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Figure 1.1: Geographic distribution of malarias 

...... -- .: 

o 

c , 

In order to understand and appreciate the importance of the disease, it is vital to 

establish the life cycle of the causative agent at this point. 

1.2 The Malaria Parasite's Life Cycle 

Today it is known that human malaria is caused by four species of the Plasmodium 

genus, namely (in order of decreasing significance): P. falciparum, P. vivax, P. malaria 

and P. ovale. The most severe and fatal malaria, caused by P. falciparum, accounts for 

about 80% of global malaria cases and is most common in tropical Africa. The second 

most common malaria parasite is P. vivax, which is endemic to America and Asia. The 

other two Plasmodia species, P. malariae and P. o va/e , are less common. However, it 

should be noted that all four species of the malaria parasite may occur together in any 

endemic region but with different degrees of prevalence. 
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Chapter 1: Introduction 

Figure 1.2: Life cycle of the malaria parasite9 

A summary of the malaria life cycle is illustrated in Fig. 1.2. It is composed of the asexual 

and sexual phases with the former taking place in the host and the latter part of the cycle 

in the mosquito. The onset of infection is initiated by the bite of an infected female 

anopheles mosquito during the course of a blood meal. During its blood meal, the 

mosquito injects saliva into the human blood, which carries the infective forms of the 

parasite called sporozoites. Upon entry in the blood, the sporozoites are rapidly 

transferred to the liver where they infect the liver cells (hepatocytes) establishing 

infection and, in a period of ten days, multiply from a single parasite to ten thousand 

parasites. Following maturation of the sporozoites to merozoites, the parasites are 

released from the liver into the blood stream where they invade red blood cells 

(erythrocytes), generating a food vacuole membrane that contains lipids and proteins 

derived from both the host and the paraSite. In the erythrocytes the parasite embarks on 

a 48-hour replication cycle, multiplying from a single merozoite to twenty new daughter 

4 
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antimalarial pharmacophore. At worst, it was still three times less active than chloroquine 

in the chloroquine-resistant K1 strain. 

On close examination, we reasoned that compounds 3.24a - h possessed properties 

inherent in chloroquine-resistance reversal agents. These features include weak intrinsic 

antiplasmodial activity, the presence of hydrophobic moieties68 that give lipid solubility, 

two planar aromatic rings, a cationic charge and a tertiary nitrogen atom. Thus the 

compounds were re-evaluated for their ability to reverse resistance to, or potentiate the 

action of chloroquine in the same strain, the results of which are shown in Figure 3.24. 
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Figure 3.24: Chloroquine potentialisation effects of compounds 3.24a - h 

The potentialisation factor, in the context of chloroquine resistance, is defined as the 

ability of a drug to reverse the resistance of Plasmodium species to chloroquine. In this 

assay, the compounds were fed to the parasite in combination with chloroquine and the 

ICso values re-determined. Compounds with potentialisation factors well above 1 were 

judged to possess inherent chloroquine-resistance reversal properties. Thus, compound 

3.24f was found to be the most active chloroquine-resistance reversal agent, causing a 
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Chapter 5: 4-Aminoquinoline-containing Compounds via Isocyanide Multicomponent Reactions 

Initially all lactams 5.25a - p were tested for their activities against parasite cultures of 

the chloroquine-resistant W2 strain of P. fa/ciparum (ICso chloroquine = 0.24 ~M). It was 

found that the activities of the compounds were dependent upon the size of the lactam 

ring for compounds containing the same N-alkyl substituent. Thus, compounds 

containing the six-membered lactam ring were in general more active than those with the 

five-membered ring (Fig. 5.14). From the modest library, compound 5.25p with and IC50 

of 0.096 ~M exhibited the best activity, being 2.5 times as potent in this strain as 

chloroquine. 

1.2 

1 

0.8 --+- tBu, m = 1 
~ 
:l. 

0.6 C> 

- cHex, m= 1 
.., 

2 --.- tBu, m = 2 

0.4 - ~cHex,m=2 

0.2 

0 

1 2 3 5 

Chain length, n 

Figure 5.14: Graph correlating methylene spacer length (n) and ICso values in y- and 0-
lactams. 

Compounds 5.25d (lCso = 0.18 ~M), 5.25h (ICso = 0.27 ~M) and 5.25i (ICso = 0.21 ~M) 

exhibited comparable activities to chloroquine, while 5.26e (lCso = 0.35 ~M) 5.26j (ICso = 

0.31 ~M) and 5.25k (0.37 ~M) exhibited slightly reduced activities. The remaining 

compounds on the other hand were less efficacious than the control drug. In terms of 

methylene spacer length, compounds with the 6-carbon spacer were generally the more 
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Chapter 5: 4-Aminoquinoline-containing Compounds via Isocyanide Multicomponent Reactions 

60 
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40 
~ 
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Chain leg nth, n 

*Represents compounds 5.116a and 5.116b 

-+--R = H, 
______ R = CH3 

Fig. 5.15: Correlation of chain length n to antiplasmodial activity in the FCM29 strain 

According to Fig. 5.15, the consequence of altering the length of the carbon spacer in 

the lateral side chain was not uniform in either the unsubstituted or methyl-substituted 

derivatives. In the unsubstituted compounds 5.115a - d, the two compounds with the 2 

and 3-carbon spacers were the more active, while this activity was lost in the 4 and 5-

carbon-spaced compounds. On the contrary, the methyl-substituted compound 5.115e 

with the 2-cabon spacer was not as active as the 3-carbon spaced compound 5.115f. 

