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Abstract —In the course of phytochemical studies for the aerial parts of Ajuga
multiflora, one flavonoid and two iridoid glycosides were isolated and identified as
apigenin (1), 8-O-acetylharpagide (2) and harpagide (3) on the basis of spec-

troscopic evidence.
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The genus Ajuga have been used in folk
medicine in various cultures and several
interesting medicinal properties, such as
antifebrile, anthelmintic, hypoglycaemic and
vulnerary effects have been attributed to
them. Traditionally, some Ajuga spp. have
been used to treat inflammation in China.
Many representatives of the genus Ajuga
contain phytoecdysteroids, polyhydroxys-
teroids with a 5B-H-7-ene-6-one system and
clerodane diterpenoids, exhibiting well es-
tablished physiological activities in insects
and also in mammals which might explain
some of the successful applications of
these plants in folk medicine.” But, little
phytochemical work have been done on A-
Juga multiflora. We report herein the iso-
lation and strutural elucidation of a flavo-
noid and two iridoid glycosides from this
plant.
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Experimental

General experimental procedures—-The mps
were taken on a Yanaco micro-melting point
appratus and are uncorrected. The EI-MS
and FAB-MS spectra were recorded on a
JMS SX-102A and JMS HX-110/110A (JEOL)
spectrometer. The 'H- and “C-NMR spectra
were recorded with a Bruker AMX-300 spec-
trometer with TMS as an internal standard
and chemical shifts are given in ppm. TLC
chromatography was performed on precoat-
ed Kieselgel 60 Fuy plates (Merck, 5715).

Plant material - The herbs of A. multiflora
were collected in KyungBug province of
Korea in the spring season of 1996 and au-
thenticated by Prof. Kyu-Young Jung, Dept.
of Plant Resources and Environment, An-
dong National University, Korea. The vouch-
er speciman is deposited in our laboratory.

Extraction and isolation—The chopped
herbs of A. multiflora (2.5 kg) were extract-
ed with MeOH under reflux (three times, 12
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h each). The combined MeOH extracts were
evaporated under reduced pressure, to give
a brown residue (302 g), which was partition-
ed with n-hexane, EtOAc, n-BuOH and
water, successively. EtOAc (11 g), i~BUOH
(50 @) and H,O (30 g) extracts were chro-
matographed on silica gel with increasing
concentration of MeOH in CHCl; and/or
CHClyMeOH-H,O (8:2:0.5—7:3:1—52:28:8,
each lower layer) as eluents. Compound 1
from EtOAc extract, compound 2 from -
BuOH extract and compound 3 from H;O
extract were isolated.
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Compound 1-A yellow amorphous powd-
er from MeOH, mp >300C, FeCl;, Mg/HCI tests:
positive. EFMS m/Z (rel. int.) 270 (MJ™ (100.0),
269 (M-H)* (18.2), 242 (M-COJ)" (18.4), 241
(M-HCOJY (6.0), 213 (241-CO)* (4.0), 153 (RDA
fragment with A ring+H)™ (22.0), 121 (RDA
fragment with B ring)” (16.0). 'H-NMR (300
MHz, DMSO-dy) & 13.0 (1H, brs, C;-OH), 7.93
(9H, d, J=8.8 Hz, H-2 and 6, 6.94 (2H, d, J
=8.8 Hz, H-3" and 5), 6.79 (1H. s, H-3), 6.49
(1H, d. J=2.0 Hz, H-8), 6.20 (1H. d. J=2.0
Hz, H-6). ®C-NMR (75.5 MHz, DMSO-d,) $
163.7 (C-2), 102.8 (C-3), 181.7 (C-4), 161.4
(C-5), 98.8 (C-6), 164.1 (C-7), 93.9 (C-8), 157.3
(C-9), 103.7 (C-10), 121.1 (C-1"), 128.4 (C-2',
6), 115.9 (C-3'. 5°).

Compound 2-Amorphous powder from
MeOH, mp 154~156C. FAB-MS m/z (rel.
int.) 429 (M+Na)* (31.16). 'H-NMR (300 MHz,
CD,OD) 8 1.45 (3H, s, H-10), 1.94 (1H, dd, J
=15.1, 4.5 Hz, H-Ta), 2.01 (3H, s, OAc), 2.16
(1H, d, J=15.1 Hz, H-7b), 2.85 (1H, d, J=1.0
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Table I. "C-NMR assignments of 8-C-acetyl-
harpagide (2) and harpagide (3)*

Position 2 3
1 95.0 (CH) 93.7 (CH)
3 144.4 (CH) 144.0 (CH)
4 107.4 (CH) 108.9 (CH)
5 73.8 (C) 73.0 {C)
6 78.7 (CH) 78.8 (CH)
7 46.5 (CHy 47.7 (CHy)
8 89.1 (C) 78.7 (C)
9 56.0 (CH) 60.1 (CH)
10 23.0 (CH3) 25.4 (CHa)

CH,CO 173.8 (C)

CH4CO 22.7 (CHy)
1 100.4 (CH) 99.9 (CH)
2 75.0 (CH) 75.0 (CH)
3 78.2 (CH) 78.0 (CH)
4 72.2 (CH) 72.3 (CH)
5 78.2 (CH) 78.6 (CH)
6 63.4 (CHy) 63.3 (CHy)

* Assignments were carried out by means of DEPT,
‘H-'H COSY and HMQC.

