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Diterpenoids from the Roots of Agastache rugosa and their Cytotoxic Activities
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Abstract—A new diterpene, agastanol[1] with dehydroagastol[2] was isolated from
the root of Agastache rugosa, and their structures were elucidated by chemical and
insirumental analysis. Agastanol[1], its derivatives, agastanone[3] and methylagastanol
[ 5., and dehydroagastol[2] showed cytotoxic activities against iz vitro human cancer

ell lines. Agastanol[1] showed weak antifungal activity against Trichophyton rubrum.

Keywords—Agastache rugosa « diterpene « agastanol » methylagastanol » dehydroag-
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ext.), B5%9-2 leptospirac] W A FE2
rgot Bidel FEHEdE J¥e] e
Wl 2o Ade] e A4FE ¥d, 4 A
AEREE BHE o] 1965W%el
B-pinene, limoneol-3-octanone, p-cymen, cis-g,
y~hexenol,

a-pinene,

caryophyllen, methyl chavicol %
<, 1972400 calamenene 5-¢}
sesquiterpene® Bz 3 w} 9ith, Flavonoide] 3

a-ylangene,

3 ¥xzl 1981’ Zakharov ZWL& =2
flavonoidq) agastachoside®, Itokawa B'22

agastaching acacetin, tilianines} 87 513193
o ARREDHY JEGTE B FHWe] I
&} triterpenoide] erythrodiol-3-O-acetate, 3-O-

acetyl oleanolic aldehyde 2 3-O-acetyl oleanolic
acid7} 3= gl z, Zou £ &3 oleanolic
acid 9} maslinic acids} ®.32% ¢l o=, diterpenoid
22X 18(4—3)-aebes-11, 14, 15-trihydroxy-12-
methoxy-ableta-4(19), 8, 11, 13-tetraen-7-one'™
# dehydroagastol®o} A EA =z mz™ vt

3
R

Mz B 77— 2 1092 109 A &
Aol Al A BREEE AlF, 22 st s
23 Raslel Ag-gtg o),

§A 2 Electrothermal Series TA9100&, UV:
IR& Precision
Analect RFX-63%, Mass= Kratos Concept-18

%, NMR-E& 500(300 2

Milton Roy Spectronic 30002,

Varian Unity-300 @

500 MHz) & o] &3t &4 35t
YEo £ 8 Bil—#4d AEWUska)E

5
MeOH 10 lef AAA7]x Azl A 347 F%,
o3tz thA] MeOH 814 23] uby 2 319
o, o533 32 Ao ©hA n-hexane-ethyl-
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acetate-acetone(4 : 4 :2) EFEH =2 814 33
W 223z, d94e 2% FHA FEEFH
shgeh, o 1.512 %33 extractd] n-hexane
o s00mly At 43 W, AREEAGAT
(50 8). n-Hexane extractE silica gel column
chromatography® A A 8ta] (silica gel 6008,
eluent: gradient EtOAc(0~100%) in n—hexanﬂ
TLCA ] wtz} 9749 fractione 2 vy

o, o= 3wlA] BFEL AR silica gel uolumn
chromatography (eluent: 7n-hexane-CHCl;-Me-
OH (25:5:0.1)—10:5:0.1, step gradient]
2 A3t 879 subfractione 2 Yrglo,
o] 52 79lx 9] F3-% a-hexaneo ® A &) 8k
BT 1 (e 160mg)e Rz, A TEE
w5 AT

-

silica gel column chromatography$
o] [eluent: z-hexane-acetone (25:1—101 =
n~hexane-CHCL-MeCH (20:1:0.25)7 3+
2(eF 60 mg) & EF AA TR

st8t2 1—Needle crystal (pale yellow), mp
180~182°; Rf 0.5 (sn-hexane-EtOAc=4 I I,
Si 60 Fys) ; Anal. Caled for C21H2804 C, 73.23;
H, 8. 17; Found: C, 72.88: I, 8.08; CIMS, m/z
245(MH"Y), EIMS, m/z 344(M+’
329, 301, 273, 235, 209 UV,

mJ

base peak),

Jmax (hexane)

