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Abstract

Two nitro compounds, 2-(4-methoxyphenyl)-1-nitroethane named as lysichitalexin and 2-(4-hydroxyphenyl)-1-nitroethane were
isolated as stress metabolites from the leaves of Lysichitum americanum HulteÂ n and St. John treated with cupric chloride. Their

structures were determined by spectroscopic methods and chemical reactions. The former compound showed antifungal activities
against Fusarium oxysporum and Cladosporium herbarum. Both compounds were isolated for the ®rst time from this species and
the former was isolated from natural sources for the ®rst time. This is the ®rst report on stress metabolites from a member of

the Araceae. # 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Many plants produce stress metabolites when they

are exposed to pathogens or abiotic agents such as

heavy metal ions or UV light (KucÂ , 1972). Some of

these metabolites show fungitoxic activities and are

thought to contribute to the defense mechanisms of

plants as phytoalexins. In our research on stress

metabolites of wild plants, cupric chloride has proven

to be a good stressing agent for species such as dande-

lion, Taraxacum o�cinale (Tahara, Hanawa, Harada

& Mizutani, 1988), Iris pseudacorus (Hanawa, Tahara

& Mizutani, 1991a, 1991b), and Veratrum grandi¯orum

(Hanawa, Tahara & Mizutani, 1992). Because investi-

gations of stress metabolites gives us unusual opportu-

nities to encounter new compounds with new

biological activities, and because there have been no

reports about the chemical constituents of Lysichitum

americanum (or Lysichitum americanus ) except for the

detection of indole from the spathe in the ¯owering
season (Chen & Meeuse, 1971), we have investigated
the production of stress metabolites in the leaves of
this species treated with cupric chloride. Two nitro
compounds, which are not common as stress metab-
olites, were identi®ed. As for the chemical constituents
from plants in the genus Lysichitum so far three iso-
quinoline-type alkaloids have been identi®ed in L.
camtschatcense (Katsui, Sato, Tobinaga & Takeuchi,
1966). Here, we report the structural determination of
the nitro compounds and their antibiotic activities.

2. Results and discussion

During the initial screening of antimicrobial and
antifungal extracts from wild British Columbia plants
stressed with 3 mM of cupric chloride solution, L.
americanum was found to produce antifungal activities
against the well known plant pathogens, Fusarium oxy-
sporum and Cladosporium herbarum. Active bands
which were detected by a TLC overlay method (see
Section 3) were found only in the EtOAc extract of the
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cupric chloride solution in which the leaves had been
soaked for 2 days. There was no activity in the EtOAc
extract of the water used as substitute for cupric chlor-
ide solution in the control experiment. In addition,
because antifungal activity was not detected in the
Me2CO extract obtained by rinsing the treated leaves,
these compounds must have been released into the
cupric chloride solution. Neither was there antifungal
activity in the Me2CO extract obtained by rinsing the
leaves which had been treated with water. Therefore,
we focussed on the EtOAc extract of the cupric chlor-
ide solution of the treated leaves.

The experiment was scaled up to 20 litres of cupric
chloride solution in which 2 kg of L. americanum
leaves were soaked for 2 days. The cupric chloride sol-
ution was extracted with EtOAc to give 321.3 mg of a
brown oil after concentration. Subjecting the crude
extract to silica gel column chromatography and prep.
TLC, 7.4 mg of compound 1 and 2.5 mg of compound
2 were isolated.

Compound 1 was isolated as a pale yellow oil. The
molecular formula C9H11O3N was suggested by HR-
EI MS ([M]+ m/z 181.07360, requires 181.07390). The
HR mass analysis for the base ion peak m/z 134.07316
suggested C9H10O as the chemical formula which
requires 134.07317 and is assignable for [M-HNO2]

+.
Four protons of two methylenes (3.24 and 4.74 ppm)
coupled by 7.1 Hz, three protons of a methoxyl group
(3.76 ppm) on a phenyl ring and four protons of a
Para-substituted phenyl ring system (6.87 ppm and
7.21 ppm) showing AA 'XX ' coupling which is typical
for the ring system, were observed in the 1H-NMR
spectrum. 13C-NMR spectra (APT) also indicated the
existence of two methylenes, a methoxyl group and a
Para-substituted phenyl ring. These data suggested
that compound 1 is either 2-(4-methoxyphenyl)-1-
nitroethane or 2-(4-methoxyphenyl)ethane-1-nitrite (3).
The presence of a nitro group was veri®ed because
compound 1 gave a yellow color on reaction with
diphenylamine and did not react with the Griess re-
agent which reacts with nitrite (Feigel & Anger, 1966).
Therefore, compound 1 was determined to be 2-(4-
methoxyphenyl)-1-nitroethane, a compound isolated
for the ®rst time from natural sources and named lysi-
chitalexin.

