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CHAPTER |
INTRODUCTION

Flavonoids are a class of natural products. They are known to be present in
plants including fruits, vegetables and herb. As the largest class of polyphenol, they
can be classified into six major subgroups, based on their molecular structure
including chalcone, flavone, flavanone, flavonol, anthocyanin, and isoflavonoid.
Flavonoids are associated with a broad spectrum of health promoting effects such as
antioxidant [1], antibacterial [2] and anticancer [3]. Moreover, flavonoids can be
applied to cosmetic which has been suggested to protect the skin against UV-

induced damage and skin aging [4].

Traditional medicine is used widely throughout Thailand. There are many Thai
plants that are used for medicinal purposes such as Boesenbergia rotunda
(fingerroot, Krachai). The crushed roots and rhizomes are applied to painful parts of
the body to ease rheumatic pains, and used internally to dispel flatulence, improve
the appetite and digestion, as a remedy for dry mouths, coughs and ulcers.
Kaempferia parviflora (Thai ginseng, Krachai dum) has traditionally been used as a
health promoting, stimulating and vitalizing agent. This plant is very popular for
stimulating sexual performance mostly in males. It contains substantial amounts of
PDE5 inhibitors, which act similarly as Viagra, with the ability to enhance sexual
performance by increasing blood-flow to the testis [5] and stimulating dopaminergic
functions in the hypothalamus. Furthermore, K. parviflora can increase sperm density

and promote health, reducing triglycerides and preventing diabetes.



1.1 General characteristics of Boesenbergia rotunda (L.) Mansf.

B. rotunda belongs to the ginger family (Zingiberacea). The rhizomes of B.
rotunda are often shaped like a bunch of fingers. It is a small perennial plant of
about 15-40 cm in height. Its leaves are broad and light green while the leaf sheath
is red. The underground portion of the plant consists of a small globular shaped
central subterraneous rhizome (1.5-2.0 cm in diameter) from which several slender
and long tubers sprout all in the same direction like the fingers of a hand, thus the

common name fingerroot [6].

Figure 1.1 The rhizomes and plants of B. rotunda

1.2 General characteristics of Kaempferia Parviflora Wall. Ex Baker

K. parviflora belonging to the the ginger family (Zingiberacea) is a herbaceous
plant of about 50-70 cm in height. Its leaves are simple leaf with deep violet and
oval shape. It is native to Thailand and has some historical and medicinal usage for
treating metabolic ailments and improving vitality in Thailand and limited to

surrounding regions.



Figure 1.2 The rhizomes and plants of K. Parviflora

1.3 Anti-bacterial activity of flavonoids

Although some bacteria are beneficial or harmless, several are pathogenic.
Pathogenic bacteria contribute to other globally important diseases, such as
pneumonia, which can be caused by bacteria such as Streptococcus and
Pseudomonas. Nowadays, many research groups are interested in anti-bacterial
activity of flavonoids. Several isolated or synthesized flavonoids possessed anti-
bacterial activity. This property of flavonoids enables them to be used extensively in
the area of nutrition, food safety, and health. Quercetin (1) and apigenin (2) are
among the most studied flavonoids which have been known to exhibit antibacterial

activities [7].

In 2006, Hussain and co-workers investicated 4-thioflavones and 4-
iminoflavones and their anti-bacterial activity against Escherichia coli, Bacillus subtilis,
Shigella flexnari, Salmonella aureus, Salmonella typhi and Pseudomonas

aeruginosa. These compounds exhibited better activity than their corresponding



flavone analogues. Investigation of the compounds having substituents as F, OMe
and NO, at 4 -position in ring-B of flavones exhibited the activity enhancement and
the presence of electronegative groups in the studied compounds showed a direct

relationship to the antibacterial activity [8].

In 2008, Li and Xu reported that quercetin (1) extracted from lotus leaves was

a promising antibacterial agent for periodontitis [9].

In 2015, Ferreira and co-workers addressed that a flavanone, dichamanetin
(3), isolated from Cleistochlamys kirkii, was very active against all Gram-positive
strains tested (Staphylococcus aureus, Enterococcus faecalis and Bacillus subtillis),

displaying MIC values in the range of 1-7.5 pg/mL [10].

‘ OH
O=EY
OH OH O
3

In 2016, Biva and co-workers isolated four compounds from the leaf-extract
of Eremophila alternifolia. Pinobanksin-3-cinnamate (4) was the most promising
antibacterial compound with significant activity (10-20 uM) against Gram-positive
bacterium Staphylococcus aureus including methicillin resistant and biofilm forming

strains[11].



1.4 Anti-tyrosinase activities of flavonoids

Tyrosinase is an oxidase which is the rate-limiting enzyme for controlling the
production of melanin. Melanin biosynthesis starts with two-step conversion
catalyzed by tyrosinase, hydroxylation of L-tyrosine to 3,4-dihydroxyphenylalanine (L-
DOPA) and the oxidation of L-DOPA to dopaquinone, finally oxidative polymerization
via several dopaquinone derivatives to yield pheomelanin (red-orange-color) and
eumelanin (black-brown-color). The melanin biosynthesis pathway is shown in Figure

1.3 [12, 13].

COOH HO COOH O COOH .
L O g O g Lo
[ —_— -
NH, NH, B NH,
HO . HO : o~ 2 HO
L-DOPA quinone
/ HO N~ “cooH
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05?:,- RN HO =
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[

O N 'COOH
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Figure 1.3 Melanin biosynthesis pathway [13]

Both natural and synthetic flavonoids had been tested for anti-tyrosinase
activity in order to search for whitening agents. For example, in 2007, Jun and co-
workers synthesized a series of hydroxychalcones and studied their tyrosinase
inhibitory activity. 2°,4°,6 -Trihydroxychalcone (5), 2,2°,3,4",6 -pentahydroxychalcone
(6), 2',3,4,4" 5,6 -hexahydroxychalcone (7), 2°,4 6 -trihydroxy-3,4-dimethoxychalcone

(8) and 2,2',4,4",6 -pentahydroxychalcone (9) exhibited high inhibitory effects on



tyrosinase with respect to L-tyrosine as a substrate. By structure—activity relationship
study, it was suggested that 2',4",6 -trihydroxy substructure in the chalcone skeleton
be efficacious for the inhibition of tyrosinase activity. The catechol structure on B-ring

of chalcones was not advantageous for the inhibitory potency [14].

Rs
HO OH R, Ry
O . O Rs
OH O Rs

5 R,=R,=R,=R. =R, = H
6:R, = R,= OH, R,= R, = R, = H
7:R, =R, = H, R, = R, = R, = OH
8:R,=R;=R, = H, Ry= R, = OCH,
9:R, = R, = OH, R,= R, = R, = H

In 2013, Ko and co-workers addressed that norartocarpetin  (10),
artogomezianone (11), cudraflavone A (12) and artonin M (13) from Artocarpus altilis

inhibited melanin production by strongly suppressing tyrosinase activity [15].

In 2014, Zhang and co-workers investigated morin (14), a flavonol that widely
distributed in plants and foods of plant origin, exhibited potent tyrosinase inhibitory

activity [16].
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In 2016, Zheng and co-workers synthesized flavonoids from the reaction
between 2,4-dihydroxybenzaldehyde and hydroxyacetophenones via Aldol, Michael,
and Friedel-Crafts additions using boric acid as catalyst. These synthetic compounds
were demonstrated significant tyrosinase inhibitory activities much stronger than kojic

acid [17].

1.5 Melanogenesis activities of flavonoids

Melanin pigment is distributed in several tissues in human. The important role
of melanin is considered to protect skin from UV damage by absorbing UV light.
Melanin is produced in melanosomes by melanocytes on a complex process called
melanogenesis. Keratinocytes, existing on the skin surface, get stimulated by UV
irradiation to produce messengers such as 0O-melanocyte-stimulating hormone (a.-
MSH), prostaglandin, and histamine to melanocytes. Then melanin is biosynthesized
by melanocyte in melanosome and ftransports to keratinocytes. The skin
pigmentation is induced by the cornification. Similarly, hair pigmentation occurs due
to melanin released on the outside of the melanocyte. The excess accumulation of
melanin in the skin often causes skin problems, such as freckles chloasma and
melisma so the controlling of melanogenesis is important. The mechanism of skin

pigmentation is shown in Figure 1.4 [18, 19].



1. Get stimulated by UV

irradiation

2. Produce messengers to
melanocyte

3. Melanin biosynthesis

Figure 1.4 Mechanism of skin pigmentation [19]

Many research groups explored the compounds

5. Cornification

4. Transportation to
keratinocyte

which could control

melanogenesis activity. For example, in 2006, Ohguchi and co-workers found that

naringenin (15) induced melanogenesis in mouse B16 melanoma cells, and that the

major melanogenic signaling factors, such as tyrosinase, Tyrpl, Dct, and Mitf, were

upregulated by naringenin [20].

HO

OH O
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e



In 2008, Boo and co-workers reported that taxifolin (16) and luteolin (17)
inhibited the cellular melanogenesis as effectively as arbutin, one of the most widely

used hypopigmenting agents in cosmetics [21].

OH O
16

In 2009, Fujii and co-workers isolated flavonoids from the methanolic extract
of rose hips and investigated their anti-melanogenesis activity. Among isolated
compounds, quercetin (1) was a potent melanogenesis inhibitor and decreased the
intracellular tyrosinase activity as well as the tyrosinase activity in a cell culture-free

system [22].

In 2013, Horibe and co-workers found that 4 -O-methylated flavonoids
increased the melanin contents of the cells 3- to 7-fold higher than the control cells.
On the other hand, the corresponding 4 -OH-type flavonoids had a significantly

smaller effect [23].

In 2014, Takekoshi and co-workers reported the relationships between the
chemical structures of flavonoids and their melanogenesis-promoting actions, it was
inferred that a hydroxyl group bound to the phenyl group plays an important role in

stimulating melanogenesis [24].

1.6 Literature review

There are many reports concerning the flavonoids isolated from B. rotunda

and K. parviflora and their analogues possessing the biological activities such as
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antibacterial, anticancer, anti-inflammatory, antitumor and melanogenesis activity. For
example, in 2003 Yenjai and co-workers isolated nine flavonoids from K. parviflora.
Among these 5,7,4 -trimethoxyflavone (18) and 5,7,3 4 -tetramethoxyflavone (19)
exhibited antiplasmodial activity against Plasmodium falciparum, with 1Cs, of 3.70

and 4.06 pg/mL, respectively [25].

In 2005, Bhamarapravati and co-workers isolated pinostrobin (20) and red oil
from B. rotunda, and dihydroguaiaretic acid (21) from Myristica fragrans and
investigated their antibacterial activity. These compounds showed good potential to

inhibit the growth of Helicobacter pylori [26].

