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COMPOSITION FOR TREATING CANCER CELLS AND
SYNTHESIS METHOD FOR THE SAME

ABSTRACT OF THE DISCLOSURE

A pharmaceutical composition having a cytotoxic effect to a cancer cell
and a method for the same are provided. The pharmaceutical composition

comprises a flavonoid compound having at least one of the following formulas:

and

18




04 Apr 2008

2008201553

10

15

, wherein B ring is a
4-oxo-cyclohexa-2,5-dienyl group, and any one of R,-R;, is one selected
from a group consisting of hydrogen group, hydroxyl group, C1-C20 alkyl
group, C1-C20 ether group, C1-C20 ester group, carboxyl group, halogen and

sugar,
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COMPOSITION FOR TREATING CANCER CELLS AND
SYNTHETIC METHOD FOR THE SAME

[0001] The present invention relates to a composition for treating cancer
cells and a synthetic method therefor. More particularly, the method is totél
synthesis or semi-synthesis,

[0002]  Recently many extracts and their derivatives oriented from natural
plants, such as vincristine, vinbalstine, camptothecin, taqu and its derivatives,
palitaxel and docetaxel, have been widely used in clinical chemical therapy of
a malignant tumor. Therefore, the effect of the extracts from natural plants
has been a burgeoning research in the field of new drug development.

[0003] According to present publication, protoapegenone is a compound
derived from Thelypteris torresiana produced in Taiwan. The compound has
strong cytotoxic activities to many human cancer cell lines, including breast
cancer cells (MCF-7, MDA-MB-231), liver cancer cells (Hep G2, and Hep 3B),
and lung cancer cells (A549). (Planta Medica 71:867-870, 2005)

[0004] Prior to that, the protoapigenone can be obtained merely by
extraction and isolation from natural plants. However, the efficiency of
collecting the compound is under influence of unstable sources such as plant
genes, humidity, and latitude, altitude of the collection location, season and
individual variation of the plants.

[0005]  In view of the above, the inventors develop a method for producing
a compound for treating cancer cells through total synthesis or semi-synthesis
based on the inventors” experience in studying the ingredient of natural plants
and chemical synthesis for a long time. By using such preparation, the

protoapigenone can be produced from commercially available chemical
1
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products without extracting from natural plants. Moreover, the activity of the
synthetic compound has no obvious difference with nature product through a
comparison of activity. Moreover, the source of the compound would be
stable and preparation time would be saved. Further, yield of the compound
can be estimated in a large scale production by using the synthetic method of
the present invention.

[0006]  Besides, many derivatives of protoapigenone will be produced from
different initiators, reagents and intermediator. Moreover, the acidity, the
alkalinity, the lipid solubility, the solubility, the activity and the toxicity of the
compound can be changed by substituting with different functional groups so
that a more potent compound with cytotoxic effect can be afforded. The

summary of the present invention is described below.

[0007] It is an aspect of the present invention to provide a pharmaceutical
composition having a cytotoxic effect to a cancer cell. The pharmaceutical
composition comprises a flavonoid compound having at least one of the

following formulas:
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, wherein B ring is a
4-oxo-cyclohexa-2,5-dienyl group, and any one of R;-R;, is one selected from
a group consisting of hydrogen group, hydroxyl group, C1-C20 alkyl group,
C1-C20 ether group, C1-C20 ester group, carboxyl group, halogen and sugar.
In one preferred embodiment of this invention, flavonoid compound is
obtained from a total synthesis method. In another preferred embodiment,
the flavonoid compound is obtained from a semi-synthesis method.

[0008] Preferably, the pharmaceutical composition is used for treating a

disease of a mammal.
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[0009]  Preferably, the disease is a cancer.

[0010] Preferably, the mammal is a human.

[0011] It is another aspect of the present invention to provide a method for
synthesizing a specific flavonoid compound. The method comprises steps of
mixing an acetophenone comprising a first protecting group with a
benzaldehyde comprising a second protecting group to obtain a first compound
through a Claisen-Schmidt Condensation reaction, reacting the first compound
with a first catalyzer to obtain a second compound, removing the second
protecting group from the second compound to obtain a third compound,
reacting the third compound with a second catalyzer and an iodobenzene
compound to obtain a fourth compound through an oxidation, and adding an
acid into the fourth compound to remove the ﬁrst. protecting group and obtain
the flavonoid compound. In a specific embodiment, the specific flavonoid
compound is protoapigenone.

