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A& (Aquilaria malaccensis) < BFU53} (Thymelaeaceae) 9

Gl A7 ARY AoR, FE FdobAols F3 % 7

S 53 B8¥S vie F thekdk chromatography 7|Me2 6 F9

2-(2-phenylethyl) chromone =& #3239t}
Bag AREE9 Fx= ZHE spectroscopys Fa HAI Ay

@ 6-Hydroxy-2-[2-(4-methoxyphenyl)ethyl]-4H-chromen-4-one,
@ 2-(2-phenylethyl) chromone, @ 2-[2-(4-methoxyphenyl) ethyl]
chromone, @  6-methoxy-2-(2-phenylethyl) chromone, ®
6-methoxy-2-[2-(3-methoxyphenyl)  ethyl]  chromone, ®

=S

2-(4-hydroxyphenyl)-6, 7-dimetoxy-4H-chromen-4-one ©. =& &
ERsa= AT ® 2-(4-hydroxyphenyl)-6,

7-dimetoxy-4H-chromen-4-one < H il % %] @& AEA=Z Aty

23 AEE9 tyrosinase A FA4S A 23 6719 &2
9] IC50& 20, © 0, @ ® ANz 203, 1.35 1.39, 1.15,
1.01, 0.56 (mM) = gele T AN L
6-methoxy-2-[2-(3-methoxyphenyl) ethyll chromone 7} IC509]
056mM= 2 AEE v 73 tyrosinase <A A ATt

>
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T80 H& (Aquilaria malaccensis), 2+ (chromone), E}o]ZA]

Al oA &4 (tyrosinase inhibitory activity)
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A (Aquilaria malaccensis)+ 2ZUF 3 (Thymelaeaceae) ° <
st AE S A7 SAstEA HFE s D) kel
A= A1 -E7] ZAEo] Jdow AsEFASRI-FE- 7| %A
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o] AE-L 1309] 7R & sesquiterpenes ¢+ 2 - (2-phenylethyl) - 4H

a4

- chromen - 4 - one derivatives, aromatics, triterpenes ©.%= &
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om. A3

1. AE A&, Al R 717

1-1. A8 AR

A8k (Aquilaria malaccensis)2 2. 220 A =33}t

%, &v) 23 92 silica gel column chromatographyS < @l
MeOH (Duksan, Korea), Hexane (Duksan, Korea), Ethyl acetate
(Duksan, Korea), Ether (Duksan, Korea) % n-BuOH (Duksan,
Korea) & 53292 ARE3FA Y. Silicagel Kielselgel 60, merck,
Art, 9385 (Darmstadt, Germany)E A}F&3F T Semi-prep HPLCel
AFg3t ACN (Duksan, Korea), H, O (Duksan, Korea) HPLC
grade® T Y3ttt NMR &vj= Cambridge Isotope Laboratories,
Inc. (Andover, MA, U.S.A)A}Y CDCl; & AR&3}$lt).



3. 49 717 R 717

1_
B AgA AR F )7 TeT 2o

HPLC
Pump : 321 pump (Gilson, Middleton, U.S.A)
Waters 616 pump (Waters, Massachusetts, USA)

Column : Gemini by C18

(250 mm x 4.6 mm ID, 5um, Phenomenex)

Detector : UV/VIS-155 (Gilson, Middleton, U.S.A)
Waters 996 photodiode array detector
(Waters, Massachusetts, USA)

Micro-plate reader : Molecular Devices Versamax

(Sunyvale, U.S.A)

UV spectrophotometer : Evolution 60
(Thermo scientific, Massachusetts, U.S.A)

NMR spectrometer : Bruker AMX 500 spectrometer (500MHz)

Mass spectrometer : microTOF-Q mass spectrometer
(Bruker Daltonics Inc., Bremen, Germany)
SQ 300 MS detector
(Perkinelmer, California, U.S.A)
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Adgk HgF 9 kg MeOH= 3AI7F &<t 33] &7 5% 5 F