«Q 3
Ry ”
P g
OH O O
HO
20 21
In 2009, Tewtrakul and co-workers isolated active compounds from the
rhizomes of B. rotunda (panduratin A (22)) and K. parviflora (5-hydroxy-3,7,3",4 -
tetramethoxyflavone (23)). Their inhibitory activities against nitric oxide (NO)
production showed ICs, of 5.3 uM for panduratin A and 16.1 uM for 5-hydroxy-

3,7,3 4 -tetramethoxyflavone [27].
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In 2012, Isa and co-workers investigated anti-inflammatory, cytotoxic and
antioxidant activities of boesenbergin A (24), a chalcone isolated from B. rotunda.
The anti-inflammatory activity of boesenbergin A was significant at 12.5 to 50 pg/mL
and without any significant cytotoxicity for the murine macrophage cell line RAW
264.7 at 50 pg/mL. Moreover, this compound displayed considerable antioxidant
activity, when the results of ORAC assay were reported as Trolox equivalents.
Boesenbergin A (20 pg/mL) and quercetin (5 ug/mL) were equivalent to a Trolox

concentration of 11.91 + 0.23 and 160.32 + 2.75 pM, respectively [28].

In 2015, Ninomiya and co-workers addressed that the methanol extract from
the rhizomes of K. parviflora revealed inhibitory effects against melanogenesis in
theophylline- stimulated murine B16 melanoma 4A5 cells. Among twenty-five
flavonoids and three acetophenones, several constituents including 5-hydroxy-7,3,4 -
trimethoxyflavone (25) (ICs, = 8.8 uM), 5,7,3",4 -tetramethoxyflavone (19) (IC5, = 8.6
uM), 5,3 -dihydroxy-3,7,4 -trimethoxyflavone (26) (ICs, = 2.9 pM), and 5-hydroxy-
3,7,3 4 -tetramethoxyflavone (23) (ICs, = 3.5 puM) showed inhibitory effects without

notable cytotoxicity at the effective concentrations [29].



12

OH O OH O
25 26

Furthermore, the structural modification of flavonoids has been investigated
in order to enhance biological activity such as antibacterial, antifungal and
anticancer. It was also well known that halogenated compounds also expressed
strong biological activities. For example, in 1999 Kim and co-workers prepared
eighteen chrysin derivatives and tested in vivo against the diabetes mellitus. Several
modified compounds especially those with propyl (27), butyl (28) and octyl (29)

exhibited hypoglycemic effect on diabetes mice [30].

27: R= GH,
28: R = C,H,
29: R = C,H,,

In 2003, Qing and co-workers reported that a series of chrysin derivatives was
tested in vitro against human gastric adenocarcinoma cell line (SGC-7901) and
colorectal adenocarcinoma (HT-29) cells. Among these compounds, 5,7-dimethoxy-8-
iodochrysin  (30) and 8-bromo-5-hydroxy-7-methoxychrysin  (31) exhibited the
strongest activities against SGC-7901 and HT-29 cells, respectively. 5,7-Dihydroxy-8-
nitrochrysin (32) was found to have strong activities against both SGC-7901 and HT-29

cells [31].
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In 2005, Park and co-workers synthesized 6,8-disubstituted chrysin derivatives
and evaluated their PGE, inhibitory activities. 6,8-Dibromochrysin (33), 6,8-
diiodochrysin  (34), 6,8-dimethylthiochrysin  (35) and 6,8-dimethoxychrysin  (36)
showed as strong inhibitory activities of PGE, production from LPS-induced RAW

264.7 cells [32].

OH O OH O
35 36

In 2007, Li and co-workers isolated fifteen polymethoxyflavones (PMFs) and
hydroxylated PMFs from sweet orange (Citrus sinensis) peel and investigated for anti-
carcinogenic  activities. 5—Hydro><y—6,7,8,3',4'—pentamethoxyﬂavone (37) and 5-
hydroxy-3,6,7,8,3",4 -hexamethoxyflavone (38) showed strong inhibitory activities

against the proliferation [33].
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In 2009, Zhu and co-workers prepared a series of long chain derivatives of
chrysin and evaluated their antiproliferative activities against the human liver cancer.
Hexadecyl 2-(5-hydroxy-4-oxo-2-phenyl-4H-chromen-7-yloxy) acetate (39) and N-
hexadecyl  2-(5-hydroxy-4-oxo-2-phenyl-dH-chromen-7-yloxy)  acetamide  (40)
displayed potent EGFR inhibitory activity with 1Cs, of 0.048 uM and 0.035 uM),

comparable to the positive control erlotinib [34].

In 2014, Mitsunaga and co-workers synthesized quercetin derivatives. 3-O-
Methylquercetin (41) and 3,4, 7-O-trimethylquercetin (42) increased melanin content
more potently than the positive control theophylline, while exhibiting low

cytotoxicity [35].

In 2014, Peng and co-workers synthesized twelve chrysin, diosmetin, apigenin,
and luteolin alkyl derivatives and investigated their Ol-glucosidase inhibitory activity.
The glucosidase inhibitory activity of all derivatives is higher compared with those of
the positive control drugs, acarbose, and 1-deoxynojirimycin with 1C5, < 24.396

umol/L [36].

As mentioned above, flavonoids and their related compounds were

interesting to explore biological activities. Therefore, the present study aims to
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isolate flavonoids from B. rotunda and K. parviflora, synthesized the related
compounds and assessed for biological activities, particularly anti-bacterial against
Propionibacterium acnes (KCCM41747) and Staphylococcus aureus (ATCC25923)
causing skin infections, Streptococcus sobrinus (KCCM11898) and Streptococcus
mutans (ATCC25175) causing caries decay of teeth and Salmonella typhi (ATCC442)
being the causative agent of typhoid fever, anti-tyrosinase and melanogenesis

activity.

The objectives of this research could be summarized as following:

1. To extract, isolate and purify flavonoids from the rhizomes from B. rotunda

and K. parviflora.

2. To synthesize the flavanone and flavone derivatives

3. To evaluate and study the relationship between flavonoids and their
biological activities including anti-bacterial, anti-tyrosinase and melanogenesis

activities.



CHAPTER Il
EXPERIMENTAL

2.1 Instruments and equipment

Thin layer chromatography (TLC) was performed on an aluminum sheets
precoated with silica gel, Kieselgel 60 F,s4 (Merck, Germany), column chromatography
was performed on silica gel no. 7734 (Merck, Germany). All NMR spectra (1H and C
NMR) were performed in deuterated chloroform (CDCl;) or dimethylsulfoxide-dg
(DMSO-dg) on a Bruker AV400 and Varain Mercury 400 plus spectrometer at 400 MHz
for '"H NMR and at 100 MHz for "C NMR. The chemical shifts (6) are assigned by

comparison with residue solvent protons.

2.2 Chemicals

The reagents used for synthesis were purchased from Merck chemical
company or otherwise stated. All solvents used in this research were purified prior to

use by standard methodology except for those which were reagent grades.

2.3 Extraction, isolation and purification of Boesenbergia rotunda.

The dried rhizomes of B. rotunda (2.5 kg) were extracted with CH,Cl, at room
temperature for 5 days. The extract was concentrated by rotatory evaporator. Then
the CH,Cl, extract (120 ¢) was subjected to silica gel quick column to give 7 fractions.
According to TLC pattern, fractions 3, 4 and 5 contained the same major spot. After
recrystallization with hexane:EtOAc (7:3), pinostrobin (20) as yellow solid 61.3 ¢ (51
%) was obtained. The isolation of fraction 6 by silica gel column furnished alpinetin

(43) as pale yellow solid 8.9 g (8 %).
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20 43
Pinostrobin  (20) : yellow solid, (51 %) 'H NMR (400 MHz, CDCls) 0 12.05 (s,
1H), 7.58-7.37 (m, 5H), 6.10 (d, J = 3.6 Hz, 2H), 5.45 (dd, J = 13.0, 3.0 Hz, 1H), 3.84 (s,

3H), 3.12 (dd, J = 17.2, 13.0 Hz, 1H), 2.85 (dd, J = 17.2, 3.1 Hz, 1H).

Alpinetin (43) : pale yellow solid (8 %), "H NMR (400 MHz, CDCls) ¢ 12.06 (s,
1H), 7.59-7.37 (m, 5H), 6.03 (d, J = 1.0 Hz, 2H), 5.45 (dd, J = 13.0, 3.1 Hz, 1H), 3.84 (s,

3H), 3.12(dd, J = 17.2, 13.0 Hz, 1H), 2.85 (dd, J = 17.2, 3.1 Hz, 1H).

2.4 Extraction, isolation and purification of Kaempferia parviflora.

The dried rhizomes of K parviflora (7 kg) were extracted with CH,Cl, by
maceration at room temperature. The CH,Cl, extract was evaporated under vacuum.
Then the extract (170 g) was subjected to silica gel quick column to yield 7 fractions.
The isolation of fractions 4, 5, 6 and 7 was performed by silica gel column to give 5
compounds: 5-hydroxy-3,7-dimethoxyflavone (44) as yellow solid (10 %), 5-hydroxy-
7-methoxyflavone (45) as yellow solid (29 %), 5-hydroxy-3,7,4 -trimethoxyflavone (46)
as pale brown solid (9 %), 5-hydroxy-7,4 -dimethoxyflavone (47) as yellow solid (0.01

%) and 3,5,7-trimethoxyflavone (48) as pale green solid (0.02 %).
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5-hydroxy-7-methoxyflavone (44): yellow solid (10 %), 'H NMR (400 MHz,
CDCly) 0 12.75 (s, 1H), 7.91 (m, 2H), 7.56 (m, 3H), 6.69 (s, 1H), 6.53 (d, J = 2.3 Hz, 1H),

6.41 (d, J = 2.3 Hz, 1H), 3.91 (s, 3H).

5-hydroxy-3,7-dimethoxyflavone (45): yellow solid (29 %), "H NMR (400 MHz,
CDCly) 6 12.60 (s, 1H), 8.09 (m, 2H), 7.54 (m, 3H), 6.48 (d, J = 2.2 Hz, 1H), 6.39 (d, J =

2.2 Hz, 1H), 3.90 (s, 6H).

5-hydroxy-3,7,4 -trimethoxyflavone (46): pale brown solid (9 %), 'H NMR (400
MHz, CDCls) 6 12.68 (s, 1H), 8.10 (d, J = 9.0 Hz, 2H), 7.05 (d, J = 9.0 Hz, 2H), 6.47 (d, J

= 2.2 Hz, 1H), 6.38 (d, J = 2.2 Hz, 1H), 3.92 (s, 3H), 3.90 (s, 3H), 3.88 (s, 3H).

5-hydroxy-7,4 -dimethoxyflavone (47): yellow solid (0.01 %), 'H NMR (400
MHz, CDCl;) 6 12.82 (s, 1H), 7.84 (d, J = 9.0 Hz, 2H), 7.02 (d, J = 9.0 Hz, 2H), 6.58 (s,

1H), 6.49 (d, J = 2.3 Hz, 1H), 6.37 (d, J = 2.3 Hz, 1H), 3.89 (d, J = 4.9 Hz, 6H).

3,5,7-trimethoxyflavone (48): pale green solid (0.02 %), 'H NMR (400 MHz,
CDCly) 0 8.07 (m, 2H), 7.49 (d, J = 7.5 Hz, 3H), 6.51 (d, J = 2.4 Hz, 1H), 6.35(d, J = 2.3

Hz, 1H), 3.96 (s, 3H), 3.89 (s, 3H), 3.88 (s, 3H).

