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ABSTRACT

Plasmepsin 1l (PIm 1I) is an aspartic protease which is involved in the hemoglobin
degradation inside the food vacuole during the erythrocytic phase of the malaria parasite’s life cycle.
This enzyme has received considerable attention as a promising target for antimalarial drug design.
Since HIV-1 protease (HIV-1 PR) is also an aspartic protease, several HIV-1 PR inhibitors exhibit
activity against PIm Il and antimalarial activity against P. falciparum. These findings indicate that HIV-
1 PR inhibitors may aid the removal of plasmodium parasites and be used as antimalarial drugs. The
preliminary screening of PIm Il inhibitory activity of the previous forty-six synthesized chromones with
HIV-1 PR inhibitory activities was performed by docking study using AutoDock program. Chromone
derivatives which showed good binding energy with PIm Il and high HIV-1 PR inhibitory activity
(more than 70 % inhibition) were selected to be evaluated for their antimalarial activity against P.
falciparum (K1) by using the microculture radioisotope method. Chromone 35 was found to be the most
active compound with 1Cs value of 0.95 uM while primaquine and tafenoquine possessed 1Cs = 2.41 £+
0.10 and 1.95 + 0.06 uM, respectively. Based on docking study of chromone structure, a series of newly
designed chromones were synthesized as PIm Il inhibitors. The synthetic route was mainly divided into
two parts. Firstly, the chromone core structure was prepared by Baker-Venkataraman rearrangement
and subsequence intramolecular cyclization with a catalytic amount of strong acid. This synthesis
pathway was a practical and economical method for chromone structure preparation. Secondly, the
esterification at positions 6 and 7 of the chromone structure was performed to provide the designed
chromone derivatives. All of these new compounds were evaluated for their antimalarial activity. It was

found that the new designed chromone was inactive against P. falciparum.

KEY WORDS: CHROMONE DERIVATIVES / PLASMEPSIN Il INHIBITORS / ANTIMALARIAL
AGENT / MOLECULAR DOCKING / SYNTHESIS
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CHAPTER I
INTRODUCTION

Nowadays, malaria is still one of the major causes of ailment and mortality
in the world (1-2). The causative agents of malaria are four different species of
Plasmodium, but almost all deaths are due to inflection by P. falciparum (3-4).
Malaria has become more difficult to treat because of an increase in multi-drug
resistant strains (5). This increasing drug resistant leads to the important to identify
new antimalarial agents with novel mechanism of action. One of the crucial drugs
targets in malaria are plasmepsins.

Plasmepsins (Plms) are groups of aspartic protease enzymes inside the
digestive food vacuole of parasite. Four aspartic proteases, i.e., Plm I, I, IV and histo-
aspartic protease (HAP) are involved in the initial step of human hemoglobin
degradation process that digest the human hemoglobin as a source of amino acids for
growth and maturations during the erythrocytic phase of its life cycle (2). These
enzymes efficiently degrade 75% of host hemoglobin. Plm I and II make the first
strategic cleavage of hemoglobin at a-chain between Phe33 and Leu34 in the hinge
region, which is highly conserve and responsible for the stability of hemoglobin
tetramer, resulting in protein unfolding (5). Plms have been had considerable attention
as the promising targets for design the novel antimalarial agents because the inhibition
of Plms results in the starvation of the malaria parasite. Among of these enzymes, PIm
IT is the most thoroughly studied enzyme to discover the novel antimalarial agents,
most likely because it is the easiest one to crystallize (4).

The effective aspartic protease inhibitor is peptidomimetic aspartic
protease inhibitors. A key of structural feature in these inhibitors is the presence of
hydroxyl or hydroxyl-like moiety that mimics the transition state of amide hydrolysis.
Since HIV-1 protease (HIV-1 PR) is also an aspartic protease enzyme, several HIV-1
PR inhibitors exhibit activity against Plm II, e.g., pepstatin A, the known potent

peptidomimetic aspartic proteases inhibitor, can inhibit HIV-1 PR, several types of
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Plms and cultured malaria parasites (6). HIV-1 PR inhibitors currently used in AIDS
patients such as saquinavir, ritonavir and lopinavir can directly inhibit PIm II and the
in vitro growth of both drug-sensitive and drug-resistant P. falciparum strains. These
findings indicate that HIV-1 PR inhibitors may aid in the removal of Plasmodium
parasite and used as antimalarial drugs (7-8). However, peptidomimertic inhibitors
normally exhibit low bioavailability due to their high molecular weight, poor solubility
and synthesis difficulties. Therefore, the non-peptidomimetic inhibitors are more
interesting for developing the new aspartic protease inhibitors. In our search for new
potent aspartic protease inhibitors, we concentrate on flavonoids or chromone

compounds.

chromone nucleus

Flavonoids have been reported that they can exhibit the antimalarial
activity against P. falciparum (10). Luteolin and some of naturally flavonoids have
been reported that they can exhibit the antimalarial activity against P. falciparum (10-
12). Moreover, a series of flavonoid derivatives, which had a 2,3,4-trimethoxybenzyl-
piperazinyl chain attached to the flavone at the 7-phenol group, showed the ICs( values
in micromolar to submicromolar range against P. falciparum (13).

The previous study of chromone derivatives as HIV-1 PR inhibitors, forty-
six chromone derivatives have been previously synthesized and evaluated the in vitro
inhibitory activity against HIV-1 PR (9). The three most potent inhibitors showed ICs
= 0.34, 0.65 and 2.53 uM, respectively, while amprenavir exhibited ICso = 0.084 uM
(14). Therefore, these chromone derivatives were selected to investigate their
inhibitory activity against Plm II.

In this study the chromone derivatives were designed and synthesized as
non-peptidomimetic Plm II inhibitors. The preliminary screening of the Plm II

inhibitory activity of forty-six chromone derivatives that have been previously
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synthesized and evaluated as HIV-1 PR inhibitors was performed by using docking
simulation technique with AutoDock program (15). Chromone compounds which
showed good binding energy with Plm II from docking study and high HIV-1 PR
inhibitory activity (more than 70 % inhibition) were selected to evaluate for their
antimalarial activity against P. falciparum using the microculture radioisotope method
(16). Moreover, a new series of chromone derivatives were designed based on docking
simulation results. The designed chromone derivatives were synthesized using the
commercially available 2,4,5-trimethoxyacetophenone as starting material. The
synthesis route of chromone derivatives was divided into two major parts. Firstly, the
chromone core structure was prepared by Baker-Venkataraman rearrangement and
subsequence intramolecular cyclization with strong acid as catalyst (17-18). Then
esterificaition at positions 6 and 7 of the chromone structure was performed to obtain
the designed chromone derivatives. These compounds were also tested for their

antimalarial activity against P. falciparum.
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CHAPTER I
LITERATURE REVIEW

2.1 Malaria

Malaria is one of the world’s most common disease and still one of the
major causes of ailment and mortality in the world. It is estimated that 300-500 million
people become ailment and up to 2.7 million of them die, particularly among young
children and pregnant women (19). Almost half of the world’s population lives in
malaria endemic areas that are centered in tropical and subtropical regions. The
distribution of the disease is dependent on present of the parasite mosquito vector.
Malaria is transmitted into human by the bite of inflect female Anopheles mosquitoes.
The causative agents of malaria that responsible in human are four different species of
Plasmodium, namely, P. falciparum, P. vivax, P. malariae and P. ovale (2). The
inflections of P. falciparum are the most serious and commonly lethal. P. vivax
inflection is less dangerous but more widespread, and the other two species are found

much less frequently (20).

1) Life cycle of malaria parasite

The malaria parasites have a complicated life cycle that requires a human
host for the asexual cycle and a female Anopheles mosquito for completion of the
sexual cycle (21). In the human host, the asexual cycle can be further divided into a
liver stage or a preerythrocytic stage and an erythrocytic stage (Figure 2.1). During the
bite of inflected mosquito, the sporozoites in the mosquito’s saliva are injected into the
human host and migrate through the host bloodstream to the liver, where they invade
the hepatocytes. Inside the hepatocyte, the sporozoite is changed into a trophozoite.
Then a trophozoite divides into schizonts and each of schizont develops into the
mature merozoite. After the development, the merozoites burst the hepatocyte and are
released into the host bloodstream. This development and multiplication of the parasite

in the hepatocytes constitutes the preerythrocytic stage. The subsequent erythrocytic
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stage begins with the merozoite invades a host red blood cell (erythrocyte) and
transforms into the ring stages, which grows and matures into a trophozoite. The
mature trophozoite divides into schizonts, which each of them contains many daughter
merozoites. Then the merozoites rupture the host cell and invade the new erythrocyte
to continue asexual erythrocytic cycle. Some of merozoites develop into the sexual
stages gametocytes and when the human host is bitten by the Anopheles mosquito, the

gametocytes are taken up into the mosquito vector and finish the sexual stage (22).

Salivary glands

Dokinete
A
P-
Dcst @ ‘:!'_l:.r‘éula
-4 A

2/

Mosquito gut

J¥  Trophozoite

Figure 2.1 The life cycle of the malaria parasite in the human host and the mosquito

vector. The trophozoite stage in the erythrocytic cycle is enlarged (3).
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2) Current antimalarial drugs and drugs resistance

The most well known effective antimalarial agent in the Western world for
hundreds of years was quinine, an alkaloid isolate of the bark of the cinchona tree
(Cinchona officinalis L) (23). Until Worlds War I and II, quinine was not used due to
the drastically diminished supplies that caused attention to be turned to developing
synthetic antimalarial agents. Nowadays several synthetic antimalarial drugs have
been developed to act at the different stages of the parasite life cycle. Current
important antimalarial drugs and their mechanism of action as antimalarial agents are
shown in Table 2.1. The activities of current antimalarial drugs range from very
specific stage, broader activities that interfere with several stages and against all stages
of parasite in man. The majority of the current antimalarial drugs act on the blood
stage parasites (erythrocytic stage), which are responsible for nearly all malaria
symptoms. Despite the antimalarial agents have been developed and provided many
available antimalarial agents against P. falciparum for treatment the malaria patient,
malaria has become more difficult to treat due to an increase in multi-drug resistant
strains (5). In 1910, the first parasite resistance to be reported was against quinine in
Brazil (24). Since then, the number of reports of antimalarial resistance has been
constantly increasing throughout the world (25). Regarding the parasite species
inflecting humans, resistance has primarily been documented for P. falciparum and P.
vivax, the two species accounting for more than 95% of all cases (25). Additionally,
multi-drug resistant strains of P. falciparum are emerging in several parts of the world
(4). The molecular mechanisms behind resistance vary and depend on the chemical
class of the antimalarial and its mechanism of action. Generally, resistance arises from
mutations in genes encoding either the parasite drug targets or influx/efflux pumps that
affect the concentration of the drug at the target (26). This increasing resistant to

available drugs leads to the important to identify the new antimalarial drugs.
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Table 2.1 The current important antimalarial drugs and their action as antimalarial

agents.

Drugs

Structure

Mechanism of action

References

Quinine

&%
H
HO N

H3CO N
P
N

Interfering the heme
detoxification process
(Anti-hemozoin formation)

(24), (27)

Mefloquine

Interfering the heme
detoxification process
(Anti-hemozoin formation)

(24), (27)

Chloroquine

Interfering the heme
detoxification process
(Anti-hemozoin formation)

(24), (27)

Primaquine

Interfering
the cellular respiration of the
parasite by generating
oxygen free radicals and
deregulating the electron
transport

(24), (28)

Tafenoquine

Interfering
the cellular respiration of the
parasite by generating
oxygen free radicals and
deregulating the electron
transport

(28)

Halofantrine

Unknown mechanism of
action

(29)

Atovaquone

Blocking the mitochondrial
electron transport and
collapse the mitochondrial
membrane

24

Artemether

Probably generating the
reactive oxygen intermediate
(ROI) which is toxic to the
malaria parasites

(24), (30)
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Table 2.1 The current important antimalarial drugs and their action as antimalarial

agents (cont.).

Drugs Structure Mechanism of action References

Probably generating the
reactive oxygen intermediate

Artesunate (ROI) which is toxic to the (24), 30)
malaria parasites
: Antifolates (dihydrofolate
Progunail reductase [DHFR] inhibitor) ~ >P» 31
HzN\rN\
. . N. ntifolates (dihydrofolate
Pyrimethamine T reductase [DHFR] inhibitor) ~ >P» 31
2 cl
) Antifolates (dihydrofolat
. P ntifolates (dihydrofolate
Sulfadoxine H OCHsoCHs synthase [DHPS] inhibitor) (24, 3D
H,N
Tetracycline Impairing the progeny of the (24), (29)
apicoplast genes ’
Doxycycline Impairing the progeny of the (24), (29)

apicoplast genes
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3) The approaches for antimalarial drugs development and the targets
for antimalarial chemotherapy

Two major approaches have been employed in the search for new
antimalarial drugs. The first method is the development of chemically related analogs
to existing antimalarial drugs and the other method is the identification of novel drug
targets and the design of chemical entities acting on these targets (32). The targets for
antimalarial chemotherapy have been broadly classified into three categories. The first
is targets involved in the hemoglobin metabolism and heme detoxification, e.g.,
protease enzyme such as plasmepsins and falcipains. The second is targets responsible
for macromolecular and metabolite synthesis, e.g., 1-deoxy-D-xylose-5-phosphate
(DOXP) reductoisomerase, farnesyl transferase, fatty-acid synthase (FAS) enzymes,
parasite hypoxanthine-guanine phophoribosyl (HGPR) transferase and lactate
dehydrogenease. The third is targets engaged in membrane transport and signaling,
e.g., the choline transporter and protein kinase (33). Among of these targets, the
targets that involve in hemoglobin degradation are the crucial drug targets to search

the new drugs for antimalarial chemotherapy (21).

4) Hemoglobin degradation

Hemoglobin is the iron-containing oxygen-transport protein in the red
blood cell of human. Hemoglobin carries oxygen from the lung to the tissues where it
releases the oxygen to burn nutrients and then provides energy to power the functions
of the organism. Hemoglobin also collects the resultant carbon dioxide and brings it
back to the lung to be dispensed from the organism. The structure of hemoglobin
molecule is a tetramer that contains two a-chains (o-globins) and two [B-chains (B-
globins). The numbers of amino acid residues for a-chain and B-chain are 141 and 146
amino acids respectively. Most of the amino acids in hemoglobin form a-helixes (8 a-
helixes), connected by short non-helical segments. Hydrogen bonds stabilize the
helical sections inside this protein, causing attractions within the molecule, folding
each polypeptide chain into a specific shape (34). Hemoglobin's quaternary structure
comes from its four subunits in roughly a tetrahedral arrangement as shown in Figure

2.2.
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a-chain

Figure 2.2 The 3D structure of oxyhemoglobin.

