86 (s, 

1H), 4.79-4.72 (m, 1H), 4.65-4.59 (m, 1H), 3.72-3.57 (m, 4H), 0.63 (t, J = 7.2 Hz, 3H); 
13C NMR (100 MHz, DMSO): δ 166.7, 165.7, 152.9, 148.8, 141.7, 135.7, 131.4, 129.9, 

129.7, 129.4, 125.7, 125.6, 125.4, 125.1, 125.0, 124.7, 118.9, 117.1, 116.3, 99.3, 63.2, 

55.4, 53.2, 45.9, 42.0, 13.6. HRMS calcd. for C25H21ClN6O3S: m/z 558.1418; found: 

m/z 560.3309 (M+).

Figure 3.77 1H NMR spectrum of hybrid 24p
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Figure 3.78 13C NMR spectrum of hybrid 24p

3.6.17 Synthesis of ethyl 6-amino-1-(2-((7-chloroquinolin-4-yl)amino)ethyl)-5-cyano-4-
(4-hydroxyphenyl)-1,4-dihydropyrano[2,3-c]pyrazole-3-carboxylate (24q)

The reaction between pyrano[2,3-c]pyrazole 20q (1.63g, 5 mmol) and 4-

(bromoethylamino)-7-chloroquinoline (1.43g, 5 mmol) (23) afforded pyrano[2,3-

c]pyrazole-aminoquinoline hybrid compound 24q as a brown solid with 19% yield and 

melting range of 233-234 oC. 1H NMR (400 MHz, DMSO) δ 9.26 (s, 1H), 8.38 (d, J =

5.6 Hz, 1H), 8.05 (d, J = 9.2 Hz, 1H), 7.79 (d, J = 2.4 Hz, 1H), 7.42 (dd, J = 9.2, 2.4 

Hz, 1H), 6.94 (s, 2H), 6.82 (d, J = 8.4 Hz, 2H), 6.64 (d, J = 8.4 Hz, 2H), 6.47 (d, J = 5.6 

Hz, 1H), 4.73-4.57 (m, 2H), 4.56 (s, 1H), 3.74-3.65 (m, 4H), 0.80 (t, J = 7.2 Hz, 3H); 
13C NMR (100 MHz, DMSO): δ 160.0, 158.7, 156.4, 154.7, 151.9, 150.4, 149.0, 135.8, 

134.1, 129.5, 128.5, 127.6, 124.8, 124.3, 120.8, 117.8, 115.4, 106.1, 99.1, 61.3, 59.1, 

49.7, 42.7, 37.0, 13.7. IR and MS results are identical with Shamsuddin et al. (2021).
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Figure 3.79 1H NMR spectrum of hybrid 24q

Figure 3.80 13C NMR spectrum of hybrid 24q
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3.6.18 Synthesis of ethyl 6-amino-1-(2-((7-chloroquinolin-4-yl)amino)ethyl)-5-cyano-4-
(2-hydroxynaphthalen-1-yl)-1,4-dihydropyrano[2,3-c]pyrazole-3-carboxylate 
(24r)

The reaction between pyrano[2,3-c]pyrazole 20r (1.88g, 5 mmol) and 4-

(bromoethylamino)-7-chloroquinoline (1.43g, 5 mmol) (23) afforded pyrano[2,3-

c]pyrazole-aminoquinoline hybrid compound 24r as a brown solid with 36% yield and 

melting range of 252-253 oC. IR cm-1: 3436 (NH2), 3306 (NH), 2180 (CN), 1722

(COOEt), 1654 (C=C); 1H NMR (400 MHz, DMSO) δ 8.40 (d, J = 5.2 Hz, 1H), 8.08 

(d, J = 9.2 Hz, 1H), 7.89-7.83 (m, 2H), 7.81 (d, J = 2.4 Hz, 1H), 7.69 (d, J = 8.8 Hz, 

1H), 7.44 (dd, J = 9.2, 2.4 Hz, 1H), 7.40-7.37 (m, 2H), 7.13 (s, 1H), 7.04 (d, J = 8.8 Hz, 

1H), 6.88 (s, 2H), 6.39 (d, J = 4.4 Hz, 1H), 5,75 (s, 1H), 4.47-4.04 (m, 5H), 1.39 (t, J =

6.8 Hz, 3H); 13C NMR (100 MHz, DMSO): δ 160.8, 160.0, 152.3, 150.4, 149.3, 147.7, 

134.0, 131.0, 130.9, 129.5, 129.0, 127.8, 127.4, 125.0, 124.7, 124.5, 123.1, 121.0, 

117.8, 116.9, 113.9, 112.1, 99.1, 66.6, 61.5, 55.4, 42.1, 27.3, 14.6. 

Figure 3.81 1H NMR spectrum of hybrid 24r
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Figure 3.82 13C NMR spectrum of hybrid 24r

3.6.19 Synthesis of ethyl 6-amino-1-(2-((7-chloroquinolin-4-yl)amino)ethyl)-5-cyano-4-
(pyridin-2-yl)-1,4-dihydropyrano[2,3-c]pyrazole-3-carboxylate (24s)

The reaction between pyrano[2,3-c]pyrazole 20s (1.55g, 5 mmol) and 4-

(bromoethylamino)-7-chloroquinoline (1.43g, 5 mmol) (23) afforded pyrano[2,3-

c]pyrazole-aminoquinoline hybrid compound 24s as a brown solid with 24% yield and 

melting range of 202-204. IR cm-1: 3356 (NH2), 3257 (NH), 2215 (CN), 1720 (COOEt), 

1613 (C=C); 1H NMR (400 MHz, DMSO) δ 8.36-8.29 (m, 3H), 7.85 (d, J = 2 Hz, 1H), 

7.77 (d, J = 7.2 Hz, 1H), 7.60 (dd, J = 8.8, 2 Hz, 1H), 6.93 (d, J = 9.2 Hz, 1H), 6.67 (d, 

J = 6.4 Hz, 2H), 6.41 (td, J = 7.2, 0.8 Hz, 1H), 6.15 (t, J = 6.4 Hz, 2H), 4.58-4.47 (m, 

4H), 4.19 (q, J = 7.2 Hz, 3H), 4.21-3.98 (m, 2H), 1.39 (t, J = 6.8 Hz, 3H); 13C NMR 

(100 MHz, DMSO): δ 172.5, 161.2, 160.8, 158.1, 151.7, 149.7, 137.9, 127.5, 126.2, 

125.9, 125.2, 123.9, 116.9, 114.7, 114.1, 102.1, 99.3, 84.7, 81.6, 78.4, 68.1, 67.0, 61.9, 

42.3, 21.5, 14.0. 
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Figure 3.83 1H NMR spectrum of hybrid 24s

Figure 3.84 13C NMR spectrum of hybrid 24s
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3.7 IN SILICO STUDY METHODS

3.7.1 Physicochemical and ADMET Filtration

Physiochemical properties are one of the filters to assess the drug-like nature of 

compounds. ChemDraw Ultra 12.0 was used to draw the 2D chemical structures of all 

19 designed pyrano[2,3-c]pyrazole-4-aminoquinoline hybrid compounds (24a-s) to 

create the Simplified Molecular Input Line Entry System (SMILES). OpenBabel 3.1.1 

was then used to convert the SMILES to the Symyx Spatial Data File (SDF) format 

prior to being imported as an input file into the FAF-Drugs4 Web Server 

(http://mobyle.rpbs.univ-paris-diderot.fr/cgi-bin/portal.py?form=FAF-

%20Drugs4#forms::FAFDrugs4), as advised by the FAF-Drugs4 Bank Formatter 

(https://mobyle.rpbs.univ-paris-diderot.fr/cgi-bin/portal.py?form=FAF-

%20Drugs4#forms::FAFDrugs4). Finally, by inserting the current SMILES into 

SwissADME (https://admet.scbdd.com/ChemAGG/index/) and the ADMETlab 2.0 

web server (https://admet.scbdd.com/calcpre/index/), ADMET profiles could be 

produced.

3.7.2 Molecular Docking

The X-ray crystallographic structure of PfLDH was acquired from the Protein Data 

Bank (PDB ID: 1CET) with a resolution of 2.05 Å (Read et al. 1999). Initial 2D 

structures of the hybrid compounds were crafted using ChemDraw and subsequently 

transformed into 3D structures via Chem3D, with further refinement through energy 

minimization using the MM2 force field. AutoDock Tools 1.5.7 (Sanner 1999) was 

utilized in preparing the protein and ligands structures for docking. The protein crystal 

structure underwent removal of ligands and water molecules to serve as the docking 

receptor. Further, polar hydrogens were added, and Kollman united partial atom charges 

were assigned to the protein coordinates. Nonpolar hydrogens were merged for the 

ligands, rotatable bonds were defined, and Gasteiger charges were computed. Both 

protein and ligand data files were then converted into the pdbqt format for subsequent 

docking analysis.
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The co-crystallized ligand, CQ, was first re-docked at the cofactor binding site 

of PfLDH to evaluate the relico-crystallised docking process. Following this, the 

docking of all hybrid compounds (24a-4s) was docked at the same site. PyMOL 

(http://www.pymol.org/) and BIOVIA Discovery Studio Visualizer 4.5 (BIOVIA, 

Dassault Systèmes, 2021) identified the amino acids present within this site. The 

docking coordinates were centered at x = 36.302, y = 11.09, and z = 19.234, with a box 

dimension of 40 × 40 × 40 points and 0.375 Å spacing. Molecular docking of the hybrid 

compounds to PfLDH was executed using AutoDock4.2 (Morris et al. 2009), employing 

the Lamarckian genetic algorithm search engine with 100 search runs and a population 

size of 150. Additional parameters were specified, including a maximum of 27000 

generations, mutation rate of 0.02, crossover operator weight of 0.8, and elitism set at 

1. Each ligand underwent 100 docking simulations, and subsequent clustering analysis, 

with a root-mean-square deviation tolerance set at 2.0 Å. Upon completion, the most 

favorable docking conformation with the lowest binding energy was selected for further 

analysis to elucidate the binding energy and the intermolecular interactions involved 

using AutoDock Tools and BIOVIA Discovery Studio Visualizer, respectively.

3.8 ISOTHERMAL TITRATION CALORIMETRY METHODS

The isothermal titration calorimetry (ITC) method was carried out in collaboration with 

the Department of Biological Sciences and Biotechnology, Faculty of Science and 

Technology, Universiti Kebangsaan Malaysia. Since ITC is expensive and time-

consuming, we have screened the potential compounds (24a, 24g, 24h, 24j, and 24q)

instead of trying all available compounds. A Nano isothermal titration calorimetry

microcalorimeter (TA Instruments, New Castle, DE, USA) was used to study the 

interaction between five hybrid compounds (24a, 24g, 24h, 24j, and 24q) and hemin at 

37 °C. Stock solutions of the hybrids (2 mg/ml) were prepared by dissolution in DMSO, 

while a 0.5 mg/mL hemin solution was prepared in 0.5 M NaOH. These stock solutions 

were diluted with 10 mM sodium phosphate buffer, pH 7.4 while ensuring that the final 

samples contained 0.5 M NaOH and approximately 3% DMSO. Prior to the titration 

experiments, all samples were degassed under vacuum for 10 minutes. For the titration, 

20 μM hemin was loaded into the sample cell, while the reference cell contained only 

deionized water. A 250 μL syringe containing the hybrid compound (100 μM) was 
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introduced into the microcalorimeter. The titration protocol involved 16 consecutive 

injections of 15 μL of the titrant into the sample cell with an interval of 400 s between 

injections, all while maintaining a stirring speed of 200 rpm to ensure thorough mixing 

of the solutions. Control experiments were performed by injecting the ligand into the 

buffer solution under similar conditions to account for the heat generated by dilution 

and solution mixing. The data obtained from these experiments were processed and 

analyzed using the NanoAnalyze software (v3.3.0), utilizing an independent binding 

model.