2.5 Synthesis of flavone derivatives
2.5.1 Ether derivatives of flavones

General procedure for alkylation of flavone
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A solution of starting flavone (2 mmol) in dry acetone was treated with
anhydrous K,CO; and selected bromoalkane (2 mmol). The mixture was refluxed
under N, atmosphere overnight, cooled to room temperature and filtered. The solid
K,CO3 was washed with acetone. Evaporation of the combined organic solvent under
reduced pressure furnished a residue, which was purified by silica gel column to give

a target product [371].

General procedure for methylation of flavone

To a mixture of starting flavone (2 mmol) in 20 mL of dry acetone and
anhydrous K,COs;, dimethyl sulfate was added slowly with stirring. The reaction
mixture was refluxed for 24 hr. K,CO5; was removed by suction filtration. The filtrate

was evaporated and purified by silica gel column [38].

2.5.2 Flavone containing halogen

To the solution of starting flavone (5 mmol) in acetone-water was added NaBr
(11 mmol). After cooling, a solution of oxone in 20 mL of water was added slowly.
Then a solution was stirred overnight. The reaction mixture was treated with Na,S,05

and solvent was removed by evaporation [38].

To the solution of starting flavone (2 mmol) in acetic acid (2 mL), I, (2 mmol)
in CH,CLl, was slowly added and stirred for 30 min at room temperature. The solution
of HNO; in acetic acid (1 mL) was added. The reaction was stirred at room
temperature for 2 hr and filtered. The solid was washed with 10 % Na,S,05 solution

then cooled MeOH and water. The product was purified by silica gel column [39].



20

2.5.3 Synthesis of polymethoxyflavone
R
//l //T
R
0 OH A 0 OH _Mxy 0 o.
H Zz — = —
o 70°C, overnight reflux, 3 hr
0 © 0 0

General procedure for the synthesis of 2-hydroxychalcone

To a solution of 2-hydroxyacetophenone (1 mmol) and benzaldehyde (1
mmol) in MeOH was added 50 % KOH. The reaction mixture was heated at 70 °C
overnight. Then MeOH was evaporated, and the residue was dissolved in CH,Cl,/H,0
(4:1). The organic layer was washed with brine and evaporated. Then the mixture was

purified by silica gel column [40].
General procedure for the synthesis of flavone

To a solution of 2-hydroxychalcone (1 mmol) in DMSO was added I,. The
mixture was refluxed for 3 hr. Then the mixture was poured into water and extracted
with EtOAc. The organic layer was washed with brine and the solvent was

evaporated. The residue was purified by silica gel column [41].

Twenty-three synthesized flavone derivatives are displayed as shown in

Table 2.1.



Table 2.1 Structures of flavone derivatives

Entry Cpds Ry Ry Ry Ry Rs Ry Ry Rs: Ry Rs:
1 49 H OCH, H OCH; H H H H H H
2 50 H OH H OC;H; H H H H H H
3 28 H OH H OCyHe H H H H H H
4 51 H OH H OCHs; H H H H H H
5 29 H CH H 0CgHi H H H H H H
6 52 H OH H OCiHs H H H H H H
7 53 H OCH; H OCH; H H H H H H
8 54 H OCH; H OCqHs H H H H H H
9 55 H OCH; H OCHi; H H H H H H
10 56 H OCH; H OCgH;; H H H H H H
11 57 H OCH; H OCpHs H H H H H H
12 33 H OH Br OH Br H H H H H
13 34 H OH \ OH | H H H H H
14 58 H OH Br QCH, Br H H H H H
15 59 H OH \ OCH; | H H H H H
16 60  OCH; OH Br QCH; Br H H H H H
17 61  OCH; OH \ QCH; | H H H H H
18 62 H OCH; H QCH; H OCH; H H H H
19 63 H OCH; H QCH; H OCH, H OCH; H H
20 64 H OCH; H QCH; H OCH, H H OCH; H
21 65 H OCH; H QCH; H OCH; OCH: OCH; H H
22 66 H OCH, H OCH; H OCH,; H OCH; H OCH,
23 67 H OCH, H OCH; H H OCH, OCH; OCH, H

21
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5,7-dimethoxyflavone (49) : yellow solid (58 %),1H NMR (400 MHz, CDCls) o
7.88 (m, 2H)8, 7.53 (m, 3H), 6.67 (s, 1H), 6.50 (d, J = 2.3 Hz, 1H), 6.38 (d, J = 2.3 Hz,

1H), 3.88 (s, 6H).

5-hydroxy-7-ethoxyflavone (50): yellow solid (40 %), "H NMR (400 MHz, CDCls)
0788 (dd, J =79, 1.9 Hz, 2H), 7.53 (m, 3H), 6.66 (s, 1H), 6.49 (d, J = 2.2 Hz, 1H), 6.36

(d, J =22 Hz 1H), 4.11 (g, J = 7.0 Hz, 2H), 1.46 (t, J = 7.0 Hz, 3H).

5-hydroxy-7-butoxyflavone (28): pale yellow solid (58 %), "H NMR (400 MHz,
CDCly) 6 7.89 (dd, J = 7.7, 2.0 Hz, 2H), 7.53 (m, 3H), 6.67 (s, 1H), 6.50 (s, 1H), 6.37 (d, J
= 2.2 Hz, 1H), 4.04 (t, J = 6.5 Hz, 2H), 1.58 (m, 2H), 1.25 (m, 2H), 0.99 (t, J = 7.4 Hz,

3H).

5-hydroxy-7-hexyloxyflavone (51): pale yellow solid (76 %), "H NMR (400 MHz,
CDCly) 6 12.71 (s, 1H), 7.89 (d, J = 8.3 Hz, 2H), 7.54 (m, 3H), 6.67 (s, 1H), 6.50 (s, 1H),

6.37 (s, 1H), 4.03 (m, 2H), 1.81 (m, 2H), 1.39 — 1.31 (m, 6H), 0.91 (m, 3H).

5-hydroxy-7-octyloxyflavone (29): pale yellow solid (51 %), 'H NMR (400 MHz,
CDCly) 6 7.88 (m, 2H), 7.53 (m, 3H), 6.67 (s, 1H), 6.49 (d, J = 2.3 Hz, 1H), 6.36 (d, J = 2.2
Hz, 1H), 4.03 (t, J = 6.6 Hz, 2H), 1.81 (m, 2H), 1.45 (d, J = 7.6 Hz, 2H), 1.39 - 1.24 (m,

8H), 0.89 (m, 3H).

5-hydroxy-7-dodecyloxyflavone (52): pale yellow solid (56 %), 'H NMR (400
MHz, CDCls) 6 7.89 (m, 2H), 7.53 (m, 3H), 6.67 (s, 1H), 6.50 (d, J = 2.2 Hz, 1H), 6.37 (d, J

= 2.2 Hz, 1H), 4.03 (t, J = 6.5 Hz, 2H), 1.89 - 1.25 (m, 20H), 0.87 (m, 3H).

5-methoxy-T7-ethoxyflavone (53): pale yellow solid (87 %), "H NMR (400 MHz,
CDCLy) 6 7.88 (m, 2H), 7.51 (m, 3H), 6.69 (s, 1H), 6.56 (d, J = 2.3 Hz, 1H), 6.38 (d, J = 2.3
Hz, 1H), 4.15 (q, J = 7.0 Hz, 2H), 3.96 (s, 3H), 1.49 (t, J = 7.0 Hz, 3H). °C NMR (101 MHz,

CDCly) 0 177.7, 163.4, 160.9, 160.6, 159.9, 131.7 131.2, 129.1, 126.3, 109.2, 109.0, 96.5,
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93.3, 64.2, 56.4, 14.6. HR-MS (ESI): caldc for CuHicOs [M+Nal™: 319.0946, found

319.0945.

5-methoxy-T7-butoxyflavone (54): pale yellow solid (88 %), "H NMR (400 MHz,
CDCLly) 5 7.88 (m, 2H), 7.47 (m, 3H), 7.09 (s, 1H), 6.58 (d, J = 2.2 Hz, 1H), 6.37 (d, J = 2.2
Hz, 1H), 4.04 (t, J = 6.5 Hz, 2H), 3.90 (s, 3H), 1.77 (m, 2H), 1.47 (m, 2H), 0.95 (t, J = 7.4
Hz, 3H). °C NMR (101 MHz, CDCl,) & 177.9, 165.1, 162.9, 161.0, 160.3, 132.1, 130.7,
129.1, 126.5, 107.8, 106.8, 97.3, 93.3, 68.7, 56.5, 29.7, 19.2, 13.7. HR-MS (ESI): caldc for

CooH2004a IM+Na]: 347.1259, found 347.1255.

5-methoxy-7-hexyloxyflavone (55): pale yellow solid (81 %), 'H NMR (400
MHz, CDCls) 6 7.91 (m, 2H), 7.53 (m, 3H), 6.92 (s, 1H), 6.60 (d, J = 2.2 Hz, 1H), 6.41 (d, J
= 2.2 Hz, 1H), 4.09 (t, J = 6.5 Hz, 2H), 3.98 (s, 3H), 1.85 (m, 2H), 1.52 (m, 2H), 1.27 (m,
4H), 0.95 (m, 3H). 13C NMR (101 MHz, CDCls) 6 177.7, 164.1, 161.3, 160.9, 160.0, 131.4,
131.3, 129.0, 126.1, 108.6, 108.3, 96.8, 93.3, 68.8, 56.4, 31.5, 29.0, 25.6, 22.6, 14.0. HR-

MS (ESI): caldc for CpH,q0q IM+Na] : 375.1572, found 375.1577.

5-methoxy-T7-octyloxyflavone (56): pale yellow solid (91 %), 'H NMR (400 MHz,
CDCly) 6 7.88 (m, 2H), 7.50 (m, 3H), 6.69 (s, 1H), 6.56 (d, J = 2.3 Hz, 1H), 6.38 (d, / = 2.2
Hz, 1H), 4.06 (t, J = 6.5 Hz, 2H), 3.97 (s, 3H), 1.85 (m, 2H), 1.45 — 1.22 (m, 10H), 0.91
(m, 3H). 13C NMR (101 MHz, CDCl;) 0 177.6, 163.6, 160.9, 160.6, 159.9, 131.6, 131.1,
128.9, 125.9,109.1, 109.0, 96.5, 93.3, 68.6, 56.4, 31.8, 29.3, 29.2, 29.0, 26.0, 22.6, 14.1.

HR-MS (ESI): caldc for CyqH,50, [M+Na]': 403.1885, found 403.1881.

