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Four natural nitro metabolites, 1-hydroxy-5-methoxy-2-nitro-
naphthalene (2), 1,5-dimethoxy-4-nitronaphthalene (3), 1-
hydroxy-5-methoxy-2,4-dinitronaphthalene (4), and 1,5-di-
methoxy-4,8-dinitronaphthalene (5), known from chemical
synthesis but new as natural products, were isolated together
with two known compounds, 1-hydroxy-5-methoxynaphtha-
lene (1) and ergosterol (6) from an endophytic fungus, Con-
iothyrium sp. The structures of 1–6 were determined by spec-

Introduction

Although nitro compounds are generally rare as fungal
metabolites, a number of natural nitro compounds are
known from bacterial sources.[1] Some exhibit remarkable
biological activities; the best known is perhaps the anti-
biotic chloramphenicol, isolated from the bacterium Strep-
tomyces venezuelae. There are two major pathways for the
biosynthesis of nitro compounds in nature: nitration, or
oxygenation of amines.[1] During the past years, our re-
search group has consistently isolated new biologically
active secondary metabolites from diverse structural groups
from endophytic fungi,[2–5] with 3-nitropropionic acid as the
only nitro compound.[6] In connection with this work, we
investigated the constituents of the endophytic fungus, Con-
iothyrium sp., internal strain number 7721, isolated from the
shrub Sideritis chamaedryfolia, from an arid habitat near
Alicante, Spain. The culture extract of the fungus was
found to have strong antibacterial, antifungal, and antialgal
activities. Extensive column and preparative thin-layer
chromatography of the ethyl acetate culture extract afforded
four natural nitro metabolites 1-hydroxy-5-methoxy-2-ni-
tronaphthalene (2), 1,5-dimethoxy-4-nitronaphthalene (3),
1-hydroxy-5-methoxy-2,4-dinitronaphthalene (4), and 1,5-
dimethoxy-4,8-dinitronaphthalene (5), known from chemi-
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troscopic methods including 1D and 2D NMR experiments
and by mass spectrometric measurements. The structures of
1–4 were confirmed by chemical synthesis. The nitro-
naphthols showed considerable antibacterial, antifungal, and
antialgal properties.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2008)

cal synthesis, but new as natural products, together with
two known metabolites 1-hydroxy-5-methoxynaphthalene
(1)[7] and ergosterol (6).[8] Here we describe the isolation,
the structural elucidation and the synthesis, as well as the
antibacterial, antifungal and algicidal activities of these new
natural metabolites.

Results and Discussion

The ethyl acetate extract of the endophytic fungus, Con-
iothyrium sp., with antibacterial, antifungal, and antialgal
activities, was submitted to repeated column chromatog-
raphy to afford six compounds 1–6 (Figure 1) as described
in the Experimental Section.

Compound 2 was obtained as orange crystals (m.p.
152 °C). The empirical formula C11H9NO4 was deduced
from HREIMS and 13C NMR data. Its IR spectra had ab-
sorptions for a hydroxy group (ν̃ = 3400 cm). The 1H NMR
spectrum of 2 showed signals for a methoxy and a de-
shielded hydroxy group at δ = 4.01 (s, 3 H) and 12.14 (s, 1
H), respectively, and for five aromatic protons. Analysis of
the coupling pattern of the aromatic protons confirmed two
protons with ortho coupling as an AB system [δ = 7.98, 7.77
(d, J = 9.6 Hz, 3-H, 4-H)] and three vicinal protons [δ =
8.07 (dd, J = 0.5, 8.2 Hz, 1 H, 8-H), 7.53 (t, J = 8.2 Hz, 1
H, 7-H), 7.06 (dd, J = 0.5, 8.2 Hz, 1 H, 6-H)]. The 13C
NMR spectrum of compound 2 showed resonances for 11
carbon atoms, and the DEPT spectrum indicated the pres-
ence of one methoxy group, five methine atoms and five
quaternary carbon atoms. These observations suggested
that compound 2 has a naphthalene skeleton. By compari-
son with NMR spectroscopic data of the known compound
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Figure 1. Compounds isolated from Coniothyrium sp.