R4

=e22 Ay o 1§ ZAFS H209 #@EAZ F, Hexane
7} Ethyl acetate, n-BuOH =22 <=x% o2 &1 F%3F9] Hexane
%3} Ethyl acetate®, n-BuOH, H20%<& A %3ttt 281 H20=
g3 592 Ether, n-BuOH ¢ 2% &1 % 39 Ethers3
= Az

Ethyl acetate (51.5g) &< silicagelS AF&3}9] silicagel column
chromatography (CHCI3 : MeOH = 200 : 1 — 10 : 1) & A 83}

=
oo
c
@)
an
o
a
N\
@)
ol

570e] AEFS du A HA A2EF (427g) & silicagel column
chromatography (Hexane : Ethyl acetate : Isopropyl alcohol = 300 :
100 : 1 — 300 : 300 : £ Tl 570 AR gs dATh

Ether (30g) <& silicagel® A}&£3lo]  silicagel column
chromatography (Hexane : Ethyl acetate = 40 : 1 — 1 : 1) & A3}

sto] 14709 Afgs Al



2-2. AFo=ERY 9d A& £

2-2-1. Compound 6 (New) ¢ £
Fraction EA-3-5& w42 =2 silicagel column chromatography

(CHCI3 : Isopropyl alcohol = 30 : 1 — 10 : D)E A 33t At}

2-2-2. Compound 1 ¢ &g
Fraction EA-3-3& 422 semi-prep HPLC [Gilson 321pump,
Gilson UV/VIS-155 (203nm), Solvent A : Water, Solvent B : ACN,
Isocratic, B40%, 4mL/min]l& A]8&}to] compound 1& #3 A 3f

At

2-2-3. Compound 2 ¢ &g
Fraction El11& WAo =2 semi-prep HPLC [Waters 616 pump,
Waters 996 PDA (203nm), Solvent A : Water, Solvent B : ACN,
Isocratic, B40%, 4mL/min]l& A]8&}lo] compound 25 #3 A 3}

At

2-2-4. Compound 3 ¢ &g
Fraction E11& WAo =2 semi-prep HPLC [Waters 616 pump,
Waters 996 PDA (203nm), Solvent A : Water, Solvent B : ACN,
Isocratic, B40%, 4mL/min]l& A]8&}lo] compound 3& #3 A 3}

At



2-2-5. Compound 4 ¢ &g

Fraction El11& WAo =2 semi-prep HPLC [Waters 616 pump,
Waters 996 PDA (203nm), Solvent A : Water, Solvent B : ACN,
Isocratic, B40%, 4mL/min]l& A]8&}to] compound 45 #3 gA 3

At

2-2-6. Compound 5 ¢ #3
Fraction E13& WAoo 2 semi-prep HPLC [Gilson 321pump,
Gilson UV/VIS-155 (203nm), Solvent A : Water, Solvent B : ACN,
Isocratic, B40%, 4mL/min]l& A]8&}to] compound 55 #3 A 3}
ATH.



3. FZ B4

wElgk 318k ES CDCI3 o =<9 * 5 mm NMR tube o %31,
500 MHz Bruker AMX 500 spetrometer (Bruker, Rheinstetten,
Germany) NMR ¥ 600 MHz Bruker AMX 600 spetrometer
(Bruker, Rheinstetten, Germany) NMR< ©]&3}o] 'H, 13C, COSY,
HSQC, HMBC-NMR spetrum & €3 #4]3}¢ich

mass spectrometryS ESI-MS 2 =439 2™ compound 6

< HR-ESI-MS = 433



vl ghde oEa e A4S A FASATH2] m &g
71L& fig. 3 o 71A3FA . 1/15M 80 ul potassium phosphate
buffer (pH 6.8) ¥} potassium phosphate buffer o L-tyrosine = 0.1

mg/mL sEZ WE &9 40 yl, 5% DMSO °] %o A= &9
uL, potassium phosphate buffer © =<1 mushroom tyrosinase
L (60 units/mL) & 96-well microplate ol =x4 o2 7}t
© HAL ice bath oA Y= At} Positive control®2 arbutins
L3ttt AZ A FF9F 37C incubator © 30% o W

40
40

!