During the erythrocytic stage of malaria parasite life cycle, the parasite
degrades most of the host hemoglobin as a source of amino acids for growth and
maturation. The metabolic activity varies between the different phases. Some
hemoglobin degradation is seen during the ring and early schizont stages of
development, but it is most pronounced during the trophozoite stage (35). The
enzymes that involved in this process are aspartic proteases (plasmepsins), cysteine
proteases (falcipains), a metalloprotease (falcilysin) and cytoplasmic aminopeptidase.
The human hemoglobin degradation is initiated by four aspartic proteases, i.e.,
plasmepsin (Plm) I, II, IV and histo-aspartic protease (HAP) inside the digestive food
vacuole. These enzymes efficienly degrade 75% of host hemoglobin (5). PIm I and II
make the first strategic cleavage of hemoglobin at a-chain between Phe33 and Leu34
in the hinge region, which is highly conserve and responsible for the stability of
hemoglobin tetramer (21). It results in the protein unfolding and release of the heme
moiety. Subsequent degradation steps are catalyzed by falcipains, falcilysin and
cytoplasmic amino-peptidase (Figure 2.3) (5). All of those enzymes, Plms have been
had considerable attention as the promising targets for design the novel antimalarial

agents as the inhibition of Plms lead the starvation of the malaria parasite (4).
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Parasite cytoplasm

Hemoalobin

PIm 1, I1, IV and

Heme «—— Large
Oxidation l Falcipains
Hematin i Food
Small peptides vacuole
Polvmerization l Falcilvsi
N
Hemozoin Smaller peptides

Cytoplasmic
aminopeptidase

Amino acids

Red blood cell

Figure 2.3 Degradation of hemoglobin by Plms and associated proteases.

2.2 Plasmepsins

Plasmepsins (Plms) are groups of aspartic proteases inside the parasite
food vacuole. There are ten different isoforms of these enzymes in P. falciparum, i.c.,
PIim I, II, IV, V, VI, VII, VIII, IX, X and HAP. The expression of PIm I, II, IV, V, IX,
X and HAP occurs in the erythrocytic stage, whereas Plm VI, VII and VIII are
expressed in the exo-erythrocytic stages (36). Only four of them, i.e., Plm I, II, IV and
HAP are the most extensively studied Plms those are involved in the human
hemoglobin degradation inside the parasite digestive food vacuole. The expression of
four aspartic protease Plms varies during the erythrocytic stage. PIm I is transcribed in
the early ring stage followed by Plm II which is appropriately expressed in the
trophozoite stage (37). HAP and Plm IV are detectable from the trophozoite stage and
all four of them persist to schizogony (the term of division of trophozoite into

schizonts). Among of these enzymes, PIm II is the most thoroughly studied enzyme to
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discover the novel antimalarial agents, most likely because it is the easiest enzyme to

crystallize (4).

1) Crystal structure of PIm 11

The X-ray crystal structure of Plm II has the typical bilobal shape and
topology of eukaryotic aspartic proteases. The mature enzyme, molecular weight 37
kDa, is formed by a single chain of 329 amino acids residues folded into two
topologically similar N- and C-terminal domains. The binding cavity contains Asp34
and Asp214 which together represent the catalytic dyad. The N-terminal domain
contains a B-hairpin structure, known as flap, which covers the sunstrate-biding cavity

(Figure 2.4) (38).

Figure 2.4 Ribbon structure of Plm II complexed with EH58 ligand (PDB code
1LF3).
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The catalytic mechanism of PIm II is an acid-base hydrolysis (Figure 2.5).
The Asp34 and Asp214 residue coordinate a water molecule which is activated by
Asp214 for nucleophilic attack the Phe33-Leu34 peptide bond and generating a
tetrahedral intermediate. Hydrolysis of the C-N bond in the transition state then
affords two peptides and regenerates the aspartates in the catalytic dyad. As products

leave the active binding cleft, Asp34 and Asp214 are coordinated with water molecule

again (5).
Asp 34 Asp 214 Asp 34 Asp 214
0”0, ( 0o 0”0, HO” o
\\ /I g — \\
HoH H,
Q) H Ph 033 n
wwwwnwPhe N
e Ph N\ L. 34 v
e 33\n/ Leu 34w W]S eu
O
(¢}
H,0 JL “
Asp 34 Asp 214
Asp 34 Asp 214 _ ~
- - (e o) H—0" ~O
[ g o) o~ ~o
H., .H

N

waananrPhe 33 ~———— s Phe 330N

+ Leu 34~mnnnnn fx “Leu 34mnmannn
COOH O OH

Tetrahedral intermediate

Figure 2.5 Catalytic mechanisms for PIm II-mediated hydrolysis of hemoglobin.
The active binding site of PIm II consist eight subsites from S4 to S4'
derived from substrate mimic residue (pepstatin A) as shown in Figure 2.6. The amino

acid residues of each subsite are shown in Table 2.2 (4).

Table 2.2 The amino acid residues of each subsite of the active binding site of Plm II.

Subsite Amino acids

S4 Ser218, Ala219, Pro243, Met286, Asn288, 11290
S3 Metl5, Thrl114

S2 Val 78, Thr217, Thr221, 11e290, Leu292,11e300
S1 lle32, Tyr77,Ser79 Phelll, lle123, Gly216

S1’ Ser37, Met75, Tyr77

S2’ Asn76, Tyr77, Val78, Tyr192

S3'-S4’ Leul31, Ile133, Leul91
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Figure 2.6 The active site of Plm II from S4 to S4' derived from substrate mimic

(pepstatin A) (39).

The binding cavity size of the X-ray crystal structure of PIm II depends on
the inhibitors that bound with the enzyme. The relative opening of the binding cavity
can be measured by the distance between a-C of Val78, which is the tip of flap, to a-C
of Leu292, which lying opposite to Val78 at the hydrophobic edge of the binding

cavity. The distance between these atoms is 12.6 A in the unbounded structure, 12.0 A
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in the EH58 complex and 9.9 A in the pepstatin A complex (39). The molecular
surfaces of uncomplexed Plm II and Plm II in complex with EH58 and pepstatin A
shown in Figure 2.7 illustrate how tight the embrace is in the presence of each
inhibitor. The different conformation of the binding cavity of Plm II crystal structure
likely affects the interaction between the crystal structure and inhibitors from the
docking study. The unbounded structure of PIm II shows the most open conformation
with subsites that can readily accept bulkier than predicted from the Plm II-pepstatin A
complex structure. The study of interaction between crystal structure of Plm II and
inhibitor should be considering the conformation of the binding cavity of the crystal

structure to design and discover the new potent PIm II inhibitors (39).

Figure 2.7 Surface representations of a monomer of uncomplexed Plm II (a) and Plm
IT complexed with EH58 (b) and pepstatin A (c). The binding cavity of the

complex with pepstatin A reveals a much tighter embrace of the inhibitor.

2) Aspartic protease inhibitors

Aspartic protease inhibitors are classified in two groups that are
peptidomimetic inhibitors and non-peptidomimetic inhibitors. A key structural
element in peptidomimetic aspartic protease inhibitors is a hydroxyl or hydroxyl-like
moiety that mimics the transition state of amide hydrolysis. A number of chemical
functionalities and structural units have been employed as noncleavable transition-
state isosteres in aspartic protease inhibitors, e.g., statines, reversed statines,

norstatines, reduced amide, hydroxyethylenes, hydroxyethylamines, hydroxyethyl-
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piperazine, hydroxypropylamines, and dihydroxyethylene (N-duplicated and C-
duplicated) (Figure 2.8).

w X A
pr H
Tetrahedral Intermediate
OH O O OH OH P, (o]
H H H H
P1 P1 P1 O P
Statine Reversed statine Norstatine Reduced amide
OH PT' OH OH |/\N?‘i OH PT'
H H H H H
st A i AN I AN E A e
P1 o P1 P1 P1
Hydroxyethylene Hydroxyethylamine Hydroxyethylpiperazine Hydroxypropylamine
H OH H O OH O
OH OH
Dihydroxyethylene Dihydroxyethylene
(N-duplicated) (C-duplicated)

Figure 2.8 Transition-state analog units (TSA) in peptidomimertic inhibitors.

Since HIV-1 protease (HIV-1 PR) is also an aspartic protease enzyme,
several HIV-1 PR inhibitors are designed by using the transition-state analog units
(TSA) as a core structure. Pepstatin A, hexa-peptide containing statine as a core
structure (Figure 2.9), is a known potent peptidomimetic aspartic proteases inhibitor. It
can inhibit HIV-1 PR, several Plms and also exhibits activity against cultured malaria
parasites (2, 6). The binding inhibition constant, K;, for HIV-1 PR, PIm I, II and IV
have been reported to be 22 + 1.6 nM, 0.39 nM, 0.006 nM and 0.020 nM, respectively
(3, 38, 40, 41). The ICsy of pepstatin A for inhibition of parasite growth against P.
falciparum-inflected erythrocytes is 4.00 uM. Some HIV-1 PR inhibitors, currently
used in AIDS patients, i.e., saquinavir, ritonavir and lopinavir (Figure 2.9) have
demonstrated activity against Plm II and can directly inhibit the in vitro growth of
both drug-sensitive and drug-resistant P. falciparum parasites (7, 8). Lopinavir is the
most active against P. falciparum and also inhibits PIm II with ICs, value in range 0.9-
2.1 uM and 2.7 uM, respectively (7). These findings indicate that HIV-1 PR inhibitors

may aid in the removal of Plasmodium parasite and used as antimalarial drugs (7, 8).
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Figure 2.9 Peptidomimetic aspartic protease inhibitors, pepstatin A, lopinavir,

saquinavir and ritonavir.

However, peptidomimertic inhibitors normally exhibit low bioavailability
due to their high molecular weight, poor solubility and synthetic difficulties.
Therefore, the non-peptidomimetic inhibitors are more interesting for developing as
the new aspartic protease inhibitors. In our search for new potent non-peptidomimetic
aspartic protease inhibitors, we concentrate on flavonoids or chromone compounds
(Figure 2.10). Flavonoids are natural phenyl-substituted chromones that produce a

wide range of biological activities beneficial for human health (9).

chromone nucleus

Figure 2.10 General flavonoid structure.
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3) Flavonoids as aspartic protease inhibitors and antimalarial agents

Flavonoids are a ubiquitous group of secondary metabolites compounds
with a wide distribution in fruits and vegetables (42, 43). They exert a number of
biological activities such as antiviral, antibacterial, antiprotozoal, antioxidant,
antiinflammatory and antimutagenic activities, and are also capable of inhibiting many
types of enzymes (44). Furthermore, some naturally flavonoids have been reported
that they can exhibit the antimalarial activity against P. falciparum (10). Compounds
from four classes of flavonoids (flavanone, isoflavone, flavonols and flavones) were
tested against a chloroquine-sensitive (3D7) and a chloroquine-resistant (7G8) P.
falciparum strains (Figure 2.11). From this investigation, eight compounds (except
acacetin, naringenin and genisitein) showed antimalarial activity against the 3D7
strain, with ICsg values in the range of 11-66 uM (10). All of them showed measurable
activity against the 7G8 strain, with I1Csy values between 12 and 76 uM (10). The most
active compound in both strains was luteolin with ICsy values of 11 £ 1 uM and 12 + 1
uM for 3D7 and 7G8 respectively (10). Moreover, luteolin was investigated which
stage of the parasite’s intraerythrocytic life cycle was inhibited. The result showed that
luteolin did not inhibit the ring stage of the parasite but prevented the progression of
parasite growth beyond the young trophozoite stage as shown in Figure 2.12. As a

consequence the parasites were unable to complete a full intraerythrocytic cycle (10).
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Figure 2.11 Structure of flavonoid compounds with antimalarial activity (10).

Young trophozoite Trophozoite Daughter
Ring stage stage stage parasites

Control é 3 ’ . "h
“-"I -

Time after DMSO/ 48 h
luteolin addition

Luteolin
(20 uM)

Figure 2.12 The effect of luteolin of the intracrythrocytic growth of P. falciparum
(10).
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Two flavones, 5,7,4'-trimethoxyflavone and 5,7,3',4'-tetramethoxyflavone
(Figure 2.13) isolated from the rhizome of Kaempferia parviflora in the northeast of
Thailand, exhibited antimalarial activity against P. falciparum K1 multidrug resistant
strain. The assay was performed with the microdilution radioisotope technique with
ICso values of 3.70 and 4.06 pg/ml for 5,7,4'-trimethoxyflavone and 5,7,3',4'-
tetramethoxyflavone respectively (11). The in vitro antimalarial activity of
dehydrosilybin and 8-(1;1)-dimethylallyl-kaempferide has been evaluated by real time
PCR for five P. falciparum strains. Both flavonoids revealed significative antimalarial
activity against the different strains with ICsy values ranging from 1.7-23.9 uM and
2.1-10.1 pM for dehydrosilybin and 8-(1;1)-dimethylallyl-kaempferide respectively
(12) (Figure 2.13).

5,7,4'-trimethoxyflavone 5,7,3',4'-tetramethoxyflavone
OH O OH O
OH OH
QLI o
HO (o] O OCH, HO
(o) OH OH

dehydrosilybin 8-(1;1)-dimethylallyl-kaempferide

Figure 2.13 Some naturally flavonoids which exhibited antimalarial activity.

A series of flavonoid derivatives containing a piperazinyl chain have been
synthesized and tested for their antiplasmodial activity against chlroquine-sensitive
(Thai strain) and chloroquine-resistant (FcB1, K1 strains) P. falciparum strains. The
three most active compounds (compounds 1, 31, 36) which had a N-(2,3,4-trimethoxy-
benzyl)-N-ethanoyl-piperazine chain attached to the flavone at the 7-phenol group
(Figure 2.14), showed the ICsy values in micromolar to submicromolar range and

showed non-cytotoxicity upon the mammalian cells MCRS (13).
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Figure 2.14 Structure of flavonoid derivatives containing a piperazinyl chain (13).

