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Abstract Vitex trifolia L. is a full grown fruit of Vitex rotundifolia L. (Verbenaceae). 1t has been used for
treating headache, dizziness, toothache and removal of fever as a traditional medicine in Korea. V. trifolia
(500 g) were extracted three times with 80% aqueous MeOH at room temperature. The MeOH extract (38 g)
was successively partitioned with n-hexane, EtOAc, n-BuOH and H,0. Both n-hexane and EtOAc fractions
showed more than 80% antifungal activity in vivo against several plant pathogens at 2000 ppm. Successive
repeated silica gel, Sephadex LH-20, preparative TLC, and preparative HPLC of these fractions led to
isolation of three compounds. Using mainly mass spectroscopy and nuclear magnatic resonance (NMR)
spectroscopy, their chemical structures were determined as agnuside(1), chrysosplenol B(2), and artemetin(3).
Compound 2 was isolated for the first time from V. #rifolia. Study on in vitro and in vivo antifungal activities
of the isolated compounds is in progress.
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F71E 7L Qlo} dXRE Y e 5848 A5y
AR ORE A& 78 Ao Fgolidl g sl d] Aol F715 AA] A F5A 9 AR AR5
g 5-50%0 @ AER v ATHOerke 5, 1994). & om, FARI W= Feg WAl a3t v
o 7yel, 7549 3 318K we] 8E 91L gt} WIZboA = WAL o2 ARSI gk fEvetE
FgoNA A EfE AAEC] 2B ). ol A e T3 Y& 5 Sd Tl wdrk= dde] A
A thhH o 2 o)l gl FoRAQ) WAl AR & ok 20X f o] glo] A, XA, 2E, agEol
o] v shfrlo] Q7] wiel] HAe ookE ¢ W% A} 771, TFeld, oW, W, AlEAl, T, AA%,
WA ZA 83 018 2 5 St 3 2 o A5 G Fdke] X850 ARk
W2 (Vitex trifolia L.y= vFAZI] $£8]7UF-9] o) Ath(Park} Lee, 2000).

g zlol] ek AF-EE monoterpeneTE EHT oF 765
o] Afdwat 293 W8y As) a7E VER= flavonoids
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%, 2001; Chikako, 2003; Lee 5, 2009).

THE PHEAY TS oln] LYPHATH AZE 2
&<t kasugamycin, polyoxin, validamycin, nikkomycin's-©]
A&3lE o] B0l ek A 7 EFS thAlskL 4
oAkl olukAla] girh. A skl HlE] AAE Fok

Ry

TgRE £E4L AT AT Yo daee 7
= AAE 9 o)Se) $EANE B3 Az Fokel A
N

oFe] TS Helslr] 9Ig hHo R B A
ATHJane 5, 2003; Kim, 2003; Kim, 2005;

23} o/ e 5
= Aol U FFBYS B}
3R R A AEA NS AP 71ZARE

W7k ARIA KRR st ARESIATE In vivo
Aol v =@ (Magnaporthe oryzae), B LT
S wEH (Rhizoctonia solani), EVFE A3 (Botrytis
cinerea), EVHE ¥ (Phytophthora infestans), 3 254
(Puccinia recondita), 221 37V (Blumeria graminis f.
sp. hordei)& ARSI OH EF g 518F Aol uj
Fste] ARGkt

YEA] FF 2 SuliEgol| AMESH n-hexane, ethyl
acetate (EtOAc), methanol (MeOH), n-butanol (»-BuOH)%
o] g S LIS, FUE) AES AASA &
3 ARESIGITE NMRE €0l CDCl; (Sigma-Aldrich,
USAYE ARE-31913L, HPLC 872 ARS8 MeOHS 36
S A8l ARE-sISAt). 2183 Flash column chromatography
£ silica gek> 70-230 mesh (Merck, Germany)& A}&-3}
AL, BAE H EHE silica gel TLCE Merck AR Kiesel
gel 60F,5, (0.25mm) % Kiesel gel 60F,s (0.5 mm) plate,
HPLC ZH& YMC-Pack ODS-A (250 x 20 mm, Kyoto,
Japan)g ARS-SISITE AR 10% H,S0, 2 vanillin-
H,SO, (vanillin 1% in methanol + 5% H,SO, in methanol)
& ARSI e, UV 2549} 365 nm &39Itk HPLC
+ LC900 series (JASCO, Japan)/UV detector, HP-1090
series (HP, USA)/DAD detector, Y] =+ polarimeter P-

