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2.1 Field Of The Invention:

The present invention relates to the development of novel, fluorescent-tagged, artemisinin-based
derivatives as bioimaging research tools for studying drug-cell interactions and tracking the dynamics of
artemisinin derivatives within (or on) a live cell. With fluorescent marking, these analogues provide
useful insight into the unresolved mode of action of the parent molecules.

Keywords: fluorescent-labeling, artesunate, bioimaging, live-cell imaging

2.2 Background Of The Invention:

Refer to PCT/SG2010/000240 “SYNTHESIS AND USE OF FLUOROPHORE-TAGGED
ANTIMALARIALS” for the background of invention.

Malaria is the fifth most devastating infectious disease in the world, following respiratory infections,
HIV/AIDS, diarrheal diseases, and tuberculosis (World Health Organisation (WHO, 2010)).
According to the latest WHO estimates, there were about 219 million cases of malaria in 2010 and
estimated 660,000 death cases with Africa being the most afflicted region (WHO, 2012). Malaria is
caused by Apicomplexcan pathogens of the genus Plasmodium, with Plasmodium falciparum being
the most deadly species. Chloroquine was the key antimalarial used for hundreds of millions of
treatments annually, judging by its efficacy, safety, and low cost of treatment (Greenwood et al.,
2005). However, since the 1960s, drug resistance worldwide has alarmed the public community to
search for alternatives to chloroquine. In the early 1970s, artemisinin came to light as an effective
therapeutic agent against malaria in the form of artemisinin combination therapy (ACT) (Miller et al.,
2013). WHO has recommended ACT to be the first-line therapy against Plasmodium falciparum.

Artemisinin is a naturally occurring antimalarial isolated from the Chinese remedy Qinghaosu
(Artemisia annua), a medication for fever for over two millennia (Qinghaosu Antimalaria
Coordinating Research Group, 1979). It is a sesquiterpene lactone with a 1,2,4-trioxane ring system,
with no significant side effects and clinical resistance, although tolerance has been reported
(Crespo-Ortiz and Wei, 2011). Despite its potency, it has low solubility in oil or water, poor
bioavailability and a short half-life in vivo (Li et al., 2007). Henceforth, artemisinin derivatives have
been developed to improve the clinical efficacy and tolerability of the artemisinin family.

Artelinic acid and artesunate are semi-synthetic derivatives of artemisinin, which are prepared from
dihydroartemisinin (DHA), the main active metabolite of artemisinin. Both artelinic acid and
artesunate contain the endoperoxide moiety that has been shown to be responsible for killing malarial
parasites. Scientific studies suggest that this endoperoxide bridge is cleaved and activated by ferrous
heme or free ferrous iron (Meshnick et al., 1991). Free carbon centered radicals are generated and
interrupt cellular metabolism of parasites, through damage on the integrity of cellular lipids and
digestive vacuole membranes; inactivation of Plasmodium proteins, alkylation of heme; and
interference with heme sequestration into crystals (Miller et al., 2013).

Interestingly, the artemisinins have also displayed a broad variety of potential applications as
anti-cancer, anti-viral, anti-bacterial or anti-fungal agents. Evidence highlight the potential of
artemisinin analogues to deliver a more cost-efficient therapy against highly metastatic and aggressive
cancers (Xu et al., 2011) as well as fighting the effect of commonly-developing drug resistance (Wang
et al., 2010). Besides, there is supporting data on artemisinin inducing apoptosis (Singh and Lai, 2004),
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B is cycloalkylene of C3-C20 or arylene of C6-C20;

R; is a fluorescent dye or a low-molecular weight organic compound capable of selectively binding to a
fluorescent dye-labeled substance; and

Y is O, S or CH,.

Currently no technology has been developed to allow scientists to track the actions of artemisinin-like
derivatives directly in biological systems. The fluorescent compounds described above have been
validated to retain killing potencies of the parent drugs (specifically the artemisinin derivatives,
artelinic acid and artesunate) against malarial parasites. The uptake of fluorescent compounds into P.
Jalciparum parasites is observed to be driven by the active moiety of artemisinin or artemisinin
derivatives. Furthermore, the experimental results show that these fluorescent compounds act similarly
to their respective parent compounds. In addition, the fluorophores used are small and non-toxic, hence
should not interfere with cellular processes, rendering the fluorescent compounds a series of mimics of
artemisinin or artemisinin derivatives. Moreover, these fluorophores are safe and non-radioactive,
therefore omitting the need of sophisticated lab settings and avoiding radioactive hazards.