937, 275, 366nm; Amax(MeOH) 240, 279, 372,
Amex (« < H+KOH> 240, 271, 080, é§0(5h>,
TR, vXB (cm') 3360, 2960, 16123 'H-NMR
(CDCl,, 500 MHz): Table 1 Fz; “C-NMR

(CDCl,, 125MHz): Table I 2,

318t2 2-—DPale yellow crystal, mp 158~1597;
RI 0.37(n-hexane-acetone=10 11, Si60Fzs0;
Anal. Caled for CuHyQ4: C, 73.68: H, 7.60;
Found: C, 73.05: H, 7.95; Mass m/z 342(M*,
base peak), 327, 285, 233, 207; UV, 2max
(hexane) 235(sh), 276, 366 mm; Zmay (MeOH)
240(sh), 281, 3725 Amex (MeOH-+KOH) 240
(sh), 279, 377, 440(sh); IR, viEX (em™) 3434
(OH), 3077(=CHy), 2954, 1628, 1600, 1398,
1230, 903, 8895 'H-NMR (CDCls, 300 MHiz):
Table 111 @2 ; BC-NMR (CDCl;, 75 MHz):
I Table 1T Z2.
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Table I. NMR
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data qf agqsta_qol[l] and its methyl ether{3] (CDCls, 8, 500MHz)®

p‘arb_on

=1

5

130

H. LHCe

: I.H

1 35.64(CHp®

2 32.62(CHy)

3 38. 27(CH)
4 182. 20(C)
5 47. 62(C)

6 38.03(C)

7 205. 16(C)

8 112.50(C)

9

13 126.26(C)

14 158.11(C)

15 26.00(CH)
16 20.29(CHg)*
17 20.32(CHy)*
18 18.18(CHa)
19 105.04(CHy)

20 15. 16(CHy)
11-CH

12-OCH;  62.00(CHg) -

14-OH

Hazx :

Hegq

Heq

1 1.770(dddd, 3.3, 4.2,

1.514(ddd; 3.5, 13.5, 13.5)  20-H,

1 3.243(ddd, 3.3,73.3, 13.5)
Haz

1. 370(overlapped)
7.5, 13.5)

2.063(m)

6-Haoz, 6-Hegq
6-Hez, 14-0H
11-OH, 20-H,4

Hax @ 1.512(ddd)

Heg 1 3.017(ddd)
Haz : 1. 30(overlapped)
Heg : 1.722(ddd)
1.998(m)

11-0OH —
OCH,, 11-OH, —
15-H

16-Hs, 15-H —

14-CH, 15-H —
3.304(sept. 7.0) 16(17)-Hs 433(sept.)
1.372(d,. 7. 0)* 1. 256(d)
1.377(d, 7.0)* 1.256(d)
1.069(d, 6.5) 1. 014(d)

Ha : 4,588(brs)
Hb : 4, 865(brs)
1. 144(5)

5. 713(s)
3.778(s)

13. 256(s)

Ha : 4.547(brs)
Hb : 4. 823(brs)
1. 080(s)
11-0OCHs: 3. 673(s)
3.763(s)
13. A50<s)

#8ignal multiplicity and coupling constant(hz) are shown in parentneses.
®Each carbon was characterized by DEPT spectra, and its profons were determined by HETCOR data.

9The long-range HETCOR experiment was performed at 7
*Assignment may be exchanged in the same column.

E—Z A7 40mgs CH;CN 2mls] o]z o

71el ceric ammonium ‘nltrate%—oﬂ (160 mg/1ml
EtOAc 5 ml
2 &233: 2239 n-hexdneo, i ﬁ%} ﬁ"f}(fa

HgO) S

7kt 10

¥7r muE &

.3]-(38 mg) (Table 11 ¥ iII).