3.9 IN VITRO EVALUATION METHODS

The analysis in this section uses pyrano[2,3-c]pyrazole utilising quinoline hybrid 

compounds (24a-s) to perform antiplasmodium assays and cytotoxicity assays against 

P. falciparum CQ-sensitive 3D7, CQ-resistant K1 strains and human normal liver 

WRL68 cell line, respectively. Several steps are carried out when making an 

antiplasmodium test, namely the culturing of the parasite strain 3D7 and K1, the parasite 

incubation with the hybrid compound and the Schizont maturation assay. Next, the 

cytotoxicity test started with culturing the human normal liver WRL68 cell line, 

incubating the human normal liver WRL68 cell line with hybrid compounds and MTT 

assay. Finally, the SI values were determined based on the IC50 values from the Schizont 

maturation and MTT assays to assess the level of inhibition of the hybrid compounds 

against P. falciparum without causing toxicity to the normal human liver WRL68 cell 

line. The in vitro method was carried out in collaboration with the Department of 

Parasitology, Faculty of Medicine, University of Malaya.

3.9.1 Cytotoxic Evaluation Methods

A human normal liver WRL68 cell line (ATCC: CL-48) was purchased from the 

American Type Culture Collection (ATCC). The cell lines were cultivated in MEM 

medium (supplemented with 5% of FBS and 1% of penicillin–streptomycin) in a 

tissueculture flask (T25) (Nunc, USA) at 37 °C and 5% CO2 in a sterile incubator. When 

the cells reached confluency, the media were removed and washed with phosphate 

buffer saline (PBS, Gibco, USA). Cells were detached by adding trypsin (Gibco, USA) 
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and incubated for 5–10 minutes at 37 °C. The cell suspension was transferred into a 15 

mL sterile tube and centrifuged at 300 x g for 5 minutes.

An assay using 3-[4,5-dimethyl thiazol-2-yl] 2,5-diphenyl tetrazolium bromide 

(MTT; Merck) was carried out to measure the cytotoxicity activity of the compounds. 

The cells were seeded in 96-well flat-bottomed plates (Eppendorf) at a density of 5×104 

cells per well in a final volume of 100 μl/well.  After 24 h incubation at 37 oC with 5% 

CO2, the cells were treated with 2 μl of a serial dilution of the compounds at 

concentrations starting from 0.3 μg/ml to 99 μg/ml (concentration of extract in the well). 

The serial concentrations were added into the wells shown as in Table 3.1. After 72 h 

of incubation, 50 μl MTT solution (2 mg/ml) was added to each well and further 

incubated for 4 h at 37 oC. Then, 200 μl of DMSO was added to each well to dissolve 

the MTT crystals and their absorbance was recorded at 570 nm using an enzyme-linked 

immunosorbent assay (ELISA) plate reader. Each experiment was performed in 

triplicates. The percentage of cell viability was determined using the following formula:

Percentage of cell viability (%) =
Absorbance of treated cells

Absorbance of
× 100

The IC50 values of the treated cells were determined by plotting a graph of cell’s 

viability versus extract concentration. 

Table 3.1 Serial concentration of tested compound

Stock extract concentration
(mg/ml)

Concentration of
extract in the well

(mg/ml)

Concentration of
extract in the well

(µg/ml)

10.000 0.0990 99.00

5.000 0.0495 49.50

2.500 0.0248 24.80

1.250 0.0124 12.40

0.625 0.0062 6.20

0.313 0.0031 3.10

0.156 0.00155 1.55

0.078 0.00077 0.77

0.039 0.00039 0.39
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3.9.2 Antiplasmodium Evaluation Methods

This section outlines the methodology for in vitro antiplasmodial activity studies 

involving screening synthesized for antimalarial efficacy using the schizont maturation 

inhibition assay. The methodology is divided into three parts; P. falciparum cultures, 

continuous culture maintenance for sustained parasite supply, and the subsequent 

schizont maturation inhibition assay following the establishment of robust cultures.

a. In vitro cultivation of P. falciparum

The CQ-sensitive strain (3D7) of P. falciparum was sourced from Professor Lau Yee 

Ling at the Department of Parasitology, University of Malaya. In contrast, the CQ-

resistant strain (K1) was obtained from the Institute for Medical Research (IMR), Setia 

Alam, Selangor. P. falciparum culture was cultivated and maintained following the 

procedure described by Trager and Jensen with minor modifications (Trager & Jensen 

1976).

The culture medium preparation consisted of Roswell Park Memorial Institute 

(RPMI)-1640 media supplemented with AlbuMax-II (20%), L-glutamine, 

hypoxanthine, D-glucose, and sodium bicarbonate. The medium’s pH was adjusted 

around 7.25 - 7.30 by adding 10M sodium hydroxide. Subsequently, the medium was 

sterilized via vacuum filtration, using a poly ether sulfone (PES) membrane filter with 

a porosity of 0.22 μm. Both resistant and sensitive strains of P. falciparum were cultured 

in B+ erythrocytes in the prepared RPMI-1640 medium in a culture flask (Figure 3.85).

The culture flask is then placed in a candle jar and incubated at 37 °C.
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Figure 3.85 The culture medium preparation

The candle jar setup includes a culture flask with the parasite culture medium, a 

candle, and a dampened tissue in a petri dish for humidity control. The method, utilizing 

a vacuum desiccator made of heavy glass, maintains oxygen at 17% and carbon dioxide 

at 3% (Trager & Jensen 1977). Figure 3.86 depicts the candle jar setup before being 

placed in an incubator at 37 °C.

Figure 3.86 The candle jar setup for P. Falciparum culture cultivation
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b. Continuous maintenance of P. falciparum culture

Parasite growth and multiplication are monitored at 48-hour intervals through 

microscopic examination of Giemsa-stained, thin-smeared slides. Parasitaemia, 

representing the percentage of infected erythrocytes, is consistently monitored and 

maintained within the 2% to 4% range (Figure 3.87). Simultaneously, the haematocrit 

level is upheld at 2%. The percentage of parasitaemia is calculated using the following 

formula:

The haematocrit levels are calculated as the ratio of the volume of red blood 

cells to the total culture volume, expressed as a percentage in the following formula:

Depending on the parasitaemia level observed, the parasite culture medium is 

managed by either solely replacing the existing medium or by introducing new red 

blood cells concurrently. This adaptive approach allows for adjusting parasitaemia 

levels, ensuring optimal conditions for cultivating the parasite culture.
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Figure 3.87 Monitering of parasite growth through microscopic examination of 
Giemsa-stained thin-smeared slides.

c. Schizont maturation inhibition assay

Prior to the inhibition assay experiment, the culture is synchronised using D-sorbitol to 

obtain predominantly ring-stage parasites. The culture is treated with an equal volume 

of aqueous 5% D-sorbitol for 5 minutes (Lambros & Vanderberg 1979). Subsequently, 

after centrifugation, the pellet is suspended in complete medium after two washes with 

incomplete RPMI-1640 medium. The parasitaemia level is adjusted using the same 

method for culture maintenance to obtain the synchronised culture with 0.5% ring stage,

which then utilised for the inhibition assay. 

Stock solutions for the test compounds were individually prepared by weighing 

1 mg of each compound and dissolving them in approximately 50-100 μL of 

dimethylsulfoxide (DMSO). Subsequently, the solutions were diluted with culture 

medium to achieve a concentration of 1 mg/mL. The test compounds underwent further 

dilution across a range from 0.0001 to 100 μg/mL, while the reference drug, chloroquine 

UN
IVE
RSI
TI K
EBA
NG
SAA
N M
ALA
YSI
A



143

diphosphate, was serially diluted from 0.00001 to 10 μg/mL. Following this, 50 μL of 

serial dilutions of all compounds were dispensed in triplicates into 96-well plates. Then, 

150 μL of the synchronised culture was added to each well, resulting in a final volume 

of 200 μL with a final hematocrit of 2% and 0.5% ring stage parasites (Faith et al. 2013).

The positive control wells contained the synchronizsed ring stage culture, serving as an 

indicator for monitoring the normal growth of parasites. In contrast, the negative control 

wells consisted solely of uninfected erythrocytes in culture medium to monitor possible 

contamination. The 96-well plate setup is shown in Figure 3.88.

Figure 3.88 The 96-well plate setup for schizont maturation inhibition assay

The drugs plates are placed within the candle jar and then in an incubator set at 

37°C. Incubation of the drug plates extends for 33-42 hours or until 50% of the ring 

stage parasites undergo maturation to schizonts (monitored using the thin smear 

method) (Figure 3.89). Post-incubation, the plates are inclined at an approximate angle 

of 45° for around 30 min, allowing the supernatant to separate from the erythrocyte 

mixture. Subsequently, thick blood smears are crafted for each concentration using the 

erythrocytes remaining in the fluid. After thorough drying, the smears are stained with 

a 10% Giemsa solution (Kosaisavee et al. 2006) and examined under a light microscope.
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Figure 3.89 Results after incubation of the drug plates for 33-42 hours or until 
getting 50% of the schizont stage parasites 

Microscopic evaluation involved counting the number of schizonts with three or 

more nuclei among 200 asexual parasites in each thick film (Russell et al. 2008). The 

inhibition of parasite growth in the treated groups was determined using the following 

Equation:

The 50% inhibitory concentration (IC50) for all compounds was calculated by 

estimating values from the graph plotted with the inhibition (%) data using GraphPad 

Prism 7 software (Graphpad software Inc., CA, USA).

3.9.3 Selectivity and Resistance Indexes Calculation

The pyrano[2,3-c]pyrazole-aminoquinoline hybrid compounds' selectivity index (SI) 

was calculated as a ratio of the values from the IC50 of cytotoxicity and the IC50 of 
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antimalarial activity. Strong and selective antimalarial drugs are test with pure 

substances with SI > 100 (Sarr et al. 2011). The ratio of the IC50 for the resistant strain 

to the sensitive strain (CQR/CQS) is known as the resistance index (RI). The ratio of 

the antimalarial activity against the CQ-resistant strain to that against the CQ-sensitive 

strain is measured quantitatively, known as the RI. A reduced RI index indicates a 

compound's efficacy against CQ-resistant malarial parasites (Iwaniuk et al. 2009).
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CHAPTER IV

RESULTS AND DISCUSSION

4.1 INTRODUCTION

This chapter discusses the research results that have been carried out in the process of 

studying the synthesis of 4-aminoquinolines, pyrano[2,3-c]pyrazoles, pyrano[2,3-

c]pyrazole-4-aminoquinoline hybrids. The results of the in silico study of the hybrid 

compounds against the PfLDH, heme detoxification and the antiplasmodium test and 

cytotoxicity test of the hybrid compounds against P. falciparum CQ-sensitive 3D7, CQ-

resistant K1 strains and human normal liver WRL68 cell line, respectively are discussed 

in this chapter. 

4.2 SYNTHESIS OF PYRANO[2,3-C]PYRAZOLE-4-AMINOQUINOLINES 

4.2.1 Synthesis of Pyrano[2,3-c]pyrazole Derived Compounds (20a-s)

In the first step, the ester group of sodium diethyloxalacetate reacted with the 

nucleophilic group of hydrazine solution in the presence of acetic acid (a catalyst which 

helps the sodium diethyloxalacetate to dissolve in the ethanol solvent) to provide an

intermediate A, which then underwent elimination to give an intermediate B with a

simultaneous release of an ethoxide anion. The subsequent deprotonation of 

intermediate B resulted in intermediate C, which underwent intramolecular cyclization 

reactions (D and E) to furnish intermediate F and water molecules as a by-product.

In the next step, the deprotonation of malanonitrile by the resultant water 

molecule generates the carbide anion intermediate G, which subsequently reacts

with aldehyde to form an intermediate H. The subsequent protonation of intermediate 

H generates an intermediate I. The alcoholic group of the resultant intermediate I 
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abstract the proton of adjacent aliphatic carbon to form oxonium anion intermediate J, 

which finally underwent dehydration to provide intermediate K and the regeneration of 

water molecules as a by-product.