With that, this invention is useful to reveal the unknown characteristics and biological properties of
artemisinin derivatives within live cells, for instance the uptake of artemisinin derivatives into cells,
mode of action and potential accumulation site of artemisinin derivatives. Furthermore, this invention
can be applied on in-vitro study of any other related biological mechanisms such as malarial drug
resistance, autophagy, tumorigenesis, and angiogenesis. For ease of application, these fluorescent
compounds can be used on common laboratory settings such as confocal laser scanning microscope for
imaging purpose; flow cytometer and microplate reader for quantitative measurement. This invention
brings researchers an easy, direct and time-saving strategy to understand the drug actions of the
artemisinin family.

2.4 Brief Description Of The Drawings

Fig. 1 shows the structure of the blue fluorescent-labeled artelinic acid (AA-Blue).
Fig. 2 shows the structure of the green fluorescent-labeled artelinic acid (AA-Green).
Fig. 3 shows the structure of the red fluorescent-labeled artelinic acid (AA-Red).
Fig. 4 shows the structure of the blue fluorescent-labeled artesunate (AS-blue).

Fig. 5 is a synthetic scheme of the blue fluorescent-labeled artelinic acid (AA-Blue).

Fig. 6 is a synthetic scheme of the green fluorescent-labeled artelinic acid (AA-Green).
Fig. 7 is a synthetic scheme of the red fluorescent-labeled artelinic acid (AA-Red).
Fig. 8 is a synthetic scheme of the blue fluorescent-labeled artesunate (AS-blue).

Fig. 9 shows the ICs; curve of blue fluorescent-labeled artelinic acid (AA-Blue) against P. falciparum
3D7 and K1, obtained from triplicates of independent experiments.
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In another embodiment of the invention, the fluorophore-tagged artemisinin or artemisinin derivatives
analogues, is represented by the following structural formula:

-R1 Rz

N
H

Y 0

, or a salt thereof , or a salt thereof

Wherein

Page 4 of 14

c

r ed

—+

d



1 Bl b

strucdqnd

t her eof \WWerei
(CH2) n- NH (C2HAX) n- N

wherein n
and x| an
10; X is

nore, Xs

or hetero
from anon
C3-C20 or
wei ght or
dye- | abel
"cycl oal |
20 carbon
to 20 car
cycloallc
cycl opent
"aryl ene"
atoms, an
from6 to
phenyl ,
- het erocy
car bon at
oxygen an
di val ent

and "hete
car bon at
oxygen an
ring syst
oxygen an
is an aro
fl uorescen
(FITO, t
(RITO), A g

bi

AN of the invention, the fluoroph@iGrynkGe&NGIGERES FrENTD.
ves anal ogues, are represented by the f el do0oMséag LobbyC

Imf(ﬁr( lces \H - RTIRtiR2 YYY, or a sal t thereof., o#02-a1 Satethpark
)rglRl [ 2)n---NH, -NH (CH2)" - NH A- NH, - Niafra¥ppss4
(LH2) " - A-or (Gﬂ)m-NH(GﬂY& B(Gﬂ)(z NH-

28

el465:.6
is an int e@'ef‘oiﬂ[vr‘om 1At 01 10, mis an integer (Bint rg;n %}(t’g%g?gy
9] )\L ||uy DC 1S Saric— Ul Ot T ef CIIL allu atre all IIILCU O T OTI—oU—t
, a ng h the . when mis
5&% spa i ol O e ootk bl W ene GF e Acz0r