1020 (JASCO, Japan), ESI-MS= 4000Q Trap (AD SCIEX,
USAYE, NMR spectrometer= JNM-ALA00 (400 MHz/100
MHz, JEOL Ltd, Japanye ARSIt NMR®| internal
standard+= tetra-methylsilane (TMS)2- A8-3153.2™, chemical
shift= ppm (5)2-2 YER AT

DX £EE29| in vivo SEEY HA

659 A& Bl 3 & & qEdE AL
31Tt B2} £3 & (n-hexane, EtOAc, n-BuOH, H,0) Z
80mgS 10mLe| acetoneo|t} 5mLe] MeOHd| =o|3
Tween 20 (250 uL/mL) &9 7}sle] HF H3]7} 40 mL
o] HEE XNEE AxAthE4 HF F%: 2,000 ppm).
Aol 283t vt BErlE, I T3 RHEls A§ 4.5cm
o] STpAE X EM Fe§ AE T dd8 JES 0%
B AL F, TAE BEste] 25+ 5°Co] 244 15 W
Al 477 Apuate] ARSIt A ET7F A EA O] FAF i
4 4 UEE tumn tablee]l ¥ A= 2000 ppme] Al
8 50 mLE, thEZTE tween 20 solution 50 mLE tHA A&
Aol Aratar Fg the A4 1Y 5 s
AE A e Foll AE Zp7e] A=A Hd+S H
F3L 39 WA 8Y Fo] HHEE ZARIITHKIm F,
2001; Cho &, 2006). Zt7te] A3 3ukE02 AA|3I9AL

A7 R TR Al e} A4 S

A7) = (1x —

Zb Wyt tigk EAL 80%01de] Al &S Yepi=
Aol okl Aetely +t =4 Fe

MEXZREH SMHEF 22

vhf &k 2Fg 2} 500 g2 80% aqueous MeOHol| ZA] 51
oA 33 FESIAL Y FHt] dolxl FEE 38g
S 37 FF 88 & p-hexane, EtOAc, n-BuOH 2
Y H0% o= #8std 77t 2.5, 7.6, 105, 154¢
FIES AU olF5olA EtOAc Y5 silica gel
column chromatographyS ©]-8-3t] n-hexane?t EtOAc &
A 2 8&3lo] 8719 fraction (Fr.E.1-8)0.& LR3It} ©]
% Fr.E4 fractionS Sephadex LH-20 columnS ARE-3}ed 9
Ne] fraction (FrE4.1-9) 22 Usr $FrE4.3 fractionS
preparative HPLCZ 23} colorless gum type®] 315+
1 (60.0 mg)y2 AUt} n-Hexane 5% vZVIA| £ silica
gel column chromatography® #2]¢} fraction (Fr.H.1-8) &
Fr.H.6 fraction2 Sephadex LH-20 columng AMg-sted 2]
- preparative HPLCE AH&-3F colorless gum type®] 319}
E 2 (4.0 mg)o} 315HE 3 (6.5 mg)S #2131 tH(Scheme 1).
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Vitex trifolia L.

Hexane (2.5 g) Ethyl acetate (7.69) Butanol
Silica gel column
(Hex — EtOAc — MeOH)

| |
| | FrE.1(0.779) Fr.E.4(0.35g)

Extracted with 80% aq. MeOH(v/v) for 72h, 3 times
Partitioned with organic solvents

Water

'» Silica gel column (Hex — EtOAc — MeOH)

FrH.3 Fr.H.6 (60mg)
Sephadex LH-20 column(100x2 cm)
Sephadex LH-20 column(100x2 cm)
HPLC(MeOH : Water=80:20) Fre4.3
| | ’» HPLC(MeOH : Water=60:40)
FrH.6.1 (4mg) FrH.6.3 (6.5mg) Fr.E.4.3.1(60mg)
Compd. 2 Compd. 3 Compd. 1

Scheme 1. Isolation of active compounds from Vitex trifolia L.