In the final step, the resultant intermediates F and K undergo an addition reaction 

to provide intermediate L, which underwent deprotonation by the base to furnish anion 

intermediate M. Finally, the intramolecular cyclization of the resultant anion 

intermediate M yielded the corresponding pyrano[2,3-c]pyrazole compound (1a-s). 

Figure 4.1 describes the synthesis mechanism of the pyranopyrazole compound (20a-

s).
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Figure 4.1 Plausible mechanism of pyrano[2,3-c]pyrazoles synthesis

As shown in Table 4.1, the yield percentage of pyrano[2,3-c]pyrazole 

compounds revealed that the aromatic compounds of aldehydes containing electron-

withdrawing groups provided a higher yield percentage of the pyrano[2,3-c]pyrazole 

compounds than the aromatic compounds of aldehydes having electron-donating 

groups. Aromatic aldehyde compounds with an electron-donating group will activate 

the aromatic ring by increasing the electron density on the aromatic ring through the 

inductive donating effect. Electron-donating substituent groups will increase the 

electron density at the ortho and para positions. This will cause the carbonyl in the 
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aromatic aldehyde to be weakly electrophilic and give a low yield percentage compared 

to aromatic aldehydes containing electron-withdrawing groups. Figure 4.2 describes the 

effect of substituent groups on the aromaticity of aldehydes. A study by Mohammat et

al. (2018) also stated that increasing the length of the aliphatic chain results in a reduced 

yield percentage due to the tendency to undergo aldol self-condensation or Cannizzoro-

type reactions.

Figure 4.2 Effects of substituent groups on aldehydes

Table 4.1 Yield percentage of pyrano[2,3-c]pyrazole compounds

Entry Carbonyl 
compound Product Time

(min)
Yield
(%)

Melting 
point
(ºC)

20a 30 64 235-236

20b 30 56 237-238

To be continued…
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Continuation…

20c 30 76 212-213

20d 30 85 210-211

20e 30 61 218-219

20f 30 66 226-227

20g 30 74 228-230

20h 30 71 221-222

To be continued…
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Continuation…

20i 30 70 224-225

20j 30 74 235-237

20k 30 42 281-282

20l 30 60 205-207

20m 30 76 224-225

20n 30 68 218-221

To be continued…
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Continuation…

20o 30 55 211-212

20p 30 84 242-244

20q 30 55 217-218

20r 30 52 231-233

20s 30 54 289-291

4.2.2 Synthesis of 4-(bromoethylamino)-7-chloroquinoline (23)

Initially, the alkyl chain containing 2 carbon atoms was linked to the 4,7-

chloroquinoline moiety 21 by reacting to amino alcohol (ethanolamine) under neat 

conditions to provide 4-(ethanolamine)-7-chloroquine intermediate 22 with a much 

higher yield (94%) (Guantai et al. 2011). Finally, the intermediate 22 was successfully 

transformed to 4-(bromoethylamino)-7-chloroquinoline 23, in moderate yield (70%) 
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under established reaction conditions utilizing HBr-H2SO4 as brominating agent 

(Cazelles et al. 2011) (Figure 4.3).

Figure 4.3 4-(Bromoethylamino)-7-chloroquinoline synthesis

4.2.3 Synthesis of Pyrano[2,3-c]pyrazole-4-aminoquinoline Hybrid Compounds (24a-s)

Having secured the synthesis of 20a-s and 23, the formation of intended pyrano[2,3-

c]pyrazole-4-aminoquinoline hybrid compounds (24a-s) was carried out by the 

hybridization of pyranopyrazole derivatives (20a-s) with 4-(bromoethylamino)-7-

chloroquine (23) at 30-40 oC under basic conditions, employing DMSO as a solvent 

(Shamsuddin et al., 2021). A possible reaction mechanism of pyrano[2,3-c]pyrazole-4-

aminoquinoline hybrid compounds synthesis is depicted in Figure 4.4. Initially, the 

elimination of acidic proton from the pyrano[2,3-c]pyrazole 20 upon reaction with the 

base, generated the hybrid scaffold intermediate. The subsequent nucleophilic addition 

of the resultant pyrazolium anion intermediate to the 4-aminoquinoline derivative 23

via SN2 reaction yielded the corresponding hybrid 24. This elegant approach is simple, 

involving only a few steps to target hybrid molecules.

Figure 4.4 Possible reaction mechanism of pyrano[2,3-c]pyrazole-aminoquinoline 
hybrids synthesis

After completion of the reaction, the reaction mixture was left to cool at room 

temperature and extracted using a mixture of 20 mL of ethyl acetate and 80 mL of brine
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in a separatory funnel. Brine facilitates the process of compound purification because 

DMSO will miscible in brine and the compound will dissolve on the organic layer. The 

organic layer was separated and concentrated using a rotary evaporator. Finally, all the 

synthesised hybrid compounds (Table 4.2) were purified using silica column 

chromatography by elution with a mixture of ethyl acetate: hexane (3:1). Poor to 

moderate yields were observed in the case of all the purified hybrid compounds. Among

all, high yields were observed for hybrids containing electron-withdrawing groups, such 

as –CN (24n, 49%), –COOH (24p, 42%), and –NO2 (24j, 38%) at the para position of 

the phenyl ring attached to the pyranopyrazole moiety. Notably, the synthesis of hybrid 

compounds containing O-heterocycle (24e), S-heterocycle (24l,), and N-heterocycle 

(24e, 22%) were achieved from the corresponding pyrano[2,3-c]pyrazoles in

considerable yields (22% to 36%). Lower yields were obtained in the case of hybrids 

with ortho-methoxy (24c), meta-nitro (24i), and ortho,para-dihydroxy (24k) phenyl 

rings (10% to 13%).

Table 4.2 Yield percentage of pyrano[2,3-c]pyrazole-aminoquinoline hybrids

Entry Product Time
(hrs)

Yield
(%)

Melting 
point
(ºC)

24a 24 25 169-171

24b 24 24 199-201

To be continued…
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Continuation…

24c 24 10 180-182

24d 24 14 201-203

24e 24 22 232-234

24f 24 18 145-147

24g 24 23 157-159

24h 24 29 171-173

To be continued…
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Continuation…

24i 24 12 214-215

24j 24 38 198-200

24k 24 13 278-279

24l 24 36 239-240

4m 24 25 217-219

24n 24 49 119-201

To be continued…
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Continuation…

24o 24 31 179-180

24p 24 42 212-213

24q 24 19 233-234

24r 24 36 252-253

24s 24 24 202-204

4.3 IN SILICO STUDY OF PYRANO[2,3-C]PYRAZOLE-4-AMINOQUINOLINES

In order to identify viable drug candidates at a reasonable cost during the drug discovery 

and development process, computer-aided drug design (CADD) is essential (Brogi et 

al. 2020). These computational techniques, namely molecular docking and in silico

filtering, are crucial for the rational development of novel, safe drug candidates. They 

also help determine the binding energy of protein-ligand complexes through scoring 
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functions, structurally map the binding positions of compounds within the cavities of 

proteins-of-interest, and identify the best-scored compounds for synthesis and 

biological assay validation. In order to pre-screen the compounds for drug-like qualities, 

all designed pyrano[2,3-c]pyrazole-4-aminoquinoline hybrid compounds (24a-s)

underwent in silico studies before molecular docking, including physicochemical, and 

absorption, distribution, metabolism, excretion, and toxicity (ADMET) predictions.

4.3.1 Physicochemical and ADMET Properties

Predicting physiochemical characteristics is crucial in determining drug-likeness, 

prioritizing potential drugs among a group of developed molecules, and eliminating 

substances that might be hazardous to human health or the environment. As illustrated 

in Table 4.3, physiochemical characteristics, such as Lipinski's Rule of 5 (RO5), which 

includes hydrogen bond acceptor (HBA), hydrogen bond donor (HBD), octanol-water 

partition coefficient (logP), molecular weight (MW), as well as non-rotational bonding 

(NRB) and total polar surface area (TPSA), can be generated with FAFDrug4. The term 

"RO5" refers to a set of parameters that, when combined, can be used to determine 

whether a certain drug candidate has problems with permeability and absorption 

(Fernandes et al. 2016; Lipinski et al. 1997). According to this rule, a compound cannot 

break more than one criterion: HBA ≤ 10, HBD ≤ 5, log P ≤ 5, and MW ≤ 500. All the 

proposed pyrano[2,3-c]pyrazole-4-aminoquinoline hybrid compounds (24a-s) violate 

RO5 (MW ≥ 500) (Table 4.3).

Additionally, the VEBER-based drug-likeness prediction stipulates that TPSA 

≤140 and NRB ≤10 are necessary to pre-selection oral active compounds. Furthermore, 

the EGAN rule-based prediction of oral bioavailability listed the following criteria: (a) 

good bioavailability for drugs with -1 ≥ log P ≤ 6 and 0 ≥ TPSA ≤132 Å2 (Craciun & 

Modra & Isvoran 2015) and (b) good orally available drugs with TPSA ≤130 Å2, -1≤ 

log P ≤ 5.8,  (Gurung & Bhattacharjee & Ali 2016). Table 4.4 illustrates the predicted 

oral bioavailability for all hybrid compounds (24a-s), which correlates with VEBER 

and EGAN rules.
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Table 4.3 Physiochemical properties of hybrid compounds (24a-s)

Compound MW
(g/mol)

HBD HBA MLogP RO5
violation

TPSA
(Å)

NRB

24a 544.989 2 7 2.29 1 137.31 9

24b 530.962 3 7 2.09 1 148.31 8

24c 544.989 2 7 2.29 1 137.31 9

24d 559.015 2 7 2.48 1 137.31 10

24e 504.925 2 7 1.46 1 141.22 8

24f 514.962 2 6 2.49 1 128.08 8

24g 549.408 2 6 3.06 1 128.08 8

24h 593.859 2 6 3.15 1 128.08 8

24i 559.960 2 8 1.79 1 173.90 9

24j 559.960 2 8 1.79 1 173.90 9

24k 546.961 4 8 1.60 1 168.54 8

24l 520.990 2 6 2.23 1 156.32 8

24m 609.858 3 7 2.65 1 148.31 8

24n 539.972 2 7 1.95 1 151.87 8

24o 559.015 2 7 2.48 1 137.31 10

24p 558.972 3 8 2.00 1 165.38 9

24q 530.962 3 7 2.09 1 148.31 8

24r 581.021 3 7 2.69 1 148.31 8

24s 515.951 2 7 1.63 1 140.97 8

An additional factor that affects the prediction of optimal drug bioavailability is 

the carbon fraction sp3 (Fsp3). A molecule's spatial complexity and carbon saturation 

can be estimated using the percentage of sp3-hybridized carbons (Fsp3) about its overall 

carbon content (Lovering & Bikker & Humblet 2009). A drug candidate's clinical 

success rate is higher and its solubility is projected to be better with a higher Fsp3 value 

(Wei et al. 2020). Unfortunately, very low solubility was predicted for all designed 

pyrano[2,3-c]pyrazole-4-aminoquinoline hybrid compounds. This could be solved by 

hydrolyzing the ester group to a carboxylic acid. Table 4.4 summarizes all proposed 

hybrid compounds' logS and Fsp3 values (24a-s).

Predicting the viability and drug-likeness of therapeutic candidates during the 

early phases of drug discovery and development also relies extensively on in silico

screening of ADMET characteristics. Since ADMET is frequently used to describe the 
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mechanisms of intestinal wall passage, intercompartmental movement, drug 

metabolism, excretion, and transport, as well as the pharmacokinetic characteristics of 

compounds, its properties help scientists understand the safety and efficacy aspects of 

a drug candidate (Doogue & Polasek 2013). Table 4.4 lists the anticipated ADMET 

characteristics of hybrid compounds (24a-s), such as protein plasma binding (PPB), 

inhibition of CYP2C19, blood-brain barrier (BBB), and inhibition of P-glycoprotein 

(PgP).