From the previous study of chromone derivatives as HIV-1 PR inhibitors,
forty-six chromone derivatives with a benzopyran-4-one scaffold have been
synthesized and evaluated the in vitro inhibitory activity against HIV-1 PR using stop
time HPLC method as the preliminary screening (9). The inhibitory activity of these
compounds was in range of 10-97 % inhibition. The three most potent inhibitors were
chromones 31, 35 and 26 with ICsy = 0.34, 0.65 and 2.53 uM, respectively (Figure
2.15). It was found that ICs, of the most active chromone compound (chromone 31) is
4-fold lower potency than amprenavir (ICsy = 0.084 uM) (14). Therefore, these forty-
six chromone derivatives were selected to investigate their inhibitory activity against

PIm IT in this study.

Figure 2.15 The three most active HIV-1 PR inhibitors in chromone series.



Pradith Lerdsirisuk Literature Review / 22

2.3 Antimalarial activity assay

All several antimalarial activity in vitro assays are based on the
measurement of the effect of drugs or testing compounds on the growth and
multiplication of malaria parasites. The assay systems can be classified into three
groups according to the methods used to quantify malaria parasite growth in relation to
drug concentrations. First method is direct, visual counting of the schizonts stage of
malaria parasites against the total number of parasites under a microscope. This assay
is a simple method to evaluate the parasites growth inhibition. However, microscopic
or visual examination method is generally not popular due to it requires highly trained
personnel to limit individual variability in counting and assessing the developmental
stages of the parasites. Second method is incorporation of radioisotope precursors into
the parasites for determination of the level of malaria parasites growth inhibition. The
last one is non-radioactive methods, i.e., parasite lactate dehydorgenase (pLDH)
enzymatic assay and histidine-rich protein II (HRP2) assay. The common in vitro
assays for evaluation the inhibition of the parasites growth and their development are
summarized in Table 2.3 (45). Among these assays, the radioisotope assay is a well
suited method to screen the antimalarial candidate compounds. Due to the radioisotope
assay use the fewer periods for culture and drug incubation and the results are assessed
by the automatic equipment, this assay is one of rapid, suitable, sensitive and precise
method (15, 45).

The radioisotope assay is an in vitro assay based on the incorporation of
[*H]-hypoxanthine to determine the level of P. falciparum growth. [*’H]-hypoxanthine
is taken up by malaria parasite for purine salvage and DNA synthesis. The uptake
amounts of radiolabeled hypoxanthine are an indicator of parasites growth and their
multiplication. Incorporation of [*H]-hypoxanthine is quantified with a liquid pB-
scintillation counter as the signal count per minute (CPM). The percentage of
inhibition of parasite growth is calculated using the signal count per minute of treated

(CPMy) and untreated conditions (CPMy), as the following formula.

% inhibition of parasite growth = 100 x (CPMy - CPM1)/CPMy



Fac. of Grad. Studies, Mahidol Univ.

M.Sc. (Pharmaceutical Chemistry and Phytochemistry) / 23

The percentage of inhibition of parasite growth is used to plot as a function

of drug concentration. The inhibition concentration which killed 50% of parasites

(ICsp value) is usually determined by linear regression analyses on the linear segments

of dose response curve (46).

Table 2.3 The commonly used in vitro antimalarial activity assay.

In vitro assays Equipment The activity assessment
Microscopic or visual Counting the schizonts stage of the malaria
o Microscope ) ) )

examination method parasite against the total number of parasites.
o Measuring the uptake amounts of [3H]—

o Scintillation
Radioisotope method hypoxanthine, which correspond with the

counter
malaria parasite growth.

Spectrophotometry Measuring the enzymatic activities of pLDH

pLDH" enzymatic assay

micro plate reader

that correspond to the parasite viability.

HRP2" assay

ELISA plate

reader

Measuring the production of HRP2 that is
related with the parasite growth and

development.

*pLDH (parasite lactate dehydorgenase), HRP2 (histidine-rich protein II)
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CHAPTER I
MOLECULAR MODELING EXPERIMENTAL

3.1 Materials
1) Computers
Internet network, silicon graphics SGI Iris R800
Silicon graphic SGI O2 Webforce R5000 SC
Personal computer (PC) Intel core 2 duo

2) Softwares

AutoDock 4.0 for Windows (The Scripps Research Institute, USA)
SYBYL software version 8.0

EditPlus Text Edior version 2.30 (ES-computing, South Korea)
PyMol Molecular Graphics System version 1.3 (Schrodinger, USA)

3.2 Methods

1) Preparation and Validation of PIm Il template

Two x-ray crystal structures of PIm Il bound to inhibitors (PDB code
1SME and 1MEG6) were obtained from the Brookhaven Protein Database
(http://www.rscb.org) for using as the protein template (Table 3.1). The protein
templates were prepared for docking study by removing all the native ligand structures
and all water molecules from the complex structures. The polar hydrogen atoms were

added and Gasteiger charges were assigned to protein atoms.
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Table 3.1 The structure of ligands complexed in the crystal structures of PIm II.

PDB code Ligand Structure Resolution

O OH

Q OH H);\/o H
1ISME  IHN Ho)k:?"ﬁuy\:?"o u)t("ﬂ 27 A
O OH Hj;\/o H
IME6  IVS /\OJ\?NO uJ:QNTOI/Y 2.7 A

To ensure that the ligand orientations and positions obtained from the
docking studies were likely to represent valid and reasonable potential binding modes
of the inhibitors, the PIm 1l template was validated by re-docking and cross-docking
experiments. First, each ligand (IHN and 1VS) was docked into the orientation and
position of the ligand observed in the crystal structures. Second, cross-docking of each
ligand into the nonnative protein was undertaken. The grid maps for each atom type in
the ligands (A, C, HD, N, NA, OA, S, SA, F, and Cl)* and docking parameters were
set and calculated with AutoGrid 4 and AutoDock 4 respectively. All of parameters
used in template validation were shown in Table 3.2. These grid map parameters and
docking parameters were used for further PIm Il docking experiment. The root mean
square deviation (RMSD) values were obtained from the best cluster conformation of
the re-docking and cross-docking validation of PIm Il. The PIm Il protein template
which showed the lowest RMSD values, was selected for further docking studies of

chromone derivatives against PIm 1.

!Atom type: A (aromatic); C (carbon); HD (hydrogen donor); N (nitrogen); NA (nitrogen
acceptor; OA (oxygen acceptor); S (sulfur); SA (sulfur acceptor); F (fluorine); CI (chlorine)



Pradith Lerdsirisuk Molecular Modeling Experimental / 26

Table 3.2 Grid parameters and docking parameters.

Parameter
Number of point in X, y, z dimensions 40:54:40
Spacing (A) 0.375
Grid center center on ligand
Number of GA run 100
Population size 150
Maximum number of energy evaluations 2500000
Rate of gene mutation 0.02
Rate of crossover 0.8

2) Ligand preparation

The 3D molecular structures of all chromone compounds were modeled
with SYBYL 8.0 molecular modeling program (Tripos Associates, Saint Louis, MO)
on an Indigo Elan workstation (Silicon Graphics Inc., Mountain View, CA) using the
sketch approach. Each structure was energy minimized using the standard Tripos force
field (Powell method and 0.05 kcal/mole A energy gradient convergence criteria) and
electrostatic charge was assigned by the Gasteiger-Huckel method. These

conformations were used as starting conformations to perform docking simulation.

3) Docking studies of chromone derivatives with PIm |1

The preliminary screening of PIm Il inhibitory activity of the previously
synthesized forty-six chromone derivatives which have been evaluated for HIV-1 PR
inhibitory activity was performed by AutoDock 4.0 on Garibaldi platform at The
Scripps Research Institute. The docking results of each series of the chromone
derivatives were ranked by their binding energy against PIm Il and were filtered with
% inhibition against HIV-1 PR. Twenty chromone compounds which showed good

binding energy with PIm Il from docking study and high inhibitory activity against

HIV-1 PR (more than 70 % inhibition) were selected from 3-rings system (R;

substituted phenyl, R3 = H, CHs; chromones 1-30) and 4-rings system (R:
substituted phenyl, R; = substituted benzoyl; chromones 31-46). The entire twenty
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compounds were evaluated for antimalarial activity against P. falciparum by

microculture radioisotope technique.

4) Structural modification of chromone derivatives as PIm 1l
inhibitors

The new chromone structures were designed to obtain better binding
energy. The new chromone derivatives with hydroxyl groups at positions 6 and 7 of
chromone structure were designed and performed docking with PIm Il. The docking
study was performed to find out whether these compounds exhibited better binding
energy than the chromone compounds in the 3-rings system series (chromones 1-30).
Subsequently, the structures of chromone derivatives were modified by adding the
steric groups at both of hydroxyl group of the chromone structure. Seventy-two
modified chromone structures were docked to preliminary evaluate their PIm 1l
inhibitory activity. The binding energy and binding mode of each chromone
compound were analyzed to explore the interaction between the chromone structure
and amino acid residues in the active binding site of PIm II. Finally, nine modified
chromone derivatives were identified from the docking study and were selected to

synthesize and evaluate for antimalarial activity against P. falciparum.
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CHEMICAL EXPERIMENTAL

4.1 Equipment and chemicals

1) Equipments

Analytical balance model 2842

FTIR (FTIR 6700)

Magnetic stirrer (MR 3001K)

Mass spectrometer (ESI, microTOF)
Mass spectrometer (ESI, LCQ Fleet)
Melting point apparatus (Model 9100)

Nuclear Magnetic Resonance (NMR) spectrometer

Rotary evaporator

2) Chemicals

Acetic acid

Acetone

Aluminium chloride

Benzyl bromide
Chlorobenzene
3-Chlorobenzoyl chloride
4-Chlorobenzoyl chloride
DBU (1,8-diazabicyclo[5,4,0Jundec-7-ene)
3.,4-Dichlorobenzoyl chloride
Dichloromethane
Dimethylformamide
3,4-Dimethoxybenzoic acid

3,5-Dinitrobenzoyl chloride

Sartorius, Germany
Nicolet, USA

Heidolph, Germany
Bruker, Switzerland
Thermo, USA

Electrothermal, UK
Bruker, Switzerland

Buchi, Switzerland

Labscan, Thailand

Honeywell B&J, USA

Fluka, USA
Aldrich, USA
Carlo Erba, Italy
Aldrich, USA
Aldrich, USA
Fluka, Switzerland
Aldrich, USA
Labscan, Thailand
Labscan, Thailand
TCI, Japan
Aldrich, China
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EDAC.HCI [1-Ethyl-3-(3’-dimethylaminopropyl) AK Scientific, USA

carbodiimide.HCI]

Ethyl acetate

Hexane

HOBt (Hydroxylbenzotriazole)
Hydrochloric acid

Methanol

3-Methoxybenzoyl chloride
4-Methoxybenzoyl chloride
3-Nitrobenzoyl chloride
4-Nitrobenzoyl chloride
Potassium carbonate anhydrous
Sea sand

Silica gel Fys4 (0.2 mm)

Silica gel 60 No. 1.07734

Sodium sulfate anhydrous

Honeywell B&J, USA
Honeywell B&J, USA
AK Scientific, USA
E. Merck, Germany
Honeywell B&J, USA
Aldrich, USA
Aldrich, USA
Aldrich, USA
Aldrich, USA

Carlo Erba, France
Panreac, Barcelona
Merck, Germany
Merck, Germany

Merck, Germany

Sulfuric acid Merck, Germany
TEA (Triethylamine) Fisher Scientific, UK
2,4,5-Trimethoxyacetophenone Aldrich, India

4.2 Methods

The structures of intermediates, chromone 49 and chromone 49a-49i were
elucidated by melting point, infrared (IR), nuclear magnetic resonance ('H-NMR) and
mass spectrometry (MS). Melting points of these compounds were determined on an
Electrothermal model 9100 capillary melting point apparatus. Infrared (IR) spectra
were run on FTIR Nicolet 6700 in 4000-400 cm™ using the potassium bromide pellet
(KBr) technique. Proton nuclear magnetic resonance (‘"H-NMR) spectra were obtained
on an Advance 300 MHz NMR Spectroscopy (Bruker Switzerland). The NMR
solvents used were deuterated dimethylsulfoxide (DMSO-ds, 6 (CH3),SO = 2.50 ppm,
absorbed water H,O = 3.33 ppm), deuterated methanol (CD;0D, &8 CH;OH = 3.31,
4.78 ppm, absorbed water H,O = 4.90 ppm) and deuterated chloroform (CDCls, &
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CHCIl; = 7.25 ppm, absorbed water H,O = 1.50 ppm) (47). Low resolution mass
spectrometer (LRMS, LCQ Fleet, Thermo) and high resolution mass spectrometer
(HRMS, microTOF, Bruker) was applied to verify molecular weights of the

synthesized compounds.

