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Table 2. Antimalarial activities of benzotriazole-B-lactams 4a-j.

1Cs0 (LM) 1Cs0 (M)
Compound Compound
P. falciparum K1 P. falciparum K1

4a 973 4g 10.68

4b 11.44 4h 14.40

4c 10.71 4i 25.65

4d 10.24 4j 5.56

4e 10.79 Chloroquine 1.02

af 14.64

Table 3. Cell viability of HepG2 cells treated with the compounds of interest in
two different concentrations, 50 and 200 uM.
Cell viability (%)*

Compounds
50 pM 200 UM
4a 744+ 11.7 68.0+5.2
4b 837+70 56.2+75
4c 88.5+4.5 60.8+6.2
4d 90.0+ 2.5 69.8 +3.0
4e 200+ 1.0 774+37
4f 77.7+40 65.5+9.6
4g 77.5+30 56,9+ 4.1
4h 81.1+£37 68.0+8.7
4 80.3+34 662+11.3
4j 827+27 755+88

“The cell survival assessments were conducted after 72 h

incubation of the compounds.

Molecular docking studies

For a better understanding of the antimalarial activity of these
benzotriazole-B-lactams, and to examine possible enzyme binding modes,
each of the new f-lactam compounds 4a-j were individually docked into
the active site of P. falciparum dihydrofolate reductase enzyme using Auto-
Dock. This reductase protein in Plasmodium has been investigated as a
putative target for other antimalarial compounds having similar structural

and activity profiles to our B-lactams.*® The published X-ray structure

(PfDHFR PDB ID: 1J31) of the reductase was used for docking with the
energy-minimized structure of each test compound. The predicted

binding interactions of compounds 4a-j against PFDHFR are shown in
Table 4.We will present the docking results for two of the B-lactams, 4aand
4j, whose preferred binding orientations in the reductase active site are
depicted in Figure 4. The naphthyl and anthracenyl substituents in
compounds 4a (ICse = 9.73u M) and 4j (IC so = 5.56 uM) are each directed
toward the same open pocket and interact with Leu46 and lle112 via m-nt
interactions. The triazole functionality within the benzotriazole-B-lactam
core in both compounds is predicted to experience strong H-bond
interactions with Ser108-the aryl groups on the ring help to align the
orientation of the benzotriazole group to enhance this H-bond interaction.

These docked conformations therefore suggest that the orientation of the

benzotriazole moiety relative to the pertinent amino acid active site
residues are highly dependent on the aryl ring substituents.

Table 4. Interactions of benzotriazole-B-lactams 4a-j against PfDHFR.

Compd. Polar interaction T - interaction
4a Ser108 to N3 Val195 to ring A, Leud6 to ring (B, C
and D), lle112 to ring D
4b Ser111 to N3 No interaction
4c Ser111 to N3 No interaction
ad Ser111 to N3 No interaction
4e No interaction No interaction
af No interaction No interaction
ag No interaction No interaction
4h Ser111 to N3 Alal6 toring D
4i Ser111 to N3 Alal6 toring D
4j Ser108 to N3 1le112 to ring D, Alal6 to ring D

Figure 4. A) Comparative binding poses of all designed compounds in P.

falciparum dihydrofolate reductase enzyme (PfDHFR) structure active site.
B) The backbone of the compound 4a (yellow sticks) and, C) 4j (green
sticks) are shown in active site (PDB ID: 1J3I). Important residues of the
binding site are labeled, while colored dashed lines indicate different

interactions.

Conclusions

Globally, malaria is still one of the most serious threats to public health that
must be addressed. Herein, a series of novel B-lactam derivatives
containing the benzotriazole moiety at C-3 has been synthesized, and their
biological activities were evaluated. Some derivatives have good in vitro
antimalarial activity. The modification to the aromatic ring on the N-1 and
C-4 positions has the potential to modulate the activity against P.
faiciparum dihydrofolate reductase enzyme. Currently, further studies are
being conducted to improve the design and biological activities of
additional derivatives. A computer model of the interaction of compounds
4a and 4j with the P. falciparum dihydrofolate reductase enzyme was
developed. The model involved a favorable H-bond between the Ser108

residue and the benzotriazole moiety.
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