BBB is a significant factor frequently connected to the central nervous system 

(CNS)-based drug delivery pathway. To limit negative effects on the CNS, it makes 

sense that drugs that target the CNS would have a higher BBB penetration than those 

that target peripheral organs. Weak BBB absorption to the CNS <0.1, moderate BBB 

penetration to the CNS, 0.1 < BBB <2.0, and strong BBB penetration to the CNS >2.0, 

are the three categories into which BBB penetration falls (Jokipii et al. 1977). The entire

hybrid compounds (24a-s), according to our data (Table 4.4), have a weak BBB 

penetration.

Furthermore, a CYP2C19 inhibitor should raise the drug's plasma levels because 

the CYP2C19 or cytochrome P450 enzyme metabolizes the drug in humans (Dean et 

al. 2012). CYP inhibitors such as felbamate and oxcarbazepine have been demonstrated 

in earlier research to be efficacious AEDs. Sixteen of the ninteen hybrid compounds are 

anticipated to be CYP2C19 inhibitors, indicating their potential as AEDs (Table 4.4).

Consequently, assessing the inhibitory qualities of CYP2C19 is essential in the search 

for novel AED candidates.

PgP belongs to the ATP-binding cassette transporters (ABC) class, broadly 

dispersed in the intestinal epithelium and involved in the translocation of various of

substances across cell membranes (Sonia & Sharma 2014). According to recent 

research, the endothelial cells of the BBB of epilepsy patients overexpress PgP. Several 

AEDs may be PgP substrates or inhibitors, according to certain studies, which raises 

the idea that PgP is a major factor in medication resistance in refractory epilepsy 

patients. Based on Table 4.4, all the hybrid compounds, except 24p, were predicted to 

be PgP inhibitors, suggesting they could be effective AEDs.

UN
IVE
RSI
TI K
EBA
NG
SAA
N M
ALA
YSI
A



161

On the other hand, when utilizing drugs that block transporters and metabolizing

enzymes, which may cause an unpleasant reaction, PPB is helps estimate the quantity 

of a drug that is unbound per effective concentration (Bohnert & Gan 2013). PPB can 

be classified as (a) substances that are highly bound (PPB >90%) and (b) compounds 

that are weakly bound (PPB <90%). As shown in Table 4.3, every proposed hybrid

compound, except 24k and 24p, exhibited a substantial binding affinity with protein 

plasma. More importantly, the in silico prediction revealed that all hybrid compounds 

(24a-s) are hepatotoxic (Table 4.4).

Table 4.4 Drug likeness and ADMET properties of hybrid compounds (24a-s)

VEBER
violation

EGAN
violation

LogS Fsp3 BBB CYP2C19
inhibition

PgP
inhibition

PPB Hepa
totoxi
city

24a 0 1 -6.15 0.21 -0.976 Inhibitor Inhibitor 98.168 Toxic

24b 1 1 -5.94 0.19 -1.552 Inhibitor Inhibitor 99.714 Toxic

24c 0 1 -6.15 0.21 -1.011 Inhibitor Inhibitor 98.979 Toxic

24d 0 1 -6.40 0.24 -0.972 Inhibitor Inhibitor 98.966 Toxic

24e 1 1 -5.44 0.20 -1.083 Inhibitor Inhibitor 95.259 Toxic

24f 0 0 -6.07 0.19 -0.783 Inhibitor Inhibitor 96.742 Toxic

24g 0 0 -6.67 0.19 -0.951 Inhibitor Inhibitor 97.815 Toxic

24h 0 0 -6.99 0.19 -0.959 Inhibitor Inhibitor 97.551 Toxic

24i 1 1 -6.15 0.19 -1.256 Inhibitor Inhibitor 93.643 Toxic

24j 1 1 -6.15 0.19 -1.249 Inhibitor Inhibitor 93.56 Toxic

24k 1 1 -5.80 0.19 -1.811 Non-
inhibitor

Inhibitor 89.4 Toxic

24l 1 1 -5.93 0.20 -0.969 Inhibitor Inhibitor 97.01 Toxic

24
m

1 1 -6.86 0.19 -1.741 Inhibitor Inhibitor 94.614 Toxic

24n 1 1 -6.03 0.18 -0.953 Inhibitor Inhibitor 94.346 Toxic

24o 0 1 -6.40 0.24 -0.954 Inhibitor Inhibitor 100 Toxic

24p 1 1 -5.95 0.18 -1.779 Non-
inhibitor

Non-
inhibitor

68.159 Toxic

24q 1 1 -5.94 0.18 -1.566 Inhibitor Inhibitor 93.718 Toxic

24r 1 1 -7.07 0.16 -1.562 Non-
inhibitor

Inhibitor 100 Toxic

24s 1 1 -5.43 0.19 -1.106 Inhibitor Inhibitor 100 Toxic
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4.3.2 Molecular Docking

In the context of drug discovery, molecular docking plays a vital role in the 

identification and optimization of lead compounds. By simulating the molecular 

interactions between ligands and proteins, docking studies identify of key binding 

residues and elucidate structural features essential for ligand recognition and binding 

(Muhammed & Aki-Yalcin 2024; Pinzi & Rastelli 2019). In this study, docking 

simulations were utilized to predict the binding orientations of chloroquine (CQ) and a 

series of 19 hybrid compounds within the cofactor binding site of the PfLDH enzyme, 

contributing to an improved comprehension of their prospective pharmacological 

effects.

The molecular docking simulations unveiled a spectrum of binding energies and 

distinct conformations for CQ and various hybrid compounds against the target protein, 

signifying diverse potential interactions. A molecular docking study shows that CQ 

manifested a moderate affinity towards PfLDH enzyme, with a binding energy of -5.68

kcal/mol. It displayed versatility in binding, adopting 12 distinct conformations across 

the docking process (Figure 4.5), and indicative of its adaptability to different regions 

within the protein's active site. In contrast, the hybrid compounds exhibited a greater 

diversity, forming over 28 distinct clusters, as illustrated in (Figure 4.5). These clusters 

displayed various binding energies, containing fewer ligand conformations (<23). 

Notably, compounds 24a-s had a disparity between the cluster with the lowest binding 

energy and the most populated cluster, indicating that the most energetically favourable 

ligand configuration did not prevail throughout the simulations.
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To be continued…
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                                                                                                                             To be continued...
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Continuation...

Figure 4.5 Cluster analysis of the docking of CQ  and (F) 24a-s to the cofactor 
binding site of PfLDH (1CET), with outcomes generated from a total of 100 runs

The most stable ligand–PfLDH complex for the above nineteen compounds was 

then visualized and further examined employing BIOVIA Discovery Studio Visualizer 

to determine the intermolecular interaction involved in the complexation (Table 4.5). 

The PfLDH enzyme features a critical cofactor binding pocket encompassing key amino 

acid residues such as Val-26, Phe-52, Ile-54, Ala-98, Phe-100, Ile-119, and Glu-122

(Read et al. 1999, Zakaria & Lam & Hassan 2020).

Table 4.5 Intermolecular forces involved in the interactions of PfLDH (1CET) with 
CQ and the hybrids 24a-s

Compound Binding energy
(kcal/mol)

Type of 
interaction

Bond type Interacting residues

CQ -5.68 Hydrogen bond Conventional Glu-122
Hydrophobic 

interaction
�-� Ile-54, Ala-98, Ile-119

Alkyl Ala-98, Ile-119
�-alkyl Val-26, Phe-52, Tyr-85, 

Lys-118
Van der Waals 

forces
Gly-27, Asp-53, Phe-100, 

Ile-123

To be continued…
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Continuation…

24a -7.10 Hydrogen bond Conventional Tyr-85
Hydrophobic 

interaction
�-� Ile-119

�-� T-shaped Phe-100
Alkyl Ile-54, Phe-100
�-alkyl Ile-54, Phe-100, Leu-115, 

Lys-118
Electrostatic 
interaction

�-anion Glu-122

Van der Waals 
forces

Val-26, Asp53, Ala-98, 
Ile123

24b -7.76 Hydrogen bond Conventional Tyr-85, Leu-115, Lys-118, 
Glu-122

Hydrophobic 
interaction

�-� Ala-98
�-alkyl Ile-54, Phe-100, Leu-115, 

Lys-118
Electrostatic 
interaction

�-anion Asp-53, Glu-122

Van der Waals 
forces

Gly-27, Phe-52, Phe-100, 
Asn-116, Ile123

24c -8.60 Hydrogen bond Conventional Tyr-85, Glu-122
Carbon Ile-119

Hydrophobic 
interaction

�-� Ala-98
�-alkyl Val-26, Ile-54, Leu-115, 

Lys-118, Ile-119
Electrostatic 
interaction

�-anion Glu-122

Van der Waals 
forces

Gly-27, Phe-52, Asp-53, 
Phe-100, Ile-123

24d -6.94 Hydrogen bond Conventional Glu-122
Hydrophobic 

interaction
�-� Phe-100

�-� T-shaped Tyr-85
Alkyl Ile-54, Phe-100, Leu-115, 

His-126
�-alkyl Ile-54, Lys-118. Ile-119

Electrostatic 
interaction

�-anion Glu-122

Van der Waals 
forces

Phe-52, Asn-83, Thr-84

24e -8.66 Hydrogen bond Conventional Tyr-85, Glu-122
Carbon Ile-119

Hydrophobic 
interaction

�-� Ile-54, Ala-98
�-� T-shaped Phe-100

Alkyl Lys-118

�-alkyl Ile-54, Leu-115, Lys-118, 
Ile-119

Van der Waals 
forces

Val-26, Gly-27, Phe-52, Ile-
119, Ile-123

24f -8.67 Hydrogen bond Conventional Tyr-85
Hydrophobic 

interaction
�-� Ala-98

�-� T-shaped Phe-100
Alkyl Lys-118
�-alkyl Ile-54, Leu-115, Lys-118, 

Ile-119

To be continued…
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Van der Waals 
forces

Val-26, Gly-27, Phe-52, 
Asp-53, Glu-122, Ile-123

24g -7.55 Hydrogen bond Conventional Tyr-85
Carbon Asp-53

Hydrophobic 
interaction

�-� Ile-119
Alkyl Ile-54, Phe-100, Leu-115, 

Lys-118, Ile-119
�-alkyl Ile-54, Lys-118, Ile-119

Electrostatic 
interaction 

�-anion Glu-122

Van der Waals 
forces

Val-26, Ala-98, Leu-115, 
Ile-123

24h -7.79 Hydrogen bond Conventional Tyr-85
Carbon Asp-53

Hydrophobic 
interaction

�-� Ile-119
Alkyl Ile-54, Phe-100, Leu-115, 

Ile-119
�-alkyl Ile-54, Leu-115, Lys-118

Electrostatic 
interaction

�-anion
�-cation

Glu-122
Lys-118

Van der Waals 
forces

Val-26, Ala-98, Ile-123

24i -8.16 Hydrogen bond Conventional Gly-27, Tyr-85, Leu-115, 
Glu-122

Carbon Glu-122
Hydrophobic 

interaction
�-� Ile-54, Ala-98

Alkyl Ile-54
�-alkyl Val-26, Ile-54, Lys-118, Ile-

119
Electrostatic 
interaction

�-anion Glu-122

Van der Waals 
forces

Phe-52, Asp-53, Val-55, 
Phe-100, Asn-116, Ile-123

24j -7.73 Hydrogen bond Conventional Gly-99, Lys-118, Glu-122 
(2)

Hydrophobic 
interaction

�-� Ile-119
�-� T-shaped Phe-100

Alkyl Ile-54, Tyr-85, Ala-98, Phe-
100, Leu-115, Ile-119, Ile-

123
�-alkyl Ile-54, Ala-98, Phe-100

Van der Waals 
forces

Phe-52

24k -7.56 Hydrogen bond Conventional Asp-53, Gly-99, Tyr-85
Carbon Asp-53

Hydrophobic 
interaction

�-� Ile-119
Alkyl Phe-100, Ile-115
�-alkyl Ile-54, Ala-98, Leu-115, 

Lys-118, Ile-119
Van der Waals 

forces
Val-26, Gly-27, Phe-52, 
Val-55, Glu-122, Ile-123

24l -8.75 Hydrogen bond Conventional Tyr-85
Carbon Phe-52, Ile-119

To be continued…
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Hydrophobic 
interaction

�-� Ala-98
�-sulfur Phe-100

�-� T-shaped Phe-100
Alkyl Lys-118
�-alkyl Ile-54, Leu-115, Lys-118. 