1) 2,4,5-Trihydroxyacetophenone

A solution of 2,4,5-trimethoxyacetophenone (4.00 g, 19.03 mmol) in
chlorobenzene (20 mL) was treated with AICl; (6.60 g, 49.47 mmol) at room
temperature and then refluxed for 12 hours. Afterwards the solvent was evaporated.
The residue was carefully hydrolyzed with cooled 1 M HCI (50 mL) and extracted
with ethyl acetate (3 x 50 mL). The organic layer was washed with water (2 x 50 mL),
dried over with sodium sulfate anhydrous, and filtered. After evaporation, the crude
product was purified by column chromatography (methanol/dichloromethane
[0.5:9.5]) to provide 2,4,5-trihydroxyacetophenone as the pale yellow solid (2.42 g,
75.87 %); m.p. 206-207 °C; FTIR (KBr) (cm™): 3405, 3238 (O-H st.), 1634 (C=0 st.)
1589, 1536 (C=C st.), 1300, 1211, 1135 (C-O st.); '"H-NMR 300 MHz (CD;0OD): &
2.46 (s, 3H, CHj3), 6.27 (s, 1H, H3), 7.14 (s, IH, H6); HRMS (ESI) m/z calcd. for
CgHgO4, 168.0428 [M]", 167.0350 [M-H]"; found 167.0356 [M-H]"; TLC (silica gel
GF 254, methanol/dichloromethane [0.5:9.5]). R¢ of 2,4,5-trimethoxyacetophenone =
0.82, 2,4,5-trihydroxyacetophenone = 0.29.
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2) 4,5-Bisbenzyloxy-2-hydroxyacetophenone

To a solution of 2,4,5-trihydroxyacetophenone (1.50 g, 8.93 mmol) in
acetone (24 mL) was added anhydrous potassium carbonate (2.22 g, 16.07 mmol), and
the mixture was stirred at room temperature for 10 min. Then benzyl bromide was
added and the mixture was refluxed for 5 hours. After cooling to room temperature,
the solvent was evaporated and water was added to the residue. The aqueous mixture
was extracted with ethyl acetate (3 x 40 mL). The combine organic layer was washed
with water (2 x 40 mL), dried over with sodium sulfate anhydrous, and filtered. After
removing the solvent, the crude product was purified by column chromatography
(ethyl acetate/hexane [1:4]) to provide 4,5-bisbenzyloxy-2-hydroxy-acetophenone as
the white solid (2.18 g, 70.19 %); m.p. 99-100 °C; FTIR (KBr) (cm™): 3065, 3037
(aromatic C-H st.), 2867 (aliphatic C-H st.), 1633 (C=0O st.), 1510, 1455 (C=C st.),
1370 (C-H bending), 1263, 1210, 1166 (C-O st.); '"H-NMR 300 MHz (CDCl;): & 2.48
(s, 3H, CH3), 5.10 (s, 2H, Hb), 5.21 (s, 2H, Ha), 6.54 (s, 1H, H3), 7.19 (s, 1H, H6),
7.34-7.48 (m, 10H, H2', H3’, H4', H5', H6', H2"", H3"", H4"", H5", H6'"); LRMS (ESI)
m/z [M+Na]" 371.29 (46.0), 280.20 (100.0), 189.29 (10.0); TLC (silica gel GF 254,
ethyl acetate/hexane [1:1]). Ry of 2.4,5-trihydroxy acetophenone = 0.23, 4,5-
bisbenzylozy-2-hydroxyacetophenone = 0.62.
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3) 6,7-Dihydroxy-2-(3'-methoxyphenyl) chromone, 49.

The Baker-Venkataraman rearrangement was performed by added
potassium carbonate anhydrous (1.90 g, 13.79 mmol) to a solution of 4,5-bis-
benzyloxy-2-hydroxyacetophenone (1.20 g, 3.45 mmol) in acetone (25 mL), and the
mixture was stirred at room temperature for 20 min. Then 3-methoxybenzoyl chloride
(0.56 mL, 4.14 mmol) was added dropwise, and the mixture was refluxed for 24 hours.
Afterward the reaction mixture was allowed to room temperature, the solvent was
evaporated and water was added to the residue. The aqueous mixture was extracted
with ethyl acetate (3 x 40 mL). The organic layer was washed with water (2 x 40 mL),
dried over anhydrous sodium sulfate, and filtered. After removing the solvent, the
yellow residue of 1,3-diketone was obtained.

To a mixture of 1,3-diketone in glacial acetic acid (20 mL) was added
concentration sulfuric acid (0.28 mL), and the mixture was refluxed at 120 °C for 4
hours. Subsequently, the reaction mixture was poured into cool water and extracted
with ethyl acetate (3 x 40 mL). The organic layer was washed with water (2 x 40 mL),
dried over with sodium sulfate anhydrous, filtered and solvent was evaporated. The
crude product was purified by column chromatography (ethyl acetate/hexane [3:2]) to
provide pure compound as the pale yellow solid (547.4 mg, 55.89 %); m.p. 246-247
°C; FTIR (KBr) (cm™): 3495 (O-H st.), 3092 (aromatic C-H st.), 1630 (C=0 st.), 1602,
1590, 1471 (C=C st.), 1346 (C-H bending), 1293, 1145 (C-O st.); '"H-NMR 300 MHz
(DMSO-dg): 6 3.84 (s, 3H, OCH3), 6.85 (s, 1H, H3), 7.03 (s, 1H, H8), 7.12 (dd, J =
8.00, 2.35 Hz, 1H, H4"), 7.28 (s, 1H, HS), 7.45 (t, J = 8.00 Hz, 1H, H5"), 7.52 (s, 1H.
H2"), 7.59 (d, J = 8.00 Hz, 1H, H6"); HRMS (ESI) m/z calcd. for C,cH;,0s, 284.0681
[M]", 285.0759 [M+H]"; found 285.0755 [M+H]"; TLC (silica gel GF 254, ethyl
acetate/hexane [3.5:1.5]). R¢ of 4,5-bisbenzylozy-2-hydroxyacetophenone = 0.75,
chromone 49 = 0.19.
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4) 6-(3""-Methoxybenzoate)-7-(3""-methoxybenzoate)-2-(3'-methoxy-

phenyl) chromone, 49a.

To a solution of chromone 49 (80.0 mg, 0.28 mmol) in 5 mL of dry
dimethylformamide (DMF) was added DBU (0.12 mL, 0.77 mmol), and the mixture
was stirred at room temperature for 15 min. Then 3-methoxybenzoyl chloride (0.09
mL, 0.63 mmol) was added dropwised, and the reaction mixture was stirred at room
temperature for 1 hour and then poured into water (25 mL). The aqueous mixture was
filtered. The residue was washed with water (100 mL) and ethylacetate (20 mL) to
afford white solid. The white solid residue was purified by column chromatography
(ethyl acetate/dichloromethane [0.5:9.5]) to provide pure chromone 49a as the white
powder (90.7 mg, 57.26 %); m.p. 197-198 °C; FTIR (KBr) (cm™) : 3076 (aromatic C-
H st.), 2962, 2835 (aliphatic C-H st.), 1742, 1654 (C=0 st.), 1604, 1489 (C=C st.),
1449, 1347 (C-H bending), 1274, 1221, 1147 (C-O st.); '"H NMR 300 MHz (CDCl3): &
3.73 (s, 3H, OCH3), 3.84 (s, 3H, OCH3), 3.93 (s, 3H, OCHs), 6.86 (s, 1H, H3), 7.12-
7.18 (m, 3H, H4', H4"", H4"""), 7.26-7.38 (m, 2H, H5", H5'""), 7.45-7.60 (m, 5H, H2',
H5', H6', H2"", H2""") ,7.69 (d, J = 7.61 Hz, 1H, H6'""), 7.74 (d, J = 7.61 Hz, 1H, H6'"")
7.81 (s, 1H, HS8), 8.23 (s, 1H, H5); LRMS (ESI) m/z (relative intensity): [M+H]"
553.36 (100.0), 510.01 (51.0), 401.15 (95.0), 269.10 (62.0); HRMS (ESI) m/z calcd.
for C3,H2409, 552.1413 [M]", 575.1311 [M+Na]"; found 575.1323 [M+Na]"; TLC
(silica gel GF 254, ethyl acetate/hexane [3.5:1.5]). R¢ of chromone 49 = 0.19,

chromone 49a = 0.60.
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5) 6-(4""-Methoxybenzoate)-7-(4""-methoxybenzoate)-2-(3'-methoxy-
phenyl) chromone, 49b.

5"

H;CO 4"~ _ &
1"
o
3"
Q\f s O

H,CO %

Chromone 49b was synthesized using the same procedure as described for
chromone 49a from 4-methoxybenzoyl chloride (0.09 mL, 0.68 mmol), DBU (0.10
mL, 0.70 mmol) and chromone 49 (80.0 mg, 0.28 mmol). After the reaction and
purification by column chromatography (ethyl acetate/dichloromethane [0.5:9.5]), the
desired chromone 49b was obtained as a white powder (84.5 mg, 54.35 %); m.p. 201-
202 °C; FTIR (KBr) (cm™): 3068 (aromatic C-H st.), 2945, 2831 (aliphatic C-H st.),
1733, 1655 (C=0 st.), 1607, 1511 (C=C st.), 1451, 1370 (C-H bending), 1256, 1175,
1161, 1063 (C-O st.); 'H-NMR 300 MHz (CDCls): & 3.84 (s, 3H, OCH3), 3.86 (s, 3H,
OCH3), 3.90 (s, 3H, OCH3), 6.83 (s, 1H, H3), 6.83-6.86 (m, 2H, H3"', H5""), 6.89 (d, J
=8.97 Hz, 2H, H3""'", H5"""), 7.07-7.10 (m, 1H, H4'"), 7.41-7.46 (m, 2H, H2', H5"), 7.50
(d, J=7.92 Hz, 1H, H6"), 7.74 (s, 1H, H8), 8.00 (d, J = 8.97 Hz, 2H, H2", H6""), 8.05
(d, J = 8.96 Hz, 2H, H2"’", H6'"), 8.17 (s, 1H, HS5); LRMS (ESI) m/z (relative
intensity): [M+H]" 553.18 (100.0), 510.35 (16.0), 401.45 (46.0); HRMS (ESI) m/z
caled. for C3Ha40o, 552.1413 [M]", 575.1311 [M+Na]"; found 575.1334 [M+Na]’;
TLC (silica gel GF 254, ethyl acetate/hexane [3.5:1.5]). R¢ of chromone 49 = 0.19,
chromone 49b = 0.57.
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6) 6-(3",4""-Dimethoxybenzoate)-7-(3",4"""-dimethoxybenzoate)-2-(3'-

methoxyphenyl) chromone, 49c.

5
HaCOE A 6"
v
0
HﬁOQ@Y e

HsCOG.

H,CO7Z

The mixture of 3,4-dimethoxybenzoic acid (0.12 g, 0.68 mmol),
EDAC.HCI (0.13 g, 0.68 mmol), HOBt (0.08 g, 0.56 mmol) was stirred in
dichloromethane (3 mL) at room temperature for 15-30 min. To this mixture,
chromone 49 (80 mg, 0.28 mmol) in dry dimethylformamide (3 mL) was added. Then,
TEA (0.09 mL, 0.68 mmol) was added as a catalyst and the reaction mixture was
allowed to stir at room temperature for 4 hours. Afterward, the reaction mixture was
poured into water and extracted with dichloromethane (3 x 20 mL). The combined
organic layers were washed with water (2 x 20 mL), dried over with sodium sulfate
anhydrous, filtered and removed organic solvent. The crude product was purified by
column chromatography (ethyl acetate/dichloromethane [0.5:9.5]) to yield chromone
49¢c as the white powder (95.5 mg, 55.42 %); m.p. 188-189 °C; FTIR (KBr) (cm™):
3076 (aromatic C-H st.), 2925, 2831 (aliphatic C-H st.), 1742, 1654 (C=0 st.), 1602,
1517 (C=C st.), 1453, 1347 (C-H bending), 1295, 1271, 1218, 1172, 1145, 1084 (C-O
st.); "TH-NMR 300 MHz (CDCls): & 3.78 (s, 3H, OCH3), 3.86 (s, 3H, OCH3), 3.92 (s,
3H, OCH3), 3.94 (s, 3H, OCH3), 3.96 (s, 3H, OCH3), 6.83-6.86 (m, 1H, H5"), 6.86 (s,
1H, H3) 6.88 (d, J = 8.50 Hz, 1H, H5'""), 7.10-7.13 (m, 1H, H4"), 7.44-7.49 (m, 2H,
H2', H5"), 7.52-7.54 (m, 2H, H6', H2""), 7.58 (d, J = 2.00 Hz, 1H, H2'""), 7.75 (dd, J =
8.48, 1.97 Hz, 1H, H6"), 7.79 (s, 1H, H8), 7.80 (dd, J = 8.50, 2.00 Hz, 1H, H6'""),
8.21 (s, 1H, H5); LRMS (ESI) m/z (relative intensity): [M+H]" 613.35 (100.0), 583.57
(50.0), 307 (59.0), 305 (74.0); HRMS (ESI) m/z calcd. for C34H0y;, 612.1623 [M],
635.1521 [M+Na]’; found 635.1557 [M+Na]’; TLC (silica gel GF 254, ethyl
acetate/hexane [3.5:1.5]). R¢ of chromone 49 = 0.19, chromone 49¢ = 0.49.
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7) 6-(3""-Chlorobenzoate)-7-(3'""-chlorobenzoate)-2-(3'-methoxyphenyl)

chromone, 49d.

Chromone 49d was synthesized using the same procedure as described for
chromone 49a from 3-chlorobenzoyl chloride (0.09 mL, 0.68 mmol), DBU (0.10 mL,
0.70 mmol) and chromone 49 (80.0 mg, 0.28 mmol). After the reaction and
purification by column chromatography (ethyl acetate/dichloromethane [0.5:9.5]), the
desired chromone 49d was obtained as a white powder (64.8 mg, 41.00 %); m.p. 211-
212 °C; FTIR (KBr) (cm™): 3071 (aromatic C-H st.), 2834 (aliphatic C-H st.), 1747,
1633 (C=0 st.), 1608, 1572, 1486 (C=C st.), 1450, 1343 (C-H bending), 1255, 1242,
1146 (C-O st.); '"H-NMR 300 MHz (CDCls): & 3.91 (s, 3H, OCH3), 6.85 (s, 1H, H3),
7.10 (ddd, J = 7.96, 2.52, 1.22 Hz, 1H, H4'), 7.33-7.42 (m, 2H, H5"', H5""" ), 7.43-7.48
(m, 2H, H2', HS'), 7.51 (dt, J = 7.86, 1.39 Hz, 1H, H6'), 7.54-7.60 (m, 2H, H4",
H4""), 7.79 (s, 1H, HS8), 7.93-8.01 (m, 3H, H2"”, H6", H6"""), 8.06 (t, J = 1.72 Hz, 1H,
H2'""), 8.22 (s, 1H, H5); LRMS (ESI) m/z (relative intensity): [M+H]" 561.73 (100.0),
405.39 (49.0); HRMS (ESI) m/z caled. for C3oH30,Cly, 560.0423 [M]", 583.0321
[M+Na]"; found 583.0348 [M+Na]"; TLC (silica gel GF 254, ethyl acetate/hexane
[3.5:1.5]). R¢ of chromone 49 = 0.19, chromone 49d = 0.63.
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8) 6-(4""-Chlorobenzoate)-7-(4"""-chlorobenzoate)-2-(3'-methoxyphenyl)

chromone, 49e.