SIEIE 3 2 49| #al—7 A 59 EtOAcEY
(30 mg/2 ml)oﬂ 5% Na,S,0,2~2

A 4mlg Ao
LEICEE RRGE SRR
vﬂ'v}'x] "1’ L:_ % EtOAcE: g ¥u, ¥&dld

vitro SRB assaytﬂ

75/300MHz with J=5Hz,

n-hexaneo 2 A 3} stE o (25 mg).

|2 stat g0l SHEE 52 HE—A

StEE 19 ¢
E 30mgS ethyl ether 2 mlo] o] diazome-

o
thane-ether £ 4 mlE s}efe] 58 o 74ek =

ot

thickdess:
284MHE ¥

&8} preparative silica gel TLC(layer
‘1 mim; #-hexane-EtOAc=8§ : 1,
2] A st ct(27 mg) (Table 1).
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Table II. NMR data of oxidized compound(3]
(agastanone) (CDCls, 3, 300MHz)

Carbon 18C 'H
1 35, 35(CHp™ Hax @ 1.500(ddd) .
‘ Heq : 2. 60(overlapped)
2 31.95(CHyp) Haz : 1. 412(ddd)
Heq : 1.790(m)

3 37.82(CH) 2. 055(m)
4 150, 03(C) -
5 47.73(CH) 2. 60(overlapped)
6 38.85(CHy) 2. 60(overlapped)
7 196. 14(C) -
8 130. 29(C) -
9 156.16(C) —

10 41, 14(C) —

11 185.10(C) -
12 157.67(C) —
13 136. 96(C) -
14 185. 22(C) -

15 24, 80(CH) 3.186(sept.)

16 20, 23(CHy)* 1. 198(d)*
17 20. 45(CHz)* 1. 244(d)*
18 18. 04(CH3) 1. 096(d)

19 106. 48(CH,) Ha : 4.614(brd)
Hb : 4. 942(brs)
1.271(s)

3.911(s)

20 16. 83(CHa)
OCH;  60.46(CHy)

“Each carbon was characterized by DEPT spectra,

and its protons were determined by HETCOR
data.

*Assignment may be exchanged in the same
column.

cancer cell line (A549: non-small cell lung
cancer, SK-OV-3: ovarion cancer, SK-MEL-2:
melanoma, XF498: CNS tumor, HCTI15: colon
cancer)of] o & A zA sk g ok
(Table 1Vv).

A TEZH APF MeOH extracto] gt 2
4o g8 2.7)
(penicillin G 20 pg/ml 9 streptomycin 40 pg/ml
7D, ANE A2 A4 J45d iz
34 plated sHE F ofrle] FIE FEoY
th. Trichophyton rubrum, T. mentagrophytes,

cytotoxicity &

Saburaud’s  glucoses] ] &

Kor, J. Pharmacogn.
Microsporum gypseum-2- 109 26, YA F&
& a8A G Fe] Sgto g AT BAFHL
AEE 14 3 MICE Sabouraud’s glucose &
ANA L o] ¢ AAWA Fggoz AR
3, AL 4% EtOHe] % & qAA =
2 4 3tgi et (Table V).

1

i

Agastanol[1]2] gl&tT=x

B GgEe g gAY I AHPE 7
= 33824 aromatic T73%¢] phenolic OHE
7z 928 & F dgirh 2V o} FHFEE
SCNMR data® 29 o33 S o] FHe
A7)19 peakst AF4 vElvtz gz 'H-NMR
ol 4 = v (benzene-dg, pyridine-ds, DMSO-d,
B)E wrFelA Q% AL signalgol TH
ol Yebe AL E 4 AUtk oldFE
ol #7474 chromatogram(&4 2 94e TLC
2 HPLO)d|A @9 &4 2 vevx, =3 Cl-
MSe} 4y #1e] molecular ion peak(m/z 345,
MH*) ¢} iAol g £24 CyulpOsF X
o o] 3 2] TEolA isomerismo] o F3 =
Fz9 HFEY Aor F5HGT w=EA F
NMR datac] 4] main signal&< 4o Z XA
Fz2EAL Qg EA4 CuHuOrlA +X
3% 89-¢ & 4 9lom, exo methylene group
(H-NMR: 4,588 %@ 4.865ppm, HC-NMR:
105. 04 ppm), phenolic OH(H-NMR: 13.256
ppm) ¢} 7+# 3 hydrogen bondingg 3Fx =
ketone (**C-NMR: 205.16 ppm)# =% A3
7 aromatic ring (**C-NMR: 112.50, 133.91,
139.30, 151.96, 126.26 E 158.11 ppm)£ =9
sy @ xRN F49 ringg G2
4 9leh, 62,00 ppme] OCH,: downfield shift
AALS 1o} aromatic ringe] EATE & ¢ 9
2, m=3}e]  phenolic OH(H-NMR: 5,713
ppm) 9} isopropyl group CH-NMR: 1. 372, 1.377
2 3 304 ppm, PC-NMR: 20,29, 20,32 %