Ile-119
Electrostatic 
interaction

�-anion Glu-122

Van der Waals 
forces

Val-26, Gly-27, Asp-53, Ile-
123

24m -7.60 Hydrogen bond Conventional Tyr-85, Gly-99
Carbon Asp-53

Hydrophobic 
interaction

�-� Ile-119
Alkyl Ile-54, Phe-100, Ile-115
�-alkyl Ile-54, Ala-98, Phe-100, 

Leu-115, Lys-118, Ile-119
Van der Waals 

forces
Val-26, Gly-27, Phe-52, Ile-

123
24n -8.02 Hydrogen bond Conventional Tyr-85, Lys-118, Glu-122

Carbon Leu-115, Glu-122
Hydrophobic 

interaction
�-� Ile-54, Ala-98

Alkyl Phe-100, Lys-118
�-alkyl Ile-54, Lys-118, Ile-119

Electrostatic 
interaction

�-anion Asp-53

Van der Waals 
forces

Val-26, Gly-27, Phe-52, Ile-
123

24o -7.52 Hydrogen bond Carbon Ile-119
Hydrophobic 

interaction
�-� Ala-98

�-� T-shaped Phe-100
Alkyl Ala-98, Lys-118
�-alkyl Ile-54, Ala-98, Leu-115, 

Lys-118. Ile-119
Electrostatic 
interaction

�-anion Asp-53, Glu-122

Van der Waals 
forces

Gly-27, Ser-28, Phe-52, Tyr-
85

24p -6.89 Hydrogen bond Conventional Tyr-85, Glu-122
Hydrophobic 

interaction
�-� Ile-119

Alkyl Val-26, Phe-52, Ile-54, Lys-
118

�-alkyl Phe-52, Ile-54
Electrostatic 
interaction

�-anion Glu-122

Van der Waals 
forces

Gly-27, Asp-53, Asn-83, 
Phe-100, Leu-115, Ile-123, 

His-126
24q -7.53 Hydrogen bond Conventional Tyr-85, Leu-115

Carbon Glu-122
Hydrophobic 

interaction
�-� Ala-98

�-�T-shaped Phe-100
Alkyl Ile-54
�-alkyl Ile-54, Leu-115, Lys-118, 

Ile-119

To be continued…
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Van der Waals 
forces

Val-26, Gly-27, Phe-52, 
Asp-53, Asn-116, Ile-123

24r -8.01 Hydrogen bond Conventional Tyr-85, Glu-122
Hydrophobic 

interaction
�-� Ile-54, Ala-98

Alkyl Phe-100, Leu-115
�-alkyl Ile-54, Lys-118, Ile-119

Van der Waals 
forces

Val-26, Gly-27, Phe-52, 
Asp-53, Ile-123

24s -8.57 Hydrogen bond Conventional Tyr-85
Carbon Glu-122

Hydrophobic 
interaction

�-� Ala-98
�-�T-shaped Phe-100
�-alkyl Ile-54, Leu-115, Lys-118. 

Ile-119
Electrostatic 
interaction

�-anion Glu-122

Van der Waals 
forces

Val-26, Gly-27, Phe-52, 
Asp-53, Ile-123

For the CQ–PfLDH complex (Figure 4.6), the formation of only a single 

hydrogen bond with Glu-122 was predicted. Thus, the stability of the interaction is 

significantly contributed by the collective presence of the various hydrophobic forces 

listed in Table 4.5. The �-� interactions involved the association between the �

electrons of CQ and the � electrons of carbon-hydrogen (C-H) bonds in Ile-54, Ala-98, 

and Ile-119. Further, alkyl and �-alkyl interactions encompassed the nonpolar 

hydrophobic contacts between CQ and the alkyl groups of the amino acid residues at 

the binding site (Gómez-Jeria et al. 2020). Additionally, Van der Waals forces also 

partially contributed towards enhancing the stability of the complex. 
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Figure 4.6 (A) Predicted orientation of the lower binding energy (–5.68 kcal/mol) 
conformation of CQ (rendered in ball and stick) on the PfLDH enzyme. (B) Zoomed-

in view of the cofactor binding site. (C) Schematic diagram of the intermolecular 
forces involved in the PfLDH –CQ interaction

Among the hybrid compounds examined, 24l exhibited the lowest binding 

energy with a remarkable value of -8.75 kcal/mol (Figure 4.7). Firstly, conventional 

hydrogen bonds formed with Tyr-85 are crucial in stabilizing the complex by 

facilitating direct interactions between hydrogen and oxygen atoms. Carbon hydrogen 

bonds with Phe-52 and Ile-119 also contribute to the binding by forming stabilizing 

interactions between carbon and hydrogen atoms. Hydrophobic interactions, including 

�-� Ala-98, �-sulfur with Phe-100, and �-� T-shaped with Phe-100, enhance the 

stability of the complex by promoting interactions between hydrophobic regions of the 

ligand and protein. Alkyl interactions with Lys-118 and �-alkyl interactions involving 

Ile-54, Leu-115, and Ile-119 further contribute to the hydrophobic interactions, 

strengthening the binding affinity. 
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Compounds, an electrostatic interaction in the form of �-anion with Glu-122

enhances the stability of the complex through attraction between oppositely charged 

residues. Furthermore, van der Waals forces involving Val-26, Gly-27, Asp-53, and Ile-

123 provide additional stabilization by promoting interactions between non-polar 

groups. Compared to other hybrid compounds and CQ, 24l exhibits all types of 

interactions and uniquely features a �-sulfur interaction, absent in other compounds. 

This distinctive interaction likely contributes significantly to its highest binding energy 

with PfLDH.

Figure 4.7 (A) Predicted orientation of the lowest docking energy (–8.75 kcal/mol) 
conformation of 24l on the PfLDH enzyme as depicted via a 3D hydrophobicity 

surface representation. (B) Close-up view of the binding site. (C) Schematic diagram 
of the intermolecular forces involved in the PfLDH –24l interaction

Moreover, 24c, 24e, 24f, and 24s demonstrated notable binding energies ranging 

from -8.57 to -8.67 kcal/mol, indicating a strong affinity for PfLDH (Figures 4.8-4.11).
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They exhibited varying numbers of distinct conformations (28 to 40) (Figure 4.5),

suggesting their versatility in adopting multiple binding modes within the protein's 

active site. These compounds engage in diverse interactions with specific amino acid 

residues of PfLDH. They include conventional hydrogen bonds with Tyr-85 and Glu-

122 and carbon-hydrogen bonds with Phe-52 and Ile-119. Additionally, hydrophobic 

interactions, such as �-� interactions with Ala-98, �-� T-shaped interactions with Phe-

100, and alkyl interactions with Lys-118 and Ile-119, play crucial roles in stabilizing 

the protein-ligand complex. Furthermore, electrostatic interactions involving �-anion 

interactions with Glu-122 and van der Waals forces with Gly-27, Phe-52, Asp-53, and 

Ile-123 were noted. As the other hybrids, alkyl and �-alkyl interactions play pivotal 

roles in stabilizing the 24c, 24e, 24f, and 24s-PfLDH complex.

Figure 4.8 (A) Predicted orientation of the lowest docking energy (–8.60 kcal/mol) 
conformation of 24c on the PfLDH enzyme as depicted via a 3D hydrophobicity 

surface representation. (B) Close-up view of the binding site. (C) Schematic diagram 
of the intermolecular forces involved in the PfLDH –24c interaction
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Figure 4.9 (A) Predicted orientation of the lowest docking energy (–8.66 kcal/mol) 
conformation of 24e on the PfLDH enzyme as depicted via a 3D hydrophobicity 

surface representation. (B) Close-up view of the binding site. (C) Schematic diagram 
of the intermolecular forces involved in the PfLDH –24e interaction
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Figure 4.10 (A) Predicted orientation of the lowest docking energy (–8.67 kcal/mol) 
conformation of 24f on the PfLDH enzyme as depicted via a 3D hydrophobicity 

surface representation. (B) Close-up view of the binding site. (C) Schematic diagram 
of the intermolecular forces involved in the PfLDH –24f interaction
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Figure 4.11 (A) Predicted orientation of the lowest docking energy (–8.57 kcal/mol) 
conformation of 24s on the PfLDH enzyme as depicted via a 3D hydrophobicity 

surface representation. (B) Close-up view of the binding site. (C) Schematic diagram 
of the intermolecular forces involved in the PfLDH –24s interaction

On the other hand, 24p exhibited the weakest binding energy with PfLDH 

among the compounds, with a binding energy of -6.89 kcal/mol (Figure 4.12). Despite 

its weaker binding affinity compared to other compounds, 24p still interacted with 

PfLDH through various interaction types, including hydrogen bonds, hydrophobic 

interactions, alkyl interactions, electrostatic interactions, and van der Waals forces. 

These interactions primarily involved residues Tyr-85, Glu-122, Ala-98, Val-26, Phe-

52, Ile-54, Lys-118, and Ile-123. Although 24p displayed lower binding energy, 

multiple interaction types suggest potential binding flexibility and the ability to form 

stable complexes with PfLDH. Further optimization of 24p or exploration of its 
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structural derivatives may enhance its binding affinity and efficacy as an antimalarial 

agent.

Figure 4.12 (A) Predicted orientation of the lowest docking energy (–6.89 kcal/mol) 
conformation of 24p on the PfLDH enzyme as depicted via a 3D hydrophobicity 

surface representation. (B) Close-up view of the binding site. (C) Schematic diagram 
of the intermolecular forces involved in the PfLDH –24p interaction

While the rest of the hybrid compounds (24a-b, 24d, 24g-k, 24m-o, 24q, and 

24r) exhibited relatively higher (less negative) binding energies than 24c, 24e, 24f, 24l,

and 24s, they still demonstrated favourable interactions with PfLDH (Figures 4.13–

4.25). Hydrogen bonds, hydrophobic contacts, electrostatic interactions, and van der 

Waals forces all contributed to the stability of the docked conformers. However, the 

absence of certain key interactions as observed in 24c, 24e, 24f, 24l, and 24s may 

explain the slightly increased binding energies.
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Figure 4.13 (A) Predicted orientation of the lowest docking energy (–7.10kcal/mol) 
conformation of 24a (rendered in ball and stick) on the PfLDH enzyme. (B) Zoomed-

in view of the cofactor binding site. (C) Schematic diagram of the intermolecular 
forces involved in the PfLDH –24a interaction
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Figure 4.14 (A) Predicted orientation of the lowest docking energy (–7.76 kcal/mol) 
conformation of 24b on the PfLDH enzyme as depicted via a 3D hydrophobicity 

surface representation. (B) Close-up view of the binding site. (C) Schematic diagram 
of the intermolecular forces involved in the PfLDH –24b interaction
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Figure 4.15 (A) Predicted orientation of the lowest docking energy (–6.94 kcal/mol) 
conformation of 24d on the PfLDH enzyme as depicted via a 3D hydrophobicity 

surface representation. (B) Close-up view of the binding site. (C) Schematic diagram 
of the intermolecular forces involved in the PfLDH –24d interaction
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Figure 4.16 (A) Predicted orientation of the lowest docking energy (–7.55 kcal/mol) 
conformation of 24g (rendered in ball and stick) on the PfLDH enzyme. (B) Zoomed-

in view of the cofactor binding site. (C) Schematic diagram of the intermolecular 
forces involved in the PfLDH –24g interaction
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Figure 4.17 (A) Predicted orientation of the lowest docking energy (–7.79 kcal/mol) 
conformation of 24h (rendered in ball and stick) on the PfLDH enzyme. (B) Zoomed-