Chromone 49e was synthesized using the same procedure as described for
chromone 49a from 4-chlorobenzoyl chloride (0.09 mL, 0.68 mmol), DBU (0.10 mL,
0.7042 mmol) and chromone 49 (80.0 mg, 0.28 mmol). After the reaction and
purification by column chromatography (ethyl acetate/dichloromethane [0.5:9.5]), the
desired chromone 49e was obtained as a white powder (62.4 mg, 39.48 %); m.p. 251-
252 °C; FTIR (KBr) (cm™): 3064 (aromatic C-H st.), 2925, 2834 (aliphatic C-H st.),
1749, 1650 (C=0 st.), 1593, 1489 (C=C st.), 1450 (C-H bending), 1258, 1069 (C-O
st.); '"H-NMR 300 MHz (CDCls): & 3.90 (s, 3H, OCHs), 6.84 (s, 1H, H3), 7.10 (ddd, J
=791, 2.51, 1.23 Hz, 1H, H4"), 7.36-7.47 (m, 6H, H2', H5', H3"", H5", H3"", H5'"""),
7.51 (dt, J =7.90, 1.40 Hz, 1H, H6"), 7.75 (s, 1H, HS8), 7.98 (d, J = 8.67 Hz, 2H, H2",
He6'), 8.02 (d, J = 8.67 Hz, 2H, H2"', H6'"") 8.19 (s, 1H, H5); LRMS (ESI) m/z
(relative intensity): [M+H]" 561.68 (83.0), [M]" 560 (100.0) 405.29 (93.0); HRMS
(ESI) m/z caled. for C30H307Cly, 560.0423 [M]", 583.0321 [M+Na]"; found 583.0342
[M+Na]"; TLC (silica gel GF 254, ethyl acetate/hexane [3.5:1.5]). Rt of chromone 49
=0.19, chromone 49e = 0.63.
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9) 6-(3",4"-Dichlorobenzoate)-7-(3",4""-dichlorobenzoate)-2-(3'-methoxy-
phenyl) chromone, 49f.

Chromone 49f was synthesized using the same procedure as described for
chromone 49a from 3,4-dichlorobenzoyl chloride in dry dimethylformamide (0.14 g,
0.68 mmol), DBU (0.10 mL, 0.70mmol) and chromone 49 (80.0 mg, 0.28 mmol).
After purification by column chromatography (ethyl acetate/dichloromethane
[0.5:9.5]), the desired chromone 49f was obtained as a white powder (66.7 mg, 37.58
%); m.p. 254-255 °C; FTIR (KBr) (cm): 3072 (aromatic C-H st.), 2941, 2834
(aliphatic C-H st.), 1752, 1662 (C=0 st.), 1625, 1491 (C=C st.), 1451, 1342 (C-H
bending), 1270, 1238, 1077 (C-O st.); '"H-NMR 300 MHz (CDCl): & 3.84 (s, 3H,
OCH3), 6.78 (s, 1H, H3), 7.02-7.06 (m, 1H, H4"), 7.36-7.50 (m, 5H, H2', HS’, H6',
H5", H5"") 7.70 (s, 1H, HS8), 7.82 (dd, J = 8.40, 2.02 Hz, 1H, H6""), 7.86 (dd, J = 8.40,
2.01 Hz, 1H, H6""), 8.03 (d, J = 2.02 Hz, 1H, H2"), 8.09 (d, J = 2.01 Hz, 1H, H2'"),
8.14 (s, 1H, H5); LRMS (ESI) m/z (relative intensity): [M+H]" 628 (100.0), 516.46
(79.0), 404.43 (10.0); HRMS (ESI) m/z caled. for C3oH407Cly, 627.9643 [M]’,
650.9541 [M+Na]’; found 650.9589 [M+Na]’; TLC (silica gel GF 254, ethyl
acetate/hexane [3.5:1.5]). Ry of chromone 49 = 0.19, chromone 49f = 0.66.
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10) 6-(3"-Nitrobenzoate)-7-(3"'-nitrobenzoate)-2-(3'-methoxyphenyl)

chromone, 49g.

Chromone 499 was synthesized using the same procedure as described for
chromone 49a from 3-nitrobenzoyl chloride in dry dimethylformamide (0.13 g, 0.70
mmol), DBU (0.10 mL, 0.70 mmol) and chromone 49 (80.0 mg, 0.28 mmol). After the
reaction and purification by column chromatography (ethyl acetate/dichloromethane
[0.5:9.5]), the desired chromone 49g was obtained as a white powder (37.9 mg, 23.12
%); m.p. 225-226 °C; FTIR (KBr) (cm™): 3080 (aromatic C-H st.), 2941, 2834
(aliphatic C-H st.), 1754, 1660 (C=0 st.), 1619, 1533 (C=C st.), 1451 (C-H bending),
1351 (C-N st.), 1255, 1145, 1109 (C-O st.); '"H-NMR 300 MHz (CDCls): & 3.91 (s,
3H, OCH,), 6.86 (s, 1H, H3), 7.10-7.13 (m, 1H, H4'), 7.44-7.53 (m, 3H, H2', HY',
H6'),7.68 (t, J = 7.66 Hz, 1H, H5"), 7.70 (t, J = 7.58 Hz, 1H, H5"""), 7.85 (s, 1H, HS),
8.28 (s, 1H, HS), 8.42-8.49 (m, 4H, H4"", H4""", H6", H6'""), 8.84 (t, J = 1.86 Hz, 1H,
H2"), 8.90 (t, J = 1.86 Hz, 1H, H2"""); LRMS (ESI) m/z (relative intensity): [M+H]"
583.59 (98.0), [M]" 582.55 (100.0), 416.18 (48.0),; HRMS (ESI) m/z calcd. for
C30H115011N3, 582.0905 [M]", 605.0803 [M+Na]"; found 605.0852 [M+Na]"; TLC
(silica gel GF 254, ethyl acetate/hexane [3.5:1.5]). R¢ of chromone 49 = 0.19,
chromone 499 = 0.60.
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11) 6-(4""-Nitrobenzoate)-7-(4""-nitrobenzoate)-2-(3'-methoxyphenyl)

chromone, 49h.

O,N%

Chromone 49h was synthesized using the same procedure as described for
chromone 49a from 4-nitrobenzoyl chloride in dry dimethylformamide (0.13 g, 0.70
mmol), DBU (0.10 mL, 0.70 mmol) and chromone 49 (80.0 mg, 0.28 mmol). After the
reaction and purification by column chromatography (ethyl acetate/dichloromethane
[0.5:9.5]), the desired chromone 49h was obtained as a white powder (45.3 mg, 27.63
%); m.p. 259-260 °C; FTIR (KBr) (cm™): 3108, 3071 (aromatic C-H st.), 2834
(aliphatic C-H st.), 1750, 1657 (C=0 st.), 1608, 1523 (C=C st.), 1450 (C-H bending),
1348 (C-N st.), 1263, 1143, 1083 (C-O st.); '"H-NMR 300 MHz (CDCls): & 3.91 (s,
3H, OCH,), 6.86 (s, 1H, H3), 7.12 (ddd, J = 7.83, 2.50, 1.34 Hz, 1H, H4'"), 7.44-7.53
(m, 3H, H2', H5', H6"), 7.77 (s, 1H, HS8), 8.24 (s, 1H, H5), 8.26-8.29 (m, 8H, H2",
H2'™', H3", H3"', H5"”, H5'", H6", H6""); LRMS (ESI) m/z (relative intensity):
[M+H]" 583.16 (100.0), 536.26 (37.0), 416.23 (75.0), 388.26 (44.0); HRMS (ESI)
m/z caled. for C3H;3011N,, 582.0905 [M]", 605.0803 [M+Na]"; found 605.0848
[M+Na]"; TLC (silica gel GF 254, ethyl acetate/hexane [3.5:1.5]). Rt of chromone 49
=0.19, chromone 49h = 0.64.
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12) 6-(3",5"-Dinitrobenzoate)-7-(3",5"'-dinitrobenzoate)-2-(3’'-methoxy-
phenyl) chromone, 49i.

Chromone 49i was synthesized using the same procedure as described for
chromone 49a from 3,5-dinitrobenzoyl chloride in dry dimethylformamide (0.16 g,
0.68 mmol), DBU (0.10 mL, 0.70 mmol) and chromone 49 (80.0 mg, 0.28 mmol).
After purification by column chromatography (ethylacetate/dichloromethane
[0.5:9.5]), the desired chromone 49i was obtained as a yellow powder in the small
amount and was not pure which might be due to hydrolysis of 49i during purification

step.
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CHAPTER V
BIOLOGICAL EXPERIMENTAL

5.1 Equipment and chemicals
1) Equipments

Analytical balance model CP225D

Flat bottom 96-well plate

Micropipettes 2-20 puL

Micropipettes 20-200 pL

TopCount NXT Microplate Scintillation

and Luminescence Counters

2) Chemicals
Dihydroartemisinine
DMSO (Dimethyl sulfoxide)

Sartorius, Germany
Corning, USA
Biologix oyj, Finland
Biologix oyj, Finland
Perkin Elmer, USA

BIOTEC, Thailand
RCI Labscan, Thailand

HEPES Sigma, USA
[*H]-hypoxanthine monohydrochloride Perkin Elmer, USA
Mefloquine Sigma, USA
RPMI-1640 medium Gibco, USA
(Roswell Park Memorial Institute medium)

Sodium bicarbonate Fluka, USA

5.2 Method

The antimalarial activity test was performed by microculture radioisotope
method. The malaria parasite, P. falciparum (K1, multi-drug resistant strain), was
cultivated in vitro conditions, according to Trager and Jensen (48), in RPMI 1640
medium containing 20 mM HEPES (N-2-hydroethylpiperazine-N’-2-ethanesulfonic
acid), 32 nM NaHCO3 and 10% heat activated human serum with 3% erythrocytes, in
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humidified 37°C incubator with 3% CO,. The culture was passaged with fresh mixture
of erythrocytes and medium for every day to maintain cell growth.

Quantitative assessment of antimalarial activity in vitro was determined by
microculture radioisotope technique based upon the methods described by Desjardins
et al (16). In brief, a mixture of 200 uL of 1.5% erythrocytes with 1% parasitemia at
the early ring stage was pre-exposed to 25 uL of the medium containing a test sample
dissolved in 1 % DMSO (0.1% final concentration) for 24 hours. Subsequently, 25 uL
of [*H]-hypoxanthine in culture medium (0.5 uCi) was added to each well and the
plates were incubated for an additional 24 hours. Levels of incorporated radioactive
labeled hypoxanthine, indicating parasite growth, were determined using the
TopCount NXT Microplate Scintillation and Luminescence Counters (Perkin Elmer,
USA). The percentage of parasite growth was calculated using the signal count per
minute of treated (CPM+) and untreated conditions (CPMy), by this formula.

% parasite growth = CPM+1/CPMy x 100

The inhibition concentration which killed the parasite was obtained from

the calculation by the following equation:

C G, -50
[log(d) X<G2 - GI)} +log (Cy)
ICqy =10

C1 is concentration of sample with % parasite growth < 50
C2 is concentration of sample with % parasite growth > 50
G1 is the percentage of parasite growth at C1
G2 is the percentage of parasite growth at C2

Dihydroartemisinine (DHA) and mefloquine (MEF) were used as the
positive controls. The negative control was 0.1% DMSO. All of chromone compounds
were dissolved in 100 % of DMSO as the stock solution at concentration 10 mg/mL.
The tested concentrations of chromone compounds were 10, 1 and 0.1 pg/mL in

duplicate experiment for evaluating the % parasite growth.
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CHAPTER VI
RESULTS AND DISCUSSION

The aim of this study is to design and synthesize the chromone derivatives
as non-peptidomimetic Plm II inhibitors. The research study was initiated from the
preliminary screening of the Plm II inhibitory activity of forty-six chromone
derivatives that have been previously synthesized and evaluated as HIV-1 PR
inhibitors. The screening study was performed by using docking simulation technique
with AutoDock 4.0 program. Chromone derivatives which showed good binding
energy with PIm II and high HIV-1 PR inhibitory activity (more than 70 % inhibition)
were selected to evaluate for their antimalarial activity against P. falciparum (K1
multi-drug resistant strain) by using the microculture radioisotope method. Based on
the docking study of chromone core structure, a new series of chromone derivatives
which have the hydroxyl groups at positions 6 and 7 of the chromone structure were
designed and performed docking study with the Plm II. The results of docking
simulation of the six new chromone derivatives showed the slightly better binding
energy than the selected chromone derivatives from the 3-rings system series. These
compounds were further structure modified by adding the steric groups at positions 6
and 7. Seventy-two modified chromone structures were docked and screened to find
the new potent chromone derivatives as Plm II inhibitors. From the screening results,
nine modified chromone derivatives (chromones 49a-49i) were identified and selected
for synthesis. The synthesis route of these nine modified chromone derivatives was
mainly divided into two parts. Firstly, the chromone core structure was prepared by
Baker-Venkataraman rearrangement and subsequence intramolecular cyclization with
a catalytic amount of strong acid. Secondly, the esterification at positions 6 and 7 of
the chromone structure was performed to provide the designed chromone derivatives.
Finally, the synthesized chromones were also evaluated their antimalarial activity

against P. falciparum. The scope of this research study was summarized in Figure 6.1.
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Figure 6.1 The summary diagram of screening process.
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6.1 Molecular modeling

The docking simulation study was performed by using AutoDock 4.0
software (The Scripps Research Institute) to assess the interaction between the
designed chromone structures and macromolecular targets (Plm II crystal structure).
Conformations of the ligands evaluated with AutoDock program were allowed to be

flexible while the macromolecular target was fixed.

1) Preparation and Validation of Plm II template

The Plm II template was prepared and validated by re-docking and cross-
docking experiments. Two X-ray crystal structures of PIm II PDB code 1SME and
IMEG6 were selected to study. The validation results of re-docking and cross-docking

were shown in Table 6.1.

Table 6.1 Validation results of Plm II template.

AutoDock 4.0°
) Ligand
PDB code Ligand %Member RMSD
cluster ]
in cluster (A)
number

O OH

0 OH Hm)\ n\'g\/o .
“°J\:Ff ! ”J\:Ff ! ”)‘IW 1 81 0.35

IHN (re-docking)

(o] OH H (o} H
ISME ~ NWIHJINW
o o 1 13 0.64

IVS (cross-docking)

O OH nj;( o) f
o B¢
J\ij o " Tol/\r ] 56 0.49

IVS (re-docking)
IME6

O OH

HOo I§ H\HJ\N nj;(NjS/\nW
o " o M o 2 29 2.58

IHN (cross-docking)

"GA run = 100, population = 150, max num. of energy evaluation = 2500000 per run
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The results of validation of Plm II as a protein template showed the
template with PDB code 1SME was the good model with the RMSD values of re-
docking and cross-docking less than 2.0 A and lower than the RMSD values from the
re-docking and cross-docking of IMEG6. Therefore the X-ray crystal structure of PIm II
with PDB code 1SME was used as a protein template in the further docking studies.