ATy f@f@z@—&dﬁfh)mrﬂﬁ—awhqrmg s 2g indeghreal érp@altterw gibis ag ingegier of
gfrml tl toPrand sk gyrged map be the bamgror differeatiand arBan @teggrof Garh Kyé Ehe of
Ariy/CIEN@ oo sidgh-baRDwithRBe provis tiiat witsh@sie €t mdeXoOmanbd hevsdimd @ diffeadnt;
ganis heteropprtatglesapht?-€20br datreaylenedfyChCnE i datainthgaat flidasosrRSieendatom
esklested Sitoaneeing aincgdh, bsygln arfd solfur@hdzeinAs used herein,
CBlietyeloalkelerr o BeCabi or atybemt of@&LOR| | cyl groups conprising from3 t
B} Baduostent"dyy of DbWkyblecufaeiveipls ofganiaRo@poudy chpable of Bdectysy Bimtiag to3a
bfwratomdyeslabadl subyranbe agdt ur at ed or unsaturate. Exanpl es of
VY igOoipsCly. e, but are not limted to, cyclopropyl, cyclobutyl,
vl , cycl ohexyl, cycloheptyl and cyclooctyl. As used herein,
Inedrertsr embdlimelterftthainybntiphOthp Slucrophpre-tadond) aftentdini® of artedGsinia drbatives
darapyek, arerrgfraemsedibg teifsigving struegrabfoenss:i ¢ radi cal s which may includ
20 canpen atons. Aryl groups |ncIHd£ but are not limted to,
G =~~ant hracenyl, and napht/Eh§g As used herein,
e" refers to cycl od \%F gonpri sing fron12 to 20

| east one het eroat onTSelf@et ed from anong nitrogen

like. As used herei nO hegergaryl ene- refers to

het er o@ Yl greou having in the ra§ge of ]2 to 20 carbon atons,
roaryV'}ﬁﬁHﬂgngﬁ a 3 to 20- nenbereﬁfah%#ﬁ#%;ﬂing cont ai ni ng
ons and ¥YneYor Ynos er dmitérecaf.ons sel éct ed from anongltmickgobgen,
d sulfur or like; or an 8- to 10-nenbered bicyclic or polycyclic
ewheRnt ai ni ng carbon atonms and heteroat ons, such as nitrogen,
F sul fur, mherein at | east one of the rings in the bicyclic syste

i ”%f_% ﬁﬂ"ther—ﬁﬂmg&}%‘a—”&@f’?f‘ﬁ% e iPT Lot A byt
é"#gﬁéfﬁg m AWRA) Wi sot hi ocyanate ©F

D

m

tetranethy r

“NH—ivhesein s isjan alés‘é@wé freo teld, mris anigtees of

from 1 to 100, and x1 and x2 may be the same or different and are an integer of from 0 to 10;

X is CH,, O or a single bond, with the proviso that when m is 2 or more, Xs may be the same or different;

A is heterocycloalkylene of C2-C20 or heteroarylene of C2-C20, containing at least one heteroatom

selected from among nitrogen, oxygen and sulfur therein;

B is cycloalkylene of C3-C20 or arylene of C6-C20;

R; is a fluorescent dye or a low-molecular weight organic compound capable of selectively binding to a

fluorescent dye-labeled substance; and

Y is O, S or CH,.

As used herein, “cycloalkylene” refers to divalent cycloalkyl groups comprising from 3 to 20 carbon

atoms, and “cycloalkyl” refers to an alicyclic ring system of 3 to 20 carbon atoms which may be saturated

or unsaturate. Examples of cycloalkyl groups are, but are not limited to, cyclopropyl, cyclobutyl,

cyclopentyl, cyclohexyl, cycloheptyl and cyclooctyl.

As used herein, “arylene” refers to divalent aryl groups comprising from 6 to 20 carbon atoms, and “aryl”

refers to single-ring aromatic radicals which may include from 6 to 20 carbon atoms. Aryl groups

include, but are not limited to, phenyl, biphenyl, anthracenyl, and naphthenyl.

As used herein, “heterocycloalkylene™ refers to cycloalkylene comprising from 2 to 20 carbon atoms,

and at least one heteroatom selected from among nitrogen, oxygen and sulfur or like.

As used herein, “heteroarylene” refers to divalent heteroaryl groups having in the range of 2 up to 20

carbon atoms, and “heteroaryl” refers to a 3 to 20-membered aromatic ring containing carbon atoms and

one or more heteroatoms selected from among nitrogen, oxygen and sulfur or like; or an 8- to
. 10-membered bicyclic or polycyclic ring system containing carbon atoms and heteroatoms, such as

nitrogen, oxygen and sulfur, wherein at least one of the rings in the bicyclic system is an aromatic ring.