5-methoxy-7-decyloxyflvone (57): pale yellow solid (89 %), "H NMR (400 MHz,
CDCls) 6 7.88 (m, 2H), 7.51 (m, 3H), 6.70 (s, 1H), 6.57 (d, J = 2.3 Hz, 1H), 6.39 (d, J = 2.2
Hz, 1H), 4.06 (t, J = 6.5 Hz, 2H), 3.97 (s, 3H), 1.84 (g, J = 7.0 Hz, 2H), 1.45 - 1.12 (m,
18H), 0.89 (t, J = 6.8 Hz, 3H). 13C NMR (101 MHz, CDCly) 6 177.7, 163.7, 160.9, 160.6,

159.9, 131.6, 131.1, 128.9, 125.9, 109.1, 109.0, 96.5, 93.3, 68.7, 56.4, 31.9, 29.7, 29.6,
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29.6, 29.6, 29.5, 29.3, 29.0, 26.0, 22.7, 14.1. HR-MS (ESI): caldc for CogHsO4 [M+Na]":

459.2511, found 459.2516.

6,8-dibromo-5,7-dihydroxyflavone (33): pale green solid (68 %), "H NMR (400
MHz, DMSO-dg) ¢ 13.65 (s, 1H), 8.05 (d, J = 7.4 Hz, 2H), 7.56 (d, J = 7.5 Hz, 3H), 7.07 (s,

1H).

6,8-diiodo-5,7-dihydroxyflavone (34): pale yellow solid (77 %), 'H NMR (400

MHz, DMSO-dg) 6 8.18 (d, J = 7.4 Hz, 2H), 7.60 (d, J = 8.7 Hz, 3H), 7.17 (s, 1H).

6,8-dibromo-5-hydroxy-7-methoxyflavone (58): pale yellow solid (38 %),1H
NMR (400 MHz, CDCls) 6 8.12 — 7.93 (m, 2H), 7.57 (d, J = 9.7 Hz, 3H), 6.83 (s, 1H), 4.01

(s, 3H).

6,8-diiodo-5-hydroxy-7-methoxyflavone (59): pale yellow solid (26 %), "H NMR

(400 MHz, CDCls) 0 8.07 (d, J = 7.4 Hz, 2H), 7.59 (m, 3H), 6.85 (s, 1H), 3.98 (s, 3H).

6,8-dibromo-5-hydroxy-3,7-dimethoxyflavone (60) : pale yellow solid (25 %),
1H NMR (400 MHz, CDCls) 6 13.36 (s, 1H), 8.18 (m, 2H), 7.49 (m, 3H), 3.94 (s, 3H), 3.85
(s, 3H). 13(: NMR (101 MHz, CDCl;) ¢ 178.6, 160.1, 157.8, 156.8, 151.5, 139.9, 131.7,

129.9, 128.9, 128.8, 109.1, 100.7, 95.3, 61.2, 60.3.
6,8-diiodo-5-hydroxy-3,7-dimethoxyflavone (61) : pale yellow solid (17 %),1H

NMR (400 MHz, CDCls) 6 13.61 (s, 1H), 8.32 (m, 2H), 7.61 (m, 3H), 4.09 (s, 3H), 3.96 (s,

3H). 13C NMR (101 MHz, CDCl5) 6 178.9, 157.8, 157.7, 155.2, 154.9, 139.9, 132.0, 129.5,

128.9, 128.7, 108.5, 68.1, 67.9, 63.3, 60.4.

5,7,2 -trimethoxyflavone (62): pale yellow solid (88 %), 'H NMR (400 MHz,
CDCly) 6 7.87 (d, J = 7.9 Hz, 2H), 7.45 (t, J = 7.6 Hz, 2H), 7.02 (s, 1H), 6.54 (d, J = 2.3

Hz, 1H), 6.36 (d, J = 2.3 Hz, 1H), 4.01 - 3.85 (m, 9H).
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5,7,2 4 -tetramethoxyflavone (63): pale brown solid (92 %), "H NMR (400 MHz,
CDCls) 0 7.85 (d, J = 8.7 Hz, 1H), 6.61 (dd, J = 8.8, 2.4 Hz, 2H), 6.53 (d, J = 2.6 Hz, 2H),

6.36 (d, J = 2.3 Hz, 1H), 3.91 (dd, J = 19.0, 8.5 Hz, 12H).

5,7,2 5 -tetramethoxyflavone (64): pale brown solid (87 %), "H NMR (400 MHz,
CDCls) 0 7.44 (d, J = 3.2 Hz, 2H), 6.99 (m, 2H), 6.57 (d, J = 2.3 Hz, 1H), 6.38 (d, J = 2.3

Hz, 1H), 4.19 — 3.75 (m, 12H).

57,2 3" 4 -tetramethoxyflavone (65): pale brown solid (91 %), 'H NMR (400
MHz, CDCls) 6 7.48 (d, J = 8.9 Hz, 1H), 6.77 (s, 1H), 6.71 (d, J = 8.9 Hz, 1H), 6.49 (d, J =

2.4 Hz, 1H), 6.35 (d, J = 15.5 Hz, 1H), 4.12 - 3.70 (m, 15H).

57,2 4,6 -tetramethoxyflavone (66): pale brown solid (78 %), 'H NMR (400
MHz, CDCls) 6 7.49 (s, 1H), 6.38 (d, J = 2.2 Hz, 1H), 6.28 (d, J = 2.2 Hz, 1H), 6.11 (s, 2H),

3.83 (s, 3H), 3.81 (s, 3H), 3.77 (s, 3H), 3.64 (s, 6H).

5,7,3,4 5 -pentamethoxyflavone (67): brown solid (86 %), '"H NMR (400 MHz,
CDCls) 6 7.10 (s, 2H), 6.90 (s, 1H), 6.61 (d, J = 2.3 Hz, 1H), 6.40 (d, J = 2.2 Hz, 1H), 4.17

- 3.77 (m, 15H).

2.6 Synthesis of flavanone derivatives
2.6.1 Synthesis of pinocembrin

The solution of pinostrobin (20) (0.27 ¢, 1 mmol) and iodohexane (2.12 g, 10
mmol) in DMF was refluxed for 24 hr under N, atmosphere. Then the mixture was
poured into water (20 mL) and extracted with EtOAc (x3). The organic layer was
washed with Na,S,0; and brine, solvent was removed by evaporation. The

compound was purified by silica gel column [42].
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Pinocembrin (68): pale yellow solid (0.18 g, 72 %), "H NMR (400 MHz, CDCls)
12.04 (s, 1H), 7.44 (m, 2H), 7.41 (m, 3H), 6.00 (d, J = 1.0 Hz, 2H), 5.42 (dd, J = 13.1, 3.1

Hz, 1H), 3.09 (dd, J = 17.2, 13.0 Hz, 1H), 2.82 (dd, J = 17.2, 3.1 Hz, 1H).

2.6.2 Synthesis of pinostrobin oxime

Pinostrobin  (20) (0.27 ¢, 1 mmol) was treated with hydroxylamine
hydrochloride (77 mg, 1.1 mmol) dissolved in EtOH. The mixture was treated with
NaHCO; (0.1 g, 1.1 mmol). The reaction was carried out at 60 °C for 4 hr. The mixture

was treated with HCl and H,0. The product was purified by silica gel column [43].

L >
|
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Pinostrobin oxime (69): pale yellow solid (0.07 g, 26 %), 'H NMR (400 MHz,
DMSO-dg) 6 11.43 (s, 1H), 11.30 (s, 1H), 7.48 (m, 2H), 7.38 (m, 3H), 6.07 (q, J = 2.4 Hz,
2H), 5.19 (dd, J = 11.5, 3.1 Hz, 1H), 3.69 (s, 3H), 3.34 (dd, J = 17.1, 3.3 Hz, 1H), 2.81

(dd, J = 17.1, 11.6 Hz, 1H).

2.7 Synthesis of chalcone derivatives from flavanone

4 M KOH cooled to 0 °C in an ice bath was added to a solution of starting
flavanone (1 mmol) in EtOH and then the reaction mixture was kept at room

temperature for 30 min. The mixture was poured into ice-water (10 mL), adjusted to
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pH 3-4 with 1M HCl, and then extracted with EtOAc. The organic layer was washed
with water and brine, dried over anhydrous Na,SO,. After evaporation, the residue

was purified by silica gel column [14].

70 71 12

Pinostrobin chalcone (70): orange solid (65 %),1H NMR (400 MHz, CDCls) ¢
12.04 (s, 1H), 8.05 (d, J = 15.6 Hz, 1H), 7.84 (d, J = 15.6 Hz, 1H), 7.64 (dd, J = 6.4, 3.2

Hz, 2H), 7.45 (m, 3H), 6.10 (d, J = 3.5 Hz, 1H), 6.01 (s, 1H), 3.84 (s, 3H).

Alpinetin chalcone (71): yellow solid (25 %), 'H NMR (400 MHz, DMSO-dg) o
12.51 (s, 1H), 10.56 (s, 1H), 8.09 (d, J = 15.7 Hz, 1H), 7.68 (d, J = 15.7 Hz, 1H), 7.66 (m,

2H), 7.43 (m, 3H), 5.83 (s, 2H).

Pinocembrin chalcone (72): yellow solid (21 %), "H NMR (400 MHz, DMSO-d,) o
12.47 (s, 2H), 10.50 (s, 1H), 8.10 (d, J = 15.7 Hz, 1H), 7.69 (d, J = 15.7 Hz, 1H), 7.66 (m,

2H), 7.43 (m, 3H), 5.83 (s, 2H).

2.8 Biological activity study
2.8.1 Anti-bacterial activity

2.8.1.1 Preliminary screening test of antibacterial activity by diffusion

method

The compounds were tested against bacteria pathogens: Propionibacterium
acnes (KCCM41747), Staphylococcus aureus (ATCC25923), Streptococcus sobrinus

(KCCM11898), Streptococcus mutans (ATCC25175), and Salmonella typhi (ATCC442).
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Nutrient broth was inoculated with the test organisms and incubated at 37 °C for 24
hr then 0.6 mL of the broth culture of the test organism was added to 60 mL of
molten agar which has been cooled to 45 °C and mixed well and poured into a
sterile Petri dish. The agar was allowed to set and harden, and required numbers of
holes were cut using a sterile cork borer. The agar plugs were removed. After that,
the bacterial inoculum was uniformly spread using sterile cotton swab on a sterile
petri dish nutrient agar. The samples were prepared at the concentration of 1 mM
and put it into the well. The plates were incubated at 37 °C for 24 hr. Antibacterial
activity was evaluated by measuring the diameter in mm of the inhibition zone

around the disc [44].