2) Docking studies of chromone derivatives with Plm 11

The preliminary screening of the PIm II inhibitory activity of the forty-six
previously synthesized chromone derivatives were performed by using AutoDock 4.0
program on Garibaldi platform at The Scripps Research Institute. The studied
chromone derivatives were classified into 2 series; 3-rings system (R, = substituted
phenyl, R; = H, CH3; chromones 1-30) and 4-rings system (R, = substituted phenyl, R
= substituted benzoyl; chromones 31-46). The structures of the chromone derivatives
and their binding energy docking with PIm II (PDB code 1SME) were shown in Table
6.2. The results of docking study of the chromones in 3-rings system (chromones 1-
30) and 4-rings system (chromones 31-46) showed the binding energy between -6.13
to -10.36 kcal/mole and -10.56 to -13.24 kcal/mole, respectively.

The docking results of each series of the chromone derivatives were
ranked by their binding energy against PIm II and were filtered with % inhibition
against HIV-1 PR. Twenty chromone compounds which showed good binding energy
with Plm II from docking study and high inhibitory activity against HIV-1 PR (more
than 70 % inhibition) were selected from the two series (Table 6.3) for evaluating the

antimalarial activity against P. falciparum.



Pradith Lerdsirisuk

Results and Discussion / 48

Table 6.2 Structures and binding energy of chromone derivatives with Plm II (ISME).

Rs O

Re A R;

i |

R7 7Y, (1) R,
R
Chromone R, R; Rs R; R; Ry Binding Energy
(kcal/mole)
1 Phenvl H H H H OH -7.41
2 CH, H H H OH OH -7.06
3 Benzyl H H H OH OH -8.86
4 Phenyl H H H OH OH -8.16
5 CHx H H H OH H -6.13
6 Benzyl H H H OH H -8.06
7 Benzyl CHx H H OH H -8.39
8 Phenyl H H H OH H -7.46
9 Phenyl CHx H H OH H -7.61
10 4'-(NO»)-Phenyl H H H OH H -8.70
11 3'~<(CF-)-Phenyl H H H OH H -8.44
12 4'-(F)-Phenyl H H H OH H -7.31
13 3'.5'-(diNO,)-Phenyl H H H OH H -9.72
14 3'-(Cl)-Phenyl H H H OH H -7.96
15 3’ 4’-(diCl)-Phenyl H H H OH H -7.99
16 4'-(t-butyl)-Phenyl H H H OH H -8.37
17 3'-(CF2)-Phenyl H OH H OH H -8.60
18 4'~(F)-Phenyl H OH H OH H -8.32
19 3’ 4'-(diF)-Phenyl H OH H OH H -8.54
20 4'-(t-butyl)-Phenyl H OH H OH H -8.87
21 4'-(NO,)-Phenyl H OH H OH H -9.03
22 3'5'-(diNO»)-Phenyl H OH H OH H -10.36
23 3'-(CD-Phenyl H OH H OH H -8.27
24 3’ 4'-(diCl)-Phenvl H OH H OH H -8.89
25 4'-(OCH»)-Phenyl H OH H OH H -8.70
26 3’<(OCH»)-Phenyl H OH H OH H -8.93
27 3’-(OCH-x)-Phenyl H H OH H H -7.95
28 3'-(Cl)-Phenyl H H OH H H -7.64
29 4'-(F)-Phenyl H H OH H H -7.46
30 3'~(CF-)-Phenyl H H OH H H -7.90
31 3'-(CF-)-Phenyl 3"-(CF»)-Benzovl H H OH OH -12.53
32 3'<(Cl)-Phenyl 3"-(CD-Benzoyl H H OH OH -11.73
33 3'-(OCHx»)-Phenyl 3"-(OCH»)-Benzoyl H H OH OH -11.83
34 4'-(F)-Phenyl 4"-(F)-Benzovl H H OH OH -10.83
35 4'-(NO»)-Phenyl 4"-(NO)-Benzovl H H OH OH -13.24
36 4'-(OCHa)-Phenvl 4"-(OCH:)-Benzoyl H H OH OH -12.40
37 3’ 4'-(diF)-Phenyl 3"4"-(diF)-Benzoyl H H OH H -10.56
38 3'-(CFz)-Phenyl 3"-(CF»)-Benzovl H H OH H -11.84
39 3'<(Cl)-Phenyl 3"-(CD-Benzoyl H H OH H -10.98
40 3'-(OCHx»)-Phenyl 3"-(OCH»)-Benzoyl H H OH H -11.74
41 4'-(F)-Phenyl 4"-(F)-Benzovl H H OH H -10.21
42 4'-(NO»)-Phenyl 4"-(NO»)-Benzoyl H H OH H -11.79
43 4'-(OCH»)-Phenyl 4"-(OCH»)-Benzoyl H H OH H -11.24
44 4'-(t-butyl)-Phenyl 4"-(t-butyl)-Benzoyl H H OH H -12.21
45 3’-(OCHax)-Phenyl 3"-(OCH:)-Benzoyl OH H OH H -12.28
46 4'-(NO»)-Phenyl 4"-(NO»)-Benzovl OH H OH H -13.03
Pepstatin A -13.78
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Table 6.3 Twenty chromone compounds which showed good binding energy and high
inhibitory activity against HIV-1 PR (more than 70 % inhibition).

Rs O

Re A o R,s
R7TY, O l R,
R
Chromone R, R, R R, R, Ry Binding Energy
(kcal/mole)
3 Benzyl H H H OH OH -8.86
4 Phenyl H H H OH OH -8.16
16 4'-(t-butyl)-Phenyl H H H OH H -8.37
17 3'-(CF;)-Phenyl H OH H OH H -8.60
18 4'-(F)-Phenyl H OH H OH H -8.32
19 3',4'-(diF)-Phenyl H OH H OH H -8.54
20 4'-(t-butyl)-Phenyl H OH H OH H -8.87
23 3'-(Cl)-Phenyl H OH H OH H -8.27
24 3',4'-(diCl)-Phenyl H OH H OH H -8.89
25 4'-(OCHj;)-Phenyl H OH H OH H -8.70
26 3'-(OCHjz)-Phenyl H OH H OH H -8.93
27 3’-(OCHj;)-Phenyl H H OH H H -7.95
31 3'-(CF;)-Phenyl 3"-(CF;)-Benzoyl H H OH OH -12.53
34 4'-(F)-Phenyl 4"-(F)-Benzoyl H H OH OH -10.83
35 4'-(NO,)-Phenyl 4"-(NO,)-Benzoyl H H OH OH -13.24
37 3',4'-(diF)-Phenyl 3".4"-(diF)-Benzoyl H H OH H -10.56
38 3'-(CF;)-Phenyl 3"-(CF;)-Benzoyl H H OH H -11.84
42 4'-(NO,)-Phenyl 4"-(NO,)-Benzoyl H H OH H -11.79
44 4'-(t-butyl)-Phenyl 4"-(t-butyl)-Benzoyl H H OH H -12.21
46 4'-(NO,)-Phenyl 4"-(NO,)-Benzoyl OH H OH H -13.03
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3) Structural modification of chromone derivatives as Plm II
inhibitors

Based on the previous docking study, new chromone derivatives, which
have hydroxyl groups at positions 6 and 7 of chromone structure, were designed and
performed docking against Plm II. The docking study was performed to find out
whether these compounds exhibit better binding energy than the chromone compounds
in the 3-rings system series (chromones 1-30). The results of these compounds were

shown in Table 6.4.
Table 6.4 Structures of the chromone derivatives (47-52) and their binding energy.

|
HO™ 7 0" 'R,

2

Chromone R, R; Binding Energy (kcal/mole)
47 4'-(NO,)-Phenyl H -9.40
48 4'-(t-butyl)-Phenyl H -8.84
49 3'-(OCHj;)-Phenyl H -8.89
50 3'~(CF;)-Phenyl H -8.77
51 Benzyl H -8.75
52 3’-(NO,)-Phenyl H -9.31

The results of docking simulation of chromones 47-52 showed the slightly
better binding energy than the chromone compounds in the 3-rings system series.
Therefore, chromones 47-52 were subjected to structural modification by adding the
steric groups at the both hydroxyl groups to gain the better binding energy (Table 6.5).

The structural modifications of unmodified chromones 47, 49, 50 and 52
led to the better binding energy than the unmodified chromones and pepstatin A.
However, the binding energies of modified chromones were slightly different.
Although chromones 47 and 47a-47i (R, = 4'-(NO,)-phenyl) exhibited the best
binding energy with PIm II, chromones 47 and 47a-47i were not selected to synthesize
and evaluate because the synthesis of chromones with R, = 4’-(NO,)-phenyl usually
gave low % yield of the desired product. Therefore, only nine modified chromone
derivatives (49a-49i) were chosen to synthesize due to the modified chromones 49 (R,

= 3'-(OCHj3)-phenyl) were easier and less cost for synthesis.
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Table 6.5 Structures of the modified chromone derivatives and their binding energy.

o
RsO”7 (o) l R,

Compound R, R; R¢ Bi?l((lci:lg/n]?(l:lee I;gy
47a 4'-(NO,)-Phenyl H 3""-(OCH;)-benzoyl -14.43
47b 4'-(NO,)-Phenyl H 4""'-(OCH3;)-benzoyl -14.31
47¢ 4'-(NO,)-Phenyl H 3"".,4"'-(diOCHj;)-benzoyl -15.52
47d 4'-(NO,)-Phenyl H 3""-(Cl)-benzoyl -14.34
47e 4'-(NO,)-Phenyl H 4""-(Cl)-benzoyl -14.16
47f 4'-(NO,)-Phenyl H 3".4"'-(diCl)-benzoyl -14.71
47¢g 4'-(NO,)-Phenyl H 3""-(NO,)-benzoyl -15.65
47h 4'-(NO,)-Phenyl H 4""-(NO,)-benzoyl -15.09
47i 4'-(NO,)-Phenyl H 3",5"-(diNO,)-benzoyl -15.11
48a 4'-(t-butyl)-Phenyl H 3""-(OCH3;)-benzoyl -12.32
48b 4'-(t-butyl)-Phenyl H 4""-(OCHj;)-benzoyl -11.35
48¢ 4'-(t-butyl)-Phenyl H 3" 4""-(diOCHj3)-benzoyl -12.51
48d 4'-(t-butyl)-Phenyl H 3""-(Cl)-benzoyl -11.54
48e 4'-(t-butyl)-Phenyl H 4""-(Cl)-benzoyl -11.36
48f 4'-(t-butyl)-Phenyl H 3" 4""-(diCl)-benzoyl -12.04
48¢g 4'-(t-butyl)-Phenyl H 3""-(NO,)-benzoyl -12.74
48h 4'-(t-butyl)-Phenyl H 4""-(NO,)-benzoyl -12.07
48i 4'-(t-butyl)-Phenyl H 3"".5""-(diNO,)-benzoyl -12.63
49a 3'-(OCHj;)-Phenyl H 3""-(OCH3;)-benzoyl -13.96
49b 3'-(OCHj;)-Phenyl H 4""-(OCHj3)-benzoyl -13.88
49¢ 3'-(OCHz;)-Phenyl H 3" 4"'-(diOCH;)-benzoyl -15.08
49d 3'-(OCHj;)-Phenyl H 3""-(Cl)-benzoyl -13.91
49e 3'-(OCHj;)-Phenyl H 4""-(Cl)-benzoyl -13.80
49f 3'-(OCHz;)-Phenyl H 3. 4"'-(diCl)-benzoyl -14.51
49¢g 3'-(OCHj;)-Phenyl H 3""-(NO,)-benzoyl -15.22
49h 3'-(OCHj;)-Phenyl H 4""-(NO,)-benzoyl -14.76
49i 3'-(OCHj;)-Phenyl H 3" 5"-(diNO,)-benzoyl -15.06
50a 3'-(CF3)-Phenyl H 3"'-(OCH3;)-benzoyl -14.04
50b 3'-(CF;)-Phenyl H 4""-(OCHjs)-benzoyl -14.00
50¢ 3'-(CF;)-Phenyl H 3" 4"'-(diOCH;)-benzoyl -15.13
50d 3'-(CF;)-Phenyl H 3"'-(Cl)-benzoyl -14.00
50e 3'-(CF;)-Phenyl H 4"'-(Cl)-benzoyl -14.61
50f 3'-(CF3)-Phenyl H 3" 4""-(diCl)-benzoyl -13.90
50g 3'-(CF;)-Phenyl H 3"'-(NO,)-benzoyl -15.29
50h 3'-(CF;)-Phenyl H 4""-(NO,)-benzoyl -14.82
50i 3'-(CF3)-Phenyl H 3"".5"-(diNO,)-benzoyl -15.31
51a Benzyl H 3""-(OCHs;)-benzoyl -13.13
51b Benzyl H 4""-(OCHj3)-benzoyl -13.01
51c Benzyl H 3"",4"-(diOCHj3)-benzoyl -14.21
51d Benzyl H 3""-(Cl)-benzoyl -13.24
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Table 6.5 Structures of the modified chromone derivatives and their binding energy

(cont.).