Ao oJsle] AHE Tt ESI-MS =423 molecular ion
peak’} m/z 467 (M + 1), 465 M — 1y °lx] A= o] £2}
ol 46695 I8ttt 'H-NMR spectrums 3418 2
SH(Table 2), 7.83 ppm (2H, d, J=8.7Hz, H-6", H-2",
6.75 ppm (2H, d, J=89Hz, H-3", H-5")lA A&7kl
meta couplingd}a. U= aromatic ring?] peak”} 1Tt

g
Orgdxtol 28 iy yive & M HH

W2} FZ5-2] p-hexane, EtOAc, n-BuOH, H,0 &8 &
2000 ppme 67FA] FA] ol sl in vivo Bt B
AA S A3}, n-hexane T8 Eo| v ol sl 88%,

EtOAc 8 Eo| v =gy tsl 85%, ¥ H-=1d 6.25 ppm (1H, dd, /=63, 1.8 Hz, H-3), 5.73 ppm (1H, s,
3l 87%2] As=E UERATHTable 1). o132 A= H-7), 460 ppm (1H, d, J=63Hz, H-4)lA methine
HE SAo] A2 8o &4 o] #¥slaL 3lom, H proton peak’} ¥=5J1, T F212] hydroxyl groupel ¢
=gl diste] HlwA H GAE BYS It Z 3k proton peak’} 3.77 ppm (2H, d, J=8.3 Hz, H-2', H-

B3| =0
Tp—:}—é‘—é‘

%3 column chromatographyZ ©|-&3le] 37}
et

b =& FA4S WOl p-Hexanex# EtOAc
o]-g-3}¢]

Ao GHEAS

6'), 5.03 ppm (2H, m, H-3', H-4°4] &1= 31t} BC-NMR
spectrume A3 AF}, 682l signalo] FHEEHOH,
carbonyl group®] carbon peak’} 168.10 ppm (C-11)el14 &
=59t} E3t aromatic methine carbon peak’} 133.16

2xAN ppm (C-2", C-6"), 116.47ppm (C-3", C-5")ll A #=H A}
FE 19 +2EH Hydroxyl group®l]l 1733} aromatic quaternary carbon peak

318t 19 318 t%E 'H-NMR, “C-NMR, ESI-MS

7} 163.93 ppm (C-4"), & 1<l hydroxyl groupel 173

Table 1. Antifungal activity of the four fractions obtained by solvent partitioning of 80% aqueous methanol extracts of Vitex trifolia
L. against six fungal pathogens”

Control Value (%)

. Conc.
Fraction
(nL/mL) RCB® RSB TGM TLB WLR BPM
n-Hexane 2000 88 26 55 55 0 15
Ethyl acetate 2000 85 32 73 55 87 0
n-Butanol 2000 70 32 27 45 0 0
Aqueous 2000 58 11 18 0 - 0

“Seedlings were inoculated with spores or mycelial suspensions of the test organism 1 day after solutions of the plant extracts were sprayed
onto the leaves to run-off.

®)Control value(%) = (1 — disease severity of treated plants/disease severity of untreated plants) x 100.

9RCB = Rice blast; RSB = Rice sheath blight; TGM = Tomato gray mold; TLB = Tomato late blight; WLR = Wheat leaf rust; BPM = Barley
powdery mildew.
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methine peak”} 71.56 ppm (C-4'), 78.06ppm (C-3"), 75.02
ppm (C-2'), 63.80 ppm (C-6"ollA #AZE|3L, T3} AZAE]
= X9 carbon peak’} 98.12 ppm (C-1), 100 36 ppm
(C-1)914 BZHAT} BFE 19 AFEE [of]) 23 (c
0.37 MeOH)Z ZA L] Qit) o)At Ao}l B v|wE =%
ato] 313HE 19] 3FEEE agnuside (MW 466, CrHyiOyp)
2 543 H(Isao 5, 1988; Parvinder 5, 2009).