2.8.1.2 Determination of minimum inhibitory concentration (MIC) and

minimum bactericidal concentration (MBC)

Six various concentrations were used for each compound. To all wells were
added 50 pL of nutrient broth (NB) and the serial dilution was performed using a
multichannel pipette. Tips were discarded after using such that each well had 50 pL
of the compounds in serially descending concentrations. After that, each well was
added 40 L NB and bacterial suspension 10 uL (1 to 2><1O8 CFU/mL obtained from
the 0.5 McFarland standards) was added by pipette to each well. The plates were
prepared in triplicate and incubated at 37 °C for 18-24 hr. The colorimetric assay, 10
uL of 0.01% resazurin as oxidation-reduction indicator was added into each well to
give blue color, then left for 10 min. The MIC was the lowest concentration of well
which still had blue color. 10 pL of blue color solution were taken to put into the
new plate that containing NB. Then, the plates were incubated at 37 °C for 18-24 hr.
The MBC was the lowest concentration of plate that bacteria did not growth. The
test was performed and concurrently with commercial antibiotic (chloramphenicol)

as a positive control [45].
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2.8.1.3 Determination of combined activity using checkerboard method

To all wells were added 50 pL of nutrient broth (NB) and the serial dilution
was performed using a multichannel pipette. The first compound of the combination
was serially diluted along the ordinate, while the second compound was dilute along
the abscissa. After that, each well was bacterial suspension 10 pL (1 to 2><1O8 CFU/mL
obtained from the 0.5 McFarland standards) and 40 pL of nutrient broth. The plates
were incubated at 37 °C for 18-24 hr. The synergistic effect has been defined as the
MIC of both compounds in combination compared with each use alone, measuring

the fractional inhibitory concentration index (FICI) [46].

2.8.2 Anti-tyrosinase activity

The sample (60 ulL) was placed in a 96-well plate and 30 pL of mushroom
tyrosinase (333 U/mL in phosphate buffer, 50 mM, pH 6.5) and 110 pL of substrates
(2 mM L-tyrosine or 2 mM L-DOPA) were added. After incubation at 37 °C for 30 min,
the absorbance was measured at 510 nm using a microplate reader. The tyrosinase
activity was expressed as the half maximal inhibitory concentration (ICsp), which is the

concentration of the samples producing 50% inhibition [35].

2.8.3 Cell culture

Murine melanoma B16-FO cells were cultured in Dulbecco’s modified Eagle
medium (DMEM) supplemented with 10 % fetal bovine serum, 100,000 unit/L
penicillin, and 100 mg/L streptomycin. Cells were cultured at 37 °C in humidified

atmosphere of 5 % CO, [35].
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2.8.4 Measurement of cellular melanin content

Confluent cultures of B16 melanoma cells were rinsed in phosphate-buffered
saline (PBS) and removed using 0.25 % trypsin/EDTA. The cells were placed into a 24-
well plate (5.0 x 10" cells/well) and allowed to adhere at 37 °C for 24 hr. Sample
compounds were added and the cells incubated for 72 hr. Following incubation, cell
medium was collected and 200 pL were loaded into a 96-well plate. The absorbance
of the medium was measured at 510 nm by using a microplate reader and used as a
measurement of extracellular melanin contents. The cells were washed with PBS
following lysis in 600 pyL of 1 M NaOH by heating at 100 °C for 30 min. A portion of
the resulting lysate (250 pL) was loaded into a 96-well microplate, and the
absorbance was measured at 405 nm wusing a microplate reader. Measured

absorbance was used as an index of intracellular melanin contents [35].

2.8.5 Cell viability

The cell viability was determined using the microculture tetrazolium
technique (MTT). Cultures were initiated in 24-well plates at 5.0x10" cells per well.
After incubation with compounds, 50 pL of MTT reagent (5 mg/mL of 3-[4,5-dimethyl-
2-thiazolyl]-2,5-diphenyl-2H-tetrazolium bromide in PBS) was added to each well.
The plates were incubated in a humidified atmosphere of 5 % CO, at 37 °C for 4 hr.
After the medium was removed, 1.0 mL of jsopropanol (containing 0.04 N HCl) was
added to each well, and a 150 pL sample was added to a 96-well plate. Absorbance
was measured at 590 nm by using a microplate reader. Each experiment was

repeated twice [35].



CHAPTER IlI
RESULTS AND DISCUSSION

Boesenbergia rotunda (L.) Mansf and Kaempferia parviflora Wall. ex Baker.
are Thai herbs used for medicinal purposes. The main aim of this research is to
explore the biological activities of the isolated compounds from these two plants. In
addition, certain synthesized derivatives were conducted to investigate the structure-
activity relationship (SAR). The examined biological activities included anti-bacterial
activity against Propionibacterium acnes (KCCM41747), Staphylococcus aureus
(ATCC25923),  Streptococcus — sobrinus  (KCCM11898),  Streptococcus — mutans
(ATCC25175), and Salmonella typhi (ATCC442), anti-tyrosinase activity, and

melanogenesis activity.

3.1 Isolation of flavones and flavanones from Boesenbergia rotunda and

Kaempferia parviflora.
3.1.1 Isolation of flavanones from B. rotunda

The CH,Cl, extract from the rhizomes of B. rotunda was subjected to silica gel
quick column leading to the isolation of pinostrobin (20) as yellow solid (51 %) and
alpinetin (43) as pale yellow solid (8 %). The "H NMR spectra of flavanones generally
display a doublet-doublet signal at 0 5.45 ppm for the proton at H-2 and two

doublet-doublet signals at 6 2.85 and 3.12 ppm for protons at H-3.

0 02 HO O ‘

OH O _O0 ©

20 43
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3.1.2 Isolation of flavones from K. parviflora

The separation of the CH,Cl, extract from the rhizomes of K. parviflora by
silica gel column vyielding three major flavones: 5-hydroxy-7-methoxyflavone (44) as
yellow solid (10 %), 5-hydroxy-3,7-dimethoxyflavone (45) as yellow solid (29 %), 5-
hydroxy-3,7,4 -trimethoxyflavone (46) as pale brown solid (9 %) and two minor
flavones: 5-hydroxy-7,4 -dimethoxyflavone (47) as yellow solid (0.01 %) and 3,5,7-
trimethoxyflavone (48) as pale green solid (0.02 %). These two minor compounds
were obtained in small amount, so no further biological activity study has been
carried out. The 'H NMR spectra of flavones generally show a signal around J 6.58-
6.69 ppm for the proton at H-3. The aromatic protons were observed around ¢ 8.16-

7.02 ppm.

44: R,=R,=H, R,=OH, R,=OCH,
45: R,=R,=OCH,, R,=OH, R,=H
46: R,=R,=R,=OCH,, R,=OH
47: R,=H, R,=OH, R,=R,=OCH,
48: R,=R,=R,=OCH,, R,=H

3.2 Anti-bacterial activity of isolated flavonoids and their derivatives

The relationship between anti-bacterial activities and structures of flavonoids
was observed. Twenty-three tested flavonoids including five isolated from plants and
eighteen related compounds were investigated for their anti-bacterial activities
against P. acnes (KCCM41747), S. aureus (ATCC25923), S. sobrinus (KCCM11898), S.

mutans (ATCC25175), and S. typhi (ATCC442) by disc diffusion method. The data of
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anti-bacterial activity was presented as zone of inhibition (mm). All tested flavonoids

could be classified into four subgroups as:
3.2.1 Anti-bacterial activity of natural compounds from B. rotunda and K.
parviflora

Five natural compounds (20, 43-46) were investigated for their anti-bacterial

activity. The inhibition zones of these compounds are shown in Table 3.1.

R4
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20: R,= H, R,= CH,
43: R,= CH,, R,= H

44: R,=R,=H, R,=OH, R,=OCH,
45: R,=R,=0CH,, R,=OH, R,=H
46: R,=R,=R,=OCH,, R,=OH

Table 3.1 Anti-bacterial activity of natural compounds from B. rotunda and K

parviflora

Inhibition zone (Mmm)

Entry Cpds P. acnes S. aureus S. sobrinus S. mutans S. typhi

KCChM41r4r  ATCCZ25923 KCCM11893  ATCCZ5175 ATCCA42

1 20 9.00 £0.00 10.00x0.82 10.67+0.94 10.3320.47 11.00+0.00
2 43 9.33x0.47 11.67+0.47 11.353x£0.47 11.67£0.47 11.33+0.47
3 44 8.67+0.47 10.67+0.47 9.67+0.47 10.67+0.94 8.00+0.00
4 45 8.00+0.00 9.00+0.00 11.00+0.82 11.67+0.47 11.00+0.82
5 46 9.00+0.00 9.00+0.00 11.00+0.00 9.353+0.47 9.67=0.47

6 c 25.00+0.00 26.00+0.82 26.00+0.00 29.33+0.47 12.00+0.00

i< chlorarmphenicol (positive control)
Key to the inhibition zone activity (mm): inhibition zone »15.0: excellent, 13.1-15.0: very good, 10.1-13.0:

good, 8.1-10.0: moderate, 6.1-8.0: weak, <6.0: no activity
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Flavanones (20 and 43) from B. rotunda and flavones (44-46) from K
parviflora showed moderate to good activity against five bacteria. Pinostrobin (20, 5-
hydroxy-7-methoxyflavanone) and 5-hydroxy-7-methoxyflavone (44) were similar in
structure except the double bond between C-2 and C-3, showed similar activities
with moderate activity against P. acnes and good activity against S. aureus and S.
mutans. For other bacteria, compound 20 exhibited good activity while compound
44 showed moderately active against S. sobrinus and weak activity against S. typhi.
Pinostrobin (20) and 5-hydroxy-7-methoxyflavone (44) had been recently reported to
possess anti-bacterial activity. Compound 20 showed good activity against
Helicobacter pylori (gram-negative bacteria) activity in the same range as that of drug
currently used in the treatment of peptic ulcer [26]. Compound 44 exhibited
moderate activity asgainst Bacillus subtilis [47]. In recent years, the related
compounds of these flavonoids have been studied on their biological activities
including antimicrobial, antioxidant and anti-inflammatory. Nevertheless, no report of
the anti-bacterial activity against these bacteria was addressed. Therefore, next
examination was focused on these related compounds and their anti-bacterial

activity.

3.2.2 Anti-bacterial activity of related compounds

In this series, the synthesized compounds (49, 68-72) which related to natural
flavonoids were evaluated for their anti-bacterial activity compared with starting
flavonoids: chrysin and pinostrobin  (20). 5,7-Dimethoxyflavone (49) or 5,7-
dimethoxychrysin was derived by methylation of hydroxy groups at C-5 and C-7. The
"H NMR spectrum displayed two methoxy groups at d 3.88 ppm. Pinocembrin (68)
and pinostrobin oxime (69) were related to pinostrobin (20) by demethylation with
iodohexane [42] and treating with hydroxylamine hydrochloride [43], respectively.

Comparing the "H NMR spectrum of pinocembrin (68) with that of pinostrobin (20),
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there was no signal belonging to the methoxy group at C-7 (6 3.84 ppm) in the
spectrum of the former. The 'H NMR spectrum of pinostrobin oxime (69) displayed
significant protons of C-3 at ¢ 3.34 and 2.81 ppm. The chalcone derivatives (33-35)
were prepared by treating flavanones (20, 43 and 68) with KOH [14]. Two olefinic-

proton signals of the products were observed at J 7.43-7.84 ppm.

The appearance and % yield of synthesized related compounds are displayed
in Table 3.2. The 'H NMR chemical shift assignment was accumulated as presented

in Table 3.3.