in view of the cofactor binding site. (C) Schematic diagram of the intermolecular 
forces involved in the PfLDH –24h interaction
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Figure 4.18 (A) Predicted orientation of the lowest docking energy (–8.16 kcal/mol) 
conformation of 24i on the PfLDH enzyme as depicted via a 3D hydrophobicity 

surface representation. (B) Close-up view of the binding site. (C) Schematic diagram 
of the intermolecular forces involved in the PfLDH –24i interaction
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Figure 4.19 (A) Predicted orientation of the lowest docking energy (–7.73 kcal/mol) 
conformation of 24j (rendered in ball and stick) on the PfLDH enzyme. (B) Zoomed-

in view of the cofactor binding site. (C) Schematic diagram of the intermolecular 
forces involved in the PfLDH –24j interaction
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Figure 4.20 (A) Predicted orientation of the lowest docking energy (–7.56 kcal/mol) 
conformation of 24k on the PfLDH enzyme as depicted via a 3D hydrophobicity 

surface representation. (B) Close-up view of the binding site. (C) Schematic diagram 
of the intermolecular forces involved in the PfLDH –24k interaction
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Figure 4.21 (A) Predicted orientation of the lowest docking energy (–7.60 kcal/mol) 
conformation of 24m on the PfLDH enzyme as depicted via a 3D hydrophobicity 

surface representation. (B) Close-up view of the binding site. (C) Schematic diagram 
of the intermolecular forces involved in the PfLDH –24m interaction
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Figure 4.22 (A) Predicted orientation of the lowest docking energy (–8.02 kcal/mol) 
conformation of 24n on the PfLDH enzyme as depicted via a 3D hydrophobicity 

surface representation. (B) Close-up view of the binding site. (C) Schematic diagram 
of the intermolecular forces involved in the PfLDH –24n interaction
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Figure 4.23 (A) Predicted orientation of the lowest docking energy (–8.01 kcal/mol) 
conformation of 24o on the PfLDH enzyme as depicted via a 3D hydrophobicity 

surface representation. (B) Close-up view of the binding site. (C) Schematic diagram 
of the intermolecular forces involved in the PfLDH –24o interaction
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Figure 4.24 (A) Predicted orientation of the lowest docking energy (–7.53 kcal/mol) 
conformation of 24q (rendered in ball and stick) on the PfLDH enzyme. (B) Zoomed-

in view of the cofactor binding site. (C) Schematic diagram of the intermolecular 
forces involved in the PfLDH –24q interaction

UN
IVE
RSI
TI K
EBA
NG
SAA
N M
ALA
YSI
A



189

Figure 4.25 (A) Predicted orientation of the lowest docking energy (–8.01 kcal/mol) 
conformation of 24r on the PfLDH enzyme as depicted via a 3D hydrophobicity 

surface representation. (B) Close-up view of the binding site. (C) Schematic diagram 
of the intermolecular forces involved in the PfLDH –24r interaction

4.4 ISOTHERMAL TITRATION CALORIMETRY MEASUREMENTS

Additionally, the study explored the interaction between five hybrids (24a, 24g, 24h,

24j and 24q) and hemin, a pivotal component in the heme detoxification pathway of 

malaria parasites. The interaction between the hybrids and hemin was examined by

employing ITC to evaluate their inhibition potential against heme detoxification. This 

technique measures the heat generated or absorbed during molecular binding events, 

which can be employed to quantify the binding affinity, Ka (Du et al. 2016). The ITC 
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profiles of the interactions between hemin and compounds 24a, 24g, 24h, 24j and 24q 

as illustrated in Figure 4.26. In Table 4.6, the Ka values of the hybrids ranged from 104

to 106 M–1, with 24a and 24g exhibiting notably stronger affinity to hemin compared to 

compounds 24h, 24j and 24q. This variation in affinity towards hemin suggests distinct 

binding modes of the hybrids and sheds light on the structural nuances that influence 

the interactions of these compounds with hemin.

One mechanism of action of antimalarial drugs such as CQ, artemisinin, and 

their derivatives is binding to heme, which prevents the formation of heme crystals 

known as hemozoin. This leads to the accumulation of the toxic heme in the digestive 

vacuole, thus killing the Plasmodium parasite (Wicht & Mok & Fidock, 2020). Hence, 

the ability of compounds to bind favourably to heme can be used to evaluate their 

potential as antimalarial agents. Our results indicate that, 24a and 24g, as distinguished 

by their strong heme binding affinity, could effectively disrupt the formation of 

hemozoin crystals and intervene in the heme detoxification process within the parasite. 

This information is valuable in understanding the molecular interactions involved in the 

action of antimalarial drugs and can be used to optimize the design of drug candidates 

for enhanced efficacy.

The thermodynamic parameters of the interactions were depicted in Table 4.6. 

All synthesized hybrid compounds exhibit exothermic reactions (negative ΔH), 

indicating heat release upon binding to hemin and the formation of intermolecular 

forces between the molecules. Furthermore, for each of these interactions, the entropy 

changes (ΔS) were negative, implying a reduction in disorder resulting from hydrogen 

bonds and specific Van der Waals interactions constraining the molecules. The 

spontaneity of these processes is reflected by the negative ΔG values. Among the 

studied compounds, 24a and 24b which showed the highest affinity towards hemin, also 

exhibited the most negative ΔG values, suggesting the most stable and favourable 

interactions with hemin. Interestingly, the interaction of the synthesized hybrids with 

hemin was enthalpy driven, as opposed to the entropy driven binding of chloroquine to 

hematin (Vippagunta et al. 2000), presumably due to the additional pyrano[2,3-

c]pyrazole group. These findings indicate that these compounds can effectively interact 
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with heme and disrupting its detoxification in Plasmodium parasites, thereby exerting 

antimalarial effects.

Figure 4.26 Isothermal titration calorimetric was obtained upon the titration of 
hemin with the different hybrids (A: 24a, B: 24g, C: 24h, D: 24j, and E: 24q). The 

solid line represents the best fit to the measured heat values based on the independent 
binding model

Table 4.6 Binding affinity and thermodynamic parameters of the interaction 
between the synthesized hybrids and hemin at 37 °C, derived from ITC analysis

Complex Ka (M–1) H (kJ mol−1) S(J mol−1 K−1) S(J mol−1 K−1)

CQ–hematin (3.2±0.7)×105 50.208 -59.03 -59.03

24a–hemin (1.43±0.60)×106 (-71.66±6.68) (-215.50±11.31) (-215.50±11.31)

24g–hemin (1.64±0.97)×106 (-100 ± 0.00) (-204.25±3.75) (-204.25±3.75)

24h–hemin (7.45±3.42)×104 (-100 ± 0.00) (-229.60±2.80) (-229.60±2.80)

24j–hemin (3.37±3.54)×105 (-81.04±4.47) (-203.48±17.20) (-203.48±17.20)

24q–hemin (1.85±0.56)×105 (-96.55±3.45) (-210.65±9.35) (-210.65±9.35)
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4.5 IN VITRO STUDY OF PYRANO[2,3-C]PYRAZOLE-4-AMINOQUINOLINES

4.5.1 Cytotoxicity

Based on the study of Tanamatayarat et al. 2010, the cytotoxicity of pure compounds is

considered highly toxic when IC50 values ≤ 20 μM, moderately toxic when IC50 values 

range from 21 to 50 μM, and low toxic when IC50 values > 50 μM. The IC50 values can 

be measured through a curve-shaped graph plotted based on the cytotoxicity test results. 

As shown in table 4.7, majority of the hybrids with para-substituted phenyl ring 

(24a, 24j, 20m, 24n, and 24p), meta-substituted phenyl ring (24b), heterocyclic 

scaffold (24l and 24s), and unsubstituted phenyl ring (24f) on pyrano[2,3-c]pyrazole 

moiety displayed low toxicity against a human normal liver WRL68 cell line with the

IC50 value of 130.72±13.36, 56.896±1.77, 61.57±5.03, >183.34, 86.48±27.22, 

68.61±5.06, 59.48±1.31, 90.47±0.47, and 81.54±7.11 μM, respectively. Significantly, 

the hybrids containing para-ethoxy (24d, IC50 = 6.98±0.40 μM), para-chloro (24g, IC50

= 12.12±0.37 μM), para-bromo (24h, IC50 = 5.85 ±0.34 μM) substituted pheny rig, and 

ortho-hydroxy substituted naphthyl ring (24r) on pyrano[2,3-c]pyrazole unit were 

found to be higher.toxic. In contrast, the rest of the hybrid compounds were moderately 

toxic against a human normal liver WRL68 cell line with IC50 values ranging from 

20.91±0.56 to 48.59±4.22 μM.

Table 4.7 Cytotoxicity values of hybrid compounds 24a-s against a human normal 
liver WRL68 cell line

Compound
Molecular Weight 

(g/mol)
Cytotoxicity 

values
IC50 (µM) ± SD

Activity

24a 544.989 130.72±13.36 low toxicity

24b 530.962 68.61±5.06 low toxicity

24c 544.989 26.11±2.20 Moderately toxic

24d 559.015 6.98±0.40 highly toxic

24e 504.925 47.59±7.53 Moderately toxic

24f 514.962 81.54±7.11 low toxicity

24g 549.408 12.12±0.37 highly toxic

To be continued…
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Continuation…

24h 593.859 5.85 ±0.34 highly toxic

24i 559.960 35.43±0.69 Moderately toxic

24j 559.960 56.896±1.77, low toxicity

24k 546.961 23.22 ±2.41 Moderately toxic

24l 520.990 59.48±1.31 low toxicity

24m 609.858 61.57±5.03 low toxicity

24n 539.972 >183.34 low toxicity

24o 559.015 20.91±0.56 Moderately toxic

24p 558.972 86.48±27.22 low toxicity

24q 530.962 48.59±4.22 Moderately toxic

24r 581.021 6.69±0.53 highly toxic

24s 515.951 90.47±0.47 low toxicity

CQDP 515.86 60.64±1.13 low toxicity

4.5.2 Antimalarial Activity

According to the study of Dolabela et al. 2008, the antimalarial efficacy of pure 

compounds is considered as potent when IC50 values ≤ 1 μM, active is from 2 to 20 μM, 

moderately active when IC50 values range from 21 to 100 μM, weak when IC50 values 

range is from 101 to 200 μM, and inactive when IC50 values >200 μM. The IC50 values 

can be measured through a curve-shaped graph plotted using the GraphPad Prism 7 

software (GraphPad Software Inc., CA, USA) based on the antimalarial test results.

The examinations on the antimalarial efficacy of all the synthesized hybrid 

compounds (24a-s) and the standard drug CQDP against both the CQS (3D7) and CQR

(K1) P. falciparum strains were performed in triplicates by schizont maturation 

inhibition assay (SMIA). Table 4.8 presented the antimalarial activities of all hybrid

compounds 24a-s and the CQDP against both strains. It was concluded that all the tested 

hybrid compounds (24a-s) were potent against both the CQS 3D7 (IC50 values ranging 

from 0.0151 ± 0.004 to 0.301 ± 0.07 μM) and CQR K1 (IC50 values ranging from 

0.01895 ± 0.014 to 2.746± 1.214 μM) P. falciparum parasites. All the tested hybrid 

compounds exhibited lower potentency compared to the standard drug CQDP (IC50 =

0.002 ± 0.0001) against the CQS (3D7) strain. In contrast, nine of the nineteen hybrids 

(24d, 24g, 24h, 24i, 24l, 24n, 24o, 24r and 24s) displayed superior antimalarial activity 
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than the CQDP (IC50 = 0.1195± 0.042) against the CQR (K1) P. falciparum strain.

Among all the tested hybrids, 24c against the 3D7 strain and 24h against the K1 strain 

were proved to be the most promising antimalarial agents with 0.0151 ± 0.004 and 

0.01895 ± 0.014 μM of IC50 values, respectively, while 24r aginst the 3D7 strian and 

24q against the K1 strain showed lower antimalarial activity with 0.301 ± 0.07 and 

2.746± 1.214 μM of IC50 values, respectively.