3RHE 29| +=24E73

1= 29 3let72E 'H-NMR, “C-NMR, ESI-MS &
Hof| ol AA =T ESI-MS =4 Z 3} molecular ion
peak’} m/z 375 (M +1)", 373 (M - 1) oA #AZ=5]o] Bz}
2ol 37495 It 'H-NMR spectrume 31413F 2
H(Table 3) aromatic ring®l|*] % meta coupling 1]
U= methine proton peak’} 7.72 ppm (2H, d, J=8.4 Hz,
H-2', H-6'lA #ZHAc}h =3 6.51ppm (1H, s, H-8)ell
A] aromatic methine proton®] FZFUCE I 471<]
methoxy group®] proton peak”} 4.00 ppm (3H, s, 6-OCHs),

Table 2. NMR ('H, 400 MHz; 13C, 100 MHz) data of compound 1

» Compound 1
Position
oH oC
1 5.04(1H, m)® 98.12
3 6.25(1H, dd, J=6.3, 1.8 Hz) 143.11
4 4.60(1H, d,J=6.3 Hz) 105.72
5 2.61(1H, m) 46.39
6 3.80(1H, s) 49.58
7 5.73(1H, s) 132.62
8 - 141.89
9 2.89(1H, m) 48.73
10 5.03(2H, m) 62.85
11 - 168.10
I' 5.01(1H, m) 100.36
2' 3.77(1H, d, /= 8.3 Hz) 75.02
3 5.03(1H, m) 78.06
4 5.03(1H, m) 71.56
5' 4.90(1H, s) 78.36
6' 3.77(2H, m) 63.80
1" - 122.26
2" 7.83(1H, d, J=8.7 Hz) 133.16
3" 6.75 ppm(1H, d, /= 8.9 Hz) 116.47
4" - 163.93
5" 6.75 ppm(1H, d, /= 8.9 Hz) 116.47
6" 7.83(1H, d, J=8.7 Hz) 133.16

Yproton signal multiplicity and coupling constant(/=Hz) are
parentheses, the characters denote s, singlet; d, doublet; dd, double
doublet; m, multiplet.

3.96 ppm (3H, s, 7-OCH;), 3.93 ppm (3H, s, 4'-OCH;), 3.88
ppm (3H, s, 5-OCH;)o1A &R1= AT} "C-NMR spectrum
24 A3} methoxy group®] carbon peak’} 60.86 ppm (3-
OCH; 7-OCHS), 56.28 ppm (5-OCHs), 56.01 ppm(6-OCH,)°]
A FZEHAY. 283 methoxy groupdt ZATEHL e

quaternary carbon peak”} 139.07 ppm (C-3, C-6), 158.88
ppm (C-7), 145.62 ppm (C-5"°14 ASH U} Carbonyl
group] carbon peak’} 179.09 ppm (C-4)14 #ZE AL,
alcohol”]9} A%}3} carbon peak”} 152.82 ppm (C-S), 148.85
ppm (C-4"0lA] #=E]t}. Phenol 2] A F-9lo 3
+= carbon peakE 155.72 ppm (C-2), 123.66 ppm (C-1")°l
A Bl1skdtt. 223 aromatic methine group®] carbon
peakS 90.34 ppm (C-8), 110.41 ppm (C-6), 121.65 ppm (C-
2), 11437 ppm (C-3"0lA EQlsifitt. oo dais F
ete] slghE 29] 38FEZRE chrysosplenol?] +=A¢1
chrysosplenol B (M.W 374, C,oH;s05)Z 575} tH(Jaber
5, 1988; Gudej#} Czapski, 2009; Long} James, 2010).

SIE 39 283

sHHE 39 s}8rxE ESI-MS, 'H-NMR, “C-NMRE]
ZAol oJste] AA =AUt ESI-MS 423 389 (M + 1),
387 M- 1) m/z& ®A1&o] 3889)% BRI ol 3
9] NMR data= 3} 29] NMR data®} vl-$- §-AK(Table 3)
st shek= 2 B3 flavonoidAl 3FHEYS & & AUTH
'H-NMR spectrum 314gt A3} 12,61 (1H, s) ppmelA
F2Ag] 23k C5-OH group®] signalo] =50,
3.87 ppmollA] X T}2 methoxy group?] signal®] #Z5|o]
C4'-OH group®] methoxy groupl 2 X EUS Aoz
=319tk BC-NMR dataE s14et 23} 5719 methoxy
group®] #ZF AL, ESI-MS data A 14 units’t 573}
of o]& A‘i‘:go}oiﬂr ool Axpe} FHAMS Fisie
35S 39 3} RS artemetin (MW 388, CyHy05) -2
4 39 tH(Centro 5, 2002; Nurgun} Bilge, 2010).
A2 5E 223k 3712 &2 (agnuside, chrysosplenol
, artemetinyS 4] chrysosplenol BE T3ALZ5-E ]
FEFAT) ol B2 e EZE tigt in vitro
in vivo LA tigk A7E K&t Yk v}
v =Y, ErlE Aoy, EntE oy 2
p‘l‘:m"ﬂ et Bs woln, 53] W =dWt 2
ol wf-g- 24 S-S Bt seuEte] e He
5&% A} s7F7F sniet g5etal 9o, gk W =8