HO
‘ | (CH3),50s, K;CO;

acetone

O o o O 0 o O
"o ‘ © CoHual O NH,OH - HCl ‘

DME EtOH |
OH O OH O OH

68 20 69

Ry O
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Table 3.2 The appearance and % yield of synthesized related compounds

Entry Cpds Appearance % vield
1 49 yellow solid 58
2 68 pale yellow solid 72
3 69 pale yellow solid 26
4 70 orange solid 65
5 71 yellow solid 25
6 72 yellow solid 21
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Seven compounds including chrysin, 5,7-dimethoxyflavone (49) and five
related compounds (68-72) of pinostrobin (20) were evaluated for anti-bacterial

activity. The inhibition zone of these compounds was tabulated in Table 3.4.

68 69 70: R,=OH, R,=OCH,
71: R,=OCH,, R,=OH
72: R,=R,=OH

Table 3.4 Anti-bacterial activity of related compounds

Inhibition zone (mm)

Entry Cpds P. acnes S. aureus S. sobrinus 5. mutans S. typhi

KCCM41747  ATCC25923  KCCM11898  ATCC25175 ATCC442

1 chrysin  10.33+0.47 11.00+0.82 13.67+0.94 15.33+0.47 11.67+0.47

2 49 9.33+0.47 9.33+0.94 12.33x0.47 11.33+0.47 8.00+0.00
3 68 8.33+0.94 9.33+£0.47 8.00+£1.41 8.00+0.82 7.00+1.41
4 69 11.00+0.82 11.33x1.25 1533047 9.67+0.94 8.00+0.82
5 70 10.00+0.52 9.33+0.94 12.33x1.70 9.33+0.47 10.67+1.70
6 71 T7.67+£0.47 9.00+0.00 10.33+£0.94 8.33+0.47 9.33+0.47
7 72 8.00+0.00 9.00+0.82 10.33+£0.94 10.33£0.94 8.33+047
8 c 25.00+£0.00  26.00x0.62 26.00x0.00 29.33x0.47 12.00+0.00

[ chloramphenicol (positive control)
Key to the inhibition zone activity (mm): inhibition zone >15.0: excellent, 13.1-15.0: very good, 10.1-13.0:

good, 8.1-10.0: moderate, 6.1-8.0: weak, <6.0: no activity
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Comparing between chrysin and 5,7-dimethoxyflavone (49), chrysin exhibited
higher activity than compound 49. It showed good to excellent activity against five
bacteria, especially S. mutans, with inhibition zone about 15 mm while compound
49 showed weak activity against S. typhi. For these flavones, the hydroxy groups at C-

5 and C-7 may play an important role for this anti-bacterial activity.

Considering the activity of compounds 68-72, pinocembrin (68) and
pinostrobin oxime (69) were related to pinostrobin (20). Pinocembrin (68) showed
slightly active than pinostrobin (20) while pinostrobin oxime (69) exhibited excellent
activity against S. sobrinus. Chalcone derivatives exhibited similar potent activity.
Most of them showed moderate to good activity against five bacteria except
alpinetin chalcone (71) and pinocembrin chalcone (72) exhibited weak activity
against P. acnes. In 2008, Avila and co-workers found that the C-4" hydroxyl group, a
C-4 oxygenated substituent or a C-3" isoprenoid side chain revealed anti-bacterial
activity against gram-positive bacteria, while the C-2 hydroxyl group might have

importance for the stability of the molecule [48].

3.2.3 Anti-bacterial activity of ether derivatives of chrysin

Five compounds were prepared by alkylation of chrysin using bromoalkane.
The appearance and % vyield of synthesized compounds are shown in Table 3.5. The

'H NMR chemical shift assignment was accumulated as presented in Table 3.6.



Bromoalkane, K;CO5

acetone

40

OH O

50: R=C,H;

28: R=C;H,

51: R=C,H,,
29: R=CgH,,
52: R=C,H5

Table 3.5 The appearance and % yield of synthesized ether derivatives

Entry Cpds Appearance % yield
1 50 yellow solid 40
2 28 pale yellow solid 58
3 51 pale yellow solid 76
4 29 pale yellow solid 51
5 52 pale yellow solid 56
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All synthesized compounds were characterized by 'H NMR. The 'H NMR
spectra of these compounds showed aromatic protons around 0 7.47-7.94 ppm. The
protons of alkoxyl eroup at C-7 were displayed at ¢ 0.87-4.11 ppm. These
compounds were investigated their anti-bacterial activities. The inhibition zones are
tabulated in Table 3.7.

50: R=C,H;
28: R=C;H,
51: R=C,H,;
29: R=C,H,;
52: R=C,H;

Table 3.7 Anti-bacterial activity of synthesized ether derivatives

Inhibition zone (mm)

Entry Cpds P. aches S. aureus S. sobrinus S. mutans S. typhi

KCCmalrar  ATCC25923 KCCM11898  ATCC25175 ATCC442

1 50 7.00+0.00 6.00+0.00 8.67+0.47 7.00+0.00 6.00+0.00
2 28 8.67x0.47 9.67£0.47 10.67+£0.47 9.67+£0.47 10.67£0.47
3 51 9.00+0.00 9.33+0.94 11.67+0.47 13.00+0.00 9.00+0.00
4 29 9.00+0.00 10.33+0.47 13.33+0.47 11.33+0.47 8.67+0.94
5 52 9.67+0.47 9.00+0.00 8.00+0.00 10.33+0.47 8.67+0.47

6 c 25.00+0.00 26.00+0.82 26.00+0.00 29.33x0.47 12.00+0.00

C: Chloramphenicol (positive control)
Key to the inhibition zone activity (mm): inhibition zone »15.0: excellent, 13.1-15.0: very good, 10.1-13.0:

good, 8.1-10.0: moderate, 6.1-8.0: weak, <6.0: no activity

The chain length of alkoxyl group was varied by increasing the length of
carbon atom at 7-position as -OC,Hs, -OC4Hg, -OCgH 13, -OCgH;7 and -OCy,Hys. There
was however no clear trend in structure-activity relationship. For P. acnes, they
showed weak to moderate activity while compound 52 exhibited the highest activity.
For S. aureus, compound 29 revealed the highest activity and compound 50

containing 2 carbon atoms in side chain showed no activity. For S. sorbinus,
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compounds 28, 29 and 51 indicated moderate to good activity with inhibition zone
about 10-13 mm. Compounds 29, 51 and 52 displayed good activity against S.
mutans with inhibition zone 10-13 mm. On the other hand, they exhibited moderate
activity against S. typhi with inhibition zone 8-9 mm. Therefore, the effect of length
of carbon atom at 7-position was specific with bacteria stains. In 1999, alkyl
derivatives of chrysin were synthesized and examined their effect on glucose blood
level. Compounds with propyl, butyl, octyl and tolyl groups expressed hypoglycemic
effect on diabetic mice and did not show toxicity with test animal at the maximum
dose [30]. However, these compounds did not reveal the anti-bacterial activity

against those bacteria.

3.2.4 Anti-bacterial activity of halogenated flavones

Six halogenated flavones were synthesized using NaBr/oxone [38] or I, [39].

The appearance and % yield of these compounds are displayed in Table 3.8.

Table 3.8 The appearance and % yield of halogenated flavones

Entry Cpds Appearance % vyield
1 33 pale green solid 68
2 34 pale yellow solid 77
3 58 pale yellow solid 38
4 59 pale yellow solid 26
5 60 pale yellow solid 25
6 61 pale yellow solid 17

All synthesized compounds were characterized by ' NMR. The aromatic
protons of ring A at C-6 and C-8 of starting flavone (6 6.3-6.5 ppm) were disappeared.
Two halogenated flavones (60 and 61) were disclosed to be new compounds.
Therefore, the structures of these compounds were characterized using various

spectroscopic techniques including 'Hand °C NMR.
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The 'H NMR spectra of compounds 60 and 61 showed almost the same
pattern as 5-hydroxy-3,7-dimethoxyflavone (45), except for the disappearance of
aromatic protons at C-6 and C-8 of starting flavone (6 6.39-6.48 ppm). The C NMR
spectra showed a signal belonging to a carbonyl group (C-4) at 178.6 ppm. The
aromatic carbons were observed in the range of 128.7-132.0 ppm. The carbon signals
at C-6 and C-8 of compound 60 were detected at 100.7 and 95.3 ppm, while the
signals of C-6 and C-8 of compound 61 were visualized around 71 ppm. The "4 and

C NMR spectra of compounds 60 and 61 are displayed in Figures 3.1-3.4.
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The chemical shift assignments of 'H and C NMR spectra of compounds 60

and 61 are displayed in Table 3.9.

Table 3.9 The chemical shift assignments of "H and C NMR spectra of compounds

60 and 61
Compound 60 Compound 61
Position - - - -
Sy Oc O Oc
2 - 156.8 - 155.2
3 - 139.9 - 139.9
4 - 178.6 - 178.9
5 - 157.8 - 157.7
6 - 100.7 - 68.0
7 - 160.1 - 157.8
8 - 95.3 - 67.9
9 - 515 - 154.9
10 - 109.1 - 108.5
1 - 131.7 - 132.0
2 8.18 (m, 2H) 128.8 8.32 (m, 2H) 128.7
3 7.49 (m, 3H) 129.9 7.61 (m, 3H) 129.5
a’ 7.49 (m, 3H) 128.9 7.61 (m, 2H) 128.9
5 7.49 (m, 3H) 129.9 7.61 (m, 3H) 129.5
6 8.18 (m, 2H) 128.8 8.32 (m, 2H) 128.7
3-OMe 3.85 (s, 3H) 60.3 3.96 (s, 3H) 60.4
8-OMe 3.94 (s, 3H) 61.2 4.09 (s, 3H) 63.3
6-OH 13.36 (s, 1H) 13.61 (s, 1H) -

The spectra were recorded in CDCl;

Six synthesized halogenated flavones were subjected to anti-bacterial test

and the inhibition zones are tabulated in Table 3.10.
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33 X= Br 58 X= Br 60 X= Br
34 X= | 59 X= | 61 X= |

Table 3.10 Anti-bacterial activity of synthesized halogenated flavones

Inhibition zone (mm)

Entry Cpds P. aches S. aureus S. sobrinus S. mutans S. typhi

KCCmalrar ATCC25923 KCCM11898 ATCC25175 ATCC442

1 33 21.00+0.82 20.00+0.62 19.67£0.47 19.67£0.47 19.67+0.47

2 34 20.33x0.94 20.67+0.47 18.67+0.47 18.67+1.25 18.33+1.25

3 58 8.33+0.23 9.67+1.84 9.00+1.41 8.67+0.62 9.75+1.24
4 59 9.33+1.04 8.33+047 8.50+0.71 9.33+0.62 10.33+1.32
5 60 8.33x0.47 8.33x1.25 8.00x1.41 8.33x0.47 8.33x1.25
6 61 8.33x047 8.00+0.82 10.33+0.47 9.00+0.82 8.67+1.25

7 c 25.00+0.00 26.00+0.82 26.00+0.00 29.33+£0.47 12.00+0.00

C: Chloramphenicol (positive contral)
Key to the inhibition zone activity (mm): inhibition zone >15.0: excellent, 13.1-15.0: very good, 10.1-13.0:

good, 8.1-10.0: moderate, 6.1-8.0: weak, £6.0: no activity

For the series containing halogen substituents at C-6 and C-8 of flavone
derivatives, 6,8-dibromo-5,7-dihydroxyflavone (33) and 6,8-diiodo-5,7-
dihydroxyflavone (34) showed excellent activity against all bacteria, while other
compounds exhibited moderate activity. Thus, for flavone, the hydroxy groups at C-5
and C-7 may play an important role for this activity as mentioned in 3.2.2. Comparing
between bromo- and iodo- substituents of 5,7-dihydroxyflavone, compound 33
showed slightly higher anti-bacterial activity than compound 34 except S. aureus.
This result indicated that bromo- substituent affected to anti-bacterial activity more

than iodo- substituent. Furthermore, 6,8-dibromo-5,7-dihydroxyflavone (33) and 6,8-
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diiodo-5,7-dihydroxyflavone (34) have been reported for their biological activities.
Compounds 33 and 34 revealed better inhibitory activity against SGC-7901 cancer
cells than against HT-29 cells [31] and strong inhibitory activities of PGE, production
from LPS-induced RAW 264.7 cells [39]. On the contrary, compounds 33 and 34 did
not improve any significant positive effect on anti-inflammatory activity using the
model of carrageenan induced mice paw edema [38]. Nevertheless, these
compounds have not been addressed for the anti-bacterial activity against these

tested bacteria.