26. 00 ppm), angular CH; CH-NMR: 1. 144 ppm,

C-NMR: 15,16 ppm) & =Z# 3% abietane
type diterpene S FES A= A& FAE



Vol. 25, No. 4, 1994

e
Table III, NMR data of dehydroagastol{2] and its oxidized C(\l\\i‘\““""*‘ ahd
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w\\oMllﬂ

\um\d H 4

Dehydroagastol[2] Ouidizad oo —
Carbon . ui
1C 1w 130 "“”"
- AT
1 35.74(CHy)® Haz : 1.560(ddd, 4.5x12,3x13.0) 35.35(CHy)  tlt~ § M(M\h{«\mn
Heg :3.292(ddd, 3.3x3.3x13.0) Ure "“W\;‘I‘H \;w 1. 809(m)
2 32.76(CHy) Har:1.300(m), Heg:1.806(m) 31.98(CIL) ‘bt 1AL
3 38.42(CH)  2.074(m) gea(cin oo
4 152.02(C) - 150. 05(C) o
5  47.84(CH)  2.670(dd, 3.0x15.0) 47.66(CID 7 ”"’“m‘"h'm
6  38.00(CH,) Haz:2.560(dd, 3.0x15.0) 38.81(CH,) 1 hh (il n
Heg : 2.760(dd, 15.0%15.0) el
7 204.70(C) — 195.99(C)
8 111.82(C) — 129.85(C)
9 134.78(C) — 154.71(C)
10 41.13(C) — 41, 24(C)
11 139.19(C) — 184, 10(C)
12 151.55(C) — 157.62(C)
13 137.71{C) — 130. 37(C)
14 156.05(C) — 185. 15(C)
15 138.99(C) — 135, 01(C) g ey, Nl 540(8)
16 118.28(CH,) Ha:5.077(s), Hb: 5.403(s) 120, 23(CH,y M P
17 23.16(CHy)  2.136(s) 53.33(CHl,) 1Y
18 18.18(CH:)  1.100(d, 6.6) 18.05CHy PO g a8
19 105.17(CH) Ha: 4 622(), Hb:4.901(s)  106.54CCH,y Mo 400
20 15.20(CHs)  1.186(s) 16.80(CHy  F Y
11-OH 5.908(s)
OCH, 61.85(CHs)  3.876(s) 60.64(CH,y Y
14-OH 13.241(s) ) ,wa;mfﬁgt_;
#Bach carbon was characterized by DEPT spectra, and its protongzw e dete e
®Coupling pattern and coanstant(Hz) in parentheses. ‘ iees 5]
Talbe 1V, Cytotoxic effects(CDso value) of agastanol[1], dehydrosia gl g and v -
against various human cancer cell lines(ug/ml) T
Sample Cancer (,(,'l] o o ("IL
A549 SK-OV-3 SK-MEL-2 1.9
Agastanol[1] 15.3 29.9 4.9 ’l ' / 4.7
Dehydroagastol[2] 10.5 22.6 1.2 " . 10.0
Agastanone(3) 10.5 20.4 2.2 e 41.3
Methylagastanol (5] 34.9 60. 4 31.5 ’”i / 1. _0
Cisplatin 1.0 1.0 1.0 » -
o A4 O methy
4+ gle=z Fig 15 2ol 4% F2E oF A9 hydrogen bndins ¥ ; 1;1»: %24 A
o W % ggrh old T2 53 B4He  Hih & gel B 'f“ ’ PR AL
ethereal CH,N,o] €] methylation/]o] peri §|  OHt methylz sl # 77 4
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Table V. Results of antifungal activities of MeOH extract and agastanol[1] f;.om the root of