Table 4.8 Antimalarial activities of hybrid compounds 24a-s against CQ-sensitive (3D7) 
and CQ-resistance (K1) P.falciparum strains

Antimalarial activity Cytotoxic
activity

Selectivity Index (SI)
50

50

Resistance 
Index (RI)

50

50
Compound 3D7 

IC50 (µM) 
± SD

K1
IC50 (µM)

± SD

IC50 (µM) ± 
SD

3D7 K1

24a 0.021 ± 
0.005

0.2543±0.0
91

130.72 
±13.36

6224 514 12.1

24b 0.0173 
±0.002

1.340±0.29
4

68.61±5.06 3965 51 77.46

24c 0.0151 ± 
0.004

0.5916±0.3
05

26.11±2.20 1729 44 39.18

24d 0.024± 
0.0005

0.0858±0.0
58

6.98±0.40 290 81 3.57

24e 0.0248 ± 
0.008

0.2069± 
0.1026

47.59±7.53 1918 230 8.34

24f 0.0187 ± 
0.004

0.4187± 
0.1803

81.54±7.11 4360 195 22.39

24g 0.0259 ± 
0.01

0.048± 
0.022

12.12±0.37 467 252 1.85

24h 0.0328 ± 
0.013

0.01895± 
0.014

5.85 ±0.34 178 309 0.58

24i 0.028 ± 
0.01

0.1064± 
0.029

35.43±0.69 1265 333 3.8

24j 0.1009± 
0.015

0.2942± 
0.052

56.896±1.77, 563 193 2.92

To be continued…
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Continuation…

24k 0.0190 ± 
0.008

0.2495± 
0.081

23.22 ±2.41 1222 93 13.13

24l 0.0231± 
0.002

0.03744± 
0.0191

59.48±1.31 2574 1589 1.62

24m 0.0232 ± 
0.011

0.2319± 
0.1668

61.57±5.03 2653 265 10.0

24n 0.0194± 
0.008

0.0373± 
0.028

>183.34 >9450 >4915 1.92

24o 0.0679 ± 
0.006

0.02566± 
0.018

20.91±0.56 308 815 0.38

24p 0.038 ± 
0.02

0.2103± 
0.1275

86.48±27.22 2275 411 5.53

24q 0.0152 ± 
0.006

2.746± 
1.214

48.59±4.22 3196 18 180.66

24r 0.301 ± 
0.07

0.0202± 
0.010

6.69±0.53 22 334 0.07

24s 0.0208±0.0
07

0.02396±
0.012

90.47±0.47 4349 3775 1.15

CQDP 0.002 ± 
0.0001

0.1195± 
0.042

60.64±1.13 30320 507 59.75

The data obtained from the schizontical antimalarial test and the cytotoxic test 

was used to determine the selectivity index (SI) values of the pyranopyrazole-

aminoquinoline hybrid compounds (24a-s) and the standard drug CQDP. The SI value 

is intended to determine the ability of a hybrid compound that has been tested to inhibit 

parasite growth without causing cytotoxicity. At a SI value exceeding 10, antimalarial 

activity is classified as selective against the tested parasite (Sarr et al. 2011). As shown 

in Table 4.8, all hybrid compounds (24a-s) and the reference drug CQDP showed an SI

value of greater than 10 against both the CQS (3D7) and CQR (K1) P. falciparum

strains. Against the CQS (3D7) strain, the most promising antimalarial agents, 24c and 

24q, were proved to be the most selective agents, displaying 1729 and 3196 SI values, 

respectively, whereas the most potent antimalarial agent against the CQR (K1) strain, 

24h, was found to be the most selective agent with 309 of SI value. Notably, the lower 
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potent antimalarial agents 24r against the 3D7 strain and 24q against the K1 strain were 

the selective hybrid compounds inhibiting P. falciparum parasites with SI values of 22 

and 18, respectively.

The resistance index (RI) value aims to determine the resistance level of P.

falciprarum to the tested hybrid compounds. According to the study of Nzila and Mwai 

2010, an RI value of less than 10 is a low resistance level to the tested drug compound.

As depicted in Table 4.8, twelve of nineteen hybrid compounds exhibited an RI value 

of less than 10. Remarkably, the most potent antimalarial agent against the CQS (3D7) 

strain, 24q, displayed the highest RI value (180.66). In contrast, the lower potent 

antimalarial agent against the CQS (3D7) strain, 24r, exhibited the lowest RI value

(0.07) among the series.

The results of this study can be concluded that the results of the In vitro studies 

can be linked to the In silico studies that have been conducted where all pyrano[2,3-

c]pyrazole-4-aminoquinoline hybrid compounds (24a-s) gave good results in inhibiting

both the 3D7 and K1 P. falciparum strains. Hybrid compounds 24c and 24q were the 

compounds that provided good antimalarial activity with moderate to low cytotoxicity, 

showing the best selectivity to inhibit P. falciparum at high levels of resistance 

compared to the rest of the hybrid compounds. Based on In silico studies, pyrano[2,3-

c]pyrazole-4-aminoquinoline hybrid compounds containing unsubstituted (24f), ortho-

substituted (24c and 24r), and meta-substituted (24i) aromatic units, and O-heterocyclic

(24e), S-heterocyclic (24l) and N-heterocyclic (24s) units on pyranopyrazole ring gave 

higher binding values compared to the rest hybrid compounds. In vitro studies also 

showed the same results. When comparing the results of the pyrano[2,3-c]pyrazole-4-

aminoquinoline hybrid compounds (24a-s) with CQDP, better results than all the hybrid 

compounds were observed in the case of CQDP against the CQS (3D7) strain and nine 

of the nineteen hybrid compounds displayed better results than the CQDP against the 

CQR (K1) strain.
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CHAPTER V

CONCLUSION 

5.1 SUMMARY

In this research, nineteen pyrano[2,3-c]pyrazole-4-aminoquinoline hybrid compounds 

have been successfully synthesizsed and characterised, consisting of sixteen new and 

three known hybrid compounds. The pyrano[2,3-c]pyrazole-4-aminoquinoline hybrid 

compounds (24a-s) were synthesised through the hybridisation between pyrano[2,3-

c]pyrazoles (20a-s) and 4-(bromoethylamino)-7-chloroquine (23) at room temperature 

under basic conditions, employing DMSO as a solvent, and characterised using Fourier 

Transform Infrared Spectroscopy (FTIR) and Nuclear Magnetic Resonance (NMR).

The synthesised pyrano[2,3-c]pyrazole-4-aminoquinoline hybrid compounds 

demonstrated lower to moderate percentages of yields ranging from 10% to 49%.

Pyrano[2,3-c]pyrazole-4-aminoquinoline hybrids are potential compounds containing

O-heterocyclic, S-heterocyclic, N-heterocyclic, and aromatic scaffolds with electron-

withdrawing and electron-donating functional groups such as nitro, halo, cyano, 

carbonyl and hydroxyl respectively.

Consequently, an in silico study was conducted, including predictions on 

physicochemical and absorption, distribution, metabolism, excretion, and toxicity 

(ADMET). In general, all the proposed hybrid compounds violate RO5 (MW ≥ 500), 

and the majority of hybrids are predicted to have VEBER violations (TPSA>140) and 

EGAN violations (TPSA>132). Unfortunately, very low solubility was predicted for all 

designed hybrid compounds. This could be solved by hydrolysing the ester group to a 

carboxylic acid. The hybrid compounds have weak blood-brain barrier (BBB) 

penetration. Sixteen of nineteen hybrid compounds are anticipated to be CYP2C19 

inhibitors, while all the hybrid compounds, except 24p, were predicted to be PgP 

inhibitors, indicating their potential as AEDs. In terms of protein plasma binding (PPB) 
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capability, every proposed hybrid compound, except 24k and 24p, exhibited a 

substantial binding affinity with protein plasma. More importantly, the in silico

prediction revealed that all hybrid compounds are generally hepatotoxic. 

Furthermore, molecular docking analysis was conducted to predict the binding 

orientations of a series of 19 hybrid compounds and the reference CQ within the 

cofactor binding site of the PfLDH enzyme, contributing to an improved comprehension 

of their prospective pharmacological effects. The molecular docking analysis revealed 

that all hybrid compounds exhibited stronger binding energies with PfLDH than the 

reference CQ. The diverse interactions observed between the hybrid compounds and 

specific amino acid residues of PfLDH underscore their potential as effective enzyme 

activity inhibitors. Among the hybrid compounds tested, 24l demonstrated the lowest

binding energy with a remarkable value of -8.75 kcal/mol, while 24p exhibited the 

weakest binding energy with PfLDH (-6.89 kcal/mol). Compared to other hybrid 

compounds and CQ, 24l exhibits all types of interactions and uniquely features a �-

sulfur interaction, absent in other compounds. This distinctive interaction likely 

contributes significantly to its highest binding energy with PfLDH. Despite its weaker 

binding affinity compared to other compounds, 24p still interacted with PfLDH through 

various interaction types, including hydrogen bonds, hydrophobic interactions, alkyl 

interactions, electrostatic interactions, and van der Waals forces. Further optimisation 

of 24p or exploration of its structural derivatives may enhance its binding affinity and 

efficacy as an antimalarial agent.

In addition, heme detoxification is a unique target for antimalarial drugs. Heme 

was identified as a target of chloroquine and was found to inhibit hemozoin formation, 

leading to membrane damage. Hemozoin formation is a prominent process in blood-

stage malaria parasites and remains a viable drug target. Several heme-binding 

antimalarial compounds that inhibit hemozoin formation have been discovered. 

Therefore, compounds that show heme detoxification results can be evaluated for their 

potential as antimalarial agents. This study studied the interaction between the five 

hybrid compounds (24a, 24g, 24h, 24j and 24q) and hemin using isothermal titration 

calorimetry (ITC) to evaluate their inhibition potential against heme detoxification. Our 

results indicate that 24a (Ka = (1.43±0.60 ×106 M-1) and 24g (Ka = (1.64±0.97 ×106 M-
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1), as distinguished by their strong heme binding affinity, would be able to effectively 

disrupt the formation of hemozoin crystals and intervene in the heme detoxification 

process within the parasite. This information is valuable in understanding the molecular 

interactions involved in the action of antimalarial drugs and can be used to optimise the 

design of drug candidates for enhanced efficacy.

Moreover, the cytotoxic evaluation against a human normal liver WRL68 cell 

line revealed that the majority of the hybrids with heterocyclic scaffolds, unsubstituted 

phenyl ring, meta- and para-substituted phenyl ring on the pyrano[2,3-c]pyrazole 

moiety displayed low toxicity. The examinations on the antimalarial efficacy of all the

synthesised hybrid compounds against the CQ-sensitive (3D7) and CQ-resistant (K1) 

P. falciparum strains showed that all the tested hybrids were potent and gave an SI value 

of >10 against both the P. falciparum parasites. Twelve of the nineteen hybrid 

compounds exhibited an RI value <10. Against the CQS (3D7) strain, the most potent 

antimalarial agents, 24c and 24q, were proved to be the most selective agents,

displaying 1729 and 3196 of SI values, respectively, where as the most promising 

antimalarial agent against the CQR (K1) strain, 24h, was found to be the most selective 

agent with 309 of SI value. Remarkably, the most potent antimalarial agent against the 

CQS (3D7) strain, 24q, displayed the highest RI value (180.66). In contrast, the lower 

potent antimalarial agent against the CQS (3D7) strain, 24r, exhibited the lowest RI 

value (0.07) among the series.