From the above results, two compounds: 6,8-dibromo-5,7-dihydroxyflavone
(33) and 6,8-diiodo-5,7-dihydroxyflavone (34) were selected to further evaluate
minimum inhibitory concentration (MIC) and minimum bactericidal concentration

(MBQ) using micro dilution method. The results are tabulated in Table 3.11.

Table 3.11 The MIC, MBC and MIC index of compounds 33 and 34

MIC index
Bacterial strain Cpds MIC () MBC (M) Indication
(MBC/MIC)
P. acnes 33 31.25 250 8 Bacteriostatic
KCCM4a17ar 34 31.25 250 8 Bacteriostatic
S. aureus 33 31.25 250 8 Bacteriostatic
ATCC25923 34 31.25 250 8 Bacteriostatic
S. sobrinus 33 62.5 250 4 Bactericidal
KCCM11898 34 62.5 250 4 Bactericidal
S. mutans 33 62.5 250 il Bactericidal
ATCC25175 34 62.5 250 4 Bactericidal
S. typhi 33 62.5 250 4 Bactericidal

ATCCA442 34 62.5 250 4 Bactericidal
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MIC was determined as the minimum concentration that inhibited bacterial
growth while MBC was the lowest concentration that can kill bacterial. Five bacteria
were suppressed by compounds 33 and 34 with MIC as 31.25 uM for P. acnes and S.
aureus and 62.5 uM for S. sobrinus, S. mutans and S. typhi. The MBC of these

compounds against all bacterial was 250 uM.

The MIC index was calculated by MBC/MIC to determine if the compounds
possessed bactericidal or bacteriostatic properties [49]. When MIC index is < 4, the
compound is bactericidal while the MIC index > 4, the compound is bacteriostatic.
For P. acnes and S. aureus, the MIC index of compounds 33 and 34 were 8. Thus, for
these bacteria, both compounds were bacteriostatic agent which inhibited the
growth of bacterial at low concentration. Moreover, the MIC index on S. sobrinus, S.
mutans and S. typhi of both compounds were 4. The MIC index revealed that these

compounds were bactericidal agent.

3.2.5 The synergistic effects between flavones 33 and 34 and known

antibiotics

Nowadays, more pathogenic bacteria have become resistant to known
antibiotic agents. The new antibiotics are studied for use in treatment of serious
bacterial infections. The combination of two or more antibiotics for enhancing the
activity is one of the methods to search for new antibacterial agents. The synergistic
effect is defined as the combination exhibits the greater effect compared with the
antibiotic alone. The synergistic effect between flavones (33 and 34) and four known
antibiotics including chloramphenicol, tetracycline, streptomycin and ampicillin were
determined using checkerboard method. The results of the combination of antibiotic

and flavones (33 and 34) are shown in Table 3.12
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As the result, all combination exhibited synergism. The combination of
streptomycin with 6,8-dibromo-5,7-dihydroxyflavone (33) had the most synergistic
effect against all bacteria. The increased anti-bacterial activity of streptomycin in
combination was eight folds against S. aureus and S. typhi and sixteen folds against
P. acnes, S. aureus and S. mutans. The lowest MIC of streptomycin was 0.122 pM.
Other combination, pair of 6,8-diiodo-5,7-dihydroxyflavone (34) and streptomycin had
synergistic effect against P. acnes, with the rate in increasing of activity of
streptomycin  was sixteen folds in combination compared to the activity of
streptomycin alone. Furthermore, the combination of 34 and chloramphenicol
showed synergism against S. aureus with the rate of anti-bacterial activity in
combination sixteen folds compared with the activity of chloramphenicol being

tested alone.

In conclusion, for anti-bacterial activity, the hydroxy groups at C-5 and C-7
play an important role. Bromo- substituent affected to anti-bacterial activity more
than iodo- substituent. Among these compounds, 6,8-dibromo-5,7-dihydroxyflavone
(33) and 6,8-diiodo-5,7-dihydroxyflavone (34) showed the highest anti-bacterial
activity. For P. acnes and S. aureus, these compounds were bacteriostatic agent. On
the other hand, both were bactericidal agent for S. sobrinus, S. mutans and S. typhi.
The combination of flavones 33 and 34 and four known-antibiotics were exhibited as

all combination showed synergistic effect.
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3.3 Anti-tyrosinase and melanogenesis activities of flavone derivatives

Seventeen flavone derivatives, including chrysin, six ether flavones, four
halogenated flavones and six polymethoxyflavones, were investigated for their anti-

tyrosinase and melanogenesis activities.

3.3.1 Synthesis of ether derivatives of 5-methoxyflavones

Five new ether derivatives were prepared by reacting chrysin with selected
bromoalkane or dimethyl sulfate and K,COs in acetone. The mixture was refluxed for
overnight under N, atmosphere to furnish the desired compounds. These new
flavones were characterized by 1H, C NMR and HR-MS. The appearance and % yield

of synthesized compounds are displayed in Table 3.13.

53: R=C,H,
54: R=C,H,

55: R=C,H.,
56: R=C,H.,
57: R=C,H,;

Table 3.13 The appearance and % yield of synthesized compounds

Entry Cpds Appearance % vyield
1 53 pale vellow solid 87
2 54 pale yellow solid 88
3 55 pale yellow solid 81
4 56 pale yellow solid 91
5 57 pale yellow solid 89

The 'H NMR spectra of compounds 53-57 showed similar pattern. The
aromatic protons at C-3, C-6 and C-8 were observed around d 6.39-6.97 ppm. The
protons of alkoxyl group at C-7 were displayed at ¢ 0.87-4.15 ppm. The PC NMR

spectra showed a signal belonging to a carbonyl group (C-4) at 177.6-177.9 ppm. The
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carbons of alkoxyl group at C-7 were observed at 64.2-68.8 ppm. The 'Hand °C NMR

spectra of compounds 53-57 are displayed in Figures 3.5-3.14.
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The chemical shift assignments of "H and °C NMR spectra of compounds 53-

57 are displayed in Tables 3.14-3.15.
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Table 3.15 The chemical shift assignments of PC NMR spectra of compounds 53-57

Position 53 54 55 56 57
2 160.9 162.9 161.3 160.9 160.9
3 109.1 107.8 108.6 109.1 109.1
4 177.7 177.9 177.7 177.6 177.7
5 160.6 161.0 160.9 160.6 160.6
6 96.5 97.3 96.8 96.5 96.5
! 163.4 165.1 164.1 163.6 163.7
8 93.3 933 93.3 933 933
9 159.9 160.3 160.0 159.9 159.9
10 109.0 106.8 108.3 109.0 109.0
1T 131.2 130.7 1313 1311 1311
2 126.3 126.5 126.1 125.9 1259
3 129.1 129.1 129.0 128.9 128.9
4 131.7 132.1 131.4 131.6 131.6
5 129.1 129.1 129.0 128.9 128.9
6 126.3 126.5 126.1 1259 1259

3-OMe 56.4 56.6 56.4 564 56.4

The chemical shift of the side chain:

53: 642, 14.6

54: 68.7,29.7,19.2, 13.7

55: 68.8, 31.5, 29.0, 25.6, 22.6, 14.0

56: 68.6, 31.8,29.3, 29.2, 29.0, 26.0, 22.6, 14.1

57:68.7, 31.9, 29.7, 29.6, 29.6, 29.6, 29.5, 29.3, 29.0, 26.0, 22.7, 14.1

The spectra were recorded in CDCl,
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3.3.1.2 Synthesis of polymethoxyflavones

Polymethoxyflavones were prepared via chalcone. To illustrate this, 2-
hydroxy-4,6-dimethoxyacetophenone and methylated benzaldehyde were treated
with KOH. The mixture was heated at 70°C overnight to achieve 2-hydroxy-4,6-
dimethoxychalcone. The reaction of |, and prepared chalcones was refluxed for 3 hr
to furnish six polymethoxyflavones [40], [41]. The appearance and % vyield of

synthesized polymethoxyflavones are displayed in Table 3.16.

R
//l R
R
_0 OH A 0 OH Ay _0 O A |
N | KOH | I, |
H =z - — -
o 70°C, overnight reflux, 3 hr
0 O A0 0 0 O

62: R,= OCH, R,= R,= R,= R,= H
63: R,= R;= OCH, R,= Ry= R,= H
64: R,= R.= OCH, R,= R;= R,= H
65: R,= Ry= R;-= OCH, R;-= R,= H
66: R,= R,= R,= OCH, R,= R.= H
67: R,= R,= R..= OCH, R,= R,= H
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Table 3.16 The appearance and % yield of synthesized polymethoxyflavone

Entry Cpds Appearance % vyield
1 62 pale yellow solid 88
2 63 pale brown solid 92
3 64 pale brown solid 87
4 65 pale brown solid 91
5 66 pale brown solid 78
6 67 brown solid 86

These compounds were characterized by 'H NMR. The spectra showed
protons of methoxy groups around ¢ 4.19-3.62 ppm and other protons on benzene
rings were detected approximately at ¢ 7.87-6.11 ppm. The signal of -OH (6 12.28-
14.54 ppm) and protons at C2 (0 7.65-8.31 ppm) of chalcone were disappeared. The

"H NMR chemical shift assigcnment was accumulated as presented in Table 3.17.
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3.3.2 Anti-tyrosinase activity

Tyrosinase is a key enzyme in melanin biosynthesis that involved in
determining the color of skin and hair. It catalyzes oxidation of both L-tyrosine and L-
DOPA, following another oxidation of L-DOPA to dopaquinone, and finally oxidative
polymerization via several dopaquinone derivatives to melanin [50]. Seventeen
flavones, including chrysin, six ether flavones, four halogenated flavones and six
polymethoxyflavones were evaluated their anti-tyrosinase activity using L-tyrosine or
L-DOPA as substrates and kojic acid as positive control. The data of anti-tyrosinase

activity were expressed as ICsq (UM) as presented in Table 3.18.
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Table 3.18 IC5, values of anti-tyrosinase activity of tested flavones