Compound R, R; Rg Bi?l?ci:]%n];:(l)llz ;gy
51e Benzyl H 4"'-(Cl)-benzoyl -12.93
51f Benzyl H 3" 4"'-(diCl)-benzoyl -13.82
51g Benzyl H 3""-(NO,)-benzoyl -14.38
51h Benzyl H 4""-(NO,)-benzoyl -13.86
51i Benzyl H 3".5"'-(diNO,)-benzoyl -14.70
52a 3'-(NO,)-Phenyl H 3""-(OCHj3;)-benzoyl -14.13
52b 3'-(NO,)-Phenyl H 4""-(OCHz;)-benzoyl -14.04
52¢ 3'-(NO,)-Phenyl H 3"".,4"'-(diOCHj;)-benzoyl -15.25
52d 3'-(NO,)-Phenyl H 3""-(Cl)-benzoyl -14.05
52e 3'-(NO,)-Phenyl H 4""-(Cl)-benzoyl -13.95
52f 3'-(NO,)-Phenyl H 3".4"'-(diCl)-benzoyl -14.72
52¢g 3'-(NO,)-Phenyl H 3""-(NO,)-benzoyl -15.24
52h 3'-(NO;)-Phenyl H 4"'-(NO,)-benzoyl -14.88
52i 3’-(NO,)-Phenyl H 3".5"'-(diNO,)-benzoyl -15.09

The binding modes of nine modified chromone derivatives (49a-49i) were
analyzed. It was found that the alignments of all chromones were fit in the pocket of
Plm II template and aligned in the same orientation as shown in Figure 6.2. The
docked poses showed the 3'-(OCHs3)-phenyl group at the position 2 of chromone ring
lied in the S1’ and S3’-S4' subsites and was in close contract with hydrophobic side
chains of Met75, Leul31 and Ile133 residues. The substituted benzoate groups (Re) at
the positions 6 and 7 were located in the S2-S4 subsites and S1-S3 subsites,
respectively. The phenyl ring of the Rg at position 6 formed hydrophobic interaction
with Ala219, Leu290 Leu292 and I1e300 residues in S2-S4 subsites. The other phenyl
ring (R¢ at position 7) was surrounded by hydrophobic amino acid residues, Metl5,
Ile32, Phelll and Ile123 residues in the S1-S3 subsites (Figure 6.3). The H-bond
interactions of chromones 49a-49i with Plm II were listed in Table 6.6. All of
modified chromone compounds (49a-49i) could form H-bond interaction with the
amino group of Ser79 and hydroxyl group of Thr217. These H-bond interactions

explained the good binding energies of compounds in this series.
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Figure 6.2 The binding mode of nine modified chromone derivatives (49a-49i)

comparing with the pepstatin A (navy blue color).
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Leu292
s4 Thr231 - Le
lle290 . = = HOX\ g/‘ e300
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~ Phe111
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/
A ~s HO_ |
’
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Thri14 ~  lle32 g4

\ Leu131

Q( //// 0 - !
. ~ S4

I/
\S
Met15vj~>—0H \]/ 2—7 *{- “ Ser37
- —
S3

Figure 6.3 Schematic picture of binding interactions between modified chromones

(492a-49i) and Plm II.



Pradith Lerdsirisuk

Results and Discussion / 54

Table 6.6 The binding interactions of modified chromone derivatives (49a-49i) with

PIm II.

Chromone structure

(Binding energy kcal/mole)

Ligand-protein template interactions

(H-bond interaction”)

H-bond interaction

residues (distance A)

H,yCO

J@\fo o
°°
H;CO. - - O OCH,
49a

Ser79-NH (2.597)
Thr217-OH (2.232)
Ser218-NH (2.996,2.836)
Ser218-OH (2.160, 2.865)
Ala219-NH (2.571)

(-13.96)
H,CO.
©Y° 0 Ser79- NH (2.574)
oO
Thr217-OH (2.514)
Ala219-NH (3.125)
49b
(-13.88)
Ser79-NH (2.962)
H,CO.
j@\f ] Thr217-OH (2.354)
0.
Ser218-NH (3.173)
D Ser218-OH (2.405)
49¢ Ala219-NH (3.327)
(-15.08) Thr221-OH (3.457)

C|/©\(° [o}
[¢)
CI\©)(‘)\°0CH3
49d

(-13.91)

Thr221

Ser218

Ser79-NH (3.016)
Thr217-OH (2.458)
Ser218-OH (2.834)
Thr221-OH (3.226)

Cl
.
°°
OCH,4
. /©)‘\o o O
49e

(-13.80)

Thr217

Ser79-NH (3.186)
Thr217-OH (2.516)
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Table 6.6 The binding interactions of modified chromone derivatives (49a-49i) with
PIm IT (cont.).

Chromone structure Ligand-protein template interactions H-bond interaction

(Binding energy kcal/mole) (H-bond interaction”) residues (distance A)

cl
C|:©Y° [o]
°°
|
cl o o OCH;
BOSASE S
49f

(-14.51)

Thr221

Ser218

Thr217

Ser79-NH (3.287)
Thr217-OH (2.643)
Ser218-OH (3.487)
Thr221-OH (2.682)

0.
ozN\©)CL°°CH3
49¢g

(-15.22)

Ser79-NH (2.872)
Thr217-OH (2.413)
Ser218-NH (2.375)
Ser218-OH (1.908)
Thr221-OH (2.601)

ON

Ser79-NH (3.270)
Thr217-OH (2.584)
Ser218-OH (3.594)

49h Ala21 Ala219-NH (3.280)
(-14.79) Seratg Thr217
NO, Ser79-NH (3027)
o Thr217-OH (2.544)
O,N [+
o 00 O I » Ser218-NH (1.845, 2.211)
O Ser218-OH (1.827, 2.294,
NO,
49i 2.753)
1
(-15.06) Ala219-NH (1.744)

Thr221-OH (3.528)

’ Hydrogen bond in green dotted line
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6.2 Synthesis

The designed chromone derivatives were synthesized using the
commercially available 2,4,5-trimethoxyacetophenone as starting material. The
synthesis of nine modified chromone derivatives (49a-49i) was divided into two major
parts, i.e., (i) the preparation of 6,7-dihydroxy-2-(3'-methoxyphenyl) chromone (49) as
a core structure and (i1) the addition of the steric groups at positions 6 and 7 of the

core structure.
1) Preparation of 6,7-dihydroxy-2-(3'-methoxyphenyl) chromone (49)
The synthesis route of chromone 49 was composed of 4 steps as shown in
Scheme 6.1. The crucial steps for constructing the chromone structure was Baker-

Venkataraman rearrangement (c¢) and subsequence intramolecular cyclization with

strong acid as catalyst (d).

o o}
H,CO OCH; HO OH BnO OH
c l
o o
BnO OCH,
" 40A®

—

BnO OH

Scheme 6.1 Synthesis route of 6,7-dihydroxy-2-(3'-methoxyphenyl) chromone (49)
preparation (a) AICl;, PhCl, reflux, 12 hours (49, 50); (b) BnBr, K,COs,
acetone, reflux, 5 hours (51); (¢) 3-methoxybenzoyl chloride, K,COs,
acetone, reflux, 24 hours (17); (d) conc. H,SO,4, glacial acetic acid,

120°C, 3 hours (18).

The first step was the demethylation reaction. The commercially available

2,4,5-trimethoxyacetophenone  was demethylated by anhydrous AICl; in
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chlorobenzene to yield the 2,4,5-trihydroxyacetophenone (75.87 %) which was the

starting material for constructing the novel chromone derivatives (Scheme 6.2).

0O 0O
H;CO HO
jgfl\ci'la AICl;, PhCI j@ﬁLCHa
—_—
H3CO OCH,3 reflux, 12 hours HO OH
(75.87 %)

Scheme 6.2 The demethylation reaction of 2,4,5-trimethoxyacetophenone.

The second step was the selective protection of hydroxyl group. The
hydroxyl groups at positions 4 and 5 of 2,4,5-trihydroxyacetophenone were selectively
protected with benzyl groups to afford 4,5-bisbenzyloxy-2-hydroxyacetophenone.
These two hydroxyl groups were protected to prevent the by products that could occur
in the next steps. It resulted in only one free hydroxyl group at position 2, which was
an essential for cyclization to construct the chromone structure (Scheme 6.3). The
hydroxyl group at position 2 was not protected because it could form H-bond with the
oxygen atom of acetyl group. Therefore the acidicity of hydroxyl proton at position 2

was less than hydroxyl protons at positions 4 and 5.

0 (o]

HO BnO
j@\)J\CHs BnBr, K,CO; j@fj\CHs
—— 2
HO OH BnO OH

Acetone, reflux,
5 hours.

(70.19 %)

Scheme 6.3 The selective protection of 2,4,5-trihydroxyacetophenone.

The third step was Baker-Venkataraman rearrangement reaction. The
Baker-Venkataraman rearrangement reaction was the first crucial step to prepare the
chromone structure from the protected hydroxyacetophenone. The protected
hydroxyacetophenone was reacted with the 3-methoxybenzoyl chloride in the present
of potassium carbonate anhydrous to produce the crude product of 1,3-diketone. The
last step for constructing the chromone core structure was intramolecular cyclization

and simultaneous deprotection of benzyl groups. The intramolecular cyclization of
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1,3-diketone and removal of benzyl groups were carried out under strong acid

condition to provide chromone 49 (55.89 %) (Scheme 6.4).

i R OCH e 9
BnO. cl 3
ﬁ‘\cHs‘ , K,CO;4 BHOOCH3
—_—_—m
BnO OH Acetone, reflux, | gno OH

overnight

120 °C, 4 hours
(o]
HO
CI |
HO o O OCH,
(49)

(55.89 %)

\ H,SO, ,AcOH

Scheme 6.4 Baker-Venkataraman rearrangement, intramolecular cyclization and

debenzylation reactions.

The proposed mechanism of Baker-Venkataraman rearrangement was
shown in Scheme 6.5. The protected hydroxyacetophenone was stirred with potassium
carbonate anhydrous to generate phenolate anion. Then phenolate anion reacted with
the 3-methoxybenzoyl chloride to form phenolic ester. The formation of the phenolic

ester was followed by rearrangement to provide the crude product of 1,3-dilketone.

o}
B
BnO OH (0)
)‘\©/OCH3 )\©/QCH3
\choz

C
Bncw‘/OCHz
¢
BnO’
OCH,3 OCH;,3
\ O O

BnO: 'i le /u\ ‘E _OCH,
BnO

Scheme 6.5 The proposed mechanism of Baker-Venkataraman rearrangement.
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The crude product of 1,3-diketone was cyclized to the chromone structure
by stirring at 120°C with conc. H,SO4 in glacial AcOH. The proposed mechanism of
intramolecular cyclization was shown in Scheme 6.6. The hydroxyl group at position 2
attacked the protonated ketone to close the ring. Afterward, water molecule was
condensed to yield the chromone ring structure. During the cyclization process, the
protecting benzyl groups were removed in the strong acidic condition. The benzyl
groups were cleaved out in the benzyl cation form and provided chromone 49 was

provide (52).

. + _H
o 0 o (© 0
BnO OCH; . BnO ' OCH; BnO
0
O O - O - O + KM och,
BnO OH BnO OH BnO 0
M
o

BnO

BnO

=]
\

7
I-0O+ +0-T

Scheme 6.6 The proposed mechanism of intramolecular cyclization and debenzylation

of chromone 49.

As seen from the preparation of chromone core structure, all steps of the
synthesis pathway were practical and economical methods for the synthesis. The
Baker-Venkataraman rearrangement and subsequence intramolecular cyclization with
strong acids as catalyst were used because only simple reagents and solvent were
required and the desired chromone (49) was provided as the major product with %

yield more than 50 %.



Pradith Lerdsirisuk Results and Discussion / 60

2) Synthesis of the modified chromone derivatives (49a-49i)

The esterification reaction was preformed to yield nine modified chromone
derivatives. Eight of them (49a, 49b and 49d-49i) were synthesized via alcoholysis of
chromone 49 and substituted benzoyl chloride under basic condition (Scheme 6.7).
The synthesis of chromone 49i was unsuccessful due to only trace amount of impure

compound was obtained.

RYO o

o] o
r*‘c1, DBU, DVF 0 0 |
OCH, ——MM RJLO o OCH,3
RT, 1 hour O

(49) (49a, 49b and 49d-49i)

(49a) R = HsC°~©/ (5726 %)  (49d)R= C'@/ (41.00%)  (49g)R= °2N©/ (23.12 %)

(49b) R = H,CO ©/ (5435%)  (49e)R= J©/ (39.48%)  (49h)R= ON ©/ (27.63 %)

cl O,N
(49f) R = CI)©/ (37.58%)  (49)R= - (E: trace
2

Scheme 6.7 The esterification of chromone 49a, 49b and 49d-49i.

Chromone 49c¢ was synthesized via esterification of chromone 49 and
substituted benzoic acid using 1-ethyl-3-(3'-dimethylaminopropyl)carbodiimide. HCl1
(EDAC.HCI) and hydroxylbenzotriazole (HOBt) as coupling reagents (Scheme 6.8).
Triethylamine should be added as catalyst into the reaction to increase rate of the
reaction. The proposed mechanism of esterification of chromone 49¢ was shown in

Scheme 6.9.

(o]
RJLOH , EDAC/HOBt, TEA
OCH,
DCM/DMF, RT, 4 hours
(49¢c)
H5CO.
R= (55.42 %)
H,CO

Scheme 6.8 The esterification of chromone 49¢ (53).
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NH HOBt
HCI—\—\_N /- N /- %
\ \ \
EDAC.HCI

o

AN~ o

R Q oM

o}

N -H* \
N ]© : N
N 4
0 N N\‘

R (o} R (o]
1O + T 3
RO o ™ L0
A o O OCH, RJ\E} o O OCH,
H

Scheme 6.9 The proposed mechanism of esterification of chromone 49c.

Melting point and % yield of the synthesized chromone compounds were

summarized in Table 6.7.
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Table 6.7 Melting point (m.p.) and % yield of chromones 49 and 49a-49i.

(o]
R¢O™ 7 (0] | R,
Chromone R, R; Rg m.p. (°C) % yield (%)

49 3'-(OCHs;)-Phenyl H H 246-247 55.89
49a 3'-(OCH3;)-Phenyl H 3""-(OCHj3;)-benzoyl 197-198 57.26
49b 3'-(OCH3;)-Phenyl H 4""-(OCHj;)-benzoyl 201-202 54.35
49¢ 3'-(OCHj;)-Phenyl H 3"".4"'-(diOCHj3)-benzoyl 188-189 55.42
49d 3'-(OCH3z)-Phenyl H 3""-(Cl)-benzoyl 211-212 41.00
49e¢ 3'-(OCHz;)-Phenyl H 4"'-(Cl)-benzoyl 251-252 39.48
49f 3'-(OCHj;)-Phenyl H 3" 4"'-(diCl)-benzoyl 254-255 37.58
49g 3'-(OCH3;)-Phenyl H 3""-(NOy)-benzoyl 225-226 23.12
49h 3'-(OCHs;)-Phenyl H 4"'-(NO,)-benzoyl 259-260 27.63
49i 3'-(OCHj3)-Phenyl H 3""5"'-(diNO,)-benzoyl - -

3) Structure elucidation

The structures of intermediates and chromones 49, 49a-49h were elucidated by

infrared (IR), proton nuclear magnetic resonance ('H-NMR), low resolution mass

spectrometry (LRMS) and high resolution mass spectrometry (HRMS). The results were in

agreement with the assigned structures in all cases (Appendix section).