Agastache rugosa

Sample MeOH extract (mg/ml, medium) MIC(pg/m)®

Fungus 0o 0.5 1.0 2.0 4.0  Agastanol Griseofulvin
Trichophyton mentqgrbpﬁyies 3 - + s H# e 62.6 9.7
Trichophyton rubrum o C - - — + 'Fd' 3L.3 4.8
Candida tropidiocdlis -+ # H# H# 2000 78.0
Aspergillus niger — — — + 4+ not tested
Microsporum gypseum — o H# # H 500 19.5
Microsporum canis not tested i 250 2.4
Saccharomyces cerevisiae — — — — — >2000 78.0

DEach sign means the content of growth inhibition against the {fungus as compared with the control

(0 mg/ml medium): —(no effect, <30%), +(slightly inhibition,

50~80%) and #+(strong inhibition, >>80%).
“The dilution method of liquid medium, .

30~50%), +H(moderate inhibition,

17
o
15
nO‘\U//l
20 i i3
ro! 1
/1\\§ /« - N CAN
2 1 ;o Lj >, \O -
!’ | j : ;
¥3 -5 7 ' ! -
PN b
" SES
i
19
Agastanol(1)

‘Dehydroagasiol (2)

Methylagastanol (5)

Fig. 1. Agastanol[1], dehydroagastol[2] and reaction products[3,5]

F(EH5e oF 90%) (Fig 1, Table D). @,
= e methyl =4 (3% 59 NMR
data vl 9 LA AR 12A
g Az woli e sgnal T 229

wpehA %4 Fx% hydrogen bondingg sta gl
= enol-ketonezt9] isomerism, i Ciott Cyf
Aol 44, =& 299 % conformer} &
A E A4 d4E F YenE, aAA
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Fig. 2. C-NMR spectra of agastanol[1] and its oxidized compound, agastanone(3]

hydroguinone®] e} & ceric ammonium nitrate
£ 0]4-3e] quinoneo 2 AFAA BTl o
A8 385 39 NMR datay #& peakEo)
Akl Al A ZE 4R spectrumEE B

F3 97 @ (Fig. 2, Table It o] A9

oldAdle B4 88 AL ¢ F dgen,
4= T4 wHEelR quinoned] data® -
A2 AT A

FET-F 2 quinones]
Tred FH 2] ¢ ketone(l&). 10 2 185,22 ppm)
7 double bonde] conjugation® 17]9] ketone
(196. 14 ppm) & ol 2 glglzm, 29 939
CH,Z 29, a-linkage® 33 91& coleon G
(3-H: 2.63 ppm, ddq) B.tt= S-linkageZ
L& coleon N(H-3: 2,05 ppm, m)3 §-A43F 7k
(H~3: 2.063ppm, m)S e Aoz B w 3
FE 1L 3-CHy) pformez 972 59898
T 5 g9k A%9 3TE 3¢ 9 sodium
hydrosulfidez. FYUAZS « ZLH9 NMR
datav} 922 (BRE DI 29T BH e 2
97 #Fo] aromatic ring 8 o] A ‘29_01 J=

ne

o] A A 5 &Ao]
BaA. o HFE
ZABA carbon—proton long-range coupling
spectra® rd (Table 1), 89 24 (112. 50 ppm)

&mﬂg AR FE AL
o AFze] W% o

= H-6 % 14-OH9} 9 A= couplingd 3z &
Z, 9 ¥4 (133.91 ppm) = 11-OH ¥ 20-Hs,
1289 =4 (151,96 ppm) & 12-OCH,, 11-OH %

H-15, 14%] k4 (158, 11 ppm)+= 14~OH 2 H-15
¢} 27t long-range couplingd ¥tx Y& A%
FAE 5+ gLozd A4 T2 dUL
B8 F28A 3 FYvh o TFe] B3 mass
fragmentation pattern$- Fig. 33 zoh 28z
7} protonS-¢] chemical shifts} coupling pattern
2. 9143 8 A sk eF(Table 1).