[0012] Preferably, the first protecting group is a MOM.

[0013]  Preferably, the second protecting group is a benzyloxy group.
[0014]  Preferably, the first catalyzer is an iodine.

[0015] Preferably, the second catalyzer is a TEMPO.

[0016] Preferably, the iodobenzene compound is one of an iodobenzene
diacetate and a [bis(triﬂuoroacetoxy)iodo]benzene.

[0017]  Preferably, the acid is a hydrochloric acid.

[0018] It is a further aspect of the present invention to provide a method
for synthesizing a specific flavonoid compound. The method comprises steps
of providing a flavonoid compound comprising a 4’-hydroxy group, and
mixing the flavonoid compound with a first catalyzer and an iodobenzene

compound to obtain the specific flavonoid compound. In an exemplary

4
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embodiment, the specific flavonoid compound 1is derivatives of
protoapigenone.

[0019] Preferably, the first catalyzer is a TEMPO.,

[0020] Preferably, the iodobenzene compound is one of an iodobenzene
diacetate and an [bis(trifluoroacetoxy)iodo]benzene.

[0021]  Other objects, advantages and efficacies of the present invention
will be described in detail below taken from the preferred embodiments with

reference to the accompanying drawings, in which:

[0022]  Fig. 1 is a flow chart showing the total synthesis method for
preparing the flavonoid compound in the present invention,

[0023] Fig. 2 shows chemical structures of compounds 8a, 10a, 15a and
18a prepared by a semi-synthesis method in the present invention; and

[0024] Fig. 3 shows chemical structures of compounds 8b, 10b, and 15b
prepared by a semi-synthesis method in the present invention.

[0025] I. Definitions

[0026]  The following definitions are provided in order to aid
understanding of the detailed description of the present invention:

[0027] As used herein, the term "C1-C20 alkyl" represents a straight- or
branched-chain saturated hydrocarbon containing 1 to 20 carbon atoms which
may be ﬁnsubétituted or substituted by one or more substituténts. EXamples
of C1-C20 alkyl groups include methyl, ethyl, propyl, 2-propyl, n-butyl,
iso-butyl, tert-butyl, pentyl, and the like. Similarly, the term “C1-C20 ether"
and “C1-C20 ester" represents a compound containing 1 to 20 carbon atoms
which may be unsubstituted or substituted by one or more substituents.
[0028]  As used herein, the term "alkyl" represents both straight and

branched, saturated and unsaturated hydrocarbon groups.
5
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[0029] As used herein, the term "ether" represents any of a number of
organic compounds whose molecules contain two hydrocarbon groups joined
by single bonds to an oxygen atom.

[0030] As used herein, the term "ester" refers to and covers any compound
falling within the definition of that term as classically used in organic
chemistry. It includes organic and inorganic esters, where A is -COOH,; this
term covers the products derived from treatment of the function with alcohols
or thioalcoh_ols. The ester is derived from compounds where A is --CH,; OH;
this term covers compounds derived from organic acids capable of forming
esters such as phosphorous-based and sulfur-based acids, or compounds of the
formula --CH; OCOR where R is any substituted or unsubstituted aliphatic,
aromatic, heteroaromatic or aliphatic-aromatic group.

[0031]  The term "halogen" refers to fluorine, chlorine, bromine or iodine.
[0032] The term "total synthetisis" refers to the chemically synthetic
method using starting materials other than one of the naturally occurring
compounds. The term "semi-synthesis" refers to the chemical synthetic
method using naturally occurring compounds as starting materials.

[0033] As used herein, the term "mammal" refers to the Mammalia class of
higher vertebrates, especially human.

[0034]  The term "protecting" as used herein refers to a process in which a
functional group in a chemical compound is selectively masked by a
non-reactive functional group in order to allow a selective reaction(s) to occur
elsewhere on the chemical compound. Such non-reactive functional groups
are herein termed as "protecting groups." Such groups are generally able to

be selectively introduced and removed using mild reaction conditions that do
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not interfere with other portions of the subject compounds.