IR spectrum of chromone 49 showed the frequency of O-H stretching at 3495
and 3092 cm'l, C=O0 stretching at 1630 Cm'l, C=C stretching at 1602, 1590 and 1471 cm'l,
C-H bending at 1346 cm™, C-O stretching at 1293, 1266, 1145 and 1027 cm™ (Figure 6.4).

The 'H-NMR spectrum of chromone 49 was shown in Figure 6.5.
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2500
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m
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Figure 6.4 IR spectrum of chromone 49.
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Figure 6.5 'H-NMR spectra (300 MHz, DMSO-ds) of chromone 49.
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The modified chromone derivatives (49a-49h) showed the similar pattern
of IR spectrum, e.g., IR spectrum of chromone 49¢ (Figure 6.6) showed the frequency
of aromatic C-H stretching at 3076 cm™, aliphatic C-H stretching at 2925 and 2831
cm™, carbonyl C=O stretching at 1742 and 1654 cm™, C=C stretching at 1602 and
1517 em™, C-H bending at 1453 and 1347 cm™, C-O stretching at 1295, 1271, 1218,
1172, 1145 and 1084 cm™".

1201

151
110—3
105—5
100—5

95 1

Aromatic C-H, st

Eu

s HCO
: o]
a0 _i HsCO (o]

Aliphatic C-H, st

% Transmittance

C, st -
C-H, bending ¢ %

<>
(o] ° - O
” H,4CO. O | OCH ¢ <>
3 o o 3 \
" @)L @ ? C-O, St
H,CO o

4000 3800 3000 2500 2000 1500 1000 500

Wavenumbers {crm-1)

Figure 6.6 IR spectrum of chromone 49c.

The 'H-NMR and 'H-'H COSY spectrum of chromone 49¢ were shown
in Figure 6.7 and Figure 6.8 respectively. The details of '"H-NMR data and "H-'H

correlation of chromone 49¢ were summarized in Table 6.8.
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Figure 6.7 "H-NMR spectra (300 MHz, CDCls) of chromone 49c.
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Figure 6.8 'H-"H COSY spectra (300 MHz, CDCl3) of chromone 49c.

Table 6.8 'H-NMR data and '"H-'H correlation of chromone 49c.

H 3 (ppm) (cox;‘i:;p::izns) J (Hz) 'H-'H COSY
OCH; 3.78,3.86,3.92, 3.94, 3.96 s - -
H5" 6.83-6.86 m - H6"
H3 6.86 s - B}
H5™ 6.88 d (H6"") 8.50 He6'"
H4' 7.10-7.13 m N HS'
H2', H5' 7.44-7.49 m - H4', H6'
H6', H2" 7.52-7.54 m B} H5'/ H6"
H2'" 7.58 d (H6"") 1.95 H6'"
H6" 7.75 dd (H5"”, H2") 8.48,1.97 H5", H2"
HS 7.79 s - -
H6"™ 7.80 dd (H5'"", H2'"") 8.50, 2.00 H5"" H2'"
H5 8.21 s - -
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The "H-NMR and 'H-"H COSY spectrum of chromone 49d were shown in
Figure 6.9 and Figure 6.10, respectively. The details of '"H-NMR data and 'H-'H
correlation of chromone 49d were summarized in Table 6.9. The high resolution mass

spectrometry of chromone 49 and chromones 49a-49h were listed in Table 6.10.
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Figure 6.9 "H-NMR spectra (300 MHz, CDCls) of chromone 49d.
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Figure 6.10 'H-"H COSY spectra (300 MHz, CDCls) of chromone 49d.

Table 6.9 'H-NMR data and '"H-'H correlation of chromone 49d.

Multiplicity

H 3 (ppm) (coupling protons) J (Hz) 'H-'H COSY
OCH; 391 s - -
H3 6.85 s - -
H4' 7.10 ddd (H5', H6', H2") 7.96,2.52,1.22 H5', H6'
HS5", H5" 7.33-7.42 m - H4",H6''/ H4"', H6'"
H2', HY 7.43-7.48 m - H4', H6'
H6' 7.51 dt (H5', H4', H2") 7.86, 1.39 H5', H4'
H4", H4"" 7.54-7.60 m - H5", H2"'/ H5"', H2""
HS8 7.79 s - -
HS", H2""/ H5"', H2""/
H2", H6", H6"” 7.93-8.01 m - H6", H4"
H2'" 8.06 t 1.72 He6'"', H4""
HS5 8.22 s -
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Table 6.10 The high resolution mass spectrometry (ESI technique) of chromone 49

and chromones 49a-49h.

(o]
RsO”7 oI R,
HRMS (ESI) HRMS (ESI
Chromone R Rs R¢ Calcuslafti(?n) Obssel(‘veS )
49 3'(OCH;)-Phenyl  H H 285.0759" 285.0755"
49a 3'(OCH;)-Phenyl  H 3""-(OCH;)-benzoyl 575.1311" 575.1323"
49b 3'-(OCH;)-Phenyl  H 4"-(OCHj;)-benzoyl 575.1311" 575.1334"
49¢ 3-(OCH;)-Phenyl ~H 3" 4"-(diOCH;)-benzoyl 653.1521" 653.1557"
49d 3'(OCH;3)-Phenyl H 3""(Cl)-benzoyl 583.0321" 583.0348"
49e 3'-(OCH;)-Phenyl  H 4"-(Cl)-benzoyl 583.0321" 583.0342"
49¢ 3'(OCH;)-Phenyl  H 3" 4"-(diCl)-benzoyl 650.9541" 650.9589"
49g 3'(OCH;3)-Phenyl  H 3""-(NO,)-benzoyl 605.0803" 605.0852"
49h 3'-(OCH;)-Phenyl H  4"-(NO,)-benzoyl 605.0803" 605.0848"
" [M+H]"
™ [M+Na]"

6.3 Antimalarial activity assay against P. falciparum

As discussed earlier, the preliminary activity screening of chromone
derivatives was carried out using docking study against Plm II. However the direct
PIm II inhibitory activity test is unavailable during this study period, the antimalarial
against P. falciparum was evaluated in ivtro by microculture radioisotope method. The
uptake amounts of radiolabeled hypoxanthine were quantified as the signal count per
minute (CPM) by the liquid scintillation counter to determine the level of parasites
growth. Twenty chromones compounds from the docking study and the newly
designed chromone 49 were evaluated against P. falciparum (K1 multi-drug resistant
strain). The results of the antimalarial activity of these chromone compounds were
shown in Table 6.11. Most of the tested compounds (except chromones 18, 19, 25, 26,
31 and 34) exhibited the antimalarial activity with I1Csy values in the range of 0.95-
19.66 uM. The three most potent compounds were chromones 35, 38 and 44 with ICs
= 0.95, 4.87, 5.46 uM, respectively whereas the well known antimalarial drugs
currently used in patients, i.e., primaquine, tafenoquine and chloroquine possessed

1Cs02.41 £0.10, 1.95 £ 0.06 and 0.42 £ 0.10 uM, respectively (54).
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Chromone 35 did not only exhibit the most potent antimalarial activity
against P. falciparum, but also showed the best binding energy (-13.24 kcal/mole,
Table 6.2) from the docking study with Plm II. However, the Plm II binding energy
and antimalarial activity were not correlated for the whole chromone series, data as
shown in Tables 6.2 and 6.11. This result referred that the mechanism of antimalarial
activity might not involve in inhibiting enzyme PIm II. Due to the types of substituents
were not diverse, the structure-activity relationship (SAR) of chromone derivatives as
antimalarial agents could not be clearly concluded. However, almost all of the 3-
substituted chromone (R3; = substituted benzoyl), except chromones 31 and 34, were
active as antimalarial agents.

Apart from being the most potent antimalarials in this study (ICsy = 0.95
uM), results from previous study showed that chromone 35 was also potent HIV-1 PR
inhibitor with 92.24 % inhibition (9).

Both HIV-1 PR and PIm II are aspartic protease enzymes. HIV-1 PR is a
symmetrical homodimer, with each subunits and two Asp25 residues of each subunits
act as the catalytic dyad. This enzyme has two flaps which cover the active binding
cleft and move to allow substrates or inhibitors to the binding cleft (Figure 6.11). PIm
IT is a monomer which is formed by single chain of 329 amino acids residues folded
into two topologically similar N- and C-terminal domains. The binding cavity contains
Asp34 and Asp214 which together represent the catalytic dyad. This enzyme has only
one B-hairpin structure (flap) with the ability to interact with substrates and inhibitors

cover the binding cavity (Figure 2.4).

N interface N

Figure 6.11 Structure of HIV-1 PR enzyme.
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The binding interactions of chromone derivatives with HIV-1 PR and Plm
IT were compared (Figures 6.12 and 6.13). From the previous docking study of
chromone derivatives against HIV-1 PR using FlexiDock option in SYBYL/Bio-
polymer program, the binding interaction of chromone 31 was used as the
representative molecule for discussion (Figure 6.12) (9). The 3-trifluoro-methyl-
benzoyl ring bound to S1 subsite (Val32, 1le50, Pro81 and Val82) via hydrophobic
interaction with the hydrophobic amino acid residues. The 3-trifluoro-methyl-phenyl
ring also formed hydrophobic interaction with the hydrophobic residues in S2 subsite
(Leu23, Val32, Val82 and Ile84). The hydroxyl groups at positions 7 and 8 of the
chromone formed hydrogen bonds with the carbonyl oxygen of Asp25 and Asp25' (9).

The binding interaction of chromone 35 with PIm II from AutoDock 4.0
program showed the 4-nitro-phenyl ring and 4-nitro-benzoyl ring bind to the S1 (Ile32,
Phelll, Ile123 and Gly216) and S2 subsites (Val78, 11e290 Leu292 and 11e300) via
hydrophobic interaction with the hydrophobic amino acid residues similar to HIV-1
PR. The hydroxyl groups at positions 7 and 8 of chromone 35 did not form H-bond
with the Asp catalytic dyad, but instead hydroxyl group at position 7 formed H-bond
with the carbonyl oxygen of Asn76 (Figure 6.13).

po | \ lle50
valzy/ \ > E? ' Pros1’
V?\&/\\e'ﬂ\)*% { s 7\ V- =
/ — _—
valg2 N Ny VaI82'\\ —
LN \--Q/ -;‘(x -
lle84 ¥~ © gl ¥ \
¢\ Val32'
A |l )‘\ ﬁl

A
Leu23 ~w 4 o
\ N IIII.(E = -—\{:\} .'.ﬁ L
- P, -
Asp25 Aspﬁa\ Leu23 >

(@)

Figure 6.12 Hydrophobic interaction of chromone 31 in the active site of HIV-1 PR
(a) and schematic view of the protease active site pockets binding with

chromone 31 (b) (9).
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HO
g \ S2r >'_\ \5\\
- ‘ -l
THR217 7 TYR192
VAL78
SER218
1
I =N
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i E ,
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(a) (b)

Figure 6.13 The binding interaction of chromone 35 with PIm II from AutoDock 4.0
program (a) and schematic picture showing the interactions between

binding pocket of Plm II and chromone 35 (b).

The modified compounds (chromones 49a-49h) were also evaluated for
the antimalarial activity against P. falciparum. The results of the antimalarial activity
of chromones 49a-49h were shown in Table 6.12. Unfortunately, chromones 49a-49h
were all inactive against P. falciparum. The high molecular weights of these
chromones resulting from adding more steric substituents at positions 6 and 7
accounted for the poor solubility of these compounds in DMSO (solvent used in the
assay). The poor DMSO solubility might be responsible for the dissatisfactory result
of the activity testing. Therefore, for the further design of non-peptidomimetic
compounds in chromone series, the appropriate structure should be the 4-rings system

without bulky substituents at positions 7 and 8.
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CHAPTER VII
CONCLUSION

In this study chromone derivatives were designed and synthesized as the
non-peptidomimertic PIm Il inhibitors. The preliminary screening of PIm Il inhibitory
activity of the previous forty-six synthesized chromones with HIV-1 PR inhibitory
activities were performed by docking study using AutoDock program. Chromone
compounds which showed good binding energy with PIm Il and high HIV-1 PR
inhibitory activity (more than 70 % inhibition) were selected to evaluate for their
antimalarial activity against P. falciparum (K1 multi-drug resistant strain) using the
microculture radioisotope technique. Most of the tested compounds (except chromones
18, 19, 25, 26, 31 and 34) exhibited the antimalarial activity with 1Csy values in the
range of 0.95-19.66 pM. The three most potent compounds were chromones 35, 38
and 44 with 1Csy = 0.95, 4.87, 5.46 uM, respectively. The most active chromone 35,
which exhibited high potency against HIV-1 PR, showed better antimalarial activity
than the currently used drugs, i.e., primaquine (ICsp = 2.41 + 0.10 pM) and
tafenoquine (ICsp = 1.95 + 0.06 uM). The structure-activity relationship (SAR) of
chromone derivatives as antimalarial agents could not be clearly deduced because the
substituents types were not diverse enough. However, almost all of the 3-substituted
chromones (Rs; = substituted benzoyl), except chromones 31 and 34, were active as
antimalarial agents.

Based on docking results, a series of newly designed chromones (49a-49i)
were synthesized as PIm Il inhibitors. The synthesis route was mainly divided into two
parts. Firstly, the chromone core structure was prepared by Baker-Venkataraman
rearrangement and subsequence intramolecular cyclization with a catalytic amount of
strong acid. This synthesis pathway was practical and economical method for
chromone structure preparation. Secondly, the esterification at positions 6 and 7 of the
chromone structure was performed to provide the designed chromones. All of these

newly synthesized compounds were evaluated for their antimalarial activity.
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Chromone 49 was found to be the most active compound with 1Csp = 13.94 pM while
the modified chromones 49a-49h were inactive. The failure of chromones 49a-49h

might be due to the poor solubility of these compounds in solvent used in the assay.
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High resolution mass spectrums
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