In another embodiment of the invention, the fluorescent dye refers to Coumarin, Cy3, Cy5,
fluorescein isothiocyanate (FITC), tetramethylrhodamin (TAMRA), tetramethylrhodamin isothiocyanate
(RITC), Alexa, 4,4-difluoro-4-boro-3a,4a-diaza-s-indacene (BODIPY), Texas Red,
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In another particular embodiment of the invention is a compound represented by the following
structural formula:

In another particular embodiment of the invention is a compound represented by the following
structural formula:

resonance form

In another particular embodiment of the invention is a compound represented by the following
structural formula: :
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Another embodiment of the invention is a method for determining the location of a fluorophore-tagged
antimalarial within or on a cell comprising the steps of exposing the cell to the fluorophore-tagged
antimalarial of any of the structural formulas (refer to Figure 1 to 4); and assaying the cell to determine
the location of the fluorophore-tagged antimalarial within or on the cell; wherein the cell is visualized
by confocal and/or fluorescence microscopy.

As used herein, “location” refers to any cellular components or organelles that the described
fluorophore-tagged antimalarial accumulates in. A cellular component refers, but is not limited to
cellular proteins and cellular membranes. An organelle refers, but is not limited to lysosomes,
digestive vacuoles, nucleus, endoplasmic reticula, and mitochondria.

As used herein, “exposing the cell to the fluorophore-tagged antimalarial of any of the structural
formulas” means incubating the cells with the described fluorophore-tagged antimalarial for a desired
period, in the same container or solution and may come into contact; under viable environment with
tolerable temperature, and suitable air composition to cultivate the cells. The solution refers to
cultivating medium which provides sufficient nutrient to the cells. The fluorophore-tagged
antimalarial can be added at any time, depending on the interest of study.

Another embodiment of the invention is a method for determining the binding target of a
fluorophore-tagged antimalarial within or on a cell comprising the steps of exposing the cell to the
fluorophore-tagged antimalarial of any of the structural formulas (refer to Figure 1 to 4); allowing the
compound to bind to its target; then exposing the cell to specific fluorescent agent and assaying the cell
to view the fluorescence from fluorophore-tagged antimalarial and fluorescent agent within or on the
cell; wherein the cell is visualized by confocal and/or fluorescence microscopy.

As used herein, “binding target” refers to a particular cellular component  to which the
fluorophore-tagged antimalarial binds. A cellular component includes, but is not limited to cellular
organelles, signaling and membrane molecules, structural proteins, enzymes, receptors, glycolipids,
and metabolic products.

As used herein, “exposing the cell to specific fluorescent agent” means staining a particular cellular
component by using a fluorescent agent that specifically target said particular cellular component. The
fluorescent agent refers to a fluorescent dye, fluorescent antibodies and fluorescent ligands which
possess different excitation and emission wavelengths from that of the fluorophore-tagged
antimalarial. This exposure is performed after removal of fluorophore-tagged antimalarial from
cultivating medium and thorough washing of cells to prevent unspecific binding of fluorophore-tagged
antimalarial to fluorescent agent.

As used herein, “view the fluorescence from fluorophore-tagged antimalarial and fluorescent agent”
refers to visualize the locations of fluorescent signals from fluorophore-tagged antimalarial and
fluorescent agent using the above mentioned equipment via separate emission channels.
Co-localization of these fluorescent signals, which fluorescent signal of fluorophore-tagged
antimalarial is superimposed on the fluorescent signal of fluorescent agent, identifies the particular
cellular component as the binding target of fluorophore-tagged antimalarial and vice versa.

One embodiment of the invention provides a method for measuring the uptake of a fluorophore-tagged
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Thereby forming the fluorophore-tagged antimalarials.

Artemisinin derivatives are synthesized to improve the bioavailability of artemisinin since they serve
as prodrugs of dihydroartemisinin, the active metabolite of artemisinin in cells. The present invention
is able to give a good indication on the mode of action of artemisinin inside a cell. These
fluorophore-tagged antimalarials display comparable killing potencies with the parent drugs
(artemisinin derivatives artelinic acid and artesunate) against malarial parasites Plasmodium
Jalciparum using ICs, reinvasion assay. For example in Fig. 9, the ICs, value of blue fluorescent
labeled artelinic acid (AA-Blue) is in the range of 20nM to 30nM, which are near to published ICs,
value of artemisinin (10nM to 15nM) (Crespo et al., 2008).