Hz, H-9), 3.16~3.41 (4H, m, H-2'~5"), 3.69
(2H, m, H-6, 6'a), 3.88 (1H, dd, J=11.8, 1.1
Hz, H6'b), 4.58 (1H, d, J=7.9 Hz, H-1), 491
(1H, dd, J=6.4, 1.6 Hz, H-4), 6.06 (1H, d, J=
1.0 Hz, H-1), 6.38 (1H, d, J=6.4 Hz, H-3). “C-
NMR (75.5 MHz, CDsOD) see Table 1.

Compound 3—Amorphous powder from
MeOH, mp 153-155C. FAB-MS m/z (rel. int.)
387 (M+Na)" (100.0). 'H-NMR (300 MHz, CD;
OD) §1.26 (3H. s, H-10), 1.81 (1H, dd, J=13.7,
3.8 Hz, H-Ta), 1.91 (I1H. dd, J=13.7, 4.7 Hz,
H-7b), 2.56 (1H, s, H-9), 3.22~3.42 (4H, m,
H-2'~5), 3.69 (2H, m, H-6, 6'a), 3.91 (1H,
d, J=11.2 Hz, H-6'b), 4.59 (1H, d, J=7.9 Hz,
H-17), 4.96 (1H, d. J=6.2 Hz, H-4), 5.75 (1H.,
s, H-1), 6.33 (1H, d, J=6.2 Hz, H-3). "C-NMR
(75.5 MHz, CD;0D) see Table .

Results and Discussion

After repeated column chromatography of
each extract, three compounds, one flavon-
oid and two iridoid compounds, were iso-
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lated from A. multiflora.

Compound 1 showed positive FeCl; and
Mg/HCI tests and the molecular weight of 1
was decided as 270 by EI-MS, which exhi-
bited the characteristic fragment ion peaks
at m/z 153 and 121 by the retro-Diels Alder
(RDA) fragmentation of flavonoid.” The 'H-
NMR spectrum of 1 exhibited typical signal
pattern ascribable to flavone. That is. the
siganals due to H~3, H-6 and H-8 were ob-
served at 6 6.79 (1H, s), 6.20 (1H, d, J=2
Hz). 6.49 (1H, d, J=2 Hz) and the signals
at 8 7.93 (2H, d. J=8.8 Hz) and 6.94 (2H, d,
J=8.8 Hz) were resolved into AA'BB’ sys-
tem due to a para-substituted benzene ring.
These data indicated that 1 was a 5,74~
trihydroxyflavone, apigenin, which was furth-
er identified by “C-NMR spectrum of 1.

Compound 2 was obtained as amorphous
powder. The molecular weight of 2 was de-
cided as 364 by FAB-MS spectrum, show-
ing the pseudomolecular ion peak at m/Zz
387 (M+Na)". The 'H- and “C-NMR spec-
tra of 2 showed one tertiary methyl (8 1.45:
3 23.0), one acetyl (§ 2.01: 8 22.7 and 173.8).
and one disustituted double bond (8 6.33
and 4.96: & 144.4 and 107.4). The “C-NMR
and DEPT spectra also showed an acetalic,
a secondary carbinyl, a methylene, a methine,
two quarternary carbons having an oxygen
function, and the signals due to a glucose
moiety. The B-glycosidic linkage was derived
from the coupling constant (7.9 Hz) of anom-
eric proton.” In the 'H-'H COSY spectrum of
2, the acetalic proton (H-1) and a methylene
prtons (H-7) were correlated with the signal
at 8 2.85 (H-9) and a methine proton on an
oxygen-bearing carbon (C-6), respectively.
In the 'H-NMR spectrum of 2, the signals
of the methyl proton (H-10) and neighbour-
ing protons (H-9 and H-1) were observed
at rather low field region (8 1.45, 2.85 and
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6.06, respectively) due to the presence of
the acetoxyl group at C-8.* On the basis of
these findings, the structure of 2 was elu-
cidated as 8 O-acetylharpagide.

Compound 3 exhibited the pseudomole-
cular ion peak at m/z 387 (M+Na]" in its
FAB-MS spectrum. Compared to compound
2, compound 3 had a similar "H- and *C-
NMR spectra except the absence of the a-
cetyl group. In the 'H-NMR spectrum of 3,
the proton signals at C-9, C-10 and C-1,
which lay at 8 2.85, 1.45 and 6.06, respec-
tively in compound 2, were displaced to 2.56,
1.26 and 5.75, respectively. In the compar-
ison of “C-NMR spectra of 3 and 2, the ex-
pected downfield shift (2.4 ppm) of methyl
carbon signal (C-10, 8 25.4) was also observ-
ed.” From the above data, the structure of 3
was identified as harpagide and the spec-
tral data were exactly consistent with litera-

6.7,
ture.®”
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