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Abstract

Alectrol, a germination stimulant for root parasitic plants, was purified from root exudates of red clover (Trifolium pratense L.)
and identified as a strigolactone, (+)-orobanchyl acetate [(3aS,4S,8bS,E)-8,8-dimethyl-3-(((R)-4-methyl-5-oxo-2,5-dihydrofuran-2-
yloxy)methylene)-2-oxo-3,3a,4,5,6,7,8,8b-octahydro-2H-indeno[1,2-b]furan-4-yl acetate], by 1D and 2D NMR spectroscopy and ESI-
and EI-MS spectrometry. Orobanchyl acetate afforded an [M–42]+ ion in EI-MS and thus had been recognized as an isomer of strigol.
Orobanchyl acetate was detected in root exudates of soybean (Glycine max L.) and cowpea (Vigina unguiculata L.) along with
orobanchol.
� 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Seed germination of root parasitic plants, Striga, Oro-

banche, and Alectra in the family Orobanchaceae, is
induced by germination stimulants produced by and
released from roots of host and some non-host plants
(Parker and Riches, 1993; Joel et al., 1995). At least three
different classes of plant secondary metabolites, dihydro-
quinones, sesquiterpene lactones, and strigolactones, have
been shown to induce seed germination of root parasites
(Bouwmeester et al., 2003). Among these germination stim-
ulants, strigolactones appear to be widely distributed in the
plant kingdom and thus play pivotal roles in the interac-
tions between root parasites and host plants; these com-
pounds are important host-recognition signals for

arbuscular mycorrhizal fungi with which >80% of land
plants form symbiotic relationships (Akiyama et al.,
2005; Akiyama and Hayashi, 2006).

Alectrol was originally isolated as a germination stimu-
lant of Striga gesnerioides and Alectra volgelii from root
exudates of Vigna unguiculata (Müller et al., 1992), and
then as a stimulant of O. minor from root exudates of Tri-

folium pratense (Yokota et al., 1998). Some other plant spe-
cies including soybean (Glycine max L.) were found to
produce alectrol as one of the major strigolactones (Yoney-
ama et al., 2006). The structure (1) originally proposed for
alectrol was, however, proven to be incorrect by chemical
synthesis (Mori et al., 1998). Wigchert et al. (1999) then
suggested an alternative structure for it (2) which has not
been confirmed to date.

In this paper we describe the isolation and identification
of orobanchyl acetate (3), a novel germination stimulant
for root parasitic plants from red clover (Ttrifolium
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pratense) root exudates. This is the actual compound previ-
ously referred to as alectrol (1).

2. Results and discussion

Red clover was grown hydroponically and root exudates
collected as described previously (Yoneyama et al., 2001,
2007). The root exudates were subjected to solvent parti-
tioning to give a neutral EtOAc fraction. This was purified
by a silica gel column chromatography eluted with n-hex-
ane–EtOAc. Two major stimulant activities eluted in the
40% and 70% EtOAc fractions were found to contain
two compounds, respectively, by LC/MS analysis; the
70% EtOAc fraction gave orobanchol as its purified prod-

uct. The first compound, supposedly alectrol (1 or 2),
eluted in the 40% EtOAc fraction was purified to homoge-
neity by HPLC with ODS and ODS-CN column
chromatographies.

The ESI-MS analysis of ‘‘alectrol’’ afforded the sodium
adduct ion at m/z 411 [M+Na]+ along with the potassium
adduct ion at m/z 427 [M+K]+. This demonstrated that the
molecular weight of ‘‘alectrol’’ was 388 rather than 346.
The TOF/MS analysis also confirmed this (data not
shown). In addition, the CID spectrum of ‘‘alectrol’’ indi-
cated that the [M+a]+ ion was converted with loss of
AcOH to [M+Na–AcOH]+ ion at m/z 351 and [M+Na–
AcOH–D ring]+ at m/z 254 (data not shown). Such evi-
dence indicated that ‘‘alectrol’’ should be strigyl acetate
previously identified from cotton (Sato et al., 2005) or its
isomer. The Rt of ‘‘alectrol’’ (15 min) in ODS-HPLC
(MeOH–H2O, 6:4, v/v) was distinct from that of strigyl
acetate (Rt, 12 min), suggesting that ‘‘alectrol’’ was iso-
meric to strigyl acetate.

The amount of the purified ‘‘alectrol’’ sample was
enough to obtain the 1H and 13C NMR spectroscopic data
for structural elucidation. Although it was not clear from
the earlier studies (Müller et al., 1992; Yokota et al.,
1998), acetyl methyl protons [dH 2.04 (3H, s, H3-C2’’)] were
clearly observed. The other signals in the 1H NMR spec-
trum of ‘‘alectrol’’ were very similar to those of orobanchol
except for the downfield shift of H-4 [dH 5.74 (1H, s)] by ca
1.0 ppm, clearly indicating that the 4-a-hydroxyl group of
orobanchol is acetylated. The a-orientation of the acetyl-
oxyl group was assigned since the H-4 appeared as a singlet
and hence the dihedral angle between H-4 and H-3a was
ca. 90�. The 13C NMR, HMQC, HMBC and NOE analyses
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Fig. 1. Structures of alectrol proposed by Müller et al. (1) and Wigchert
et al. (2), and orobanchyl acetate (3).

Fig. 2. Three-channel MRM chromatogram of red clover root exudates.
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