Further investigations have demonstrated that only the parent drugs compete with the uptake of these
fluorophore-tagged antimalarials into P. falciparum causing reduction in fluorescence intensity within
the parasites, but not the fluorescent tag +linkers or other drugs (refer to Fig.10). These suggest the
similar mode of actions of fluorophore-tagged antimalarials to their parent drugs. Similarly, confocal
imaging on P. falciparum incubated with fluorophore-tagged antimalarials or fluorescent tag +linkers
shows that only fluorophore-tagged antimalarials display bright fluorescent signals in cells (refer to
Fig.11 and Fig.12). This again indicates that inert fluorophores used do not contribute to the actions of
fluorophore-tagged antimalarials, wherein the active entities of parent compounds are necessary for
the fluorescent compounds to enter P. falciparum. These results show that these fluorescent
compounds act similarly to their respective parent compounds. Henceforth, present invention will
benefit the research fields of malaria, cancer, bacterial and viral studies as a research use only (RUO)
bioimaging tool, to image the localization, accumulation and/or dynamics of arteimisinin-like
derivatives within or on the cell.

2.6 References:

B.M. Greenwood, K. Bojang, C.J.M. Whitty, G.A.T. Targett (2005). Malaria. Lancet, 365(9469),
1487-98.
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Konings (1993). Cytotoxicity of artemisinin-related endoperoxides to Ehrlich ascites tumor cells.
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L.H. Miller, H.C. Ackerman, X. Su, T.E. Wellems (2013). Malaria biology and disease pathogenesis:
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Maria P. Crespo-Ortiz and Ming Q. Wei (2011). Antitumor activity of artemisinin and its derivatives:

From a well-known antimalarial agent to a potential anticancer drug. Journal of Biomedicine and
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Dihydroartemisinin inactivates NF-kappaB and potentiates the anti-tumor effect of gemcitabine on
pancreatic cancer both in vitro and in vivo. Cancer Lett. 291(1), 99-108.
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World Health Organisation (2012). World Malaria Report 2012,

What is claimed is:

1. A fluorescent artemisinin-analogue, represented by the following structural formula:

. R1 Rz

N
H

, or a salt thereof
Wherein

R, is —(CHy)—NH—, —A—NH—, —B—NH—, —(CH,),—NH—(CH,X),—NH—,
—(CHy);—A— or —(CH;),—NH—(CH2),;—B—(CH,),—NH— wherein n is an integer of from 1 to
10, m is an integer of from 1 to 100, and x1 and x2 may be the same or different and are an integer of from 0 to
10;

X is CH,, O or a single bond, with the proviso that when m is 2 or more, Xs may be the same or different;

A is heterocycloalkylene of C2-C20 or heteroarylene of C2-C20, containing at least one heteroatom
selected from among nitrogen, oxygen and sulfur therein;

B is cycloalkylene of C3-C20 or arylene of C6-C20;

R, is a fluorescent dye or a low-molecular weight organic compound capable of selectively binding to a

fluorescent dye-labeled substance; and
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Wherein
R, is —CH,)>~NH—, —A—NH—, —B—NH—, —(CH,),—NH—(C;H,;X);—NH—,

—(CH;);—A— or —(CH,),—NH-—(CH2),,—B—(CH,),—NH— wherein n is an integer of from 1 to
10, m is an integer of from 1 to 100, and x1 and x2 may be the same or different and are an integer of from 0 to
10;

X is CH,, O or a single bond, with the proviso that when m is 2 or more, Xs may be the same or different;

A is heterocycloalkylene of C2-C20 or heteroarylene of C2-C20, containing at least one heteroatom
selected from among nitrogen, oxygen and sulfur therein;

B is cycloalkylene of C3-C20 or arylene of C6-C20;

R; is a fluorescent dye or a low-molecular weight organic compound capable of selectively binding to a
fluorescent dye-labeled substance.

3.