Compound 2 was isolated as a pale yellow oil.
The molecular formula C8H9O3N was suggested by
HR-EI MS ([M]+ m/z 167.05810, requires 167.05824).
The HR mass analysis for the base ion peak m/z
120.05751 suggested C8H8O as the chemical formula
which requires 120.05752 and is assignable for [M-
HNO2]

+. Both the 1H- and 13C-NMR spectra were
almost the same as those of compound 1. Instead of a
signal for a methoxyl group, however, a singlet for a
proton which could be assigned to a hydroxyl group
was detected at 8.28 ppm. Because compound 2 also

gave a yellow color by reaction with diphenylamine
and did not give a purple color with Griess reagent
it was determined to be 2-(4-hydroxyphenyl)-1-
nitroethane. This compound has previously been
detected from cell suspension cultures of Eschscholzia
californica (HoÈ esel, Berlin, Hanzlik & Conn, 1985)
under osmotic stress and from the microsomal reaction
mixture of Sorghum bicolor (Halkier & Mùeller, 1990)
as a by-product of dhurrin biosynthesis from L-tyro-
sine. Thalictoside, a glucoside of compound 2, was
reported from Thalictrum aquilegifolium ( Ina & Iida,
1986) and several other species (Parabenzoin praecox
(Shimomura, Sashida, Oohara & Tenma, 1988),
Epimedium diphyllum (Miyase, Ueno, Takizawa,
Kobayashi & Oguchi, 1989), Ocotea vellosiana
(Garcez, Yoshida & Gottlieb, 1995) and Epimedium
hunanense (Liang, Vuorela, Vuorela & Hiltunen, 1997).
Ca�eoylthalictoside from Parabenzoin praecox
(Shimomura et al., 1988) and arabinothalictoside from
Sagittaria trifolia (Yoshikawa, Yoshizumi, Murakami,
Matsuda, Yamahara & Murakami, 1996) are also
known.

Antimicrobial activities of compounds 1 and 2
against several microorganisms are summarized in
Table 1. It is worth noting that the compounds
showed antifungal activities only for plant pathogens
(Fusarium oxysporum and Cladosporium herbarum )
but not for the animal pathogen Candida albicans or
bacteria such as Bacillus subtilis, Staphylococcus aur-
eus and Escherichia coli which infect humans. These
compounds could therefore contribute to the defense
mechanisms of Lysichitum americanum as phytoalex-
ins. They ®t the recent de®nition of phytoalexin pro-
posed by Purkayastha (1995), according to whom, a
phytoalexin may be de®ned as an antimicrobial, low
molecular weight, secondary metabolite formed de
novo as a result of physical, chemical, or biological
stress which resists or suppresses the activity of inva-
ders.

Table 1

Antimicrobial activities of nitro compounds from Lysichitum ameri-

canum by TLC overlay method

Concentrations

(mg/cm2)

Compound 1 Compound 2

31.4 15.7 7.9 3.9 2.0 1.0 31.4 15.7 7.9 3.9 2.0 1.0

B. subtilis ÿ ÿ ÿ ÿ ÿ ÿ ÿ ÿ ÿ ÿ ÿ ÿ
S. aureus ÿ ÿ ÿ ÿ ÿ ÿ ÿ ÿ ÿ ÿ ÿ ÿ
E. coli ÿ ÿ ÿ ÿ ÿ ÿ ÿ ÿ ÿ ÿ ÿ ÿ
C. albicans ÿ ÿ ÿ ÿ ÿ ÿ ÿ ÿ ÿ ÿ ÿ ÿ
F. oxysporum ++a ++ +/ÿc ÿ ÿ ÿ ÿ ÿ ÿ ÿ ÿ ÿ
C. herbarum +b + +/ÿ ÿ ÿ ÿ ÿ ÿ ÿ ÿ ÿ ÿ

a 9 mm diameter of inhibition zone.
b Inhibition zone < 9 mm diameter or not clear.
c Slight inhibition.
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3. Experimental

3.1. General

TLC was carried out using Merck pre-coated silica
gel 60 plates (F254; layer thickness 0.20 mm for ana-
lytical TLC and 0.25 mm for prep. TLC). Compounds
on the TLC plates were detected under UV light (wave
length 365 and 254 nm) and with Gibbs reagent.
EIMS spectrometry was carried out on a Kratos MS
50 instrument (direct insertion probe, 70 eV ionization
potential). 1H-NMR (500 MHz) and 13C-NMR (125
MHz) spectra were recorded on a Bruker AV-500,
using TMS as an internal standard. Chemical shifts
are given in d ppm.