A}

<
T

9] 475 nm oA ¢ &FFEE ELISA plate reader & AF-g&3slo] =43}
Atk v &S YEh = tyrosinase A8 &9 Albe thet 2.

Tyrosinase inhibition (%) = [1 — (Awmes = Asmper) / (Aconrora —
Aconran)] x 100

Awnia © 30 ¥ blank 3%

Acan © blank 3%

Acmies © 30§ sample 3%

Asamp]e,b : Sample %%E

] 21| 8
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Fig. 1. The principle of melanin bio—synthesis



1 Aquilaria
malaccensis
| Extraction with MeOH

MeOH Ex.

l

I |
Hexane Fr. Aq.l Fr.
| |
Ethyl acetate Fr. Aq.] Fr.
Silica-gel coFurr_'m | |
(tepwhse gradiens of M o CURUTIE - B
| I 1 | |
EAL EA2 EA3 EA4 EAS
Silica-gel column
chromatography
(stepwise gradient of HED
| | | |
EA3-1 EA3-2 EA3-3 EA3-4 EA3-5 .
ilica-gel column
Semi-prep chromatography
(stepwise gradient of Cl)
Comp.1 Comp.6

Scheme 1. Extraction and fractionation of AM @
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2. Agquilaria
malaccensis

I Extraction with MeOH

MeOH Ex.
I | I
Ether Fr. Aq*l Fr.
I
BuOH Aq.lFr.
Silica-gel column
chromatography
(stepwise gradient of HE)
] | I |
El  E10 E11  EA13
| | Semi-prep
Comp.2 Comp.5
Comp.3
Comp.4

Scheme 2. Extraction and fractionation of AM ®
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1-1. Compound 6 ¢ +%

A &4 compound 6 & =AM EY 33E 2 positive mode®] MS
spectrum 94 m/z 327.1215[M+H]" & eyt BC-NMR =
'H-NMR, HSQC, COSY, HMBC spectrum ZAZZFE 57
aromatic ring, O-methyl, methylene, hydroxyl group< <135} o™
2-(4-hydroxyphenyl)-6, 7-dimetoxy-4H-chromen-4-one 2% &4
s

1-2. Compound 1 ¢ +&%

Compound 1 2 S=@AET 313E =2 positive mode?] MS
spectrum °lA m/z 297[M+H]t <& gelsgtt. BC-NMR
'H-NMR spectrum AT 22X E A=2X 3dE20 AL 2390
3y Hnste]  6-Hydroxy-2-[2-(4-methoxyphenyl)ethyl]-4H-

chromen—-4-one 2.2 % A3} tH5].

1-3. Compound 2 ¢ T%

Compound 2 = % 3}3tE = positive modee] MS spectrum ©l
A m/z 251IM+HI* 95 <lstsith. "C-NMR # 'H-NMR pectrum
AdgegE AR sgE Ade FQlsidoen w3l Hluldke]

2-(2-phenylethyl) chromone 2.2 &334 tH6, 71.

5
LT )
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1-4. Compound 3 ¢ +&%

Compound 3 & &% 33E=F positive mode?] MS spectrum ©l
A m/z 281IM+HIT 9&  #dskdth. C-NMR 3 'H-NMR
spectrum A ZFEH AZE 3}FEQA AL Qs on T3 4

A Fo] 2-[2-(4-methoxyphenyl) ethyll chromone 2.2 ‘5 7% 3}%] tH8l.