A fluorescent artemisinin-analogue, represented by the following structural formula:
H

i
o\n,R1 TrR1 TrRz
Y Y Y | orasaltthereof.
Wherein
R, is —CH,;)—NH— —NH—CH,)>—NH—, —NH—A—NH—, —NH—B—NH—,
—{(CH,),—NH—(C,H;X),—NH—, —(CH,)—A— or

—(CH,);—NH—CH2),,—B—(CH,),—NH— wherein n is an integer of from 1 to 10, m is an integer of
from 1 to 100, and x1 and x2 may be the same or different and are an integer of from 0 to 10;

X is CH,, O or a single bond, with the proviso that when m is 2 or more, Xs may be the same or different;

A is heterocycloalkylene of C2-C20 or heteroarylene of C2-C20, containing at least one heteroatom
selected from among nitrogen, oxygen and sulfur therein;

B is cycloalkylene of C3-C20 or arylene of C6-C20;

R, is a fluorescent dye or a low-molecular weight organic compound capable of selectively binding to a
fluorescent dye-labeled substance; and

Y is O, S or CH,.

4. A fluorescent artemisinin-analogue, represented by the following structural formula:
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. or a sal omt hterl&¢and xl and may be the same or different and are an integer of from 0 to 10;

X is CH,, O or a single bond, with the proviso that when m is 2 or more, Xs may be the same or different;

A is heterocycloalkylene of C2-C20 or heteroarylene of C2-C20, containing at least one heteroatom
selected from among nitrogen, oxygen and sulfur therein;

B is cycloalkylene of C3-C20 or arylene of C6-C20;

R; is a fluorescent dye or a low-molecular weight organic compound capable of selectively binding to a
fluorescent dye-labeled substance.

5. A fluorescent artemisnin analogue according to claim 1 and 2, wherein the fluorescent dye is selected
from the group consisting of Coumarin, Cy3, Cy5, fluorescein isothiocyanate (FITC),
tetramethylrhodamin =~ (TAMRA),  tetramethylrhodamin  isothiocyanate  (RITC),  Alexa,
4,4-difluoro-4-boro-3a,4a-diaza-s-indacene (BODIPY), Texas Red,
2-acetyl-6-dimethylaminonaphthalene (Acedan) and a combination thereof, and the low-molecular
weight organic compound capable of selectively binding to a fluorescent dye-labeled substance is
biotin.

6. The compound according to Claim 1, wherein the compound is represented by the following structural
formula:

o , or a salt thereof.

7.  The compound according to Claim 1, wherein the compound is represented by the following structural
formula:

, or a salt thereof.
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, or a salt thereof.

10. The compound according to Claim 2, wherein the compound is represented by the following structural

, or a salt thereof.

Wherein
R is hydrogen, methyl, alkyl (containing 1-10 carbons), phenyl, 4-methoxyphenyl, thiophene, pyrrole.

11. A method for determining the location of a fluorophore-tagged artemisinin within or on a cell,
comprising the steps of:

exposing the cell to the compound according to any one of claims 1 to 10; and assaying the cell to
determine the location of the compound within or on the cell.

12. A method for determining the binding target of a fluorophore-tagged artemisinin within or on a cell,
comprising the steps of:

a) exposing the cell to the compound according to any one of claims 1 to 10 to allow binding to its target;
then

b) expose the cell to said fluorescent agents that specifically binds to a cellular component; then

¢) assaying the cell; wherein co-localization of fluorescent signals from said fluorescent agents with that
of said compound is an indication of said cellular component as the binding target of the compound within
or on the cell.
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17. The method according to claim 15, wherein said one or more test cells is exposed to said test
substance after exposing to said compound.
18. The method according to claim 15, wherein said one or more test cells is exposed simultaneously to
said test substance and said compound.
19. The method according to claim 15, wherein said exposing step further includes exposing said one or
more test cells with at least one second test substance in the presence of said first test substance.
20. The method according to any one of claims 11 to 19, wherein the parasite or cell is either visualized
by confocal and/or fluorescence microscopy, or assayed by flow cytometry.
21. A method for synthesizing the fluorescent artemisinin analogue of claim 1 to 4, comprising:
a) dissolving dihydroartemisinin and hydroxymethylbenzoic acid in diethyl ether and add boron
trifluoride dimethy| etherate to obtain artelinic acid
b) Reacting the amine reactive fluorescent dye with a Boc group-containing organic compound in an
organic solvent under peptide coupling conditions followed by purification
¢) Deprotecting the Boc protected product of step b) and reacting it with a solution of artelinic acid or
artesunate under peptide coupling conditions followed by purification to obtain the compound of claim 1
to 4.
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