3.2. Plant materials and induction and isolation of stress
metabolites

For the initial screening, L. americanum leaves, (vou-
cher specimens deposited in the UBC herbarium) col-
lected in Squamish, British Columbia were cut into 1
cm width strips at right angles to the long axis of the
leaf, and each 50 g sample was soaked in 500 ml of 3
mM cupric chloride solution in a shallow container
(ca. 25 W � 30 L � 10 H cm) at room temperature As
a control, water was used instead of cupric chloride
solution In total 100 g of leaves were used for each
treatment. After 2 days, the solution was extracted
with EtOAc twice and the extract was concentrated to
dryness under reduced pressure and re-dissolved in 2
ml of EtOAc. The plant materials treated with both
cupric chloride and water were further extracted with
500 ml of Me2CO for 1 min to extract the compounds
remaining in the material. The Me2CO extracts were
concentrated and subjected to organic solvent fraction-
ation by EtOAc and water, and the EtOAc extracts
were dissolved in 2 ml of a mixture of EtOAc and
MeOH after concentration. These extracts were sub-
jected to bioassay. For the isolation of stress metab-
olites, larger quantities of L. americanum leaves (2.0
kg) were collected in Whistler, British Columbia in
July 1998. The materials were also cut into 1 cm width
strips as before and each 200 g of leaves were soaked
in 2 l of 3 mM cupric chloride solution in a shallow
container (ca. 40 W � 80 L � 15 H cm) at room tem-

perature. After 2 days, the solution was extracted with
EtOAc twice and the extract was concentrated under
reduced pressure to give 321.3 mg of brown oil. The
crude extract (321.3 mg) was chromatographed over 15
g of silica gel as follows: frs. 1±14 (solvents A:B,
[hexane:EtOAc], 30:1, each 15 ml), frs. 15±27 (A:B,
20:1, each 15 ml), frs. 28±69 (A:B, 10:1, each 15 ml),
fr. 70 (A:B, 1:1, 200 ml), fr. 71 (EtOAc, 200 ml) and
fr. 72 (MeOH, 100 ml). Compound 1 (7.4 mg) in frs.
11±16 and compound 2 (2.5 mg) in frs. 47±64 were
puri®ed with prep. TLC (Rf 0.57 and 0.46 respectively,
A:B, 1:1).

3.3. Physicochemical properties

Lysichitalexin, 2-(4-methoxyphenyl)-1-nitroethane(1).
Gibbs test: Dark brown after one day. IR nmax (neat)
cmÿ1: 2935, 2838, 1613, 1553, 1515, 1435, 1380, 1250,
1180. HR-EIMS: [M]+ 181.07360 (C9H11O3N requires
181.07390), [M-NO2]

+ 134.07316 (C9H10O requires
134.07317). EIMS m/z (rel. int.): 181 [M]+ (23), 151
(11), 149 (20), 135 (47), 134 [M-NO2]

+ (100), 129 (12),
121 (26), 120 (13), 119 (26). 1H-NMR spectral data
(500 MHz, Me2CO-d6): d 3.24 (2H, t, J = 7.1 Hz, H-
7), 3.76 (3H, s, OMe), 4.74 (2H, t, J = 7.1 Hz, H-8),
6.87 (2H, dt, J = 8.8, 2.6 Hz, H-3, H-5), 7.21 (2H, dt-
like, J = 8.8, 2.4, 0.5 Hz, H-2, H-6). 13C-NMR (125
MHz, Me2CO-d6): d 33.0 (C-7, ±CH2±), 55.4 (4-O-
Me), 77.3 (C-8, ±CH2±), 114.9 (C-3, 5), 129.3 (C-1),
130.6 (C-2, 6), 159.8 (C-4).

2-(4-Hydroxyphenyl)-1-nitroethane (2). Gibbs test:
Dark brown after one day. IR nmax (CHCl3) cmÿ1:
3598, 2926, 1710, 1614, 1590, 1554, 1515, 1435, 1380,
1260. HR-EIMS: [M]+ 167.05810 (C8H9O3N requires
167.05824), [M-NO2]+ 120.05751 (C8H8O requires
120.05752). EIMS m/z (rel. int.): 167 [M]+ (12), 135
(11), 121 (38), 120 [M-NO2]

+ (100), 119 (14). 1H-
NMR spectral data (500 MHz, Me2CO-d6): d 3.21
(2H, t, J = 7.1 Hz, H-7), 4.71 (2H, t, J = 7.1 Hz, H-
8), 6.77 (2H, dt, J = 8.7, 2.5 Hz, H-2, H-6), 7.11
(2H, dt-like, J = 8.7, 2.5, 0.5 Hz, H-3, H-5) 8.28
(1H, s ). 13C-NMR (125 MHz, Me2CO-d6): d 33.1
(C-7, ±CH2±), 77.4 (C-8, ±CH2±), 116.3 (C-3, 5), 128.1
(C-1), 130.6 (C-2, 6), 157.4 (C-4).

3.3.1. Bioassay
TLC overlay assays for the isolated compounds

against B. subtilis, S. aureus, E. coli and C. albicans
were carried out as previously reported (Saxena,
Farmer, Towers & Hancock, 1995). The assay for F.
oxysporum (ATCC No. 48112) and C. herbarum
(ATCC No. 28987) was modi®ed slightly as follows.
Both fungi were initially incubated on 20 ml of a
Sabouraud medium containing 1.5% of agar in a 10
cm diameter petri dish for 3±4 days at 278C in dark-
ness. The spores formed over the media were sus-
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pended in 10 ml of sterile 0.05% Tween 20 solution in
distilled water. The spore suspension (200 ml) was
added to 20 ml of Sabouraud broth containing 0.6%
agar and subjected to the TLC overlay assay in the
same way as reported previously, except the tempera-
ture 278C.
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