[0035] The term "oxidation" refers to the loss of one or more electrons in
an element, compound, or chemical substituent/subunit. In an oxidation
reaction, electrons are lost by atoms of the element(s) involved in the reaction.
The charge on these atoms must then become more positive. The electrons
are lost from the species undergoing oxidation and thus electrons appear as
products in an oxidation reaction.

[0036]  The term “protoapigenone” used in the embodiment refers to a
flavonoid compound containing a 4'-oxocyclohexa-2',5'-dienyl moiety rather
than a 4'-hydroxycyclohexa-2',5'-dienyl moiety in a nature product. Except
the particularly mentioned “natural protoapigenone” or “protoapigenone
extracted from a plant”, the term “protoapigenone” mentioned in the
embodiment represents the flavonoid derived from a chemical synthesis
method.

[0037] IL. Detailed Description

[0038] Example I: The total synthetic method for preparing
protoapigenone compound

[0039]  Please refer to Fig. 1, which is a flowchart showing a total synthesis
method for preparing the flavonoid compound in the present invention.
Firstly, an exceed amount (for example, 7E (equivalent)) of potassium
carbonate is added into an  acetone  solution  containing
2’4’ 6’-Trihydroxy-acetophenone monohydrate to form a first mixture, and
the first mixture is stirred. Then, 3E of chloromethyl methyl ether is added
dropwise into the first mixture. For fully reacting, the first mixture is

refluxed for 90 minutes. After cooling, the first mixture is filtrated to obtain
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a precipitation. The precipitation is rinsed with acetone and chloroform, and
then evaporated and purified by column chromatography on a silica gel
(isocratic elution, 90% n-hexane / 10% ethyl acetate) to obtain a
2’-hydroxy-4’-6’-dimethoxymethyl-acetophenone with MOM protecting
groups on the 4’ and the 6’ positions in 50.3% yield.

[0040]  Subsequently, the aforementioned
2’-hydroxy-4’-6’-dimethoxymethyl-acetophenone and a
4-benzyloxy-benaldehyde are mixed to carry out a Claisen-Schmidt
Condensation reaction. In this condensation reaction,
2’-hydroxy-4’-6’-dimethoxymethyl-acetophenone and 2E of

4-benzyloxy-benaldehyde are mixed in ethanol solution to obtain a second
mixture. After stirring the second mixture, a catalytic amount of potassium
hydroxide is added thereinto. The second mixture is stirred at room
temperature for 30 hrs, and then the solvent was evaporated under reduced
pressure. The concentrated second mixture is chromatographed on a silica
gel and eluted with n-hexane/ethyl acetate to obtain a first compound in 87.2%
yield.

[0041]  0.2E of iodine is added into a proper amount of pyridine solution
containing the dissolved first compound. After the pyridine solution is
heated and refluxed for 5 hrs, a sodium thiosulfate is added thereinto. The
pyridine solution is extracted with ethyl acetate/water and then purified by a
column chromatography on silica gel to obtain a second compound in 85.5%
yield.

[0042] Then, the second compound is dissolved in an ethyl
acetate/methanol solution. 1E of 10% palladium carbon (Pd/C) is added into
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the ethyl acetate/methanol solution and the solution mixture is stirred under an
atmosphere of hydrogen for 3 hrs.  After a filtration process for removing the
palladium carbon, the above solution is concentrated under reduced pressure to
obtain a third compound in 88.9% yield.

[0043]  An oxidation reaction is carried out by reacting the third compound
with 1E of iodobenzene diacetate or [bis(trifluoroacetoxy)iodo]benzene in the
presence of a catalytic amount of TEMPO under a heating condition to obtain
a reactant a. The reactant a is extracted with ethyl acetate/water and then
isolated repeatedly on a silica gel column to obtain a forth compound in 22.2%
yield.

[0044]  The MOM protecting groups on the 4’ and the 6’ positions of the
forth compound is removed by heating with hydrochloric acid to provide a
protoapigenone compound in 46.7% yield.