1, the hydroxy and methoxy groups must be located at C-1
and C-5, respectively. According to the molecular formula
C11H9NO4, the structure of compound 2 should contain a
nitro group which could be located at C-2, based on the
chemical shift of the hydroxy group (δ = 12.14 ppm). Inves-
tigation of the HMBC spectrum showed correlation peaks
in accordance with this suggestion. Cross peaks were ob-
served between the proton resonating at δ = 7.98 (3-H) and
the carbon resonances at δ = 126.1 (C-4a) and 155.3 (C-1),
and from the proton resonance at δ = 12.14 (1-OH) to C-2
(δ = 126.5 ppm) and C-8a (δ = 126.1 ppm). Furthermore,
in the HMBC spectrum the proton resonating at δ = 8.07
(8-H) showed 2J and 3J cross peaks with resonances at δ =
126.1 (C-8a) and δ = 129.2 (C-4a). Therefore, compound
2 was assigned as 1-hydroxy-5-methoxy-2-nitronaphthalene.
This compound, synthesized in 1987, was isolated for the
first time from a natural source.[9]

Compound 3 was obtained as yellow crystals (m.p.
164.5 °C). The empirical formula C12H11NO4 was deduced
from HREIMS and 13C NMR data. 1H NMR spectro-
scopic data of 3 indicated that it was structurally related to
compound 2. Comparison of their 1H NMR spectra
showed that signals assignable to a hydroxy group (δ =
12.14 ppm) of 2 were missing. However, the 1H/13C NMR
spectrum of 3 showed resonances for two methoxy groups
(δH/C = 4.03/56.0, 3.92/56.1), which were located at C-1 and
C-5. As a result of the HMBC experiment, the nitro group
was found to be located at C-4. Therefore, the nitro com-
pound 3 was assigned as 1,5-dimethoxy-4-nitronaphthalene,
first synthesized in 1947.[10]

Compound 4, which was obtained as orange crystals
(m.p. 173.5–175 °C), has an empirical formula of
C11H8N2O6, as deduced from HREIMS and 13C NMR
data. The observed molecular ion in the EIMS differed by
46 mass units from compound 2, corresponding to an ad-
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ditional nitro group. The 1H NMR spectrum displayed the
resonance of a chelated proton suggesting the location of
one nitro group at C-2. The absence of any resonances with
ortho coupling suggested that the second nitro group resides
at C-3 or C-4. This was confirmed by the observation of
three vicinal proton resonances of the B ring at δ = 8.21
(dd, J = 0.9, 8.2 Hz, 1 H, 8-H), 7.70 (t, J = 8.2 Hz, 1 H, 7-
H), 7.25 (dd, J = 0.9, 8.2 Hz, 1 H, 6-H). Finally, the nitro
group was located at C-4 according to an HMBC experi-
ment. Strong 3J correlation was observed from the proton
signal at δ = 8.15 (3-H) to C-1 (δ = 156.0 ppm). From the
above evidence, the structure of compound 4, which was
synthesized in 1947,[10] was established as 1-hydroxy-5-
methoxy-2,4-dinitronaphthalene.

Compound 5 was obtained as yellow crystals (m.p.
274.0 °C) and was assigned the molecular formula
C12H10N2O6 on the basis of HREIMS data. Its structure
was elucidated by detailed analysis of the 1D and 2D NMR
spectra. The 1H NMR spectrum revealed three sets of spin
systems [δ = 8.00 (d, J = 8.5 Hz), 7.30 (d, J = 8.5 Hz), 3.94
(s)], and the 13C NMR spectrum exhibited only five reso-
nances [δ = 57.5 (OCH3), 107.9 (d), 116.9 (s), 124.5 (d),
140.7 (s)], suggesting a naphthalene skeleton. The structure
of compound 5 is thus symmetrical. Comparison of the
NMR spectroscopic data of compounds 3 and 5 was impor-
tant to locate the two methoxy groups at C-1 and C-5.
Analysis of its EIMS data suggested two nitro groups, lo-
cated at C-4 and C-8. Thus, compound 5 was assigned as
1,5-dimethoxy-4,8-dinitronaphthalene. This compound was
synthesized in 1947.[10] The co-occurrence of ergosterol (6),
a typical and common metabolite of fungi, confirms that
the unusual nitronaphthalenes isolated from the culture
broth are in fact of fungal origin.

Chemical Synthesis

To prove the structure of the nitro compounds and to
obtain further compounds for biological testing, 1,5-di-
methoxynaphthalene (7) and 1-hydroxy-5-methoxynaph-
thalene (1) were subjected to mild nitration conditions by
using acetyl nitrate as the nitrating agent (Scheme 1).[9,10]

Scheme 1. (a) AcONO2, HOAc, 0 °C at 1.5 h; (b) BCl3, CH2Cl2,
0 °C at 12 h.



Bioactive Nitronaphthalenes from Coniothyrium sp.