ICso (UM)
Entry Cpds
L-tyrosine L-DOPA
1 chrysin =100 =100
2 49 >100 =100
3 53 >100 =100
q 54 =100 =100
5 55 >100 >100
6 56 >100 >100
7 57 >100 =100
8 33 >100 =100
9 34 =100 =100
10 58 >100 =100
11 59 >100 >100
12 62 >100 =100
13 63 >100 =100
14 64 >100 >100
15 65 >100 =100
16 66 >100 =100
17 67 =100 =100
18 kojic acid 0.0001 0.0015

The ICsy values of synthesized flavones (49, 33-34, 53-57 and 58-67) including
chrysin were more than 100 pM. Thus, none of the compounds showed inhibitory
activities when using either L-tyrosine or L-DOPA as substrates. This suggests that
tyrosinase inhibition is barely involved in the mechanism of action of these

compounds.
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3.3.3 Melanogenesis activity

Melanin is a heterogeneous, polyphenol-like biopolymer with a complex
structure with color varying from yellow to black. The important role of melanin is to
protect the skin from UV damage by absorbing UV light. Melanin is secreted from
melanocytes distributed in the basal layer of the dermis by keratinocytes, existing on
the skin surface, produce messengers such as O-MSH (O-melanocyte-stimulating
hormone) to melanocytes after getting stimulated by UV irradiation. Then
melanocyte biosynthesizes melanin in melanosome and transports them to

keratinocytes [51].

The melanogenesis-stimulating activities of synthesized flavones were
determined by measuring both intra- and extracellular melanin content in B16
melanoma cells. The data of cell viability and the melanogenesis activity of B16
melanoma cells were expressed as mean + SD values. Seventeen derivatives of

flavones in this examination were classified into three subgroups as:

3.3.3.1 Melanogenesis activity of ether derivatives

Six ether derivatives (49, 53-57) and chrysin were investigated for cell viability

and melanogenesis activity as shown in Figure 3.15.
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Figure 3.15 % Cell viability and melanogenesis activity on B16 melanoma cells of

chrysin, 49 and 53-57

Figure 3.1 shows % cell viability and melanogenesis activity. The blue, red
and green columns represent % cell viability, % intracellular melanin content and %
extracellular melanin content at 25 pM, respectively. Theophylline was used as a
positive control at 250 and 500 puM. For this series, all compounds were not toxic to
B16 melanoma cell, except compound 55 which showed 12 % cell viability.
Intracellular melanin content was determined by measuring melanin in cell while
extracellular melanin content was measured the melanin that was transported to
the medium. Compound 53 showed the highest extracellular melanogenesis activity,
followed by compounds 54 and 49. On the other hand, intracellular melanin
content of compound 53 exhibited the lowest. If the extracellular melanin content
was high, the intracellular melanogenesis activity would be low. In comparison of
extracellular melanin  content,  5,7-dimethoxyflavone  (49),  5-methoxy-7-
ethoxyflavone (53) and 5-methoxy-7-butoxyflavone (54) showed higher activity more
than two folds of theophylline although the concentration of compounds were less

than ten folds of a positive control.
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In this examination, the effect of size of alkoxyl group which has not been
explored before, was focused by increasing the number of carbon atom. Very
interestingly, 5-methoxy-7-ethoxyflavone (53) was disclosed to express the strongest
activity, followed by 5-methoxy-7-butoxyflavone (54) and 5,7-dimethoxyflavone (49),
respectively. Nevertheless, if the number of carbon chain at 7-O position was more
than 4, there was no stimulatory effect on the extracellular melanin levels. These
results pointed out that the activity was greatly depended on number of carbon at

7-O position.

In addition, comparing chrysin whose structure contains dihydroxy groups at
C-5 and C-7, with 5,7-dimethoxyflavone (49), it was observed that compound 49
showed higher activity than chrysin. Thus, the methoxy groups on A-ring also played

an important role in melanogenesis activity.

3.3.3.2 Melanogenesis activity of halogenated flavones

Four halogenated flavones (33-34 and 58-59) were comparatively studied. %

Cell viability and melanogenesis activity are shown in Figure 3.16.
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At 25 pM of extracellular melanin content, all four compounds (33-34 and
58-59) showed little melanogenesis stimulatory activity. Nevertheless, 5-hydroxy-7-
methoxyflavone analogues (58 and 59) were noticed to show slightly higher activity
than 5,7-dihydroxyflavone analogues (33 and 34). 6,8-Diiodoflavones (34 and 59)
expressed higher activity than 6,8-dibromoflavones (33 and 58). Thus, the methoxy
group on A-ring may play the important role as mentioned in 3.3.3.1 and iodo- had

effect on melanogenesis stimulatory than bromo substituent.

3.3.3.3 Melanogenesis activity of polymethoxyflavones

To extent the exploration on the effect of the number of methoxy groups of
polymethoxyflavones vs melanogenesis activity, methoxy, dimethoxy and
trimethoxy groups at various positions on B-ring of parent 5,7-dimethoxyflavone were

investigated. % Cell viability and melanogenesis activity are shown in Figure 3.17.
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67

5,7,2',3 4 -Pentamethoxyflavone (65) showed the strongest melanogenesis
stimulation at 25 uM with % extracellular melanin content more than two fold of a
positive control at 250 uM, followed by 5,7,2 -trimethoxyflavone (62) and 5,7,2°,5 -
tetramethoxyflavone (64), respectively. 5,7,2 4,6 -Pentamethoxyflavone (66) and
5,7,3,4",5 -pentamethoxyflavone (67) showed little activity. On the other hand,

5,7,2 4 -tetramethoxyflavone (63) showed toxicity at 25 uM.

5,7,2',3 4 -Pentamethoxyflavone (65) was selected to examine the
relationship between concentration and activity. At extracellular melanogenesis
activity, the melanin content was decreased when decreasing the concentration. In
comparison, at the lowest concentration compound 65 still exhibited activity more
than theophylline both intra- and extracellular melanin content despite the

concentration was less than forty folds. The results are shown in Figure 3.18.
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Figure 3.18 % Cell viability and melanogenesis activity on B16 melanoma cells of 65

Another intriguing observation could be found for 57,34 5-
pentamethoxyflavone (67, Figure 3.19). This compound showed strong activity at
low concentration (6.25 uM) with % activity was about 1600. At 3.125 pM, compound
67 still exhibited activity more than almost two folds of theophylline at 250 uM.

Interestingly, when its concentration was increased, the extracellular melanin content

was decreased.
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However, the influence of methoxy groups at various positions on B-ring on
melanogenesis activity did not show the clear trend in structure-activity relationship.
Only 2,3 ,4 -trimethoxy group showed higher activity than 2'-methoxy and 2,5 -
dimethoxy groups. 2,4 -Dimethoxy group showed less % cell viability, while 3°,4°,5-

trimethoxy group showed strong activity at low concentration (6.25 uM).

In conclusion, seventeen flavones, including chrysin, six ether flavones, four
halogenated flavones and six polymethoxyflavones, did not show tyrosinase
inhibitory activities when using either L-tyrosine or L-DOPA as substrates. For
melanogenesis activities, 5,7-dimethoxyflavone (49), 5-methoxy-7-ethoxyflavone (53),
5-methoxy-7-butoxyflavone (54) and 5,7,2,3",4 -pentamethoxyflavone (65) showed
higher extracellular melanin content more than two folds of theophylline although
the concentration of compounds were less than ten folds of a positive control. For
this activity, the methoxy groups on A-ring played an important role. Interestingly,

57,3 ,4",5 -pentamethoxyflavone (67) showed strong activity at low concentration
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(6.25 uM) and when its concentration was increased, the extracellular melanin

content was decreased.



CHAPTER IV
CONCLUSION

Two flavanones and five flavones from the CH,Cl, extracts of B. rotunda and
K. parviflora were repeatedly isolated by chromatographic techniques. Twenty-eight
flavonoid derivatives were synthesized and confirmed their structure by "H-NMR.
Among them, five ether derivatives of 5-methoxyflavone (53-57) and two
halogenated flavones, 6,8-dibromo-5-hydroxy-3,7-dimethoxyflavone (60) and 6,8-
diiodo-5-hydroxy-3,7-dimethoxyflavone (61), have not previously been reported.
These compounds were characterized using spectroscopic techniques (1H, PCNMR

and HR-MS), and their structures are shown below:

53: R=C,H,
54: R=C,H,
55: R=C,H.,
56: R=C,H.,
57: R=C,,H,;

60 X= Br
61 X=|

As the results of anti-bacterial activity against P. acnes (KCCM41747), S. aureus
(ATCC25923), S. mutans (KCCM11898), S. sobrinus (ATCC25175), and S. typhi
(ATCCA42), the hydroxy groups at C-5 and C-7 played an important role in this anti-
bacterial activity. Among tested compounds, 6,8-dibromo-5,7-dihydroxyflavone (33)
and 6,8-diiodo-5,7-dihydroxyflavone (34) exhibited the highest activity against all
bacteria with MIC 31.25-62.5 pM. Moreover, these compounds were bacteriostatic
agents against P. acnes and S. aureus. For S. mutans, S. sobrinus and S. typhi, both

were bactericidal agents. The combination of flavones 33 and 34, and four known-
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antibiotics including chloramphenicol, tetracycline, streptomycin and ampicillin were
determined using checkerboard method. The results exhibited that all combination

showed synergistic effect.

Seventeen flavones, including chrysin, six ether flavones, four halogenated
flavones and six polymethoxyflavones, were investigated for their anti-tyrosinase and
melanogenesis activities. For anti-tyrosinase activity, all tested compounds did not
exhibit tyrosinase inhibitory activity. For melanogenesis-stimulating activities, the
methoxy group on A-ring played an important role in melanogenesis activity. 5,7-
Dimethoxyflavone (49), 5-methoxy-7-ethoxyflavone (53), 5-methoxy-7-butoxyflavone
(54) and 5,7,2',3",4"-pentamethoxyflavone (65) showed higher extracellular melanin
content more than two folds of theophylline although the concentration of
compounds were less than ten folds of a positive control. Interestingly, 573,45
pentamethoxyflavone (67) displayed strong activity at low concentration, at 3.125

WM, 67 still exhibited activity more than two fold of positive control.

The collection of all isolated and synthesized flavonoids is summarized in

Figure 4.1

Suggestion for future work

The possible future work related to this research would be the study on the
relationship between halogenated flavones and other bacteria such as Escherichia
coli. In addition, the combination of flavones with antibiotics should be carried on to
find the best condition for future use. Furthermore, polymethoxyflavones had a
promising tendency for further study on their stimulating-melanogenesis activities to
find the active site and the effect of position of methoxy groups. Other biological
activities of flavones were attractive for investigation such as anti-inflammatory or

anticancer.
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