[0045] Example II: The semi-synthesis methbd for preparing
derivatives of protoapigenone

[0046] The embodiment herein illustrates a semi-synthesis method for
synthesizing the following compounds: compound 8a: protoflavonone
(ITUPAC name 18
2-(1-hydroxy-4-oxocyclohexa-2,5-dienyl)-4H-chromen-4-one), compound 10a:
5-hydroxyprotoflavone (IPAC name is
2-(1-hydroxy-4-oxocyclohexa-2,5-dienyl)-5-hydroxy-4H-chromen-4-one),
compound 15a: B-nanphthoflavonone (ITIPAC name is
3-(1-hydroxy-4-oxocyclohexa-2,5-dienyl)-1H-benzo[f]chromen-1-one) and
compound 18a: 5-hydroxy-7-methoxyprotoflavonone (IIPAC name is
5-hydroxy-2-(1-hydroxy-4-oxocyclohexa-2,5-dienyl)-7-methoxy-4H-chromen-
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4-one).

[0047]  Firstly, a commercially available precursor flavonoid such as
4’-hydroxyflavone, 4’-5-dihydroxyflavone, 4’-hydroxy-B-naphthoflavone and
4’-5-dihydroxy-7-methoxyflavone is selected as a starting material and
dissolved in an appropriate amount of water. Secondly, a catalytic amount of
TEMPO is added to the precursor flavonoid. The solution mixture is
oxidized with IE  of iodobenzene diacetate or
[bis(trifluoroacetoxy)iodo]benzene in a heating condition to obtain a product b.
Sequentially, the product b is extracted with ethyl acetate/water to afford an
organic layer, and the organic layer is isolated by chromatography repeatedly
to obtain the compound 8a, compound 10 a, compound 15a and compound 18a
in 20-30% yield. The structural changes of these compounds are shown in
Fig. 2.

[0048]  In another way, the above precursor flavonoids can be dissolved in
an appropriate amount of methanol. A catalytic amount of TEMPO is added
to the precursor flavonoid respectively. The solution mixture is oxidized with
1E of iodobenzene diacetate or [bis(trifluoroacetoxy)iodo]benzene in a heating
condition to obtain a product ¢. Similarly, the product c is extracted with
ethyl acetate/water to afford an organic layer, and the organic layer is isolated
by chromatography repeatedly to obtain a compound having a methoxy group
on the 1’-position such as 1’-methoxyprotoflavonoen (compound 8b),
1’-methoxy-5-methylprotoflavonone (compound 10 b), and
1’-methoxy-B-naphthoflavone (compound 15b) in 25-35% yield.  The
structural changes of these compounds are shown in Fig. 3.

[0049] Example II: The bio-activities of the derivatives of

10
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[0050] Cells culture

[0051] Human liver (HepG2 and Hep3B), breast (MCF-7 and
MDA-MB-231), and lung (A549) cancer cell lines were propagated in
RPMI-1640 medium supplement with 10% (v/v) FBS, 100 U/mL penicillin
and 100 g/mL strejétomycin at 370 in a‘humidiﬁed atmosphere of 5% CO2
and 95% air. The culturing medium is changed every' three days. Upon
confluency, cells were subcultured fo.conﬂuency, and used for experiments.
The experimental period is determined according to the aim of experiment.
[0052]  Cytotoxicity assay

[0053]  Cytotoxicity is measured by the MTT colorimetric method. ~ Cells

were seeded at densities of 5,000— 10,000 cells/well in 96-well tissue culture

plates. On day two, cells are treated with test compounds for another 72 hrs.
After drug treatment, attached cells were incubated with MTT (0.5 mg/mL) for
1 hr and subsequently solubilized in DMSO. The absorbency at 550 nm is
then measured using a microplate reader. The result of cell viability is shown
in Table 1. The IC50 is the concentration of agent that reduces the cell
viability by 50% under the experimental conditions, and the cytotoxic

compound, Doxorubicin, is used as a positive control.