In both reactions, two major products were isolated. The
conversion of 1,5-dimethoxynaphthalene (7) afforded the
two isomeric mononitro compounds: 1,5-dimethoxy-4-ni-
tronaphthalene (3) and 1,5-dimethoxy-2-nitronaphthalene
(8); 3 was identical with the natural product. The more re-
active phenol 1 gave the mononitro compound 1-hydroxy-
5-methoxy-2-nitronaphthalene (2) and the dinitro com-
pound 1-hydroxy-5-methoxy-2,4-dinitronaphthalene (4),
both identical with the natural products.

Bioactivity

The results of the biological activity of the pure com-
pounds 1–5, as well as of several antibacterial and antifun-
gal substances as controls, are summarized in Table 1. The
fungal metabolites 1–4 exhibited moderate to excellent in-
hibitory activity against the test organisms used in these
studies. Metabolites 1 and 4 were active against all the test
organisms; 1 had good antifungal and antibacterial activi-
ties. Particularly of note are the excellent antifungal activi-
ties of compounds 1–4, comparable to that of the fungicide
Nystatin. Compound 5 was not active against any of these
test organisms.

Table 1. Biological activity of the pure compounds 1–5.[a]

Compound Bacteria Alga Fungus
Bm Ec Cf Mb

Acetone 0 0 0 0
Penicillin 18 14 0 0

Tetracycline 18 18 10gi 0
Nystatin 0 0 0 20
Actidione 0 0 35 50

1 7 8 10 15
2 0 0 8 13
3 7 0 0 7
4 8 9 15 12
5 0 0 0 0

[a] Compounds 1–5 (50 µL at a concentration of 1 µg/µL) were
tested in an agar diffusion assay for inhibitions of Bacillus megater-
ium (Bm), Escherichia coli (Ec), Chlorella fusca (Cf) and Micro-
botryum violaceum (Mb). The radius of zone of inhibition was mea-
sured in mm. 0 = inactive. gi = growth inhibition, i.e. there was
some growth within the zone of inhibition.

Conclusion

Four nitronaphthalenes (2–5) were isolated as natural
products of fungal origin, and their structures were con-
firmed by chemical synthesis. To the best of our knowledge,
this is the first time that nitronaphthalenes are isolated from
natural sources. Moreover, naturally occurring dinitro com-
pounds such as 4 and 5 are very rare in natural environ-
ment. Up to date they have only been isolated as mononu-
clear phenol derivatives such as 3,4-dinitroguajacol or de-
rivatives of (4-hydroxy-3,5-dinitrophenyl)acetic acid or
-propionic acid.[13,14] Moreover, all nitro compounds
showed considerable antibacterial, antifungal, and antialgal
activity.
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Experimental Section
General Experimental Procedures: Melting points were determined
with a Gallenkamp apparatus and are not corrected. Mass spectra
were recorded with a Finnigan MAT 8430 instrument (70 eV). 1H
and 13C NMR spectra were recorded with a Bruker Avance 500
spectrometer (1H: 500 MHz; 13C: 125 MHz). Chemical shifts were
measured against TMS or CDCl3 as internal standards. The multi-
plicities in the 13C NMR spectra were deduced from the DEPT
spectra; signals appearing as triplets in the spectra are designated
as “t”, even if they couple with two different protons. Silica gel 60
(230–400 mesh, Merck) was used for column chromatography and
silica gel on aluminium foil (Merck) was used for TLC.

Tests for Biological Activity: The tested compounds were dissolved
in acetone at a concentration of 1 µg/µL; 50 µL of the solution
were pipetted onto a sterile filter disc which was placed onto an
appropriate agar growth medium for the respective test organism
and subsequently sprayed with a suspension of the test organ-
ism.[11] Commencing at the center edge of the filter disc, the radius
of the zone of inhibition was measured in mm.

Isolation Procedure: Fungal strain 7721 was cultivated at 21 °C for
21 d on biomalt solid agar medium. The cultures (with agar media)
were extracted four times with ethyl acetate to obtain the crude
extracts (4.6 g) which were subjected to column chromatography
on silica gel by using petroleum ether/EtOAc in order of increasing
polarity, then pure EtOAc and finally gradients of EtOAc with up
to 20% methanol. The fractions obtained were monitored by TLC,
and similar fractions were combined. Further resulting fractions
led to the isolation of five pure compounds: 6 (47 mg; petroleum
ether/EtOAc, 20:1), 2 (23 mg; petroleum ether/EtOAc, 20:1), 3
(17 mg; petroleum ether/EtOAc, 10:1), 1 (15 mg; petroleum ether/
EtOAc, 20:3), 4 (10 mg; petroleum ether/EtOAc, 20:7), 5 (18 mg;
petroleum ether/EtOAc, 5:2).