1-5. Compound 4 ¢ +&%
Compound 4 & &% 33E=F positive mode?] MS spectrum ©l
A m/z 281IM]T & Felstgdtt. BC-NMR # 'H-NMR spectrum
AdgeiE AR e Ade FQlsidoen w3l vlulsk]

6-methoxy-2-(2-phenylethyl) chromone ©. 2 &3} tH9, 101

Compound 5 += #% 3stE=
A m/z 311IM]T & Felstgdtt. B*C-NMR # 'H-NMR spectrum

ARy ZzE @2 AL Helager EdAn wasol

positive mode2] MS spectrum ©l|

6-methoxy-2-[2-(3-methoxyphenyl)ethyl] chromone &2 A3}
tHo, 101.
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HaC o/_\

HaCO
Byl

Fig. 2. HMBC correlation of compound 6

Qe
&

R1 R3 R4
Compound 1 OH H H OMe
Compound 2 H H H H
Compound 3 H H H OMe
Compound 4 OMe H H H
Compound 5 OMe H OMe H
Compound 6 OMe M H OH

Fig. 3. Structure of compounds




2. 7Y &K
Agomyy Beste] Tx7} Hw 74 YR vw BYL
PN

ATk 600uM FEolA 7t ARe] mu AL wmd e

A\

™ compound 5 (6-methoxy—-2-[2-(3-methoxyphenyl)ethyl]
chromone) 7} A& o =2 73t tyrosinase JA A AT 2831 ZF A
9 IC50& &3 4 A2t Compound 1, 2, 3, 4, 5 ¢ IC50 &
2.03, 1.35, 1.39, 1.15, 1.01, 0.56 mM ©] At}

~
=
=}

@
o
=

w
=
o

40.0

w
=
o

]
=
o

Inhibition of tyrosinase (%)

-
=
o

EEER

Comp.6 Comp.1 Comp.2 Comp.3 Comp.4 Comp.5

=2
=]

Fig. 4. Inhibition of isolated compounds (600uM, n=3)
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V. 48

Ago7gHE 6 F9 2-(2-phenylethyl) chromone =45 ¢
E 7 ReALR dy A2 spectroscopy = =3l

6-Hydroxy-2-[2-(4-methoxyphenyl)ethyl]-4H-chromen-4-one,
2-(2-phenylethyl)  chromone,  2-[2-(4-methoxyphenyl)  ethyl]
chromone, 6-methoxy-2-(2-phenylethyl) chromone,
6-methoxy—-2-[2-(3-methoxyphenyl) ethyl] chromone,
2-(4-hydroxyphenyl)-6, 7-dimetoxy-4H-chromen-4-one 2% &A

ERsa= % 2-(4-hydroxyphenyl)-6,
7-dimetoxy-4H-chromen-4-one Al&=2d 2 A& ¥t}

z} g9 R IR 3% 2 3}
6-methoxy—-2-[2-(3-methoxyphenyl) ethyl]l chromone °] 6 & =%
ol 7b4 73F tyrosinase < A A 9ok
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Fig. 5. Chromatogram of compound 1
Comp. 4
1804 2o
FE4
T 50+
il B
R
”
e CDr.r"p\.¢
10 Cu:lrr"p.\-_“.\ h
504 !.|
\[ |
o] T W e b
o IE'} 0 II- :I.'IIIII &0 lel L I:l: 'SJ:-IIG T IIII

Fig. 6. Chromatogram of compound 2, 3 and 4
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Comp. 3

| T
] 40
Mirbes

Fig. 7. Chromatogram of compound 5
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Position comp.6 (New) Comp.1 Comp.2
2 168.1 172.2 168.4
3 109.5 110.6 110.2
4 177.8 181.4 178.2
5 104.4 109.5 125.7
6 154.4 157.2 125.0
7 152.6 125.3 1335
8 99.5 121.3 117.8
9 1475 152.9 156.5
1 116.8 125.9 123.7
1 131.2 134.0 139.7
2 129.3 131.2 128.3
3 1155 115.8 128.6
4 154.8 160.6 126.5
5 1155 115.8 128.6
6 129.3 131.2 128.3
7 32.2 38.1 33.0
3 36.3 34.0 36.1