The results of this study can be concluded that hybrid compounds 24c and 24q

were the compounds that provided good antimalarial activity with moderate to low 

cytotoxicity, showing the best selectivity to inhibit P. falciparum at high levels of 

resistance compared to the rest of the hybrid compounds. These findings highlight the 

promising therapeutic potential of these hybrid compounds against malaria, warranting 

further experimental validation and development as antimalarial agents. Figure 5.1 

depicts the objectives achived in this research work. 
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Figure 5.1 The objectives achived in this research work

5.2 FUTURE STUDIES

Pyrano[2,3-c]pyrazole and aminoquinoline moieties are potent in various applications 

and the pyrano[2,3-c]pyrazole-4-aminoquinoline hybrid compounds are great to be 

explored for other biological applications and detections. The pyrano[2,3-c]pyrazole-

aminoquinoline hybrid compounds should be continued by synthesising more potential 

compounds with more reactive functional groups such as amine, amide, acid anhydride, 

acyl chloride, and various carbonyl groups. Computational studies like molecular 

dynamic simulations of pyrano[2,3-c]pyrazole-4-aminoquinoline hybrid compounds 

must be conducted as a preliminary study to understand the capabilities of the 

compound for other biological applications including antimalarial activities. Cytotoxic 

evaluations on other cells, such as human embryonic kidney cells (HEK293T), should 

be conducted to learn more about the toxic level of the pyrano[2,3-c]pyrazole-4-

aminoquinoline hybrid compounds. Overall, the reported pyrano[2,3-c]pyrazole-4-

aminoquinoline hybrid compounds (24a-s) exhibited potent antimalarial activity against 

both the CQS (3D7) and CQR (K1) P. falciparum strains. This creates new insights into

the development of promising antimalarial agents, which can be explored further.
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Moreover, the development of novel pyrano[2,3-c]pyrazole-4-aminoquinoline hybrid 

compounds can be explored for other biological applications, including antimalarial 

activity.
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APPENDIX A1

FT-IR SPECTRUM OF PYRANO[2,3-C]PYRAZOLE-4-AMINOQUINOLINE 24A
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APPENDIX A2

FT-IR SPECTRUM OF PYRANO[2,3-C]PYRAZOLE-4-AMINOQUINOLINE 24B
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APPENDIX A3

FT-IR SPECTRUM OF PYRANO[2,3-C]PYRAZOLE-4-AMINOQUINOLINE 24C
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APPENDIX A4

FT-IR SPECTRUM OF PYRANO[2,3-C]PYRAZOLE-4-AMINOQUINOLINE 24D
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APPENDIX A5

FT-IR SPECTRUM OF PYRANO[2,3-C]PYRAZOLE-4-AMINOQUINOLINE 24G
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APPENDIX A6

FT-IR SPECTRUM OF PYRANO[2,3-C]PYRAZOLE-4-AMINOQUINOLINE 24H
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APPENDIX A7

FT-IR SPECTRUM OF PYRANO[2,3-C]PYRAZOLE-4-AMINOQUINOLINE 24I
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APPENDIX A8

FT-IR SPECTRUM OF PYRANO[2,3-C]PYRAZOLE-4-AMINOQUINOLINE 24J
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APPENDIX A9

FT-IR SPECTRUM OF PYRANO[2,3-C]PYRAZOLE-4-AMINOQUINOLINE 24K
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APPENDIX A10

FT-IR SPECTRUM OF PYRANO[2,3-C]PYRAZOLE-4-AMINOQUINOLINE 24L
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FT-IR SPECTRUM OF PYRANO[2,3-C]PYRAZOLE-4-AMINOQUINOLINE 24M
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FT-IR SPECTRUM OF PYRANO[2,3-C]PYRAZOLE-4-AMINOQUINOLINE 24N
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FT-IR SPECTRUM OF PYRANO[2,3-C]PYRAZOLE-4-AMINOQUINOLINE 24O
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FT-IR SPECTRUM OF PYRANO[2,3-C]PYRAZOLE-4-AMINOQUINOLINE 24P
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FT-IR SPECTRUM OF PYRANO[2,3-C]PYRAZOLE-4-AMINOQUINOLINE 24R
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FT-IR SPECTRUM OF PYRANO[2,3-C]PYRAZOLE-4-AMINOQUINOLINE 24S
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MASS SPECTRUM OF PYRANO[2,3-C]PYRAZOLE-4-AMINOQUINOLINE 24A

, .. .., .. , 
_ le-5 
• 
~ 5et5 

" '" • i 4e.5 , - .. 
.., 
'"' •• ,. 

M+1 

M+3 
M+2 

"" 
M+4 

T ~ .. , 

'" ., 

m/z: 544.1626 



240

APPENDIX B2

MASS SPECTRUM OF PYRANO[2,3-C]PYRAZOLE-4-AMINOQUINOLINE 24D

... 
~ 

k·' 
7 •• S 

f <Ie_S 

~ ~'5 
! .. · 5 -M 

M+l 

M+2 M+3 

:! •• 

M+1 

• < 

f .. ·s 

f::: .. , 
k·' 

M+2 
M+3 

I M+4 

~ ., 
•• 



241

APPENDIX B3

MASS SPECTRUM OF PYRANO[2,3-C]PYRAZOLE-4-AMINOQUINOLINE 24G
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MASS SPECTRUM OF PYRANO[2,3-C]PYRAZOLE-4-AMINOQUINOLINE 24H
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MASS SPECTRUM OF PYRANO[2,3-C]PYRAZOLE-4-AMINOQUINOLINE 24J
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MASS SPECTRUM OF PYRANO[2,3-C]PYRAZOLE-4-AMINOQUINOLINE 24K
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MASS SPECTRUM OF PYRANO[2,3-C]PYRAZOLE-4-AMINOQUINOLINE 24L
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MASS SPECTRUM OF PYRANO[2,3-C]PYRAZOLE-4-AMINOQUINOLINE 24M
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MASS SPECTRUM OF PYRANO[2,3-C]PYRAZOLE-4-AMINOQUINOLINE 24N
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MASS SPECTRUM OF PYRANO[2,3-C]PYRAZOLE-4-AMINOQUINOLINE 24P
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APPENDIX C1

CURVE GRAPH DEPICTING CYTOTOXICITY VALU OF PYRANO[2,3-
C]PYRAZOLE-4-AMINOQUINOLINE 24A
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CURVE GRAPH DEPICTING CYTOTOXICITY VALU OF PYRANO[2,3-
C]PYRAZOLE-4-AMINOQUINOLINE 24B

UN
IVE
RSI
TI K
EBA
NG
SAA
N M
ALA
YSI
A



251

APPENDIX C3

CURVE GRAPH DEPICTING CYTOTOXICITY VALU OF PYRANO[2,3-
C]PYRAZOLE-4-AMINOQUINOLINE 24C
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CURVE GRAPH DEPICTING CYTOTOXICITY VALU OF PYRANO[2,3-
C]PYRAZOLE-4-AMINOQUINOLINE 24D
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CURVE GRAPH DEPICTING CYTOTOXICITY VALU OF PYRANO[2,3-
C]PYRAZOLE-4-AMINOQUINOLINE 24E
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CURVE GRAPH DEPICTING CYTOTOXICITY VALU OF PYRANO[2,3-
C]PYRAZOLE-4-AMINOQUINOLINE 24F
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CURVE GRAPH DEPICTING CYTOTOXICITY VALU OF PYRANO[2,3-
C]PYRAZOLE-4-AMINOQUINOLINE 24G
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CURVE GRAPH DEPICTING CYTOTOXICITY VALU OF PYRANO[2,3-
C]PYRAZOLE-4-AMINOQUINOLINE 24H
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CURVE GRAPH DEPICTING CYTOTOXICITY VALU OF PYRANO[2,3-
C]PYRAZOLE-4-AMINOQUINOLINE 24I
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CURVE GRAPH DEPICTING CYTOTOXICITY VALU OF PYRANO[2,3-
C]PYRAZOLE-4-AMINOQUINOLINE 24J
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CURVE GRAPH DEPICTING CYTOTOXICITY VALU OF PYRANO[2,3-
C]PYRAZOLE-4-AMINOQUINOLINE 24K
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CURVE GRAPH DEPICTING CYTOTOXICITY VALU OF PYRANO[2,3-
C]PYRAZOLE-4-AMINOQUINOLINE 24L
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CURVE GRAPH DEPICTING CYTOTOXICITY VALU OF PYRANO[2,3-
C]PYRAZOLE-4-AMINOQUINOLINE 24M
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CURVE GRAPH DEPICTING CYTOTOXICITY VALU OF PYRANO[2,3-
C]PYRAZOLE-4-AMINOQUINOLINE 24N
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CURVE GRAPH DEPICTING CYTOTOXICITY VALU OF PYRANO[2,3-
C]PYRAZOLE-4-AMINOQUINOLINE 24O
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CURVE GRAPH DEPICTING CYTOTOXICITY VALU OF PYRANO[2,3-
C]PYRAZOLE-4-AMINOQUINOLINE 24P
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CURVE GRAPH DEPICTING CYTOTOXICITY VALU OF PYRANO[2,3-
C]PYRAZOLE-4-AMINOQUINOLINE 24Q
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CURVE GRAPH DEPICTING CYTOTOXICITY VALU OF PYRANO[2,3-
C]PYRAZOLE-4-AMINOQUINOLINE 24R
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CURVE GRAPH DEPICTING CYTOTOXICITY VALU OF PYRANO[2,3-
C]PYRAZOLE-4-AMINOQUINOLINE 24S

UN
IVE
RSI
TI K
EBA
NG
SAA
N M
ALA
YSI
A



268

APPENDIX C20

CURVE GRAPH DEPICTING CYTOTOXICITY VALU OF CHLOROQUINE 
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CURVE GRAPHS DEPICTING THE ANTIMALARIAL ACTIVITY OF 
PYRANO[2,3-C]PYRAZOLE-4-AMINOQUINOLINE 24A
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CURVE GRAPHS DEPICTING THE ANTIMALARIAL ACTIVITY OF 
PYRANO[2,3-C]PYRAZOLE-4-AMINOQUINOLINE 24B
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CURVE GRAPHS DEPICTING THE ANTIMALARIAL ACTIVITY OF 
PYRANO[2,3-C]PYRAZOLE-4-AMINOQUINOLINE 24C
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CURVE GRAPHS DEPICTING THE ANTIMALARIAL ACTIVITY OF 
PYRANO[2,3-C]PYRAZOLE-4-AMINOQUINOLINE 24D
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CURVE GRAPHS DEPICTING THE ANTIMALARIAL ACTIVITY OF 
PYRANO[2,3-C]PYRAZOLE-4-AMINOQUINOLINE 24E
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CURVE GRAPHS DEPICTING THE ANTIMALARIAL ACTIVITY OF 
PYRANO[2,3-C]PYRAZOLE-4-AMINOQUINOLINE 24F
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CURVE GRAPHS DEPICTING THE ANTIMALARIAL ACTIVITY OF 
PYRANO[2,3-C]PYRAZOLE-4-AMINOQUINOLINE 24G
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CURVE GRAPHS DEPICTING THE ANTIMALARIAL ACTIVITY OF 
PYRANO[2,3-C]PYRAZOLE-4-AMINOQUINOLINE 24H
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CURVE GRAPHS DEPICTING THE ANTIMALARIAL ACTIVITY OF 
PYRANO[2,3-C]PYRAZOLE-4-AMINOQUINOLINE 24I
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CURVE GRAPHS DEPICTING THE ANTIMALARIAL ACTIVITY OF 
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CURVE GRAPHS DEPICTING THE ANTIMALARIAL ACTIVITY OF 
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CURVE GRAPHS DEPICTING THE ANTIMALARIAL ACTIVITY OF 
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CURVE GRAPHS DEPICTING THE ANTIMALARIAL ACTIVITY OF 
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CURVE GRAPHS DEPICTING THE ANTIMALARIAL ACTIVITY OF 
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CURVE GRAPHS DEPICTING THE ANTIMALARIAL ACTIVITY OF 
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CURVE GRAPHS DEPICTING THE ANTIMALARIAL ACTIVITY OF 
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CURVE GRAPHS DEPICTING THE ANTIMALARIAL ACTIVITY OF 
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CURVE GRAPHS DEPICTING THE ANTIMALARIAL ACTIVITY OF 
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CURVE GRAPHS DEPICTING THE ANTIMALARIAL ACTIVITY OF 
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CURVE GRAPHS DEPICTING THE ANTIMALARIAL ACTIVITY OF 
CHLOROQUINE DIPASPATE
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