1-Hydroxy-5-methoxy-2-nitronaphthalene (2): Orange crystals. M.p.
152 °C (ref.[9] 152 °C). IR (KBr, film): ν̃max = 3290, 2919, 2263,
1268, 743 cm–1. 1H NMR (500 MHz, CDCl3): δ = 12.14 (s, 1 H, 1-
OH), 8.07 (dd, J = 0.5, 8.2 Hz, 1 H, 8-H), 7.98 (d, J = 9.6 Hz, 1
H, 3-H), 7.77 (d, J = 9.6 Hz, 1 H, 4-H), 7.53 (t, J = 8.2 Hz, 1 H,
7-H), 7.06 (dd, J = 0.5, 8.2 Hz, 1 H, 6-H), 4.01 (s, 3 H, OCH3)
ppm. 13C NMR (125 MHz, CDCl3): δ = 55.8 (q, OCH3), 109.5 (d,
C-6), 114.5 (d, C-4), 116.7 (s, C-8), 118.3 (s, C-3), 129.2 (s, C-4a),
127.4 (d, C-7), 129.2 (d, C-2), 126.1 (d, C-8a), 155.1 (s, C-5), 155.3
(s, C-1) ppm. MS (EI, 70 eV): m/z (%) = 219 (100) [M]+, 182 (11),
188 (21), 155 (33), 114 (45), 101 (18), 30 (10). HREIMS (EI, 70 eV;
C11H9NO4): calcd. 219.0532, found 219.0533.

1,5-Dimethoxy-4-nitronaphthalene (3): Yellow crystals. M.p.
164.5 °C (ref.[10] 167 °C). IR (KBr, film): ν̃max = 2924, 2365, 1268,
756 cm–1. 1H NMR (500 MHz, CDCl3): δ = 7.91 (dd, J = 0.8,
8.5 Hz, 1 H, 5-H), 7.50 (d, J = 8.3 Hz, 1 H, 2-H), 7.49 (t, J =
8.5 Hz, 1 H, 6-H), 7.02 (d, J = 7.7 Hz, 1 H, 7-H), 6.74 (d, J =
8.3 Hz, 1 H, 3-H), 4.03 (s, 3 H, OCH3), 3.92 (s, 3 H, OCH3) ppm.
13C NMR (125 MHz, CDCl3): δ = 56.0 (s, OCH3), 56.1 (q, OCH3),
102.3 (d, C-2), 108.4 (d, C-6), 114.7 (s, C-5), 117.3 (s, C-4a), 121.6
(d, C-2), 127.1 (d, C-6), 127.3 (s, C-8a), 141.1 (s, C-1), 153.8 (d, C-
8), 157.1 (s, C-4) ppm. MS (EI, 70 eV): m/z (%) = 233 (100) [M]+,
187 (5), 172 (12), 156 (8), 144 (8), 127 (27), 115 (12), 101 (6), 30
(8). HREIMS (EI, 70 eV; C12H11NO4): calcd. 233.0688, found
233.0689.

1-Hydroxy-5-methoxy-2,4-dinitronaphthalene (4): Orange crystals.
M.p. 173.5–175.0 °C (ref.[10] 173 °C). IR (KBr, film): ν̃max = 3299,
2927, 2260, 1268, 743 cm–1. 1H NMR (500 MHz, CDCl3): δ = 12.00
(s, 1 H, 1-OH), 8.21 (dd, J = 0.9, 8.2 Hz, 1 H, 8-H), 8.15 (s, 1 H,
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3-H), 7.70 (t, J = 8.2 Hz, 1 H, C-7), 7.25 (dd, J = 0.9, 8.2 Hz, 1 H,
6-H), 3.95 (s, 3 H, OCH3) ppm. 13C NMR (125 MHz, CDCl3): δ
= 56.4 (q, OCH3), 113.2 (d, C-6), 114.6 (d, C-3), 117.5 (d, C-8),
119.4 (s, C-8a), 126.2 (s, C-2), 127.3 (s, C-4a), 129.5 (d, C-7), 141.0
(s, C-4), 154.2 (s, C-5), 156.0 (s, C-1) ppm. MS (EI, 70 eV): m/z (%)
= 264 (100) [M]+, 247 (8), 204 (16), 187 (33), 171 (30), 145 (14),
113 (48), 101 (17), 88 (16), 74 (20), 30 (13). HREIMS (EI, 70 eV;
C11H8N2O6): calcd. 264.0382, found 264.0387.