3

ol ds= 7P Z_PJ‘L é}%% O

o8]

rir >{'E nlo
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Table 3. NMR ('H, 400 MHz; 13C, 100 MHz) data of compound 2, 3

27

oH oC
Position
Compd. 2 Compd. 3 Compd. 2 Compd. 3
2 - - 155.72 152.51
3 - - 139.07 158.56
4 - - 179.09 178.69
5 - - 152.82 152.51
6 - - 139.07 139.30
7 - - 158.88 158.56
8 6.51(1H, s) 6.52(1H, s) 90.34 90.02
9 - - 152.42 155.00
10 - - 106.63 105.72
' - - 123.66 122.60
2' 7.72 (2H, d,J=3 Hz)" 7.72 (2H, d, J=2.0 Hz) 121.65 121.88
3 6.99 (1H, d, J=8.4 Hz) 7.01 (1H, d, J=8.6 Hz) 114.37 110.95
4' - - 148.85 155.90
5' - - 145.62 110.95
6' 7.72 2H, d,J=3 Hz) 7.72(2H, d, J=2.0 Hz) 110.41 110.55
3-OCH; 3.93(3H, s) 3.93(3H, s) 60.86 59.86
6-OCH; 4.00(3H, s) 3.98(3H, s) 56.01 55.73
7-OCH; 3.96(3H, s) 3.97(3H, s) 60.86 55.73
4'-OCH; - 3.87(3H, s) - 55.99
5'-OCH; 3.88(3H, s) 3.96(3H, s) 56.28 60.55
5-OH 12.60(1H, s) 12.61(1H, s) - -

YProton signal multiplicity and coupling constant(J = Hz) are parentheses, the characters denote s, singlet; d, doublet

HOH4

OH O

Compd. 2 : R= OH
Compd. 3: R= OCHj

OH

Compd. 1

Fig. 1. Chemical structures of compounds 1-3 isolated from
Vitex trifolia L..

o Ak AQE AFA e o)} acky B
g,

N

B aTE FEAEA splEEt oA A olg 7l
7H*=£((Pr0Ject No.: 2009010FT102966197)2] x| 1o] <]}
of o]Fofzl A7 Ate] Upoln] AT] Ao AAET
et
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OFS Xt(Vitex trifolia L)2SE SREMEH 22| ¥

stedA| - FE - U -

<] = A Foo] 97| k. 53, A&
Frefl AdEo] Zar glom o g AolA e dF At A3E drEAe Uehd WA (Vitex rifolia L)
TH dHEHEES EEE] 71714E 53l ﬂ?ﬂﬁi%e ARstaL, 2 A8E AAEIT TS 80%
aqueous MeOHi FZ3% ¥ n-hexane, EtOAc, n-BuOH 2 H,0 5 #1¢] S22 #8353t o] £¥&& o]&3}
o] 2000 ppm FFLE 6714 2= AT ) in vivo dﬂr /4 7343 A3}, n-hexane FEEo| ¥ =W
5l 88%, EtOAc 3 &o] H Coﬂtﬂ o thall 85%, ¥ FH-e=rol thal 87%<] WAl EI= JeRNIT) Silica gel
column, Sephadex LH-20 column chromatography, preparative HPLCE AF&-3lo] @ 315tE 2 #23F t-2, ESI-
MS, 'H-NMR, “C-NMR9] 7]7]%4] A3Z 343le] agnuside, chrysosplenol B, artemetin® 7%E FA3Ich.
Chrysosplenol B= B2 5 A5 22Ut E2lst 22 EY in virro R in vivo 8730l g A+ 13
U=

AHol0{  Vitex trifolia L., Agnuside, Chrysosplenol B, Artemetin






