
NOTE

A guanidine derivative from seeds of Plantago asiatica

Yukihiro Goda Æ Nobuo Kawahara Æ Fumiyuki Kiuchi Æ
Kazuhiro Hirakura Æ Yuichi Kikuchi Æ Hiroaki Nishimura Æ
Masaki Takao Æ Masahiko Marumoto Æ Hironori Kitazaki

Received: 8 April 2008 / Accepted: 5 June 2008 / Published online: 31 July 2008

� The Japanese Society of Pharmacognosy and Springer 2008

Abstracts A new guanidine derivative named plantago-

guanidinic acid was isolated from the seeds of Plantago

asiatica. The structure was elucidated by two-dimensional

(2D) nuclear magnetic resonance (NMR) spectral and other

spectral methods.
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Introduction

The seeds of Plantago asiatica are used as a crude drug for

diuretic, antitussive, expectorant, and antiphlogistic pur-

poses. Fatty acids [1, 2], polysaccharides [3, 4], aucubin

[5], geniposidic acid [6], and acteoside [6] were reported as

the components of the seeds. In our study of the seeds, we

detected a specific spot that was not identified as the above

mentioned compounds by thin-layer chromatography

(TLC) experiments. Therefore, we isolated the component

corresponding to the spot from the seeds. This paper deals

with the structural elucidation of a new guanidine deriva-

tive named plantagoguanidinic acid (1).

Results and discussion

An aqueous extract of the seeds of Plantago asiatica was

extracted with n-butanol (n-BuOH). The n-BuOH extract

was washed with hexane to remove fat, then chromat-

graphed on silica gel, Sephadex LH-20, and NH-silica gel,

successively to give 1 (Fig. 1).

Compound 1 was obtained as a white amorphous pow-

der and its molecular formula was determined to be

C11H19N3O2 by high-resolution electrospray-ionization

mass spectrometry (HRESI-MS). The infrared (IR) spec-

trum of 1 indicated the presence of a hydroxyl group

(3,192 cm-1) and a carboxylic group (1,691 cm-1).

Compound 1 was positive to Dragendorff’s reagent [7],

sodium nitroprusside reagent [8], and pentacyanoaquofer-

riate reagent [9], but negative to Ninhydrin and Sakaguchi

reagent [9]. The 1H NMR and 13C NMR spectra of 1

showed the presence of a prenyl group (C-4 to C-8), a

guanidine carbon (C-20) [10], a carboxylic carbon (C-1),

two methine carbons (C-2 and C-40), and two methylene

carbons (C-3 and C-50). The connections of these carbons

were clarified by double quantum filter (DQF), 13C-1H, and

heteronuclear multiple-bond connectivity (HMBC) spectra

(Fig. 2). The DQF correlation spectroscopy (COSY)

spectrum of 1 indicated 1H-1H connections from H-5 to H-

50 to establish the carbon skeleton. The HMBC correlations

of H-2, H-3, and H-40 to C-1 showed that a carboxylic

group was attached to C-2. H-40 and H-50 showed HMBC

correlations to C-20 guanidine carbon, indicating that the

guanidine group together with the C-40 and C-50 form an

imidazoline ring. In the nuclear Overhauser effect
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spectroscopy (NOESY) spectrum of 1, H-40 showed cor-

relations to both of H-50 protons, so the relative

configuration of H-40 and H-50 could not be determined,

and X-ray crystallographic analysis could not performed

because compound 1 gave an amorphous powder. Based on

these results, the planar structure of compound 1 was

identified as 2-(2-amino-4,5-dihydro-1H-imidazol-4-yl)-6-

methylhept-5-enoic acid (Fig. 1). Although similar com-

pounds that have an imidazoline skeleton in the molecule

have been isolated from some plants [11, 12], compound 1

has not been reported. Considering the plant source and the

guanidinic group, we proposed the name of compound 1 as

plantagoguanidinic acid (1).

Experiment

General

IR spectrum was measured using a JASCO FT/IR-4200

Fourier-transform infrared spectrometer. Specific rotation

was recorded on a JASCO DIP-1000 digital polarimeter.

NMR spectra were recorded on a JEOL JNM AL-400 FT

NMR spectrometer. ESI mass spectrum was obtained using

on a MICROMASS Q-Tof micromass spectrometer. For

the NMR data, chemical shifts are expressed in d ppm from

tetramethylsilane (TMS) as an internal standard and cou-

pling constants (J) are given in Hz. Silica gel 60 (70–230

mesh, Merck), Chromatorex NH DM1020 (NH-silica gel,

100–200 mesh, FUJI SILYSIA CHEMICAL Ltd.) and

Sephadex LH-20 (Pharmacia) were used for column

chromatography. Silica gel 60 F254 (0.25 mm, Merck) was

used for TLC.

Extraction and isolation

Crushed seeds (1.7 kg) of Plantago asiatica (Jiangsu

province, China) were extracted twice by stirring with

water (5 L) at room temperature for 2 days. The aqueous

solution was extracted three times with n-BuOH (3 L), and

then concentrated under reduced pressure to give the n-

BuOH extract (121.7 g). The n-BuOH extract was dis-

solved in 90% MeOH, and then partitioned with hexane

(1 L) three times to give 90% MeOH extract (58.7 g). The

90% MeOH extract was chromatographed on silica gel

(8.5 cm i.d. 9 46 cm) eluted with CHCl3–MeOH–H2O

(7:4:0.5) to give fraction A (2.6 g), which contained

compound 1. Fraction A was rechromatographed on

Sephadex LH-20 (7.0 cm i.d. 9 70 cm) eluted with

MeOH, and Chromatorex NH 20 (7.5 cm i.d. 962 cm)

eluted with EtOAc–MeOH–H2O (14:5:2), successively to

give compound 1 (1.2 g).

Plantagoguanidinic acid (1)

White amorphous powder. [a]D
20+53.0� (c 1.1, MeOH), IR

(KBr) cm-1: 3,192(br), 2,968, 1,691, 1,585, 1,397. HR

ESI-MS m/z: 226.1553 (Calcd. for C11H20N3O2:226.1556).
1H NMR (CD3OD) d: 1.51 (1H, m, H-3), 1.60 (1H, m,

H-3), 1.61(3H, brs, H-7), 1.67(3H, brs, H-8), 2.01 (1H, m,

H-4), 2.11 (1H, m, H-4), 2.33 (1H, ddd, J = 4, 8, 10, H-2),

3.53 (1H, dd, J = 6, 9, H-50), 3.74 (1H, t, J = 9, H-50), 4.09

(1H, ddd, J = 6, 8, 9, H-40), 5.11 (1H, brt, J = 7, H-5). 13C

NMR (CD3OD) d: 17.9 (C-7), 25.9 (C-8), 27.1 (C-4), 30.6

(C-3), 48.4 (C-50), 59.1 (C-40), 59.4 (C-2), 125.3 (C-5),

132.8 (C-6), 161.2 (C-20), 180.4 (C-1).
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