1,5-Dimethoxy-4,8-dinitronaphthalene (5): Yellow crystals. M.p.
274.0 °C (ref.[10] 275 °C). IR (KBr, film): ν̃max = 3290, 2929, 2270,
1270, 749 cm–1. 1H NMR (500 MHz, CDCl3): δ = 8.00 (d, J =
8.5 Hz, 2 H, 3-H), 7.30 (d, J = 8.5 Hz, 2 H, 2-H), 3.94 (s, 6 H,
2�OCH3) ppm. 13C NMR (125 MHz, CDCl3): δ = 57.5 (s,
2�OCH3), 107.9 (d, C-2,6), 116.9 (s, C-4a,8a), 124.5 (d, C-3,7),
140.7 (s, C-4,8) ppm. MS (EI, 70 eV): m/z (%) = 278 (100) [M]+,
247 (23), 215 (15), 285 (42), 171 (30), 155 (53), 126 (54), 115 (30),
100 (14), 63 (13), 30 (9). HREIMS (EI, 70 eV; C12H10N2O6): calcd.
278.0539, found 278.0537.

Synthesis. General Procedure: A solution of acetyl nitrate was pre-
pared by reaction of 70% H2NO3 (0.45 g) with of acetic anhydride
(3.5 mL). A solution of 1,5-dimethoxynaphthalene (1) (100 mg,
0.53 mmol) in acetic acid (2 mL) was treated at 0 °C with a solution
of the acetyl nitrate (2 mmol). The reaction was monitored by TLC.
After 1.5 h, saturated aqueous sodium hydrogencarbonate (50 mL)
was added to the reaction mixture. The aqueous layer was extracted
with ethyl acetate (4�50 mL). The ethyl acetate extract was dried
with sodium sulfate and concentrated. The residue was purified by
column chromatography with petroleum ether/EtOAc (4–25%) to
afford 3 (38 mg, 61% yield) and 8 (45 mg, 36% yield) as white
crystals. Compound 8 started to decompose at ca. 220 °C, and the
determination of its exact melting point was not possible. The com-
pound was also unstable in solution. 1H NMR (500 MHz, CDCl3):
δ = 7.95 (d, J = 8.4 Hz, 1 H, 8-H), 7.34 (t, J = 8.4 Hz, 1 H, 7-H),
7.10 (d, J = 7.8 Hz, 1 H, 3-H), 6.83 (d, J = 7.8 Hz, 1 H, 4-H), 6.70
(d, J = 8.4 Hz, 1 H, 6-H), 4.02 (s, 3 H, 5-OCH3), 3.03 (s, 3 H, 1-
OCH3) ppm. MS (EI, 70 eV): m/z (%) = 233 (100) [M]+, 186 (8),
172 (12), 155 (6), 145 (12), 126 (27), 112 (21), 101 (5), 30 (14).

1-Hydroxy-5-methoxynaphthalene (1): A solution of 1,5-dimeth-
oxynaphthalene (100 mg, 0.53 mmol) in dichloromethane (20 mL)
was treated at –30 °C under argon with boron trichloride
(0.53 mmol). The reaction was monitored by TLC; after stirring
for 1 h, the reaction mixture was warmed progressively to 0 °C and
stirred for another 12 h. The reaction mixture was then quenched
by addition of water and the organic layer extracted with dichloro-
methane (4 �100 mL). The dichloromethane extract was dried with
sodium sulfate and concentrated at reduced pressure. The residue
was purified by column chromatography with petroleum ether/
EtOAc (4:1) to afford 75.5 mg of 1 (0.43 mmol, 82% yield) as white
crystals, m.p. 139.5 °C. For 1H and 13C NMR data, see ref.[12]
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1-Hydroxy-5-methoxy-2-nitronaphthalene (2) and 1-Hydroxy-5-
methoxy-2,4-dinitronaphthalene (4): Nitration of 1-hydroxy-5-meth-
oxynaphthalene (1) (100 mg, 0.57 mmol) according to the pro-
cedure described above gave two major compounds, 4 (25 mg, 33%
yield) and 2 (47.1 mg, 37% yield). Their NMR spectroscopic data
were identical with those reported for the natural products (see
isolation procedure).

Supporting Information (see footnote on the first page of this arti-
cle): 1H NMR spectra of compounds 2–5 and 8 and 13C NMR
spectra of compounds 2–5.
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