Table 1
1Cs, (ng/mL)

Compound HepG2 Hep3B MDA-MB-231 MCF-7  A549
protoapigenone  2.32 0.65 0.41 1.07 3.96
8a 1.7 0:32 0.18 0.44 133
8b 10.95 1.45 1.47 2.14 >20
10a 1.34 0.35 0.18 0.93 1.37
10b 7.64 0.66 0.54 1.55 16.36
15a 1.08 0.09 0.12 0.20 0.55

11
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15b 3.16 0.35 0.37 0.86 8.20
18a 0.17 0.20 0.13 0.51 0.93
Doxorubicin 0.29 0.36 0.08 0.43 0.21

[0054] As shown in Table 1, each test compound is examined for in vitro
cytotoxic activities against several human cancer lines and compared with the
related flavonoid protoapigenone and doxorubicin, a positive control.
Remarkably, compounds 8a, 10a, 15a and 18a show significant cytotoxic
activity with notable ICso against cancer cell lines, especially Hep3B and
MDA—lMB—231. It is known that botﬁ the protoapigenone compound and its
derivatives synthesized by a chemical method have cytotoxic effect against
cancer cells, similar to nature protoapigenone compound extracted from a
plant. Among the derivatives, compound 18a shows the highest potency
against all five cancer cell lines. Amazingly, this compound also exhibits
significantly enhanced activity against the HepG2 human liver cancer cell line,
while most analogs show comparatively weak activity against this cell line.
From the above data, it is proved that many derivatives having more potency
to particular cancer cells than protoapigenone can be produced by using the
synthetic method of the present invention.

[0055] To summarize, the present invention ‘provides a composition having
a cytbtoxic effect to a cancer cell and a niethod fqr syﬁthesizing the same,
The total synthesis or semi-synthesis method can generate the cytotoxic
compound protoapigenone.  Further, the method of the present invention can
produce other derivatives with similar activity or even with better activity.
[0056] While the invention has been described in terms of what is

presently considered to be the most practical and preferred embodiments, it 18

12
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to be understood that the invention needs not be limited to the disclosed
embodiment. On the contrary, it is intended to cover various modifications
and similar arrangements included within the spirit and scope of the appended
claims which are to be accorded with the broadest interpretation so as to

encompass all such modifications and similar structures.

13
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Claims:
1. A pharmaceutical composition having a cytotoxic effect to a cancer cell comprising:

a flavonoid compound having at least one of the following formulas:

Formula 1

Formula 2

and

Formula 3

wherein:
B ring has a 4-oxo-cyclohexa-2,5-dienyl group, and any one of R|-R;; is one selected
from a group consisting of hydrogen group, hydroxyl group, C1-C20 alkyl group, C1-C20

ether group, C1-C20 ester group, carboxyl group, halogen and sugar;

14




07 May 2010

2008201553

when R; of the formula 1 is a hydroxyl group, R4 of the formula 1 is one selected from

a group consisting of hydrogen group, C1-C20 alkyl group, C1-C20 ether group, C1-C20

ester group, carboxyl group, halogen and sugar; and

when Ry of the formula 1 is a hydroxyl group, R, of the formula 1 is one selected from

a group consisting of hydrogen group, C1-C20 alkyl group, C1-C20 ether group, C1-C20

ester group, carboxyl group, halogen and sugar.

2,

The composition as claimed in Claim 1, wherein the flavonoid compound is obtained from

a chemical method being one of a total synthesis method and a semi-synthesis method.

. The pharmaceutical composition as claimed in Claim 1 being used for treating a disease of

a mammal.

. The pharmaceutical composition as claimed in Claim 3, wherein the disease is a cancer.
. The pharmaceutical composition as claimed in Claim 4, wherein the mammal is a human.

. A synthesis method for synthesizing a specific flavonoid compound comprising steps of:

mixing a 2’,4’,6’-trihydroxy-acetophenone, which comprises a first MOM group and
a second MOM group, with a benzaldehyde comprising a benzyloxy group to obtain a first
compound through a Claisen-Schmidt Condensation reaction;

reacting the first compound with a first catalyzer and removing the first MOM group
to obtain a second compound;

removing the benzyl group from the second compound to obtain a third compound,;

reacting the third compound with a second catalyzer and an iodobenzene compound to
obtain a fourth compound through an oxidation; and

adding an acid into the fourth compound to remove the second MOM group and

obtain the flavonoid compound.

. The method as claimed in Claim 6, wherein the first catalyzer is an iodine.
. The method as claimed in Claim 6, wherein the second catalyzer is a TEMPO.

. The method as claimed in Claim 6, wherein the iodobenzene compound is one of an

iodobenzene diacetate and a [bis(trifluoroacetoxy)iodo]benzene.

10. The method as claimed in Claim 6, wherein the acid is a hydrochloric acid.

15
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