The lowest activity was observed with the piperazinyl derivative 5.115c. 
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Chapter 5: 4-Aminoquinoline-containing Compounds via Isocyanide Multicomponent Reactions 

5.7.5 In Vitro Antiplasmodial Activities of 4-Aminoquinoline 2-lmidazolines 

Table 5.12: In Vitro Antiplasmodial Activities of compounds 5.60 - 5.74 

HN 

Ph 
Rr\C02CH3 

~N~ 

m R =H.5.60 
I ~ ~ CH3• 5.69 

h "'"' Fe. 5.64 
CI N iBu. 5.73 

2"·Furfuyl,5.68 

307 ED60 
Compound (J.lg/ml) (J.lM) 
Chloroquine 0.01 0.02 
5.60 0.14 0.34 
5.69 0.02 0.047 
5.64 0.03 0.051 
5.73 0.02 0.043 
5.68 0.04 0.084 
5.63 0.04 0.095 
5.72 0.01 0.023 
5.67 0.002 0.0033 
5.62 0.003 0.0063 
5.71 0.002 0.0041 
5.66 0.001 0.0023 
5.61 0.01 0.022 
5.70 0.0003 0.00048 
5.65 0.001 0.0020 
5.74 0.02 0.04 

K1 ED60 Cytotoxicity 
(J.lg/ml) (J.lM) (J.lg/ml) (J.lM) 

0.53 1.03 
0.20* 0.49* 239.9 587.8 
0.23 0.54 41.8 99.0 
0.17 0.29 24.4 41.2 
0.07 0.15 37.7 81.2 
0.18* 0.38· 52.8 111.4 
0.41* 0.97* 47.7 112.3 
0.30* 0.69* 22.9 52.5 
0.02 0.033 5.1 8.4 
0.04 0.084 22.4 46.8 
0.19· 0.38* 8.6 17.6 
0.20* 0.46* 48.4 111.0 

- nd 6.3 14.0 
0.01 0.016 1.6 2.6 
0.01 0.020 3.0 6.1 
0.22 0.44 12.5 24.9 

Therapeutic 
Index 

a b 

1722 1200 
2106 183 
808 142 
1889 541 
1326 293 
1182 116 
2283 76 
2550 255 
7435 557 
4297 46 
48246 241 

636 -
5375 163 
3047 305 
622 57 

·Chloroquine (diphosphate salt of) EDso was determined as 0.08 !-I9/ml (0.16 )lM); Therapeutic 

Index a = Cytotoxicity/3D7 EDso; Therapeutic Index b = Cytotoxicity/K1 EDso 

Table 5.12 shows the results obtained against the chloroquine-sensitive 307 and 

chloroquine-resistant K1 strains; the compounds were tested at the LSHTM (Dr. V. 

Yardley) as diastereomeric mixtures. 

From the results shown in Table 5.12. it is apparent that most compounds indeed show 

great promise as antiplasmodial agents as most had activities comparable to 

chloroquine or even better. In two separate independent experiments. the chloroquine 
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Chapter 5: 4-Aminoquinoline-containing Compounds via Isocyanide Multicomponent Reactions 

interestingly, all the isobutyl substituted compounds (5.62, 5.65 and 5.73) meet three out 

of the four criteria of lipinski's rule of 5, are quite lipophilic and active across both 

strains. Therefore, it is tempting to suggest that lipophilicity may be playing a significant 

role in antiplasmodial activity. Lastly, the different substitutions at the R position of the 2-

imidazoline ring may be favoring hydrophobic interactions with unknown receptors 

and/or proteins, which may be leading to malfunction of parasitic functions. This is seen 

with the more lipophilic ferrocene and isobutyl derivatives. 

5.9 In Vitro Antitrypanosomal activities of 4-aminoquinoline2-

Imidazolines 

Table 5.15: In vitro activities T. b. brucei (see Table 5.12 for structures, p. 213) 

% Inhibition ED60 ED60 Cyt. ED60 Cyt. ED60 
(Ilq/ml) Ilg/ml IlM Ilg/ml IlM TI* 

Compound 3.33 1.11 
Pentamidine - - >0.0001 >0.0003 - - -
Podophyllotoxin - - 0.002 - 0.00024 - -
5.60 3.8 1.96 13.94 34.2 239.9 587.8 17 
5.69 92.2 27.0 1.83 4.3 41.8 99.0 23 
5.64 96.5 63.0 1.19 2.0 24.4 41.2 21 
5.73 96.4 90.8 1.12 2.7 37.7 81.2 30 
5.68 85.5 5.4 2.25 4.7 52.8 111.4 24 
5.63 5.6 0.8 4.88 11.6 47.7 112.3 10 
5.72 98.3 56.1 1.40 3.2 22.9 52.5 16 
5.67 98.7 97.7 0.43 0.07 5.1 8.4 120 
5.62 98.7 98.0 0.61 1.3 22.4 46.8 36 
5.71 92.4 64.4 1.81 3.7 8.6 17.6 5 
5.66 64.1 2.1 3.93 9.0 48.4 111.0 12 
5.61 98.0 88.4 1.06 2.4 6.3 14.0 6 
5.70 96.8 97.4 0.43 0.7 1.6 2.6 4 
5.65 97.3 97.4 0.38 0.8 3.0 6.1 8 
5.74 94.1 49.2 2.48 4.9 12.5 24.9 5 

. . 
Cyt. = CytOtOXICity; *TI = Therapeutic Index . 

The compounds were tested at four different concentrations: 30, 10, 3.3 and 1.1 ).l.g/ml 

and the ED50S determined afterwards. All compounds completely inhibited parasite 

growth at the two high concentrations, but on further testing the compounds at 1.1 ).l.g/ml, 
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