ool AFEL FFeS FFE 12 92
Gelg ol AA s ofF AL HEER FAGE
ZR 2 18(4—3)-abeo-11, 14-dihydroxy-12-
methoxy abieta~4(19), 8, 11, 13-tetraen-T-one 2
2 F2E ARG o, ol AFHA 2xnd
i 9= Q29 g8 2 %) & agastanol
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m/z 311

-H20
~ -CH3

n/z 329 <«—

2~

m/z 301
2 N -CH2CQ
—_—
n/z S5

m/z 249 :

Kor, J. Pharmacogn.

m/z 207

-CH30H
m/z 203 <=
m/z 193 ‘%

Fig. 3. Mass fragmentation pattern of agastanol{1]

o]z} Astgich
Dehydroagastol[2]2] s}aty=
H4E 2k BB A4AF o2 FYE 15}
9 FAE 24 datad we] FU. g o
’o"Sﬂr 22 oA Amk Folst A9tk F, F
2 17 8 2% o 1sopr0py1 groups 171 ¢] CH,
SJr CH (3. 304 ppm, sept.)7} ¢lojA = F& 174
] CHs7} downfield shift 5j9lov (H-NMR:
1. 37—2. 136 ppm, B¥C-NMR: 20, 3—23. 16 ppm),
double bond¢] terminal methylene groupe] A&
A YeEbgZd CH-NMR: 5,077, 5.403 ppm, *C-
NMR: 138.99 = 118.28 ppm) % o) Qo (Table
I, z#z 348 829 CHyb fformoe s
Z¥s0] 91z (2.074ppm), VHR] wBaEe
chemical shifte}l protonE-¢] coupling pattern =
ol 4+ 15 =% A A, on £ AF
oAl el sl wh gl 18(4—3)-abeo-11, 14,
15-trihydroxy-12-methoxy abieta-4(19),8, 11,
13-tetraen-7-one (15-hydroxyagastanol) 2] =
=2 7ebE =), isopropyl groupdl Oﬂ/ﬂ o
ol Mz A dold F Y& TxonE I
gE  2&E 18(4—3)~abeo-11, 14~d1hydroxy—12—
methoxy abieta~4(19), 8, 11, 13, 15-pentaen-7-one

L= T2

o

25 2AARE F A £ #gEd
2= 33%E 13 o] quinoneo & 4kgtA| 7]
oA B9E A A FLE B
A data® VENozZA olRAY 2AE
& givt(Fig. 1), £ S8 19914
o Zou $o] FANEY AsylA ¥

3.3} dehydroagastols} 72 Fxzo] Fg-EolA
W 2 Fel i olshge o] AR B W&&
QFTE YA wobd ol et vk,

’ Ta[z: diterpene S}&tE % 1 |SZH9

MEgd

2 AT &Y H3404 299 22%F 283
o] 3-;1_5%1—

£ 12 highly oxidized diterpene] 5}@'
o FE7 e SE5dRE 259 &

wE AFFLE|nR o] F
< AAs ®gkel

sterstad —Table Vol 4] B3&
of A fei R 57A] G Zoll
&t xﬂii/’d

BEEA4 7d

whep 7ol Ql
A HAZ Z
veglen, 2 $dA= EE
1% methylation A A &% A=ZEFHo] A=
dFAE Ao nel 118 $1Xe OHrb FeF
A Fed RFog voln, FHIE 17 2
= A9 ZL& 59 4L ey 3, quinone

2
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2. E A3E T JEEHoE & HolE n
ol =] ¢k},
SUTEE—TFY AR AT AT FAF

< MeOH extractd] Aol 3% 19 A
b AR G Aoz ol FFE 1 99
o

2 }Ziﬁ‘/ﬂ F-o)1} synergisty} gloE s 4G

H9, 3}¢E 19ke & ﬂﬂ Trichophyton rubrum
AeeE ¢ F A

4 B

ol A (TR Tk Sl TR
dz, BEE dAFH, B
- BEE Gt S0 o

ﬁﬂ:Lﬂa%%ﬂ
= Az=sigos, = At 2
9 diterpene S F2L Beishel o T2 WY
3, 1% agastanol[1].2 X E7bx ®z= u} Q)
= AZF T2 FdgEolgon, oy gt
T FEAE 4G A FITHL AA )
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