6-OMe 56.4

7-OMe 56.3

4-OMe 56.4

Table 1. ®*C-NMR spectral data of compound 6, compound 1

and compound 2

19



Position Comp.3 Comp.4 Comp.5
2 168.5 168.2 168.1
3 110.3 109.5 109.5
4 178.2 178.1 178.1
5 124.9 104.9 104.8
6 125.7 156.8 156.8
7 133.5 123.5 123.4
8 117.8 119.2 119.2
9 156.5 151.3 151.3
10 123.8 124.3 124.3
1 131.7 139.7 141.3
2 129.2 128.3 114.1
3 114.1 128.6 159.8
4 158.3 126.5 111.7
5 114.1 128.6 129.6
6 129.2 128.3 120.6
7 32.1 33.0 33.0
8 36.4 36.1 35.9
6-OMe 55.9 55.9
3-OMe 55.1
4-OMe 55.3

Table 2. ®*C-NMR spectral data of Compound 3,4 and compound

5)
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Fig. 9. ®*C-NMR spectrum of compound 6
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Fig. 10. HSQC spectrum of compound 6
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Fig. 12. HMBC spectrum of compound 6

25



PRI

26

T

T

1]
10 05 ppm

i

T

L]
30 25 20

& i A

T
50 45 40

T
5.5

T
70 &5 B0

T
7.5

T
8.0

L1

k2
~

L El

AL



5
Fig. 14. ®C-NMR spectrum of compound 1
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Fig. 15. 'TH-NMR spectrum of compound 2
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Fig. 16. ®C-NMR spectrum of compound 2
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Fig. 19. 'TH-NMR spectrum of compound 4

32

i

:

b



S ——
e ——

LT —

180 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

210 200

Fig. 20. ®C-NMR spectrum of compound 4
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Fig. 22.

BC-NMR spectrum of compound 5
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Abstract

Isolation of 2-(2-phenylethyl) chromone
derivatives from aquilaria malaccensis and

their tyrosinase inhibitory activity

Tae Ryong Kim
Department of Pharmacy, Pharmaceutical Anaysis
The Graduate School

Seoul National Univerity

Aquilaria malaccensis is a species of plant in the Thymelaeaceae
family and known as a resin-suffused heartwood. It is mainly
distributed in Southeast Asia, China and New Guinea. Since
Aquilaria malaccensis has a distinctive odor, it has been used as
traditional spices or treatments. It is also effective in treatments of
asthma, emesis or abdominal pain when it 1is administered
internally.

In this study, the structures of components in Aquilaria
malaccensis were identified and the activities of each compound
were measured. Through sequential solvent extractions, fractions of
Aquilaria malaccensis—methanol extract could be obtained. After
that, 6 species of 2-(2-phenylethyl) chrome derivatives were
1solated from the fractions by various chromatographic methods.

As a result of identification process by assorted spectroscopy,
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the structures of each isolated compound were confirmed as @
6-Hydroxy-2-[2-(4-methoxyphenyl)ethyl]-4H-chromen-4-one, @
2-(2-phenylethyl) chromone, @ 2-[2-(4-methoxyphenyl) ethyl]
chromone, @  6-methoxy-2-(2-phenylethyl) chromone, ®
6-methoxy-2-[2-(3-methoxyphenyl) ethyl] chromone, ®
2-(4-hydroxyphenyl)-6, 7-dimetoxy-4H-chromen-4-one. Among
them, ® 2-(4-hydroxyphenyl)-6, 7-dimetoxy-4H-chromen-4-one
was considered as a new compound that has not been discovered
yet.

The results of measuring tyrosinase inhibitory activities
established IC50 of 6 compounds. The obtained IC50 values were
203, 1.35, 1.39, 115 101, 056 (mM) in the order of new
compound, @, @, @, @ and . Within these values, due to its
1C50 value of 0.56mM,, it can be seen that
6-methoxy-2-[2-(3-methoxyphenyl) ethyl] chromone can be
considered as the strongest tyrosinase inhibitor compared to the

others.

Keywords: Aquilaria malaccensis, Chromone, Tyrosinase inhibitory

activity

Student ID: 2011-21713
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